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biology, Chicago, Illinois, October 18—20,

1965)

PUBLICATION

Genetics 56, 179-87 (1967)

Exptl. Cell Res. 47, 408-22 (1967)

Nature 212, 1220-22 (1966)

Biochim. Biophys. Acta 145, 218-20

(1967)

In, Proceedings of the 1st Interna

tional Symposium on the Biological

Interpretation of Dose from Accel

erator-Produced Radiation (ed. by

Roger Wallace), USAEC/Division

of Technical Information, 1967, pp.

81-87

Genetics 55, 645-71 (1967)

Proc. Soc. Exptl. Biol. Med. 125,

181-84 (1967)

Lab. Animal Care 17, 330-41 (1967)

In, Comprehensive Biochemistry (ed.

by M. Florkin and E. H. Stotz), vol.

27, Photobiology, Ionizing Radia

tions, Elsevier, Amsterdam, London,

New York, 1967, pp. 157-209

Radiation Res. suppl. 6, 141—55

(1966)

iVarure 213, 907-9 (1967)

In, Regulation of Nucleic Acid and

Protein Biosynthesis (ed. by V. V.

Koningsberger and L. Bosch),

Elsevier, Amsterdam, London, New

York, 1967, pp. 51-62

In, Radiation Research (Proceedings

of the Third International Congress

of Radiation Research Held at

Cortina d'Ampezzo, Italy, June-

July, 1966) (ed. by G. Silini), North-

Holland Publishing Company, Am

sterdam; John Wiley & Sons, Inc.,

New York, 1967, pp. 525-37

Radiation Res. (suppl.) 6, 220-26

(1966)



AUTHOR(S)

Setlow, R. B., and

W. L. Carrier

Simmons, M. L., and

J. A. Franklin

Simmons, M. L.,

L. P. Wynns, and

E. E. Choat

Skinner, Dorothy M.

Skinner, Dorothy M.,

and L. L. Triplett

Snell, G. D.,

Gustavo Cudkowicz,

and Helen P. Bunker

Spragg, S. P., and

C. T. Rankin, Jr.

Stapleton, G. E., and

W. D. Fisher

Stewart, J. A., and John

Papaconstantinou

Stine, G. J.

Stulberg, M. P.

Stulberg, M. P., and

K. R. Isham

Swartzendruber, D. C.

Tennant, R. W.,

R. K. Reynolds, and

K. R. Layman

Terry, C. E.,

B. J. Kilbey,

and H. B. Howe, Jr.

Terry, C. E., and

Jane K. Setlow

Trosko, J. E., and

J. G. Brewen

13

TITLE OF ARTICLE

Formation and destruction of pyrimidine dimers in

polynucleotides by ultra-violet irradiation in the

presence of proflavine

Acute radiation mortality in mice inoculated with

pigmented or non-pigmented Pseudomonas

A facility design for production of pathogen-free,

inbred mice

Satellite DNA's in the crabs Gecarcinus lateralis

and Cancer pagurus

The selective loss of DNA satellites on de-

proteinization with phenol

Histocompatibility genes of mice. VII. H-13,

a new histocompatibility locus in the fifth

linkage group

The capacity of zones in density-gradient cen-

trifugation

Macromolecular synthesis and radiosensitivity in

Escherichia coli

Stabilization of mRNA templates in bovine lens

epithelial cells

A stabilization of RNA templates in lens cell

differentiation

Enzyme activities during the asexual cycle of

Neurospora crassa. I. Succinic dehydrogenase

The isolation and properties of phenylalanyl ri

bonucleic acid synthetase from Escherichia

coli B

Studies on the locus of the enzyme recognition

site in phenylalanine transfer RNA

Observations on the ultrastructure of lymphatic

tissue germinal centers

Incidence of murine virus antibody in humans in

contact with experimental animals

The nature of photoreactivation in Neurospora

crassa

Photoreactivating enzyme from Neurospora crassa

Cytological observations on the strandedness of

mammalian metaphase chromosomes

Inhibition of ultraviolet-induced chromosome

breaks by cysteamine in 5-bromouracil-sub-

stituted mammalian cells

PUBLICATION

Nature 213, 906-7 (1967)

Res. Vet. Sci. 8, 71-73 (1967)

ASHRAE (Am. Soc. Heating Retrig.

Air-cond. Engrs.) 9, 27-31 (1967)

Proc. Natl. Acad. Sci. U.S. 58, 103-

10 (1967)

Biochem. Biophys. Res. Commun.

28, 892-97 (1967)

Transplantation 5, 492-503 (1967)

Biochim. Biophys. Acta 141, 164-73

(1967)

Radiation Res. 30, 173-85 (1967)

/. Azof. Biol. 29, 357-70 (1967)

Proc. Natl. Acad. Sci. U.S. 58,

95-102 (1967)

Can. J. Microbiol. 13, 1203-10

(1967)

J. Biol. Chem. 242, 1060-64 (1967)

Proc. Natl. Acad. Sci. U.S. 57,

1310-16 (1967)

In, Germinal Centers in Immune Re

sponses (ed. by H. Cottier, N.

Odartchenko, R. Schindler, and

C. C Congdon), Springer-Verlag

New York, 1967, pp. 71-76

Exptl. Hematol. 14, 76 (1967)

Radiation Res. 30, 739-47 (1967)

Photochem. Photobiol. 6, 799-803

(1967)

Cytologia 31, 208-12 (1966)

Radiation Res. 32, 200-13 (1967)



AUTHOR(S)

Trosko, J. E., and

Margaret R. Kasschau

Tyndall, R. L., and

R. C. Allen

Tyndall, R. L.,

J. A. Otten,

Ernestine Teeter, and

N. D. Bowles

Tyndall, R. L., and

Ernestine Teeter

Upton, A. C.

Upton, A. C,

J. W. Conklin,

G. E. Cosgrove,

W. D. Gude, and

E. B. Darden

Upton, A. C,

J. W. Conklin, and

R. A. Popp

Uziel, Mayo

Vazquez, J. J., and

Takashi Makinodan

von Borstel, R. C.

14

TITLE OF ARTICLE

Study of pyrimidine dimers in mammalian cells

surviving low doses of ultraviolet radiation

Altered esterase zymograms associated with in

fection with leukaemia virus

PUBLICATION

Photochem. Photobiol. 6, 215-19

(1967)

Nature 215, 984-85 (1967)

Inhibition of solid tumor formation by prior immuni- Proc. Soc. Exptl. Biol. Med. 125,

zation with formalized neoplastic spleen ex- 399—402 (1967)

tracts

Observations on the RNA metabolism of leukaemic Nature 215, 79—80 (1967)

cell cultures

Radiation effects in mammalian tissues

Retiring President's report to the Radiation Re

search Society for the year 1965—66

Necrotizing polyarteritis in aging RF mice

Influence of age at irradiation on susceptibility

to radiation-induced life-shortening in RF mice

Desalting of nucleotides by gel filtration

Cytokinetic events following antigenic stimula

tion

Summary progress report to the National Aeronau

tics and Space Administration, February 17,

1964-June 30, 1966

Quarterly progress report to the National Aero

nautics and Space Administration, July 1 to

September 30, 1966

In, Proceedings of the Conference on

Radiation Biology Held at the Oak

Ridge Associated Universities, Oak

Ridge, Tennessee, August 2—5,

1965 (Sponsored by ORNL, UT

Agricultural Research Laboratory,

and ORAU in cooperation with the

USAEC), USAEC Division of Tech

nical Information Extension, Oak

Ridge, Tenn., 1967, pp. 25-35

Radiation Res. 31, 174-77 (1967)

Lab. Invest. 16, 483-87 (1967)

In, Radiation & Ageing, Proceedings

of a Colloquium Held in Semmering,

Austria, June 23-24, 1966 (ed. by

Patricia J. Lindop and G. A.

Sacher), Taylor & Francis Ltd.,

London, 1966, pp. 337-44

In, Methods in Enzymology (ed. by

S. P. Colowick and N. O. Kaplan);

vol. XII, Nucleic Acids, Part A

(ed. by L. Grossman and K.

Moldave), Academic Press, New

York and London, 1967, pp. 407-14

Federation Proc. 25, 1727-33 (1966)

ORNL-TM-1731

ORNL-TM-1732



AUTHOR(S)

Walburg, H. E., Jr.,

and G. E. Cosgrove

Walburg, H. E., Jr.,

G. E. Cosgrove, and

A. C. Upton

Wallace, R. A.,

Susan L. Walker, and

P. V. Hauschka

Warner, A. H., and

F. J. Finamore

Waters, L. C, and

G. David Novelli

Wei, C. H.,

G. R. Wilkes,

and L. F. Dahl

Whiting, Anna R.

Whitson, G. L.,

W. D. Fisher,

G. M. Padilla, and

I. L. Cameron

Whitson, G. L.,

J. G. Green,

A. A. Francis,

and D. D. Willis

Wicks, W. D.

Wolff, Sheldon, and

F. J. de Serres

Wust, C. J.

Wust, C. J., and

M. G. Hanna, Jr.

15

TITLE OF ARTICLE

Quarterly progress report to the National Aero

nautics and Space Administration, October

1-December 31, 1966

Quarterly progress report to the National Aero

nautics and Space Administration, January

1-March 31, 1967

Ageing in irradiated and unirradiated germfree

ICR mice

Longevity as influenced by irradiation in germ-

free mice

Crustacean lipovitellin. Isolation and character

ization of the major high-density lipoprotein from

the eggs of decapods

Nucleotide metabolism during brine shrimp

embryogenes is

A new change in leucine transfer RNA observed

in Escherichia coli infected with bacteriophage

T2

The crystal structure of twinned tetrarhodium

dodecacarbonyl

The biology of the parasitic wasp Mormoniella

vitripennis (Walker)

Cell synchrony (a review of the 2nd International

Conference on Cell Synchrony)

Cyclic changes in the alcohol-soluble carbohy

drates in synchronized Tetrahymena. I.

Fractionation

RNA synthesis in fetal rat liver

Chemistry of crossing-over

Clearance of sheep and rat erythrocytes in the

mouse: Selenium-75 as marker

Studies on ribosomes of rat spleen during the

immune response

The effect of actinomycin D on the immune re

sponse to two antigens given in sequence

PUBLICATION

ORNL-TM-1957

ORNL-TM-1958

Exptl. Gerontol. 2, 143-58 (1967)

In, Radiation & Ageing, Proceedings

of a Colloquium Held in Semmering,

Austria, June 23-24, 1966 (ed. by

Patricia J. Lindop and G. A.

Sacher), Taylor & Francis Ltd.,

London, 1966, pp. 361—65

Biochemistry 6, 1582-90 (1967)

/. Biol. Chem. 242, 1933-37

(1967)

Proc. Natl. Acad. Sci. U.S. 57,

979-85 (1967)

/. Am. Chem. Soc. 89, 4792-93

(1967)

Quart. Rev. Biol. 42, 333-406 (1967)

Science 157, 1219-24 (1967)

J. Cell Physiol. 70, 169-77 (1967)

Arch. Biochem. Biophys. 121, 55—66

(1967)

Nature 213, 1091-92 (1967)

RES — J. Reticuloendothelial Soc.

4, 43-50 (1967)

Arch. Biochem. Biophys. 118, 568—76

(1967)

RES — J. Reticuloendothelial Soc.

3, 415-23 (1966)



AUTHOR(S)

Yamada, Tuneo

Zalik, Sara Eisenberg

and Tuneo Yamada
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TITLE OF ARTICLE

Cellular and subcellular events in Wolffian lens

regeneration

Cellular synthetic activities in induction of

tissue transformation

Differentiation of lens cells

Factors of embryonic induction

The cell cycle during lens regeneration

PUBLICATION

In, Current Topics in Developmental

Biology, vol. 2 (ed. by A. Monroy

and A. A. Moscona), Academic

Press, New York, 1967, pp. 247-83

In, Ci6a Foundation Symposium: Cell

Differentiation (ed. by A. V. S. De

Reuck and J. Knight), J. & A.

Churchill, London, 1967, pp. 116-26

In, Experimental Biology and Medi

cine, vol. 1 — Morphological and

Biochemical Aspects of Cytodif-

ferentiation Led. by E. Hagen, W.
Wechsler, P. Zilliken, and (co-

editor) A. F. Gardner!, S. Karger,
Basel and New York, 1967, pp.

77-89

In, Comprehensive Biochemistry, vol.

28 (ed. by M. Florkin and E. H.

Stotz), Elsevier Publishing Com

pany, Amsterdam, London, New

York, 1967, pp. 113-43

J. Exptl. Zool. 165, 385-93 (1967)

LECTURES

During the period February 1 through December 31, 1967, members of the Biology Division presented
517 lectures and speeches in the United States and abroad. Of these, 228 were given at professional so
ciety meetings; 253 at the invitation of universities, scientific organizations and institutions, and pro
fessional groups or clubs; and 36 under the Traveling Lecture Program.

For details on speeches outside the continental United States, see the section Foreign Travel; edu
cational activities are described in the section of that name (see Contents).

SPEAKER

[AND COAUTHOR(S)]

Adler, H. I.

TITLE

Cell division mutants of Escherichia coli

Genetic control of cell division in Escherichia

coli

PLACE PRESENTED

Third Conference on Infor

mation and Control Proc

esses in Living Systems

(New York Academy of

Sciences), Pacific Pali

sades, Calif.

(1) Washington Area Radio

biological Association,

Washington, D.C.

(2) Yeshiva University,

New York City



SPEAKER

[AND COAUTHOR(S)]

Adler, H. I.

Adler, H. I.

(Amikam Cohen,

W. D. Fisher, and

Alice A. Hardigree)

Adler, H. I. (and

Alice A. Hardigree)

Allen, R. C.

Allen, R. C.

(Dorothy J. Moore,

and J. W. Fisher)

Anderson, Louise

Anderson, N. G.

17

TITLE

Genetic control of cell growth and division

in bacteria

Genetic control of cell growth and division

in Escherichia coli

Genetic control of radiation sensitivity and cell

division in Escherichia coli

Radiation sensitivity of bacteria

A new cell division mutant of Escherichia coli

(Bacteriol. Proc, 1967, p. 58)

Growth and division of Escherichia coli

Acrylamide gel electrophoretic separation

of mouse plasma erythropoietin

Qualitative and quantitative changes in esterase

isoenzymes and plasma and tissue of mice

Further purification of mouse plasma erythro

poietin and the effect of its presence on plasma

esterase isoenzymes

Light and metabolites; control of the Calvin

cycle in Rhodospirillum rubrum

An approach to cell injury at the molecular level

Centrifugal methods for large scale virus vac

cine purification

PLACE PRESENTED

University of Chicago,

Chicago

(1) Rockefeller University,

New York City

(2) Lawrence Radiation

Laboratory, University

of California, Berkeley

(3) Georgetown University,

Washington, D.C.

(4) Division of Biology and

Medicine, USAEC,

Washington, D.C.

Thessaloniki Cancer Insti

tute, Athens, Greece

Casaccia Nuclear Research

Center, Rome, Italy

American Society for Micro

biology (67th Annual

Meeting), New York City

Kentucky-Tennessee

Branch of the American

Society for Microbiology,

Memphis

Medical Unit of the Uni

versity of Tennessee,

Memphis

Medical College of Vir

ginia, Richmond

American Society of Hema

tology (10th Annual

Meeting), Toronto,

Ontario, Canada

University of Illinois

at Chicago Circle,

Chicago

University of Sussex,

Brighton, England

Xth International Congress

of the Permanent Section

of Microbiological Stand

ardization, Prague,

Czechoslovakia



SPEAKER

[AND COAUTHOR(S)]

Anderson, N. G.

Anderson, N. G.

(E. L. Candler, and

L. H. Elrod)

Andrews, G. A.1 (C. C
Congdon, C. L.

Edwards, Nazareth

Gengozian, B. Nelson,

and Helen Vodopick)

Arnold, W. A.

Axelrod, D. E.

Medical Division, ORAU.

18

TITLE

Centrifugal systems for virus isolation

and purification

Development of zonal centrifuges

Instrumentation for biophysical research

Instrumentation and separation systems for the

MAN program

Molecular anatomy

The Molecular Anatomy Program

New zonal techniques for isolating liver cell

membranes

Research on the liquid centrifuge

Zonal centrifugation

Studies on adenovirus 31 hamster tumor

antigen(s)

Preliminary trials of clinical immunotherapy

Photosynthesis

Genetics and physiology of radiation resistant

mutants of the bacterium Escherichia coli

PLACE PRESENTED

Meeting on Centrifugal

Techniques for Vaccine

Purification, Oak Ridge,

Tenn.

Rockefeller Institute,

New York City

NIH Conference on Future

Goals for Engineering,

Biology, and Medicine,

Washington, D.C.

1967 San Diego Biomedical

Engineering Symposium,

San Diego, Calif.

Conference on Science

for Clergymen, ORAU,

Oak Ridge, Tenn.

University of California,

Los A.ngeles

Wistar Symposium on Bio

logical Properties of the

Mammalian Surface Mem

brane, Philadelphia

U.S. Army Nuclear Science

Seminar (7th Annual),

Oak Ridge, Tenn.

Union Carbide Corporation,

New York City

Viral, Tumor, and Trans

plantation Antigen Iso

lation Conference, Oak

Ridge, Tenn.

Conference on Acute Leu

kemia and Burkitt's Tu

mor, Rye, N.Y.

Cornell University, Ithaca,

N.Y.

Temple University, Phil

adelphia



SPEAKER

[AND COAUTHOR(S)]

Axelrod, D. E.

(and H. I. Adler)

Baccarini, Iracema

(T. T. Odell, Jr.,

A. C. Upton, and

W. D. Gude)

Bagshaw, J. C.

Barnett, W. E.

Barnett, W. E.

(D. H. Brown,

G. D. Novelli,

Sally Sherard, and

J. L. Epler)

Barnett, W. E.

0- L- Epler, and

D. H. Brown)

19

TITLE

Genetic factors that increase radiation resis

tance of Escherichia coli (Bacteriol. Proc,

1967, p. 48)

Radiation resistance conferred on Escherichia

coli by the episomal fertility factor

An autoradiographic study of vaginal epithelium

of mice by serial biopsy \_Anat. Record 157,
207-8 (1967)]

Studies on transfer RNA's during development

in Artemia salina

Mitochondrial protein synthesis

Mitochondrial tRNAs and aminoacyl-RNA

synthetases

The role of RNA in protein synthesis

s-RNA specific ligases

Studies on the genetic code and gene enzyme

relationships

Mitochondrial transfer RNAs and aminoacyl-RNA

synthetases

Mitochondrial-specific tRNAs and aminoacyl-

RNA synthetases [Federation Proc. 26, 734

(1967)]

PLACE PRESENTED

American Society for Micro

biology (67th Annual

Meeting), New York City

Kentucky-Tennessee

Branch of the American

Society for Microbiology,

Memphis

American Association

of Anatomists, Kansas

City, Mo.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

(1) Louisiana State Uni

versity, Baton Rouge

(2) University of Texas,

Austin

(3) Purdue University,

Lafayette, Ind.

(4) Illinois State Univer

sity, Normal

(1) University of Tennes

see, Knoxville

(2) University of Georgia,

Athens (2 lectures)

Mary Hardin Baylor Col

lege, Belton, Tex.

Gerontology Branch,

Baltimore City Hospitals,

Baltimore

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

Federation of American

Societies for Experimental

Biology (Am. Soc. Biol.

Chem.), Chicago



SPEAKER

[AND COAUTHOR(S)]

Bender, M. A

Bertsch, W. F.

Best, Audrey N.

(and G. David

Novelli)

Brewen, J. G.

Brick, J. O.

(R. F. Newell, and

D. G. Doherty)

Brown, R. C.

(and H. C. Hopps)

Buckton, Karin E.

20

TITLE

Effects of radiation on chromosomes '

Gemini S-4 experiments

Delayed light measurements on photosynthetic

energy conversion

Purification of and studies with ATP: tRNA

adenylyltransferase from Escherichia coli

(read by title)

Autoradiographic studies on the nature and be

haviour of chromosomal subunits

Chromosomes and space biology

(1) The evidence for a multistranded model

of eukaryote chromosomes

(2) The theory of chromosome aberrations

History of a rodent breeding and experimental

colony housed in filter top cages

The development of a reliable gram stain

for bacteria in tissue sections

Irradiation-induced chromosome aberrations

in humans

The types and frequencies of chromosome

aberrations in peripheral blood following

irradiation in vivo

Paper presented for Dr. Bender by Dr. Jose Carlos Cabral de Almeida.

PLACE PRESENTED

Symposium on the Peaceful

Uses of Atomic Radiation,

Rio de Janeiro, Brazil

Space Science Seminar,

Oak Ridge, Tenn.

(1) University of Chicago,

Chicago

(2) School of Biological

Sciences, Northwestern

University, Evanston,

111.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

(1) Battelle Northwest Lab

oratories, Richland,

Wash.

(2) Michigan State Univer

sity, East Lansing

Division of Plant Industry,

CSIRO, Canberra, Aus

tralia

University of Adelaide,

Adelaide, Australia

American Association

for Laboratory Animal

Science (18th Annual

Meeting), Washington,

D.C.

Vlth Latin American Con

gress of Pathology — 1st

Pan American Meeting of

the International Academy

of Pathology, San Juan,

Puerto Rico

University of California,

Los Angeles

New England Medical

Center, Boston



SPEAKER

[AND COAUTHOR(S)]

Caro, L. G.

Carrier, W. L.

Choat, E. E.

(M. L. Simmons,

L. P. Wynns, and

E. E. Choat)

Chu, E. H. Y.

Chu, E. H. Y. (and

Patricia Brimer)

Chu, E. H. Y.

(E. Virginia Merriam,

and Patricia Brimer)

Y-12 Engineering.

21

TITLE

Chairman's remarks

Chromosome replication in E. coli K12

Studies on chromosome replication in E. coli

Biophysical studies on DNA — effects of ultra

violet irradiation

A facility design for pathogen-free, inbred mouse

production [ASHRAE 9, 27-31 (1967)]

Genetics of cultured mammalian cells

Genetic studies of mammalian somatic cells in

culture

Mutational changes in the resistance of Chinese

hamster cells to 8-azaguanine iMammalian

Chromosome Newsletter 9, 29 (1968)]

Genetic studies of mammalian cells in vitro

[Genetics 56, 550 (1967)]

PLACE PRESENTED

Medical Symposium on Ra

dioisotopes in Medicine:

in vitro Studies, ORAU,

Oak Ridge, Tenn.

(1) University of Sussex,

Brighton, England

(2) Pasteur Institute,

Paris, France

(3) Laboratory of Genetics,

Toulouse University,

Toulouse, France

(1) New York University

School of Medicine,

New York City

(2) Rockefeller University,

New York City

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

(1) American Society of

Heating, Refrigeration,

and Air Conditioning

Engineers, Knoxville,

Tenn.

(2) American Association

for Contamination Con

trol (6th Annual Tech

nical Meeting), Wash

ington, D.C.

City of Hope Medical Cen

ter, Duarte, Calif.

Temple University, Phil

adelphia

Conference on Mammalian

Cytology and Somatic

Cell Genetics (6th An

nual), Pacific Grove,

Calif.

Genetics Society of Amer

ica (36th Annual Meeting),

Stanford, Calif.



SPEAKER

[AND COAUTHOR(S)]

Clapp, N. K.

Clapp, N. K.

(A. W. Craig,

and A. C. Upton)

Cline, G. B.

Cline, G. B.

(Manuel Rosenbaum,

and N. G. Anderson)

Cohen, Amikam

Cohen, Amikam

(H. I. Adler,

W. D. Fisher, and

F. W. Shull)

Cohen, Amikam

(D. P. Allison,

H. I. Adler, and

Roy Curtiss III)

Congdon, C. C

22

TITLE

Alkylating nitrosamines and carcinogenesis

(1) Murine leukemias in the RF mouse

(2) Oncogenic effects of diethylnitrosamine

in the mouse

Suggested interference in DEN-carcinogenesis

by simultaneous administration of methyl

methane sulfonate

Comparative oncogenic effects of diethylni

trosamine, other alkylating agents, and radi

ation in mice [Radiation Res. 31, 552 (1967)]

Continuous-flow-with-banding. Application to

vaccine purification

The isolation of viral soluble antigens by gra

dient re solubilization (Abstr. of papers, 11th

Annual Meet., Biophys. Soc, 1967, p. 120)

Isolation of episomal DNA from minicells after

mating with E. coli F cells

The minicells of E. coli as a tool for investi

gating transfer of DNA during bacterial mating

Induction of cell division in Escherichia coli

filaments (Bacteriol. Proc, 1967, p. 58)

Genetic transfer to minicells of Escherichia coli

K-12 [Generics 56, 550-51 (1967)]

(1) Biology Division animal research facilities

(2) Secondary disease in radiation chimeras

(3) Morphologic changes during an immune

response

General principles of pathology

Lymphatic tissue pathology in radiation

chimeras

Radiation recovery

PLACE PRESENTED

U.S. Army Nuclear Science

Seminar (7th Annual), Oak

Ridge, Tenn.

Colorado State University,

Fort Collins

Environmental Science Cen

ter, Research Triangle

Park, N.C.

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Meeting on Centrifugal

Techniques for Vaccine

Purification, Oak Ridge,

Tenn.

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

University of Pittsburgh

School of Medicine, Pitts

burgh, Pa.

Washington University

School of Medicine,

St. Louis

American Society for Micro

biology (67th Annual

Meeting), New York City

Genetics Society of Amer

ica, Stanford, Calif.

Oncological Institute,

Bucharest, Romania

University of Tennessee,

Knoxville

Workshop on Immunology

of Leprosy, Bethesda, Md.

U.S. Army Nuclear Science

Seminar (7th Annual),

Oak Ridge, Tenn.



SPEAKER

[AND COAUTHOR(S)]

Congdon, C. C

(T. J. Mitchell,

D. A. Gardiner,

M. A. Kastenbaum,

and C. C Congdon)

Congdon, C. C

(M. L. Simmons, and

R. E. Toya)

Cook, Dorothy Skinner

Cook, J. S.

Cosgrove, G. E.

Cosgrove, G. E.

(P. B. Dunaway,

T. P. O'Farrell,

J. A. Payne, and

H. E. Childs, Jr.)

Cosgrove, G. E.

(A. C. Upton, and

C. C Congdon)

Cosgrove, G. E.

23

TITLE

Ninety day mortality in irradiated mice treated

with rat bone marrow [Federation Proc. 26,

571 (1967)]

The effect of hypoxia on mortality from second

ary disease [Exptl. Hematol. 13, 32 (1967)]

Reduced mortality from secondary disease after

exposure to hypoxia

Isolation and characterization of the satellite

DNA's of the land crab, Gecarcinus lateralis

Satellite DNA's in the land crab Gecarcinus

lateralis

Direct demonstration that yeast photoreacti

vating enzyme and light monomerize thymine-

containing dimers in UV-irradiated DNA (Abstr.

of papers, 11th Annual Meet., Biophys. Soc,

1967, p. 78)

The effects of ultraviolet radiation on cells and

cellular repair mechanisms

Photoreactivation

The role of DNA in ultraviolet-induced mitotic

delay in sand dollar zygotes

Delayed irradiated effects on laboratory mice

Pathology survey in small mammals [Bull. Wild
life Diseases Assoc. 3, 117 (1967)]

Effects of hemopoietic cell injection on the

incidence of reticular tissue neoplasms in ir

radiated mice [Radiation Res. 31, 554 (1967)]

Delayed effects of low-level radiation

(1) Parasites and parasitism

(2) Snakes

PLACE PRESENTED

Federation of American

Societies for Experimental

Biology (Am. Soc. Exptl.

Pathol.), Chicago

Bone Marrow Conference,

Chicago

First International Con

gress of the Transplanta

tion Society, Paris, France

American Association for

the Advancement of

Science, New York City

American Society for Cell

Biology, Denver, Colo.

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

U.S. Army Nuclear Science

Seminar (7th Annual), Oak

Ridge, Tenn.

University of Tennessee,

Knoxville

American Society for Cell

Biology, Denver, Colo.

ORINS Medical Division

Seminar, Oak Ridge, Tenn.

Wildlife Disease Associa

tion, Urbana, 111.

Radiation Research Soci

ety (15th Annual Meeting),

San Juan, Puerto Rico

(1) ORAU Medical Radio

isotopes Course, Oak

Ridge, Tenn.

(2) ORAU Health Physics

Summer Institute, Oak

Ridge, Tenn.

(3) ORAU Health Physics

Course, Oak Ridge,

Tenn.

Biology Club, Oak Ridge

High School, Oak Ridge,

Tenn.



SPEAKER

[AND COAUTHOR(S)]

Cudkowicz, Gustavo

Curtiss, Roy, III

Curtiss, Roy, III

(D. R. Stallions,

Jane A. Mays, and

Janet Renshaw)

Curtiss, Roy, III

(Jane A. Mays, and

D. R. Stallions)

Darden, E. B., Jr.

Darden, E. B., Jr.

(K. W. Christenberry,

M. C. Jernigan,

J. W. Conklin,

R. S. Bender, and

A. C. Upton)

de Serres, F. J.

de Serres, F. J.

(M. A Bender,

F. J. de Serres,

P. Carolyn Gooch,

Ida R. Miller, and

Sohei Kondo)

de Serres, F. J.

(and H. V. Mailing)

24

TITLE

Hybrid resistance to parental grafts of hemato

poietic and lymphoma cells

Bacterial conjugation

Mechanisms of chromosome mobilization and

transfer during bacterial conjugation

Mechanisms involved during bacterial conju

gation in Escherichia coli

(1) Quantitative analysis in virology

(2) Radiobiology of bacterial viruses

Mechanism of chromosome mobilization and

transfer by F donors of Escherichia coli

K-12 [Generics 56, 553-54 (1967)]

Macromolecular syntheses and energy metab

olism during conjugation in Hfr X F— matings

of Escherichia coli K-12 (Bacteriol. Proc,

1967, p. 55)

Effects of radiation on biological organisms

Cataractogenesis in mice following exposure

to 35—60 Mev protons as compared with 300

kvp X rays [Radiation Res. 31, 661 (1967)]

The effect of various recovery mechanisms on

the spectrum of radiation-induced mutations

The radiation experiments on the Biosatellite II

mission

The Gemini XI S-4 radiation spaceflight inter

action experiments [Radiation Res. 31,

638-39 (1967)]

Relation between type of base-pair transition

and complementation pattern in nitrous acid-

induced ad-3B mutants of Neurospora crassa

[Generics 56, 555 (1967)]

PLACE PRESENTED

XXIst Annual Symposium

on Fundamental Cancer

Research, Houston, Tex.

Michigan State University,

East Lansing

Cold Spring Harbor Bac

terial Genetics seminar,

Cold Spring Harbor, N.Y.

North Carolina State Uni

versity, Raleigh

University of Tennessee,

Knoxville

Genetics Society of Amer

ica (36th Annual Meeting),

Stanford, Calif.

American Society for Micro

biology (67th Annual Meet

ing), New York City

U.S. Army Nuclear Science

Seminar (7th Annual),

Oak Ridge, Tenn.

Radiation Research Soci

ety (15th Annual Meeting),

San Juan, Puerto Rico

Brookhaven Symposium on

Recovery and Repair

Mechanisms in Radio-

biology, Upton, N.Y.

Symposium on Gravity and

the Organism, Sterling

Forest Conference Center,

Tuxedo, N.Y.

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Genetics Society of Amer

ica (36th Annual Meet

ing), Stanford, Calif.



SPEAKER

[AND COAUTHOR(S)]

de Serres, F. J.

(H. V. Mailing and

F. J. de Serres)

Doherty, D. G.

Dolin, M. I.

Donnellan, J. E., Jr.

Donnellan, J. E., Jr.

(R. S. Stafford and

J. E. Donnellan, Jr.)

Dumont, J. N.

Ehling, U. H.

Ehling, U. H.

(R. B. Cumming, and

H. V. Mailing)

Einstein, J. R.

Elrod, L. H.

(N. G. Anderson,

L. H. Elrod,

L. C. Patrick, and

J. C. Shinpaugh)

25

TITLE

Identification of the spectrum of X-ray-induced

intragenic alterations at the molecular level

in Neurospora crassa [Radiation Res. 31

(1967)]

Chemical protection against radiation damage:

A review

The Inhalation Carcinogenesis Program

Radiation protection

Kinetics of malic-lactic transhydrogenase

Effects of ultraviolet radiation on microbial DNA

The ultraviolet photochemistry of germinating

spores (Abstr. of papers, 11th Annual Meet.,

Biophys. Soc, 1967, p. 80)

Electron microscopic study of oocyte develop

ment and yolk formation in the horseshoe crab,

Limulus polyphemus

Oocyte differentiation in the annelid, Enchy-

traeus albidus

Mammalian genetics

Radiation biology — genetic effects

Chemically induced dominant lethals in male

mice [Genetics 56, 557 (1967)]

The combination of isomorphous replacement

and anomalous scattering data in phase de

termination for protein crystals

Isolation of nuclei using reoriented gradients

PLACE PRESENTED

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Tenth Anniversary Bone

Marrow Conference, Oak

Ridge, Tenn.

University of Rochester,

Rochester, N.Y.

U.S. Army Nuclear Science

Seminar (7th Annual),

Oak Ridge, Tenn.

Vllth International Con

gress of Biochemistry,

Tokyo, Japan

Gordon Research Confer

ence on Microbiological

Deterioration, Tilton, N.H.

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

University of Windsor,

Windsor, Ontario, Canada

American Society for Cell

Biology, Denver, Colo.

ORAU Summer Institute in

Radiation Biology, Oak

Ridge, Tenn.

ORAU Summer Institute in

Health Physics, Oak

Ridge, Tenn.

Genetics Society of Amer

ica (36th Annual Meet

ing), Stanford, Calif.

National Meeting of the

American Crystallographic

Association, Minneapolis,

Minn.

77th Annual Meeting of the

Tennessee Academy of

Science, Cookeville



SPEAKER

[AND COAUTHOR(S)]

Epler, J. L.

Epler, J. L.

(G. David Novelli,

and W. E. Barnett)

Finamore, F. J.

Finamore, F. J.

(J. S. Clegg,

A. H. Warner, and

F. J. Finamore)

Fisher, C. R.

Fisher, J. W.

Fisher, W. D.

Fisher, W. D.

(H. I. Adler,

W. D. Fisher, and

Amikam Cohen)

Fisher, W. D.

(and M. G. Hanna)

26

TITLE

The genetic code in Neurospora

Transfer of genetic information: the genetic

code

Coding properties of Neurospora mitochondrial

and cytoplasmic leucine transfer RNA's

Nucleotide metabolism and brine shrimp embryo-

genesis

Nucleotide metabolism and embryogenesis of

Artemia salina

The role of nucleotides in embryonic differen

tiation

Evidence for the function of P , P -diguanosine

5 '-tetraphosphate in the development of Artemia

salina [Federation Proc. 26, 604 (1967)]

Determination of the enzymatic functions con

trolled by the ad-3A and ad-3B loci in Neuro

spora crassa [Generics 56, 560 (1967)]

Erythropoietin inhibitor in kidney extracts and

plasma from anemic uremic human subjects

Biophysical separations — The isolation of sub

cellular particles

Cell division mutants of Escherichia coli (film

and discussion)

Studies on isologous mouse macroglobulin

PLACE PRESENTED

(1) Iowa State University,

Ames

(2) University of Arkansas,

Fayetteville

University of Missouri,

Columbia

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

(1) Drake University, Des

Moines, la.

(2) Cornell College, Mount

Vernon, la.

(3) Grinnell College,

Grinnell, la.

2nd International Confer

ence on Cell Synchrony,

Oak Ridge, Tenn.

(1) Clemson College,

Clemson, S.C.

(2) Louisiana State Uni

versity, Baton Rouge

Federation of American

Societies for Experi

mental Biology (Am. Soc.

Biol. Chem.), Chicago

Genetics Society of Amer

ica (36th Annual Meet

ing), Stanford, Calif.

American Society of Hema

tology (10th Annual Meet

ing), Toronto, Ontario,

Canada

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

2nd International Confer

ence on Cell Synchrony,

Oak Ridge, Tenn.

ORINS Medical Division

Seminar, Oak Ridge,

Tenn.



SPEAKER

[AND COAUTHOR(S)]

Fujimura, R. K.

(and Elliot Volkin)

Fuller, R. C.

Fuller, R. C.

(N. A. Nugent, and

Nicholas Rigopoulos)

Gassen, H. G.

(and Mayo Uziel)

Gassner, George, III

Goodman, Joan Wright

(Gayle C. Bosma, and

Sarah G. Shinpock)

Goodman, Joan Wright

(and H. B. Wheeler)

Green, J. G.

Grell, E. H.

27

TITLE

Incorporation of nucleotides into preexisting

bacteriophage T5 DNA in the absence of DNA

replication

Repair of parental DNA in T5 bacteriophage

infected E. coli — its possible involvement

in recombination of DNA molecules

Bacterial photosynthesis

Comparative structure and function of photo

synthesis

The role of ribose 5-P isomerase in regulation

of the Calvin cycle in Rhodospirillum rubrum

Use of isotopes in biology and medicine

Pteridine and photosynthetic electron transport

Oligonucleotides obtained by ribonuclease

hydrolysis of tRNAPhe (E. coli B)

(1) A paracrystalline body in primary spermato

cytes and primary oocyte nurse cells of the

scorpion fly, Panorpa nupitalis G. (Mecoptera)

(read by title)

(2) Synaptinemal complexes: Recent findings

(read by title)

Synaptinemal complexes in meiotic chromosomes

Poor growth of parental marrow in old radiation

chimeras [Federation Proc. 26, 755 (1967)]

Factors that modify poor growth of parental

cells in F hybrid mice

Bioengineering — The application of instrumen

tation to biological problems

The deposition of eye pigments at abnormal

sites in mutants of Drosophila melanogaster

Selection of mutants of Drosophila melanogaster

with altered alcohol dehydrogenase

PLACE PRESENTED

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

Vllth International Congress

of Biochemistry, Tokyo,

Japan

Michigan State University,

East Lansing, Mich.

University of Tennessee,

Knoxville

Conference on Comparative

Biochemistry and Bio

physics of Photosynthe

sis, Hakone, Japan

National Youth Conference

on the Atom, Chicago

Vllth International Congress

of Biochemistry, Tokyo,

Japan

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

American Society for Cell

Biology, Denver, Colo.

City of Hope Medical Cen

ter, Duarte, Calif.

Federation of American

Societies for Experi

mental Biology (Am.

Assoc. Immunol.), Chicago

First International Congress

of the Transplantation

Society, Paris, France

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

Conference on Genetics,

Biochemistry, and Phys

iology of Insect Eye

Color Mutants, Munich,

Germany

Genetics Society of Amer

ica (36th Annual Meet

ing), Stanford, Calif.



SPEAKER

[AND COAUTHOR(S)]

Grell, Rhoda F.

Gude, W. D.

Haber, A. H.

Haber, A. H.

(and D. E. Foard)

Hager, C. B.

(and F. T. Kenney)

Hamkalo, Barbara A.

(and P. A. Swenson)

Hanna, M. G., Jr.

28

TITLE

Pairing at the chromosomal level

Temperature-induced exchange within hetero-

chromatin [Generics 56, 562 (1967)]

Autoradiography

Basic cell and tissue structure

Plant development and senescence

Recent applications of ionizing radiation

in studies of plant development

Use of ionizing radiations in the analysis

of plant growth and development

Roles of cell division in plant growth and

morphogenesis

Hormonal regulation of enzyme synthesis

in isolated, perfused rat livers

Effects of ultraviolet irradiation on bacterial

respiration and growth

(1) Consequences of the immune response

(2) Morphologic changes in spleen lymphatic

tissue during an immune reaction

Morphologic changes in spleen lymphatic tissue

during antibody production

PLACE PRESENTED

Symposium on Chromosome

Mechanics at the Molec

ular Level, Gatlinburg,

Tenn. (ORNL Biology

Division Research Con

ference)

Genetics Society of Amer

ica (36th Annual Meet

ing), Stanford, Calif.

ORAU Medical Radioiso

topes Course, Oak Ridge,

Tenn.

U.S. Army Nuclear Science

Seminar (7th Annual),

Oak Ridge, Tenn.

University of South Carolina,

Columbia

University of Massachu

setts, Amherst

Dedication of the MSU/AEC

Plant Research Labora

tory, Symposium on

Growth and Development —

Form and Function, Mich

igan State University,

East Lansing

Gordon Research Confer

ence on Biochemistry

and Agriculture — Control

of Growth and Develop

ment, Tilton, N.H.

Southeastern Regional

Meeting, American Chemi

cal Society, Atlanta, Ga.

Kentucky-Tennessee

Branch of the American

Society for Microbiology,

Memphis

Miami University, Oxford,

Ohio

(1) Tulane University,

New Orleans

(2) Louisiana State Uni

versity, Baton Rouge



SPEAKER

[AND COAUTHOR(S)]

Hard, R. C, Jr.4
(and R. C. Allen)

Hard, R. C, Jr.4
(Birgitta Kullgren,

Dorothy J. Moore,

and R. C. Allen)

Harris, W. W.

(Frances L. Ball,

Helen Coates,

G. B. Cline,

N. G. Anderson, and

R. M. Chanock)

Harrison, A. P., Jr.

Harrison, A. P., Jr.

(and Vivian E. Raabe)

Hellman, Alfred

(L. J. Wopschall, and

J. G. Farrelly)

Hellman, Kiki B.

(Alfred Hellman,

R. B. Cumming, and

G. David Novelli)

Hollaender, Alexander

29

TITLE

Possible use of enzyme markers to follow the

genetic stability of donor and host cells in

mouse radiation chimeras

Esterase isoenzyme changes in radiation

chimeras [Federation Proc. 26, 755 (1967)]

Ultrastructure of respiratory syncytial virus

(Long strain)

Photodynamic effects of benzo(a)pyrene on E. coli

Protein and DNA damage to Escherichia coli by
o

350 A illumination with benzo(a)pyrene, a car

cinogenic hydrocarbon

Leakage of protein components from Escherichia

coli (Bacteriol. Proc, 1967, p. 132)

Aminoacyl sRNA synthetase levels in viral and

non-viral infected mammalian cells (Bacteriol.

Proc, 1967, p. 141)

Physiological parameters of L-M cells propa

gated in vivo and in vitro (Bacteriol. Proc,

1967, p. 171)

Biological research in the Far East and Latin

America

Biology Division activities

Introduction

Modern biology

Medical College of Virginia, Richmond.

PLACE PRESENTED

Tenth Anniversary Bone

Marrow Conference, Oak

Ridge, Tenn.

Federation of American

Societies for Experimental

Biology (Transplantation

Soc), Chicago

4th Annual Electron Micros

copy Symposium of the

Louisiana Society for

Electron Microscopy,

New Orleans

(1) University of Missouri,

Columbia

(2) University of South

Carolina, Columbia

Brooklyn College, Brook

lyn, N.Y.

American Society for Micro

biology (67th Annual

Meeting), New York City

Ibid.

Ibid.

Oak Ridge Section Meet

ing, Scientific Research

Society of America, Oak

Ridge, Tenn.

Cancer Institute, The-

agenion Memorial, Thes-

saloniki, Greece

2nd International Confer

ence on Cell Synchrony,

Oak Ridge, Tenn.

Conference on Science for

Clergymen, ORAU, Oak

Ridge, Tenn.



SPEAKER

[AND COAUTHOR(S)]

Hollaender, Alexander

Holleman, J. W.

Jacobson, Ann B.

Jacobson, K. Bruce

Jacobson, K. Bruce

(and Virginia L.

Holten)

Jacobson, K. Bruce

(and J. B. Murphy)

Jenkins, V. K.

30

TITLE

Opening address

(1) Opening remarks

(2) Closing remarks

Studies going on in the Biology Division, Oak

Ridge National Laboratory

Work at the Biology Division, Oak Ridge

National Laboratory

Amino acid sequence of the respiratory protein,

hemerythrin

Studies on proplastid ribosomes

Isoenzymes of alcohol dehydrogenase in

Drosophila

Interaction of tRNA with synthetases and

codons (read by title)

The isoenzymic forms of alcohol dehydrogenase

from Drosophila: Effect of butanol [Federation
Proc. 26, 558 (1967)]

Isoenzymic forms of alcohol dehydrogenase from

Drosophila melanogaster: Their isolation and

interc onvers ion

The effect of estradiol on hemopoiesis in the

RF mouse

PLACE PRESENTED

Symposium on the Peaceful

Uses of Atomic Radiation,

Rio de Janeiro, Brazil

International Symposium on

Basic Mechanisms in

Photochemistry and Photo

biology, Caracas, Vene

zuela

F. Hoffman-La Roche and

Co., Basle, Switzerland

(1) Siriraj Medical School,

Bangkok, Thailand

(2) University of Dacca,

Dacca, Pakistan

(3) The Jute Institute,

Dacca, Pakistan

(4) A.E.C. Institute,

Lahore, Pakistan

(5) University of Chandi

garh, Chandigarh, India

(6) University of Rajasthan,

Jaipur, India

(7) Bhabha Atomic Research

Centre, Bombay, India

University of Tennessee,

Knoxville

University of Tennessee,

Knoxville

(1) University of Tennes

see, Knoxville

(2) Osaka Prefectural In

stitute for Radiation

Research, Osaka, Japan

Vllth International Congress

of Biochemistry, Tokyo,

Japan

Federation of American So

cieties for Experimental

Biology (Am. Soc. Biol.

Chem.), Chicago

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

Tenth Anniversary Bone

Marrow Conference,

Oak Ridge, Tenn.



SPEAKER

[AND COAUTHOR(S)]

Jones, R. T. (and Roy

Curtiss III)

Kenney, F. T.

Khym, J. X.

(and Mayo Uziel)

31

TITLE

In vivo genetic instability of E. coli in mice

Hormonal regulation of liver enzyme synthesis

Regulation of enzyme synthesis and degradation

in mammalian tissues

Regulation of enzyme synthesis in mammalian

liver

Requirement for protein synthesis in the turn

over of a soluble protein

Turnover of rat liver tyrosine transaminase

in vivo: Inhibition by protein synthesis in

hibitors [Federation Proc. 26, 347 (1967)]

The use of the cetyltrimethylammonium cation

in nucleotide sequence analyses of transfer

ribonucleic acids

The use of the cetyltrimethylammonium cation

in terminal sequence analyses of ribonucleic

acids

PLACE PRESENTED

Kentucky-Tennessee Branch

of the American Society

for Microbiology, Memphis

(1) Vanderbilt University

Medical School, Nash

ville, Tenn.

(2) Vllth International Con

gress of Biochemistry,

Tokyo, Japan

(3) Fifth Gunma Symposium

on Endocrinology,

Kusatsu Spa, Japan

(4) Tokushima University

Medical School, Toku

shima, Japan

(5) Protein Research Lab

oratory, Osaka Univer

sity, Osaka, Japan

(1) University of Missouri

Medical School,

Columbia

(2) Biology Division, Ar-

gonne National Labora

tory, Chicago

(1) Marquette University,

Milwaukee

(2) University of Minnesota

Medical School, Min

neapolis

(1) Gordon Research Con

ference on Biochemical

and Structural Aspects

of Self-Degradative

Processes in Cells,

Andover, N.H.

(2) National Cancer Insti

tute, Tokyo, Japan

Federation of American

Societies for Experimental

Biology (Am. Soc. Biol.

Chem.), Chicago

Vllth International Congress

of Biochemistry, Tokyo,

Japan

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.



SPEAKER

[AND COAUTHOR(S)]

Kimball, R. F.

Kretchmar, A. L.

Lanier, W. B.

Leibo, S. P.

Leibo, S. P.

(and Peter Mazur)

Lindsley, D. L.

Liverman, J. L.

32

TITLE

The effect of repair on mutation

Opening remarks

Serine metabolism in radiation chimeras

[Exptl. Hematol. 13, 33 (1967)]
[Exptl. Hematol. 14, 41-42 (1967)]

Radiation-sensitive mutants of Aspergillus

nidulans

Freezing of biological systems

Freezing of bacteriophage T4B (Abstr. of papers,

11th Annual Meet., Biophys. Soc, 1967, p. 135)

The genetic control of recombination in Drosoph

ila

Bioengineering at ORNL

Biomedical programs in Oak Ridge

Chairman, Dedication Ceremonies, University

of Tennessee Memorial Research Center —

Symposium on Creativity in Scientific Re

search

Chairman's remarks

PLACE PRESENTED

Medical Center, University

of Colorado, Boulder

2nd International Confer

ence on Cell Synchrony,

Oak Ridge, Tenn.

(1) Bone Marrow Confer

ence, Chicago

(2) Conference on Bone

Marrow Transplantation

and the Physiology of

Hematopoietic Tissues,

Paris, France

University of Maryland,

College Park

(1) Oklahoma State Univer

sity, Stillwater

(2) Tuskegee Institute,

Tuskegee Institute,

Ala.

(1) Biophysical Society

(11th Annual Meeting),

Houston, Tex.

(2) Society for Cryobiology

(4th Annual Meeting),

Washington, D.C.

Conference on Replication

and Recombination of

Genetic Materials, Can

berra, Australia

Knoxville—Oak Ridge Sec

tion of the American In

stitute of Chemical Engi

neers Seminar, Oak Ridge,

Tenn.

Reactor Division Seminar,

ORNL, Oak Ridge, Tenn.

University of Tennessee

Memorial Research Cen

ter, Knoxville

Meeting on Centrifugal

Techniques for Vaccine

Purification, Oak Ridge,

Tenn.



SPEAKER

[AND COAUTHOR(S)]

Liverman, J. L.

Longworth, J. W.

Makinodan, Takashi

33

TITLE

Future developments in biomedicine at Oak

Ridge National Laboratory

Opening remarks

Pollution

Excited state interactions in macromolecules

Luminescence of polypeptides and proteins

Aging and immunological competence

Cytokinetics of immune response

Genetic aspects of immune response

Growth and senescence of immune competence

Immune competence and aging

Radiation immunology

PLACE PRESENTED

East Tennessee Chapter

of the Health Physics

Society, Oak Ridge,

Tenn.

(1) Viral, Tumor, and Trans

plantation Antigen Iso

lation Conference, Oak

Ridge, Tenn.

(2) Symposium on Urinary

Constituents of Low

Molecular Weight,

ORNL, Oak Ridge,

Tenn.

(1) Southern Regional Edu

cational Board seminar

on The Nuclear Revolu

tion, Oak Ridge, Tenn.

(2) Conference on Science

for Clergymen, ORAU,

Oak Ridge, Tenn.

International Symposium

on Basic Mechanisms

in Photochemistry and

Photobiology, Caracas,

Venezuela

Symposium on Low Tem

perature Luminescence

of Biologic Macromole

cules, National Institutes

of Health, Bethesda, Md.

University of Buenos Aires

Institute of Medical Re

search, Buenos Aires,

Argentina

Medical Faculty, University

of Chile, Santiago

Chilean Society of Genetics,

Santiago

University of Pittsburgh,

Pittsburgh, Pa.

Northwestern University

Medical School, Evanston,

111.

Radiation Physiology

Course, University of

Tennessee Institute of

Radiation Biology,

Knoxville



SPEAKER

[AND COAUTHOR(S)]

Mailing, H. V.

Mailing, H. V.

(and F. J. de Serres)

Mattingly, Ellen

Mattingly, Ellen

(and Curtis Parker)

Mazur, Peter

Mazur, Peter

(and R. H. Miller)

Mazur, Peter (and

Janice J. Schmidt)

McDevitt, D. S.

McDevitt, D. S.

(Isaura Meza, and

Tuneo Yamada)

McGrath, R. A.

34

TITLE

Chemical mutagens as a genetic hazard in the

human population

iV-methyl-iV-nitro-iV-nitrosoguanidine (MNNG)

as a mutagenic agent for Neurospora crassa

[Genetics 56, 575 (1967)]

Chromosome cytology

Polytene chromosomes

Relation of chromosome puffs to larval cycle

in Rhynchosciara sp

Effects of freezing on microorganisms and

bacteriophage

Physical and chemical events underlying injury

in frozen-thawed cells

Physical and chemical factors underlying cellu

lar injury at subzero temperatures

Survival of supercooled yeast

Effect of cooling and warming velocities on the

survival of frozen and thawed cells of Esch

erichia coli

The lens-specific proteins and amphibian lens

development

An immunofluorescence study of the localization

of y crystallins during embryonic lens develop

ment

Cellular repair of irradiated DNA

DNA repair

PLACE PRESENTED

American Industrial Hy

giene Association,

Tennessee Valley Sec

tion, Crossville

Genetics Society of Amer

ica (36th Annual Meeting),

Stanford, Calif.

University of Tennessee,

Knoxville

Quincy College, Quincy,

111.

American Society for Cell

Biology, Denver, Colo.

Exobiology Section, Ames

Research Center, Moffett

Field, Calif.

Symposium on Cryosurgery,

Los Angeles

Conference on Cryobiology

and Cyrosurgery, State

University of New York,

Buffalo

4th Annual Meeting of the

Society for Cryobiology,

Washington, D.C.

Ibid.

(1) School of Veterinary

Medicine, University of

Pennsylvania, Phila

delphia

(2) Rensselaer Polytechnic

Institute, Troy, N.Y.

(3) Middlebury College,

Middlebury, Vt.

American Society for Cell

Biology, Denver, Colo.

University of Missouri Med

ical Center, Columbia

Donner Laboratory Seminar,

University of California,

Berkeley



SPEAKER

[AND COAUTHOR(S)]

McGrath, R. A.

(and R. W. Williams)

Merriam, J. R.

Miller, O. L., Jr.

Modak, S. P.

Modak, S. P.

(R. C. von Borstel,

S. P. Modak, and

F. J. Bollum)

Montour, J. L.

Nelson, R. L.

35

TITLE

Interruptions in single-stranded DNA (Abstr.

of papers, 11th Annual Meet., Biophys. Soc,

1967, p. 40)

The initiation of nonhomologous chromosome

pairing before exchange in female Drosophila

melanogaster [Genetics 56, 577 (1967)]

DNA and nucleolar structure in amphibian oocytes

Nucleolar composition and structure

The nucleolus — its structure and function

Observations on isolated components of am

phibian oocyte nucleoli

Structure and function of the amphibian oocyte

nucleolus

Autoradiographic and microspectrophotometric

analyses of lens cell differentiation

Cell replication and cell death during lens

development

DNA synthesis and DNA loss during lens dif

ferentiation

DNA synthesis and mitotic activity during dif

ferentiation and development of chick lens

Cytochemical localization of sites of RNA syn

thesis using RNA polymerase

Abscopal radiation damage to the chick thymus

and bursa of Fabricius

Animal care equipment

PLACE PRESENTED

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

Genetics Society of Amer

ica (36th Annual Meeting),

Stanford, Calif.

Carnegie Institution of

Washington, Baltimore

University of Pennsylvania,

Pittsburgh

Southeastern Electron Mi

croscopy Society (Spring

Meeting), Atlanta, Ga.

American Society for Cell

Biology, Denver, Colo.

(1) Duke University,

Durham, N.C.

(2) Rockefeller University,

New York City

(3) State University of New

York, Stony Brook

Putnam Memorial Hospital

Institute for Medical Re

search, Bennington, Vt.

University of the Pacific,

Stockton, Calif.

Donner Laboratory, Uni

versity of California,

Berkeley

American Society for Cell

Biology, Denver, Colo.

Ibid.

Radiation Research Soci

ety (15th Annual Meet

ing), San Juan, Puerto

Rico

American Association for

Laboratory Animal Science

(18th Annual Meeting),

Washington, D.C.



SPEAKER

[AND COAUTHOR(S)]

Nothiger, Rolf

Novelli, G. David

Novelli, G. David

(A. D. Kelmers,

J. F. Weiss,

C. Hancher,

H. Weeren, and

E. F. Phares)

Nunley, C. E.

Nunley, C. E.

(and G. B. Cline)

Oakberg, E. F.

36

TITLE

Problems of determination and differentiation

in imaginal discs of Drosophila

Changes in rat liver tRNA during ethionine

carcinogenesis

Discussant

Large and small scale studies on tRNA

Macromolecular separations

Separation of transfer RNA

Some recent studies with transfer RNA

The preparation of individual transfer RNA's

in gram quantities

Biological use of the ultracentrifuge

Gas sterilization of contained virus isolation

system

Mammalian gametogenesis and species com

parisons in radiation response of the gonads

PLACE PRESENTED

(1) University of Chicago,

Chicago

(2) Johns Hopkins Univer

sity, Baltimore

National Cancer Institute,

Kanazawa, Japan

American Cancer Society

Symposium on Develop

mental Biology of Neo

plasia, Philadelphia

Indiana University,

Bloomington

(1) National Institute of

General Medical Sci

ences, Bethesda, Md.

(2) University of Georgia,

Athens

National Cancer Institute,

Tokyo, Japan

(1) Massachusetts Institute

of Technology, Cam

bridge

(2) Rockefeller University,

New York

(3) Institute for Muscle

Diseases, New York

City

Vllth International Con

gress of Biochemistry,

Tokyo, Japan

Knoxville—Oak Ridge Sec

tion of the American In

stitute of Chemical Engi

neers Seminar, Oak Ridge,

Tenn.

Sixth Annual Technical

Meeting of the American

Association for Contami

nation Control, Washing

ton, D.C.

IAEA Study Group Meeting

on the Effects of Ionizing

Radiations on Meiotic

Systems, Vienna, Austria



SPEAKER

[AND COAUTHOR(S)]

Oakberg, E. F.

Oakberg, E. F.

(presented paper

by W. L. Russell)

Odell, T. T., Jr.

Odell, T. T., Jr.

(and C. W. Jackson)

Odell, T. T., Jr.

(C. W. Jackson, and

Rebecca S. Reiter)

Ortwerth, B. J. (and

G. David Novelli)

37

TITLE

Radiation damage to the gonads

Radiation effects on human testes

(1) Radiation genetics

(2) Radiation response of gonads

Relative biological effectiveness of gamma rays,

X rays, protons, and neutrons for spermato

gonia! killing

RNA synthesis in mouse oocytes LGenerics 56,
580 (1967)]

Recent studies on the genetic effects of radi

ation in mice

Maturation of megakaryocytes

Megakaryocyte maturation

Polyploidy and maturation of megakaryocytes

[Federation Proc. 26, 745 (1967)]

Generation cycle of rat megakaryocytes (read

by title)

Ethylation of rat liver tRNA by ethionine

PLACE PRESENTED

Radiation Physiology

Course, University of

Tennessee, Knoxville

ORINS Medical Division

Seminar, Oak Ridge, Tenn.

Graduate Course in Radi

ation Biology, University

of California, Berkeley

First International Sympo

sium on Biological Inter

pretation of Dose from

Accelerator-Produced

Radiation, Lawrence Ra

diation Laboratory, Uni

versity of California,

Berkeley

Genetics Society of Amer

ica (36th Annual Meeting),

Stanford, Calif.

First International Sympo

sium on Biological Inter

pretation of Dose from

Accelerator-Produced

Radiation, Lawrence

Radiation Laboratory,

University of California,

Berkeley

(1) University of Tennessee,

Knoxville

(2) UT-AEC Agricultural

Research Laboratory,

Oak Ridge, Tenn.

Third Conference on Blood

Platelets, Oak Ridge,

Tenn.

Federation of American

Societies for Experimental

Biology (Am. Soc. Exptl.

Pathol.), Chicago

American Society of Hema

tology (10th Annual Meet

ing), Toronto, Ontario,

Canada

Southeastern Regional Meet

ing, American Chemical

Society, Atlanta, Ga.



SPEAKER

[AND COAUTHOR(S)]

Palmer, Winifred G.

Palmer, Winifred G.

(and John Papacon

stantinou)

Papaconstantinou, John

Papaconstantinou, John

(and J. W. Carr)

Parker, D. R.

Pfuderer, Peter

38

TITLE

Lens cell differentiation and protein synthesis

Isolation and characterization of Ct-crystallin

subunits (Abstr. of papers, 154th Meet., Am.

Chem. Soc, 1967, p. 94C)

The biochemistry of lens cell differentiation

Immunochemical and biochemical analysis

of the regulation of protein synthesis during

lens cell differentiation

Molecular aspects of lens cell differentiation

Regulation of protein synthesis in lens cell

differentiation

The stabilization of mRNA templates during

growth and differentiation of the lens

Crystallin synthesis by lens epithelial cells

in tissue culture

Induced meiotic exchange — some observations

on its nature and consequences

Configuration studies on polyribosomes

Electron microscopy of isolated polysomes

The incorporating activity of isolated polysomes

PLACE PRESENTED

Wilmer Ophthalmological In

stitute, Baltimore, Md.

American Chemical Society

(154th National Meeting),

Chicago

University of Connecticut,

Storrs

Symposium on Differentia

tion and Immunology,

International Society for

Cell Biology, Gatlinburg,

Tenn.

(1) Institute for Develop

mental Biology, Uni

versity of Colorado,

Boulder

(2) Institute for Cancer

Research, Philadelphia

Symposium on Lens Pro

teins and Related Sub

jects, University of Ghent,

Ghent, Belgium

University of Illinois,

Urbana

American Association for

the Advancement of Sci

ence (Am. Soc. Zool.),

New York City

University of Wisconsin,

Madison

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

(1) University of Alabama

Medical Center, Bir

mingham

(2) Auburn University, Au

burn, Ala.

(3) Vanderbilt University,

Nashville, Tenn.

University of Alabama,

Birmingham



SPEAKER

[AND COAUTHOR(S)]

Popp, R. A.

Puccia, Egidio

Rahn, R. O.

Rahn, R. O.

(and J. L. Hosszu)

Rahn, R. O.

(and J. W. Longworth)

Randolph, M. L.

Reel, J. R.

Reel, J. R. (and

F. T. Kenney)

39

TITLE

(1) Chemical basis for hemoglobin variants

in mice

(2) Esterase variants in mice with emphasis

on their role in development

Genetic and molecular bases for hemoglobin

variants in mice

Isolation and characterization of transplantation

antigens

Isolation of transplantation antigens from mouse

spleen

Some aspects of amphibian yolk platelets ultra-

structure

Photochemistry of DNA

Influence of temperature on thymine dimer for

mation in DNA and poly dT

Pyrimidine dimer formation at 77K in poly

nucleotides (Abstr. of papers, 11th Annual

Meet., Biophys. Soc, 1967, p. 37)

Low-temperature luminescence of polynucleo

tides

Elemental composition of biological tissues

as a limiting factor in specification of dose

[Radiation Res. 31, 621 (1967)]

The effect of actinomycin D on tyrosine trans

aminase synthesis in hydrocortisone-induced

and non-induced hepatoma cell cultures

Regulation of tyrosine transaminase synthesis

by hydrocortisone in cultured Reuber H-35

hepatoma

Hormonal control of enzyme synthesis in hepa

toma cell cultures

PLACE PRESENTED

Marquette University,

Milwaukee

University of Virginia,

Charlottesville

Oak Ridge Associated

Universities, Oak Ridge,

Tenn.

Viral, Tumor, and Trans

plantation Antigen Iso

lation Conference, Oak

Ridge, Tenn.

Ninth Southeastern Develop

mental Biology Confer

ence, New Orleans

Solid State Physics Group,

ORNL, Oak Ridge, Tenn.

International Symposium

on Basic Mechanisms in

Photochemistry and Pho

tobiology, Caracas, Ven

ezuela

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

Symposium on Recent De

velopments in Research

Methods and Instrumenta

tion, National Institutes

of Health, Bethesda, Md.

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Division of Pharmacology,

Eli Lilly & Co., Indianap

olis, Ind.

Duke University Medical

Center, Durham, N.C.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.



SPEAKER

[AND COAUTHOR(S)]

Regan, J. D.

Regan, J. D.

(and J. E. Trosko)

Reimer, C. B.

(R. S. Baker,

R. M. VanFrank,

and T. E. Newlin)

Richter, C. B.

Richter, C. B.

(M. L. Simmons,

C. B. Richter,

R. W. Tennant,

and J. A. Franklin)

Riggsby, W. S. (and

R. K. Fujimura)

Rogers, Stanfield

Rogers, Stanfield

(and J. H. Evans)

Rosen, Lawrence

(B. J. Ortwerth, and

G. David Novelli)

40

TITLE

Aspects of the effects of UV irradiation on

human cells

Evidence for photoreactivation in marine fish

cells in vitro

Repair of ultraviolet-induced lesions in cells

in vitro

The fate of ultraviolet light-induced thymine -

containing dimers in human cells grown in vitro

[Radiation Res. 31, 548 (1967)]

Purification of large quantities of influenza

virus by density gradient centrifugation

A facility design for pathogen-free, inbred

mouse production

Controlling infectious diseases in a laboratory

mouse breeding colony L Abstr. of papers, 18th

Annual Meet., AALAS, No. 60 (1967)]

Fractionation of DNA on nitrocellulose columns

Concerning the implications of passenger

viruses for genetics

A mutant of the Shope papilloma virus and its

influence on arginase activity LProc. Am.

Assoc. CancerRes. 8, 57 (1967)]

Characterization of labeled rat-liver RNA follow

ing the injection of C-L-ethionine

PLACE PRESENTED

University of Tennessee

Medical School, Memphis

Annual Meeting of the Tis

sue Culture Association,

Symposium on Defense

Mechanisms in Lower

Organisms, Philadelphia

(1) Greensboro College,

Greensboro, N.C.

(2) University of North

Carolina, Chapel Hill

(3) Institute of Therapeutic

Biochemistry, Frank

fort, Germany

(4) Institute of Radiation

Biology, Karlsruhe,

Germany

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Meeting on Centrifugal

Techniques for Vaccine

Purification, Oak Ridge,

Tenn.

American Association for

Contamination Control,

6th Annual Technical

Meeting and Exhibit,

Washington, D.C.

American Association for

Laboratory Animal Sci

ence (18th Annual Meet

ing), Washington, D.C.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

Am. Assoc Cancer Res.

(58th Annual Meeting),

Chicago

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.



SPEAKER

[AND COAUTHOR(S)]

Russell, Liane B.

Russell, W. L.

Russell, W. L. (and

Liane B. Russell)

41

TITLE

Complementation mapping of a small region of

linkage group 2 of the mouse [Generics 56,

585 (1967)]

Re-evaluation of the Lyon hypothesis on the

basis of evidence from classical genetic

markers

Sex chromosomes of mammals

The use of sex-chromosome aberrations for

measuring radiation effects in mammals

Effects of ionizing radiation on mammalian

genetics

Genetic effects from radiation exposure

Genetic expression of radiation injury

Mutagenesis and radiation

Radiation and mutation rates

Recent advances in mammalian radiation

genetics

Recent findings in mammalian radiation genetics

Recent genetics research and relation of results

to hazard evaluation

Recent studies on the genetic effects of radi

ation

Genetics

PLACE PRESENTED

Genetics Society of Amer

ica (36th Annual Meeting),

Stanford, Calif.

Fourth Basel Colloquium on

Mammalian Sex Chromo

somes in Differentiation

and Development, Basel,

Switzerland

Southern Regional Educa

tional Board seminar on

The Nuclear Revolution,

Oak Ridge, Tenn.

IAEA Study Group Meeting

on The Effects of Ionizing

Radiations on Meiotic

Systems, Vienna, Austria

UT-AEC Agricultural Re

search Laboratory, Oak

Ridge, Tenn. (2 lectures)

Lecture to Health Physics

Students, ORAU Special

Training Building, Oak

Ridge, Tenn.

Brookhaven Symposium on

Recovery and Repair

Mechanisms in Radio-

biology, Upton, N.Y.

Buffalo School of Medicine,

State University of New

York, Buffalo

Symposium on the Peaceful

Uses of Atomic Radiation,

Rio de Janeiro, Brazil

Roswell Park Memorial In

stitute, Buffalo, N.Y.

Health Physics Society

(12th Annual Meeting),

Washington, D.C.

East Tennessee Chapter

of the Health Physics

Society, Oak Ridge, Tenn.

Texas Woman's University,

Denton

Conference on Science for

Clergymen, ORAU, Oak

Ridge, Tenn.



SPEAKER

[AND COAUTHOR(S)]

Serrano, L. J.

Setlow, Jane K.

Setlow, Jane K.

(and F. J. Bollum)

Setlow, R. B.

42

TITLE

Semiautomatic recording and computer processing

of mouse breeding data

The molecular basis of ultraviolet inactivation

and photoreactivation

Photochemistry of DNA

The minimum size of the substrate for the photo

reactivating enzyme (Abstr. of papers, 11th

Annual Meet., Biophys. Soc, 1967, p. 85)

(1) Effects of ultraviolet radiation on viruses

and cells

(2) Evidence that pyrimidine dimers affect bio

logical systems

(3) The importance of DNA in radiobiology

(4) Modern trends in biology

(5) The photochemistry of DNA

(6) The reactions of enzymes on irradiated DNA

(7) The repair of DNA

The excision of pyrimidine dimers in vivo and

in vitro

Modern trends in biology

Molecular repair systems

Photochemistry and photobiology of polynucleo

tides

Photochemistry of polynucleotides

Photoproducts in DNA irradiated in vivo

Repair of DNA

PLACE PRESENTED

American Association for

Laboratory Animal Sci

ence (18th Annual Meet

ing), Seminar on Data

Processing in Production

and Research Animal

Colonies, Washington, D.C.

Smithsonian Institute Lec

ture, Washington, D.C.

Radiation Biology Institute,

ORAU, Oak Ridge, Tenn.

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

Atomic Energy Center,

Lahore, Pakistan

International Conference on

Replication and Recombi

nation of Genetic Material,

Canberra, Australia

University of Punjab,

Lahore, Pakistan

Columbia University, New

York City

(1) Gordon Research Con

ference on Nucleic

Acids, New Hampton,

N.H.

(2) Westchester Chemical

Society, Yonkers, N.Y.

University of Melbourne,

Melbourne, Australia

International Symposium on

Basic Mechanisms in

Photochemistry and

Photobiology, Caracas,

Venezuela

Hebrew University, Jeru

salem, Israel



SPEAKER

[AND COAUTHOR(S)]

Setlow, R. B.

Setlow, R. B.

(W. L. Carrier, and

R. W. Williams)

Shepard, C. C.

(and C. C Congdon)

Shore, R. E.

Shugart, L. R.

(Barbara Chastain,

and M. P. Stulberg)

Shugart, L. R.

(and M. P. Stulberg)

Simmons, M. L.

Simmons, M. L.

(C. B. Richter, and

R. W. Tennant)

Smith, L. H. (and T. W.

McKinley, Jr.)

Smith, R. H.

Sproston, Thomas

Stewart, J. A.

Stewart, J. A.

(and John

Papaconstantinou)

Stine, G. J.

43

TITLE

Steps in the repair of DNA: Fact and fancy

Strand breaks during excision of pyrimidine

dimers in vivo (Abstr. of papers, 11th Annual

Meet., Biophys. Soc, 1967, p. 83)

Increased growth of Mycobacterium leprae in the

foot pads of thymectomized-irradiated mice

Distribution of crystallins during lens growth

and differentiation

Properties of undermethylated transfer RNA

from an RCrel mutant of Escherichia coli

re 1
Isolation of phenylalanine tRNA from an RC

mutant of Escherichia coli (Bacteriol. Proc,

1967, p. 116)

The management of the laboratory mouse

Proper care and housing of laboratory animals

Specific pathogen-free rat production in plastic

germfree isolator rooms

Effect of radiation temperature on erythropoietic

capacity of mouse bone marrow cells [Radiation
Res. 31, 598 (1967)]

Dominant and recessive lethal mutations induced

by mitomycin C in Habrobracon oocytes and

sperm [Generics 56, 591 (1967)]

UV radiation effects on fungi

mRNA stabilization in lens cell differentiation

Stabilization of mRNA in lens epithelial cells

[Federation Proc. 26, 604 (1967)]

Enzyme studies during the development of the

asexual cycle of Neurospora crassa

PLACE PRESENTED

Brookhaven Symposium on

Recovery and Repair

Mechanisms in Radio-

biology, Upton, N.Y.

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

Tenth Anniversary Bone

Marrow Conference, Oak

Ridge, Tenn.

(1) University of Toledo,

Toledo, Ohio

(2) State University of

New York, Buffalo

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

American Society for Micro

biology (67th Annual

Meeting), New York City

Marquette University, Mil

waukee

Miami University, Oxford,

Ohio

International Symposium on

Germfree Life in Research,

Nagoya, Japan

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Genetics Society of America

(36th Annual Meeting),

Stanford, Calif.

University of Tennessee,

Knoxville

University of California,

Los Angeles

Federation of American

Societies for Experimental

Biology (Am. Soc. Biol.

Chem.), Chicago

University of California,

Los Angeles



SPEAKER

[AND COAUTHOR(S)]

Stine, G. J.

Stulberg, M. P.

Swenson, P. A.

Szakal, A. K. (and

M. G. Hanna, Jr.)

ten Bosch, J. J.

Thomas, D. B.

(and C. C Congdon)

44

TITLE

Obtaining synchrony in the production of

conidiophores of Neurospora crassa

Phasing of development and measurement of

specific enzymes during the asexual cycle

of Neurospora crassa

Specific enzyme activities during germination,

development, and differentiation in. the asexual

cycle of Neurospora crassa

Function and structure of tRNA
Phe

Interactions of phenylalanyl-RNA synthetase

and tRNA

Mechanism of phenylalanyl-tRNA formation

Delayed response in the photoreactivation

of tryptophanase indueibility in E. coli B

(Abstr. of papers, 11th Annual Meet.,

Biophys. Soc, 1967, p. 82)

The effects of ultraviolet radiation on induced

enzyme synthesis and metabolism in E. coli

Ultraviolet photobiology

The ultrastructure of antigen localization and

virus-like particles in mouse spleen germinal

centers

X-ray induced radical production in rat-tail

tendon collagen and gelatins

The source of thymic precursor-cells [/. Anat.
101, 614 (1967)]

Spontaneous recovery in the thymus after supra-

lethal whole-body X-irradiation [j. Anat. 101,

614 (1967)]

PLACE PRESENTED

2nd International Confer

ence on Cell Synchrony,

Oak Ridge, Tenn.

University of Tennessee,

Knoxville

Rutgers, The State Uni

versity, New Brunswick,

N.J.

(1) Molecular Biology Di

vision, Institute of Can

cer Research, Kanazawa

National University,

Kanazawa, Japan

(2) Virology Division,

National Cancer Re

search Institute, Tokyo,

Japan

Dedicatory Symposium for

the Gortner Laboratory of

Biochemistry, University

of Minnesota, St. Paul

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

Biophysical Society (11th

Annual Meeting), Houston,

Tex.

Ames Research Laboratory,

Moffett Field, Calif.

University of Tennessee

Radiation Biology Course,

Knoxville

Tenth Anniversary Bone

Marrow Conference, Oak

Ridge, Tenn.

National Institutes of

Health, Bethesda, Md.

Anatomical Society of Great

Britain and Ireland (Annual

General Meeting), London,

England

Ibid.



SPEAKER

[AND COAUTHOR(S)]

Tyndall, R. L.

Tyndall, R. L.

(and R. C. Allen)

Tyndall, R. L.

(J. A. Otten,

Ernestine Teeter,

and N. D. Bowles)

Upton, A. C.

Upton, A. C.

(and J. W. Conklin)

Uziel, Mayo

45

TITLE

Some ramifications of leukemia virus infection

Altered esterase zymograms associated with

leukemia virus infection

Inhibition of solid tumor formation by immuniza

tion with leukemic spleen extracts (Bacteriol.

Proc, 1967, p. 153)

Biological effects of low levels of radiation

Current highlights of cancer research

Effects of radiation on humans

Highlights in cancer research

Pathology of radiation injury

Radiation carcinogenesis

Radiation and carcinogenesis

The role of radiation in the etiology of leukemia

Studies on cancer research

Mechanisms of radiation carcinogenesis

Carcinogenic effects of ionizing radiation

Coleukemogenic effects of triethylene melamine

and X rays on the mouse thymus [Proc Am.
Assoc. Cancer Res. 8, 69 (1967)]

Preliminary observations on the life-shortening

effects of triethylene melamine and X rays

administered in combination to mice

Methods in the study of the structure of nucleic

acids

PLACE PRESENTED

North Carolina State Uni

versity, Raleigh

Tissue Culture Association

(Annual Meeting), Phil

adelphia

American Society for Micro

biology (67th Annual Meet

ing), New York City

ORAU Medical Radioisotope

Course, Oak Ridge, Tenn.

American Cancer Society

(Anderson County Unit),

Clinton, Tenn.

University of Tennessee,

Knoxville

East Tennessee Section,

American Cancer Society,

Knoxville

University of Chicago

Medical School, Chicago

12th Annual Meeting of the

Health Physics Society,

Washington, D.C.

Symposium on the Peaceful

Uses of Atomic Radiation,

Rio de Janeiro, Brazil

International Conference on

Leukemia-Lymphoma,

Ann Arbor, Mich.

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

Peruvian Society of On

cology, Lima, Peru

University of Ribeirao Preto,

Ribeirao Preto, Brazil

American Association for

Cancer Research, Chicago

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.



SPEAKER

[AND COAUTHOR(S)]

Uziel, Mayo

Uziel, Mayo

(and H. G. Gassen)

Vann, D. C.

Vodopick, Helen

(C. C Congdon,

C. L. Edwards,

Nazareth Gengozian,

B. Nelson, and

G. A. Andrews)

Volkin, Elliot

von Borstel, R. C.

46

TITLE

Structure of transfer RNA

Oligonucleotide sequences in tRNA e (E.

coli B)

Antibody synthesis after exposure of lymphoid

cells to 10,000 R [Federation Proc. 26, 751

(1967)]

Graft-versus-host reaction in man produced by

thoracic-duct lymphocytes [Exptl. Hematol. 13,
38 (1967)]

Biochemical evidence of mechanism of genetic

recombination

Chromosome breakage and cell killing by radi

ation

Chromosome breakage and dominant lethality

Control of adult pests by the irradiation-of-male

method

Developmental genetics — gene control during

growth and differentiation

Dicentric translocations as a component of

dominant lethality in irradiated Habrobracon

sperm

Dominant lethality

Medical Division, ORINS, ORAU.

PLACE PRESENTED

University of British Co

lumbia, Vancouver,

Canada

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

Federation of American So

cieties for Experimental

Biology (Am. Assoc.

Immunol.), Chicago

Bone Marrow Conference,

Chicago

University of Georgia,

Athens

(1) Pakistani Atomic

Energy Center, Karachi

(2) Pakistani Atomic

Energy Center, Lahore

(3) Pakistani Atomic

Energy Center, Pinstech

(4) Siriraj Medical School,

Bangkok, Thailand

Sirivai Hospital, Bangkok,

Thailand

Symposium on the Use of

Isotopes and Radiation

in Entomology, Vienna,

Austria

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

International Chromosome

Conference, Oxford,

England

Division of Biology and

Medicine, U.S. Atomic

Energy Commission,

Washington, D.C.



SPEAKER

[AND COAUTHOR(S)]

von Borstel, R. C.
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TITLE

The irradiation-of-male method of insect control

Nature of spontaneous mutations in radiation-

sensitive strains of yeast

Relation of super-suppressor genes to transfer

RNA in yeast

The relation of super suppressors to transfer-

RNA synthesis

Space biology

Super suppressors

PLACE PRESENTED

(1) Pakistani Atomic

Energy Center,

Tandojam

(2) University of Lahore,

Lahore, Pakistan

(3) Thailand Office of

Atomic Energy for

Peace, Bangkok

(4) National Biological

Institute, Bogor,

Indonesia

(5) Bhabha Atomic Re

search Center, Bombay,

India

Pakistani Atomic Energy

Center, Lahore

University of Delaware,

Newark

(1) Pakistani Atomic

Energy Center, Lahore

(2) University of Dacca,

Dacca, Pakistan

(3) Medical College of the

University of Indonesia,

Djakarta

(4) National Biological In

stitute, Bogor, Indonesia

(5) Institute of Technology,

Bandung, Indonesia

(6) Bhabha Atomic Research

Center, Bombay, India

(7) The Pusa Institute,

New Delhi, India

(1) Pakistani Atomic

Energy Center, Dacca

(2) National Biological

Institute, Bogor, Indo

nesia

(3) Bhabha Atomic Re

search Center, Bombay,

India

(4) University of New

Delhi, New Delhi, India

(1) University of Pittsburgh,

Pittsburgh, Pa.

(2) Indian Institute of

Science, Bangalore,

India



SPEAKER

[AND COAUTHOR(S)]

von Borstel, R. C.

(R. H. Smith, and

Anna R. Whiting)

Walburg, H. E., Jr.

(G. E. Cosgrove,

and A. C. Upton)

Wald, Niel

(Sylvia Pan, A. C.

Upton, and

R. C. Brown)

Wallace, R. A.

Waters, L. C. (and

G. David Novelli)

Waters, L. C.

(Elliot Volkin, and

G. David Novelli)

Webber, B. B.

(and H. V. Mailing)

Weiss, J. F.

(A. D. Kelmers, and

M. P. Stulberg)

Whiting, P. W.

Whitson, G. L.

Whitson, G. L.

(A. A. Francis, and

W. L. Carrier)

Whitson, G. L.

(A. A. Francis,

W. L. Carrier, and

K. L. Grandi)
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TITLE

Genetic effects of chronic y-radiation on Habro

bracon sperm [Radiation Res. 31, 615 (1967)]

Influence of the microbial environment on the

development of myeloid leukemia in X-irradiated

RFM mice [Radiation Res. 31, 552 (1967)]

Evolution of chromosome aberrations in radiation-

induced and passaged mouse granulocytic leu

kemia [Radiation Res. 31, 600 (1967)]

A serum lipophosphoprotein produced by vitel-

logenic females and estrogenized males of

Xenopus laevis

Vitellogenesis

Studies of leucyl-tRNA during phage infection

of E. coli

Changes in leucyl-tRNA during phage T2 infec

tion [Federation Proc. 26, 733 (1967)]

Relation between complementation pattern and

genetic alteration in hist-3 mutants of Neuro

spora [Generics 56, 595 (1967)]

A new chromatographic system for increased

resolution of transfer RNAs [Federation Proc

26, 734 (1967)]

A diapause-resistant stock of Mormoniella

[ASB Bull. 14, 42 (1967)]

Problems in cell division and morphogenesis

The relation of thymine dimers, dark repair, and

photoreactivation to survival in Tetrahymena

pyriformis

Production of thymine dimers and repair in ultra

violet-irradiated Tetrahymena pyriformis,

strain GL-C

Survival in the absence of in vivo photoreacti

vation of thymine dimers in Tetrahymena pyri

formis

PLACE PRESENTED

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

Radiation Research Society

(15th Annual Meeting),

San Juan, Puerto Rico

American Society for Cell

Biology, Denver, Colo.

University of Michigan,

Ann Arbor

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

Federation of American

Societies for Experimental

Biology (Am. Soc. Biol.

Chem.), Chicago

Genetics Society of America

(36th Annual Meeting),

Stanford, Calif.

Federation of American

Societies for Experimental

Biology (Am. Soc. Biol.

Chem.), Chicago

Association of Southeastern

Biologists, Columbia, S.C.

UT-AEC-ORAU Oak Ridge

Resident Graduate Pro

gram, Oak Ridge, Tenn.

(1) Bryn Mawr College,

Bryn Mawr, Pa.

(2) University of Tennessee,

Knoxville

Society of Protozoologists,

Toronto, Canada

American Society for Cell

Biology, Denver, Colo.



SPEAKER

[AND COAUTHOR(S)]

Whitson, G. L.

(J. G. Green,

A. A. Franci, and

D. D. Willis)

Wicks, W. D.

Wittliff, J. L.

Wust, C. J.

Wust, C. J.

Wust, C. J. (and

G. David Novelli)

Wust, C. J.

(and D. G. Ridner)

Yamada, Tuneo
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TITLE

Fractionation of alcohol-soluble carbohydrates

from synchronized Tetrahymena

Control of enzyme activity during development

Control of enzyme synthesis during development

Hormones: Biochemical regulators

Induction of tyrosine transaminase in fetal rat

liver

Purification and properties of extracellular thi-

aminase I from Bacillus thiaminolyticus

Cell biology

Some aspects of antibody biosynthesis

Binding of 125I-labeled anti-L chain to poly
somes of rat spleen in vitro

Studies on ribosomes in spleens of immunized

rats treated with actinomycin D (Bacteriol.

Proc, 1967, p. 66)

Cellular and molecular aspects of tissue trans

formation

PLACE PRESENTED

2nd International Confer

ence on Cell Synchrony,

Oak Ridge, Tenn.

(1) Louisiana State Uni

versity Medical School,

New Orleans

(2) Louisiana State Uni

versity, Baton Rouge

(3) Texas A&M College,

College Station

(4) Oklahoma State Uni

versity, Stillwater

(5) St. Louis University,

St. Louis

(6) University of Kentucky,

Lexington

(7) Vanderbilt University,

Nashville, Tenn.

(8) Bowman-Gray School

of Medicine, Winston-

Salem, N.C.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

(1) Southern University,

Baton Rouge, La.

(2) Sweet Briar College,

Sweet Briar, Va.

University of Alabama,

Birmingham

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

American Institute of Chem

ical Engineers, Oak Ridge,

Tenn.

Siena Heights College,

Adrian, Mich.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

American Society for Micro

biology (67th Annual

Meeting), New York City

University of Massachu

setts, Amherst



SPEAKER

[AND COAUTHOR(S)]

Yamada, Tuneo

Yang, Wen-Kuang

Yang, Wen-Kuang (and

G. David Novelli)
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TITLE

Cellular and molecular events in Wolffian lens

regeneration

(1) Cellular replication in dedifferentiation and

differentiation: A study of lens regeneration

(2) Localization of labeled actinomycin D in

differentiating lens regenerate cells

Cellular synthetic activities in induction of tis

sue transformation

Control of cellular differentiation

Sequential changes in cellular synthetic activ

ities associated with tissue transformation

Specific proteins in cytodifferentiation

Multiple isoaccepting tRNA's in mouse plasma

cell tumors

Studies on the multiple isoaccepting transfer-

ribonucleic acids in mouse plasma cell tumors

Studies on transfer RNA's of a mouse plasma

cell tumor

PLACE PRESENTED

National Institute of Child

Health and Human Develop

ment, Bethesda, Md.

VIHth International Em-

bryological Conference,

Interlaken, Switzerland

CIBA Symposium on Cell

Differentiation, London,

England

University of Toronto,

Toronto, Ontario, Canada

Institute of Physiochemical

Biology, Paris, France

University of Pennsylvania

Medical School, Philadel

phia

Tuskegee Institute,

Tuskegee, Ala.

Symposium on Nucleic

Acids in Immunology,

New Brunswick, N.J.

Southeastern Regional

Meeting, American Chem

ical Society, Atlanta, Ga.

VISITING LECTURERS

During the period February 1 through December 31, 1967, 81 seminars were given at the Biology
Division by visiting scientists. Fifty of the speakers came from other research organizations in the
United States, one from the Chemistry Division of the Oak Ridge National Laboratory, and the remaining
thirty from seventeen foreign countries. Countries represented (and the number of speakers from each)
were England (10), Chile, Germany, Japan, and Sweden (2 each), and Australia, Belgium, Brazil, Canada,
Czechoslovakia, Greece, Italy, The Netherlands, New Zealand, Scotland, Switzerland, and Venezuela
(1 each).

In addition to the 81 guest speakers, listed below, there were numerous informal seminars at which
Division members spoke about their own research.

SPEAKER

Roy E. Albert

AFFILIATION

Institute of Environmental Medicine,

New York University Medical

Center, New York, New York

SUBJECT

Radiation skin carcinogenesis in the

rat



SPEAKER

Peter Alexander

Siegmund Baum

Antonio Garcia Bellido

Irwin Berman

T. J. Bojarski

William Boyle

B. A. Bridges

D. M. Brown

P. R. J. Burch

Alice Burton

Ivan L. Cameron

Teh-hsing Chiu

Gabriel Chuchani

B. F. C. Clark
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AFFILIATION

Chester Beatty Research Institute,

London, England

Experimental Pathology Department,

Defense Atomic Support Agency,

Armed Forces Radiobiology Re

search Institute, Bethesda,

Maryland

Division of Biology, California

Institute of Technology,

Pasadena, California

School of Medicine, Department of

Anatomy, University of Miami,

Miami, Florida

New England Nuclear Corporation,

Boston, Massachusetts

Division of Immunology, Duke

University Medical Center,

Durham, North Carolina

Medical Research Council, Radio

biological Research Unit, Harwell,

Didcot, Berkshire, England

University Chemical Laboratory,

Cambridge, England

Environmental Radiation Research

Unit, Department of Medical Physics,

The University of Leeds, The

General Infirmary, Leeds, England

Department of Biology, Brookhaven

National Laboratory, Upton, L.I.,

New York

Department of Anatomy, State

University of New York, Upstate

Medical Center, Syracuse, New York

Department of Microbiology,

School of Medicine, University of

Pittsburgh, Pittsburgh,

Pennsylvania

Scientific Research Institute,

Caracas, Venezuela

Laboratory of Molecular Biology,

Cambridge, England

SUBJECT

Application of the McGrath and

Williams method for the study of

repair following X-irradiation of

mammalian cells and Micrococcus

radiodurans

Recovery and residual injury in the

irradiated polycythemic rat

Cellular determination and cell

affinity in imaginal discs of

Drosophila

The effects of cytotoxic agents on

stem cells

Determination of purity of labelled

nucleotides

Isolation and characterization of

cell membrane

Induction and repair of UV damage

leading to death, true reversion and

suppressor mutation in bacteria

irradiation in the frozen and

unfrozen states

The chemical basis of hydroxylamine

mutagenesis

A unified theory of growth and

disease

Some aspects of the intracellular

development of tiny bacteriophages

Cell proliferation and renewal in the

tissues of the adult mouse

L-Rhamnulose 1-phosphate aldolase

Effect of amino groups in electro-

philic aromatic substitution

Initiation of polypeptide synthesis



SPEAKER

C. Vernon Cole

Richard G. Considine

S. B. Curtis

Katsuma Dan

J. Desmond Davies

Daniel Der Vartanian

Raymond Devoret

David A. T. Dick

Jacques E. Dumont

Lawrence Erway

A. C. Faberge

Patricia Fames

John Farrant

Joseph Gaily

Norman H. Giles

Milton P. Gordon

Anthony Griffiths
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AFFILIATION

Agricultural Research Service, United

States Department of Agriculture,

Fort Collins, Colorado

Lobund Laboratories, University of

Notre Dame, Notre Dame, Indiana

Lawrence Radiation Laboratory,

University of California, Berkeley,

California

Tokyo Metropolitan University,

Meguro-ku, Tokyo, Japan

Department of Pathology, University

of Cambridge, Cambridge, England

Institute of Enzyme Research,

University of Wisconsin, Madison,

Wisconsin

Department of Radiology, Yale

University School of Medicine,

New Haven, Connecticut

Department of Physiology and

Pharmacology, Duke University,

Durham, North Carolina

Laboratory of Nuclear Medicine,

School of Medicine, University of

Brussels, Brussels, Belgium

Department of Animal Husbandry,

University of California, Davis,

California

Department of Zoology, The

University of Texas, Austin, Texas

Department of Pathology, Rhode

Island Hospital, Providence, Rhode

Island

Medical Research Council, National

Institute for Medical Research,

London, England

The Rockefeller University, New

York, New York

Yale University, New Haven,

Connecticut

University of Washington, Seattle,

Washington

Department of Agronomy, Kansas

State University, Manhattan, Kansas

SUBJECT

Early products of phosphate uptake

in plants

In vivo interferon production by

vaccinia virus

Pi on radiobiology

Cytoplasmic factors involved in cell

division

Studies on freezing and freeze-drying

of living cells '

EPR studies on non-heme iron

proteins

Indirect ultraviolet induction of

prophage

Some studies of ion and water fluxes

in a single cell system

Studies on the mechanism of action

of thyrotropin

Manganese as a key to the plei-

otropic action of some pigment

mutants

Chromosome and chromatin structure

as seen by a new development in

electron microscopy

Studies on cytodynamic actions of

pokeweed mitogen

The problem of organ preservation at

low temperatures

The problem of the origin of antibody

diversity

Gene clusters coding for enzyme

aggregates

Studies on the photochemistry of

TMV and its RNA

The genetic control of recombination

in Neurospora crassa



SPEAKER

Klaus Haefner

Sue Hanlon

Henry Hellmers

George Hodgson

Miroslav Holub

Sheila Howarth-Thompson

Nino L. Incardono

Pierre Joliot

Warwick E. Kerr

Saul Kit

George Klein

Margaret Lieb

Knud Karl Lonberg-Holm

Abraham Mazur

J. M. Mitchison
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AFFILIATION

Division of Biology, Southwest

Center for Advanced Studies,

Dallas, Texas

Department of Biological Chemistry,

College of Medicine, University of

Illinois, Chicago, Illinois

Department of Botany, Duke Uni

versity, Durham, North Carolina

The University of Chile, Santiago,

Chile

Division of Immunology, Institute of

Biology, Czechoslovakia Academy

of Sciences, Prague,

Czechoslovakia

Department of Microbiology, Medical

School, University of Otago,

Dunedin, New Zealand

Department of Chemistry, Florida

State University, Tallahassee,

Florida

RIAS, Baltimore, Maryland

Department of Genetics, University

of Sao Paulo, Ribeirao Preto,

Brazil

Division of Biochemical Virology,

College of Medicine, Baylor Uni

versity, Texas Medical Center,

Houston, Texas

Institute for Tumor Biology, The

Karolinska Institute, Stockholm,

Sweden

University of Southern California,

School of Medicine, Los Angeles,

California

E. I. du Pont de Nemours and Co.,

Central Research Department,

Wilmington, Delaware

New York Blood Center, New York,

New York

Department of Zoology, University

of Edinburgh, Edinburgh, Scotland

SUBJECT

UV-induced lethal sectoring in

yeast and E. coli

Polynucleotide conformations in

organic solvents

The phytotron: A tool for botanical

research

Proliferation state of stem cells,

erythropoietin responsive cells,

and antigen responsive cells

Engagement of lymphocytes and

histocytes in antibody formation

The influence of colicine factors on

the response to UV-irradiation in

e nte r obac te ria

Structural change in <£X-174 — Its

possible implication in the process

of adsorption

Reaction kinetics of photosynthetic

oxygen evolution

Genetics and evolution of bees

Is the entire SV40 genome integrated

in transformed mouse kidney cells?

The Burkitt lymphoma and model

experiments on mouse leukemia

Mapping and complementation studies

of mutations in the cl-region of

bacteriophage lambda

Nucleic acid synthesis in seedlings

Role of the spleen in hemoglobin

synthesis in the rat

The relations of enzyme synthesis,

DNA synthesis and radiation

effects in the cell cycle of

Schizosaccharomyces pombe



SPEAKER

Fernando Morgado

Peter W. Neurath

Benedetto Nicoletti

Alfred Norten

G. M. Padilla

Roy Patterson

Claus Pelling

David Penington

E. C. Pollard

Manfred F. Rajewsky

Jose Reissig

Richard Roblin

Edna M. F. Roe

Arthur Rdrsch

Anand Sarabhai
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AFFILIATION

Institute of Physiology, Southern

University of Chile, Valdivia,

Chile

New England Medical Center

Hospitals, Boston, Massachusetts

Istituto di Genetica Dell' Universita,

Facolta di Scienze, Citta

Universitaria, Rome, Italy

Chemistry Division, Oak Ridge

National Laboratory, Oak Ridge,

Tennessee

Wrightsville Marine Biomedical

Laboratory, Wilmington, North

Carolina

Allergy-Immunology Section, School

of Medicine, Northwestern University,

Chicago, Illinois

Max-Planck-Institute for Biology,

Tubingen, Germany

The London Hospital, London,

England

Pennsylvania State University,

University Park Station, State

College, Pennsylvania

Max-Planck-Institute for Biophysics,

Frankfort, Germany

C. W. Post College, Brookville, L.I.,

New York

The Biological Laboratories, Harvard

University, Cambridge,

Massachusetts

Department of Biophysical Chemistry,

Chester Beatty Institute, London,

England

Medical-Biological Laboratory RVO-TNO,

Rijswijk, The Netherlands

Institute of Molecular Biology,

University of Oregon, Eugene,

Oregon

SUBJECT

Effect of antifolic on the primary

and secondary response of mice

immunized with rat tissue

Computer systems for chromosome

analysis

Effects of ultraviolet irradiation on

mammalian cells in vitro

The structure of water

Toxigenesis and growth in marine

algae

Mechanisms of animal dander and

sera sensitization and possible

methods of control

Sedimentation properties of RNA

prepared from salivary gland cells

and of RNA from isolated giant

chromosomes

Regulation of platelet production

The action of ionizing radiation on

bacteria

DNA synthesis and cell proliferation

during diethylnitrosamine-induced

liver carcinogenesis

In vitro complementation with

aspartic transcarbamylase of

Neurospora

5 -Terminal nucleotide sequence

studies with phage R17 RNA

Polysaccharides at cell surfaces:

growth inhibition of ascites tumor

cells by tragacanth

Genetical and biochemical aspects

of the breakdown of the alkaloid

atropin in Pseudomonas putida; an

inducible system

Studies on polypeptide reinitiation

after chain termination



SPEAKER

Folke Skoog

R. M. Smillie

L. A. Stocken

Benjamin P. Stone

Tsutomu Sugahara

Alexander Symeonidis

Helene W. Toolan

Rodes Trautman

J. J. Trentin

Johannas van Overbeek

Albert J. Wahba

Jon Weil

Edward Westhead

Rolf Wideroe

Hans Wigzell

G. Congdon Wood
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AFFILIATION

Department of Botany, University of

Wisconsin, Madison, Wisconsin

CSIRO, Plant Physiology Unit,

University of Sydney, Sydney,

Australia

Department of Biochemistry, Uni

versity of Oxford, Oxford, England

Department of Botany, The

University of Tennessee, Knoxville,

Tennessee

Department of Experimental

Radiology, School of Medicine,

Kyoto University, Kyoto, Japan

Thagenion Memorial Cancer

Institute, Salonica, Greece

Institute for Medical Research,

Putnam Memorial Hospital,

Bennington, Vermont

Plum Island Animal Disease Labora

tory, United States Department of

Agriculture, Greenport, L.I., New

York

Baylor Medical School, Baylor Uni

versity, Waco, Texas

Director, Institute of Life Sciences,

Texas A & M University, College

Station, Texas

Department of Biochemistry, New

York University School of Medicine,

New York, New York

Department of Molecular Biology,

Vanderbilt University, Nashville,

Tennessee

Department of Biochemistry,

University of Massachusetts,

Amherst, Massachusetts

Brown Boveri Company, Baden,

Switzerland

Department of Tumor Biology, The

Karolinska Institute, Stockholm,

Sweden

American Cancer Society, Inc., New

York, New York

SUBJECT

Cytokinins: Biological effects,

sources and structure/activity

relationships

Organelle biosynthesis; roles of

organelle DNA and protein synthe

sizing systems

The significance of histones in

radiation damage to the nucleus

Effects of actinomycin-D and

ionizing radiation upon photo

sensitive lettuce seed germination

Bone marrow stem cells in relation

to radiosensitivity and recovery

in mice

Research activities at the cancer

institute in Thessaloniki

Origin of the H-viruses; a classical

incidence of serendipity

The impact of computers on ultra-

centrifugation

Results of caesarean derivation and

barrier maintenance of a large in

bred mouse colony

Dormin, a new plant hormone

Translation of the genetic message:

Chain initiation and termination in

E. coli

Recombination deficient mutants of

bacteriophage lambda

Feedback inhibition of two apartyl

kinases from E. coli

Radiobiology and radiotherapy

Studies on induction and inhibition

of antibody synthesis

New development in the research

program of the American Cancer

Society
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SPEAKER AFFILIATION SUBJECT

Arthur M. Zimmerman Department of Zoology, University Macromolecular synthesis in

of Toronto, Toronto, Canada Tetrahymena pyriformis: A high

pressure study

UNIVERSITY OF TENNESSEE-OAK RIDGE GRADUATE SCHOOL OF BIOMEDICAL SCIENCES -

BIOLOGY DIVISION SPECIAL LECTURE SERIES

In the fall of 1967, a special joint lecture series was begun under the joint sponsorship of the
University of Tennessee—Oak Ridge Graduate School of Biomedical Sciences and the Biology Division.
There were two speakers under this program during November:

SPEAKER AFFILIATION SUBJECT

H. W. Wycoff Department of Molecular Biophysics, The three dimensional structure,

Yale University, New Haven, chemistry, and genetics of ribo-

Connecticut nuclease

E. R. Stadtman Laboratory of Biochemistry, National The regulation of glutamine

Heart Institute, Bethesda, Maryland synthetase in Escherichia coli

SCHEDULED SPEAKERS AT PROFESSIONAL MEETINGS IN 1968

Papers by members of the Biology Division will be presented at the following professional society
meetings (listed in chronological order) during 1968. Names of speakers appear in boldface. (Listing
includes information received up to February 15, 1968.)

Symposium on Modern Separation Methods of Macromolecules and Particles, Madison, Wisconsin - N. G.
Anderson

Twelfth Annual Meeting of the Biophysical Society, Pittsburgh, Pennsylvania - M. E. Boling, Sohan
Modak, Gerald Price, Alice Mattingly, M. P. Gordon, and Jane K. Setlow; J. E. Donnellan, Jr., R. S.
Stafford, J. L. Hosszu, and R. O. Rahn; Barbara A. Hamkalo and P. A. Swenson; B. E. Moseley;
R. 0. Rahn, Jane K. Setlow, and J. L. Hosszu; Jane K. Setlow, Dianne C. Brown, and M. E. Boling;
R. B. Setlow and W. L. Carrier; P. A. Swenson; and J. J. ten Bosch, R. 0. Rahn, and J. W. Longworth

Florida State University Alumni Studies Conference on Molecular Biology, Tallahassee - W. E. Barnett
and J. L. Epler; J. L. Epler and W. E. Barnett; and J. D. Regan

155th National Meeting of the American Chemical Society, San Francisco, California - W. E. Cohn;
J. X. Khym

American Association of Anatomists, New Orleans, Louisiana — J. N. Dumont

59th Annual Meeting of the American Association for Cancer Research, Atlantic City, New Jersey -
C. T. Banner and D. G. Doherty; N. K. Clapp and A. W. Craig; Stanfield Rogers; and H. E. Walburg,
Jr., and G. E. Cosgrove
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Federation of American Societies for Experimental Biology, Atlantic City, New Jersey - N. G. Anderson,
C. E. Nunley, and C. T. Rankin, Jr.; D. G. Doherty and Jesse James; R. K. Fujimura and Elliot
Volkin; Joan Wright Goodman and Sarah G. Shinpock; D. L. Groves; C. B. Hager; W. W. Harris and
Frances L. Ball; F. C. Hartman; Dona C. Hooper and J. F. Albright; K. B. Jacobson, J. A. Knopp,
and J. B. Murphy; V. K. Jenkins, A. C. Upton, and T. T. Odell, Jr.; A. D. Kelmers, R. L. Pearson,
L. R. Shugart, and J. F. Weiss; T. J. Mitchell, C. C Congdon, M. A. Kastenbaum, and D. A. Gardiner;
Peter Pfuderer; T. T. Odell, Jr., C. W. Jackson, and R. S. Reiter; B. J. Ortwerth, Ugo Del Monte,
Lawrence Rosen, and G. David Novelli; J. R. Reel and F. T. Kenney; W. S. Riggsby; Lee Shugart,
G. David Novelli, and M. P. Stulberg; Mayo Uziel and H. G. Gassen; W. K. Yang, G. David Novelli,
and C. J. Wust

Southern Section, American Society of Plant Physiologists, Athens, Georgia —D. E. Foard; A. H. Haber
and L. L. Triplett; D. H. O'Dell and D. E. Foard

/Issocrarron of Southeastern Biologists, Athens, Georgia — P. W. Whiting

Tennessee Society of Pathologists and Tennessee Medical Association, Chattanooga — R. C. Brown and
H. C. Hopps

16th Annual Meeting of the Radiation Research Society —N. K. Clapp, E. B. Darden, Jr., R. S. Bender,
and M. C. Jernigan; E. B. Darden, Jr., K. W. Christenberry, M. C. Jernigan, and J. W. Conklin; F. J.
de Serres; F. J. de Serres and B. B. Webber; Mary Esther Gaulden; J. L. Montour, E. B. Darden, Jr.,
and A. C. Upton; M. L. Randolph; J. D. Regan and Susumu Takeda; R. C. von Borstel, R. H. Smith,
D. S. Grosch, Anna R. Whiting, R. L. Amy, and Sohei Kondo; H. E. Walburg, Jr., and Edna I. Mynatt

Symposium on Dose Rate in Mammalian Radiation Biology, Oak Ridge, Tennessee —A. C. Upton

American Society for Microbiology, Detroit, Michigan — Roy Curtiss III and D. R. Stallions

19th Annual Meeting of the Tissue Culture Association, San Juan, Puerto Rico — R. B. Cumming; J. D.
Regan, J. S. Cook, and Susumu Takeda; and R. L. Tyndall, N. D. Bowles, J. A. Otten, and A. C.
Upton

IIIrd International Congress of Endocrinology, Mexico City, Mexico — J. R. Reel

IHrd International Congress of Histochemistry and Cytochemistry, New York City — R. C. Allen and
Dorothy J. Moore

12th International Congress of Genetics, Tokyo, Japan —U. H. Ehling, D. G. Doherty, and H. V. Mailing;
E. H. Y. Chu and H. V. Mailing; and H. V. Mailing and F. J. de Serres

Fifth International Photobiology Congress, Hanover, New Hampshire —J. S. Cook and A. J. Zilnis; A. H.
Haber, P. J. Thompson, P. L. Walne, and L. L. Triplett; A. P. Harrison, Jr.; and J. D. Regan and
J. S. Cook

12th Congress of the International Society of Hematology, New York City - T. T. Odell, Jr., C. W. Jackson,
Rebecca S. Reiter, and D. Charsha
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Foreign Travel

During the period February 1—December 31,1967, more than 40 members of the Biology Division
traveled to foreign countries to give invited talks at colleges, universities, and research institutes; to
confer with colleagues; and to participate in conferences and meetings. Countries visited were:

Europe —Austria
Belgium

Czechoslovakia

England

France

Germany

Greece

Italy

Romania

Scotland

Sweden

Switzerland

Asia — India

Israel

Japan
Pakistan

Thailand

Australia — Commonwealth of Australia

The Americas — Argentina
Brazil

Canada

Chile

Mexico

Peru

Venezuela

H. I. Adler traveled in Italy, Greece, and Israel during May and June. In Italy, Dr. Adler spoke on
"Radiation sensitivity of bacteria" at the Casaccia Nuclear Center, and in Greece, at the Thessaloniki
Cancer Institute, his subject was "Genetic control of cell division in bacteria." Dr. Adler concluded his
foreign travel by participating as a guest lecturer in a training course held at the Soreq Nuclear Center
near Tel-Aviv, Israel.

J. F. Albright was in Buenos Aires, Argentina, August 31—September 18, to instruct in an international
training course in immunology for postgraduate students from various South American countries (see Educa
tional Activities for details). Dr. Albright also participated in the Symposium on Haemopoietic Stem Cell
Kinetics, held in Manchester, England, October 9—11, and visited biological laboratories in Mill Hill and
Leeds before returning to the Division on October 16.

R. C. Allen was in Toronto, Canada, December 2—5, for the 10th annual meeting of the American

Society of Hematology. He gave a paper at the meeting entitled "Further purification of mouse plasma
erythropoietin and the effects of its presence on plasma esterase isoenzymes."

N. G. Anderson was at the Chester Beatty Institute, London, England, to confer with Dr. Peter Alex
ander and at the University of Sussex to confer with E. J. Ambrose. From England, Dr. Anderson traveled
to Prague, Czechoslovakia, to attend the Tenth International Congress of Microbiological Standardization.
He returned to England to discuss problems of centrifugation with S. P. Spragg, University of Birmingham,
Birmingham; J. C. Z. Martin, Measuring and Scientific Equipment, Inc., London; and A. P. Matthias,
University College, London.

J. G. Brewen, while on a year's leave of absence at the CSIRO, Canberra, Australia (see Division

Members Working in Other Laboratories for details), attended the ANZAAS —Genetical Society Cyto
genetics Symposium held in Melbourne, Australia, January 16, 1967, where he presented a paper entitled
"Sister chromatid exchanges: Are they spontaneous or induced?" During his stay in Australia, Dr.
Brewen also gave two seminars at the University of Adelaide, Adelaide, and attended the International
Conference on Replication and Recombination of Genetic Material, held in Canberra, August 28—
September 1.

L. G. Caro, while on leave in England from summer 1966 to spring 1967 (see Division Members
Working in Other Laboratories for details), visited a number of universities and research institutes in the
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British Isles and continental Europe to give seminars and to confer with staff scientists on problems of
mutual concern. He visited the Institute of Molecular Biology, Geneva, Switzerland, September 28—
October 4, 1966, to confer with Professor Edouard Kellenberger on the organization of a course in electron
microscopy and to give a seminar. In October and November he was at the Universities of Edinburgh
(Scotland), Glasgow (Scotland), and Leicester (England), at each of which he presented the seminar,
"Role of F-pili in bacterial conjugation." In January, 1967, he traveled to Brighton, England, to give a
seminar at the University of Sussex. From March 8 to 11, Dr. Caro was at the Pasteur Institute in Paris,
France, to confer with colleagues and present a seminar; before returning to London, he made a brief

visit to Geneva.

Dr. Caro revisited Europe from August 23 to October 1, having returned to the Division in April.
First he traveled to Geneva, Switzerland, to instruct in the electron microscopy course mentioned above
(see Educational Activities for details). Then he went to the Laboratory of Genetics, Toulouse, France,
for discussions with Drs. J. M. Louam and Michel Sicard; then to the Microbial Genetics Research Unit,
MRC, London, England, for discussions with Drs. Claire M. Berg and William Hayes.

E. H. Y. Chu did collaborative research on tumor immunology at the Karolinska Institute, Stockholm,
Sweden, in January and February (see Division Members Working in Other Laboratories for details).

W. E. Cohn attended the annual meeting of the Commission on Biochemical Nomenclature of the Inter
national Union of Pure and Applied Chemistry and the International Union of Biochemistry, held at
Ravello, Italy, April 11-16. On August 18, Dr. Cohn was in Tokyo, Japan, for the Seventh International
Congress of Biochemistry, after which he visited and consulted with colleagues at the Tokugawa Insti
tute, the University of Tokyo, and the Tokyo Medical and Dental University.

C. C Congdon was in Paris, France, June 26—30, to attend a bone marrow conference and the First
International Congress of the Transplantation Society. Dr. Congdon visited the Institute of Oncology in
Bucharest, Romania, before returning to the Division.

M. I. Dolin, R. K. Fujimura, R. C. Fuller, K. Bruce Jacobson, F. T. Kenney, J. X. Khym, G. David
Novelli, and M. P. Stulberg were in Tokyo, Japan, August 19—25, to present papers at the Seventh Inter
national Congress of Biochemistry. Also attending the meeting were W. E. Cohn, B. J. Ortwerth, and
Mayo Uziel. Dr. Cohn served as chairman of a symposium, and Dr. Novelli was chairman of a session.

M. I. Dolin, prior to the Tokyo Congress, attended a meeting on Flavins and Flavoproteins in Nagoya,
August 14-17.

James Dumont presented a seminar to the Zoology Department of the University of Windsor, Windsor,
Ontario, Canada, November 28-30. The title of his talk was "Electron microscopic study of oocyte de
velopment and yolk formation in the horse crab, Limulus polyphemus."

R. K. Fujimura consulted with colleagues at Osaka University and the University of Tokyo after par
ticipating in the Biochemistry Congress.

R. C. Fuller, before presenting a paper at the Tokyo Biochemistry Congress, chaired a session of the
Symposium on Comparative Biochemistry and Biophysics of Photosynthesis, Hakone, Japan, August 16—18.
Dr. Fuller was co-organizer of the symposium.

Joan Wright Goodman attended a one-day bone marrow conference in Paris, France, on June 26, and
gave a paper at the First International Congress of the Transplantation Society, also held in Paris, June
26—30. The title of her presentation was "Factors that modify poor growth of parental cells in F hybrid
mice."

E. H. Grell traveled to Germany in February to attend a conference on Genetics, Biochemistry, and
Physiology of Insect Eye Color Mutants, held in Munich, March 2—4.

Alexander Hollaender, on January 4, 1967, began a foreign tour which took him to France, Switzerland,
Greece, Thailand, Pakistan, India, Israel, and Italy. He went first to Paris, France, where he met with
Dr. Carlos Chagas, Brazilian Permanent Delegate to UNESCO, to discuss the role of UNESCO in Latin
America, especially Brazil. From Paris, he traveled to Geneva, Switzerland, to discuss a planning insti
tute in the biomedical sciences with Dr. Martin M. Kaplan of WHO. Then he went to Basle for discussions
at F. Hoffman-La Roche and Co. on new developments in pharmacological genetics and to give a seminar
on "Studies going on in the Biology Division, Oak Ridge National Laboratory." On January 11, Dr.
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HoUaender arrived in Athens, Greece, for talks with Dr. C. B. Krimbas of the Department of Genetics,
College of Agriculture, concerning the program for a possible symposium on genetic polymorphism to be
held in Athens in 1968. He then visited the University of Athens School of Medicine and next made an
invited survey of the "Democritos" Nuclear Research Center. On January 16, Dr. HoUaender visited the
Cancer Institute, Theagenion Memorial, in Thessaloniki, Greece, to survey the biology program there and
to give a lecture on Biology Division activities. From January 19 to March 9, Dr. HoUaender visited
various research institutions and universities in Thailand, Pakistan, India, and Israel, at which he re
viewed biology programs and made suggestions to help bring them into the mainstream of modern biology.
In addition, he gave seminars on "Work at the Biology Division, Oak Ridge National Laboratory" at the
Siriraj Medical School, Bangkok, Thailand; at the University of Dacca and the Jute Institute, Dacca,
Pakistan; and, in India, at the University of Chandigarh, Chandigarh, the University of Rajasthan, Jaipur,
and to the Biology Group at the Bhabha Atomic Research Center, Bombay. Dr. HoUaender then returned
to Europe to spend the final week of his trip, March 10-16, in Rome, Italy, at the Comitato Nazionale
per l'Energia Nucleare (CNEN) discussing current research problems in radiobiology in his capacity as
consultant to CNEN.

Dr. HoUaender spent the first half of July in Brazil and Peru. July 2-3, he was at the University of
Sao Paulo, Sao Paulo, Brazil, to review the present biology program there and to discuss possible co
operation between the University and the Biology Division. On July 4, he met with staff members of the
Institute of Biology at the University of Campinas, Campinas, Brazil. From July 5 to 8, he was in Belo
Horizonte, Brazil, to make final plans for the International Symposium on Nuclear Physiology and Differ-
entation to be held there December 1—6, 1968. From Belo Horizonte, Dr. HoUaender traveled to Rio de
Janeiro to attend the Symposium on the Peaceful Uses of Atomic Radiation, at which he presented the
opening address and served as chairman of one of the sessions. Finally, he went to Lima, Peru, where
he visited the University of San Marcos to help in preparations for a modern biology course to be given by
Brazilian scientists at San Marcos University in cooperation with ORNL.

In November, Dr. HoUaender returned to South America, arriving in Sao Paulo, Brazil, on the 25th
for discussions with several of his colleagues. From Sao Paulo, he traveled to Recife to visit the
University of Pernambuco and to discuss with staff members the possibilities for cooperation between the
University and the Biology Division. Dr. HoUaender went next to Fortaleza, where he visited various
departments of the University of Ceara —then to Rio de Janeiro, where he toured the Biophysics Institute
of the University of Brazil and conferred with members of the staff, particularly Dr. L. R. Caldas and
Dr. Aristides Pachoco Leao. While in Rio, he met with Dr. Antonio Couseiro and Dr. Manoel da Frota

Moroira, both of the National Research Council, to discuss the scientific development of Brazil. On
December 3, Dr. HoUaender left Brazil to participate in the International Symposium on Basic Mechanisms
in Photochemistry and Photobiology, held in Caracas, Venezuela, December 4—8. He returned to the
Division on December 10.

K. Bruce Jacobson was in Osaka and Nagoya, Japan, August 14—19, to confer with colleagues at
various biological laboratories, before going to Tokyo to attend an informal Symposium on Nucleic Acids
and Protein Synthesis and to participate in the Biochemistry Congress.

F. T. Kenney visited laboratories in Tokyo, Tokushima, and Osaka, Japan, August 9—11 and 14—15
for discussions with staff scientists on research problems of mutual interest. Afterwards, he presented a
paper at the Fifth Gunma Symposium on Endocrinology, Kusatusu Spa, Japan, August 18—19, and then
attended the Biochemistry Congress in Tokyo.

J. X. Khym, after presenting a paper at the Biochemistry Congress in Tokyo, August 19—25, spoke on
"Determination of sequence in nucleic acids" at Takeda Chemical Industries, Ltd., Osaka, Japan,
August 29. He also visited Osaka University.

S. P. Leibo spent August 28—December 11 in Geneva, Switzerland, at the Institute of Molecular
Biology, University of Geneva, where he conducted collaborative research with Dr. Edouard Kellenberger.
While there, Dr. Leibo attended a course on Applications of Electron Microscopy to Molecular Biology
sponsored by the European Molecular Biology Union (see Educational Activities for details). Dr. Leibo
spoke at both the National Institute for Medical Research, Mill Hill, London, England, and the University
of Cambridge before returning to the Division on December 15.
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D. L. Lindsley attended the Conference on Replication and Recombination of Genetic Materials,
Canberra, Australia, August 27-31, and presented a paper entitled "The genetic control of recombination
in Drosophila."

J. W. Longworth attended the International Symposium on Basic Mechanisms in Photochemistry and
Photobiology, held December 4-8 in Caracas, Venezuela, and spoke on "Excited state interactions in
macromolecules."

Takashi Makinodan was in South America from September 12 to October 21. He participated in the
International Training Course in Immunology held in Buenos Aires, Argentina (see Educational Activities
for details); delivered lectures to the Medical Faculty of the University of Chile and to the Chilean
Society of Genetics, Santiago, Chile; and consulted on problems of mutual interest with various research
groups at the University of Chile, Santiago; the Southern University of Chile, Valdivia; and the Institutes
of High Altitude and Cancer Research of the University of Cayetano Heredia, Lima, Peru.

H. V. Mailing spent May 20-22 at the Department of Human Genetics and Anthropology, University of
Freiburg, Germany, where he discussed with various investigators the problem of chemical mutagens as a
possible genetic hazard.

G. David Novelli, in conjunction with his travel to Tokyo, Japan, for the Biochemistry Congress,
visited the Laboratory of Molecular Biology of the National Cancer Institute of Tokyo, and the Division
of Molecular Biology, Institute of Cancer Research, Kanazawa.

E. F. Oakberg attended an IAEA Study Group Meeting on the Effects of Ionizing Radiations on Meiotic
Systems, Vienna, Austria, May 8—11. He was a co-chairman of the meeting.

John Papaconstantinou was at the University of Ghent, Ghent, Belgium, June 5-9, to attend the
Symposium on Lens Proteins and Related Subjects and to present a paper on "The regulation of protein
and nucleic acid synthesis during cellular maturation." Later, June 9-16, he visited with Drs. A.
Symeonides and G. Georgatsos in Thessaloniki, Greece.

R. O. Rahn attended and gave a paper ("The photochemistry of DNA at 77°K") at the International
Symposium on Basic Mechanisms in Photochemistry and Photobiology, held in Caracas, Venezuela,
December 4—8.

J. D. Regan spent September 4—18 in Germany. During this period, he presented a seminar, entitled
"Reparatur von UV-induzierter Schaden in Zellen in Vitro," at both the Institut fur Strahlenbiologie,
Karlsruhe, and the Institut fur Theropeutische Biochemie, Frankfurt, and conferred with staff members
at the Max-Planck-Institut fur Virusforschung, Tubingen.

Stanfield Rogers was in Lausanne, Switzerland, July 11—13, to confer with Dr. Roger Weil of the
Swiss Institute for Experimental Cancer Research. July 17—19, he conferred with Drs. Breitburd and
Orth at the Pasteur Institute, Paris, France, and July 20—26 he was at the National Institute of Medical
Research, London, England, to confer with Drs. Peter Medawar and Alexander Haddow.

Liane B. Russell attended the Fourth Basel Colloquium on Mammalian Sex Chromosomes in Differen
tiation and Development, Basel, Switzerland, March 29—April 1, and presented a paper entitled "Re-
evaluation of the Lyon hypothesis on the basis of evidence from classical genetic markers." In May, she
traveled to Vienna, Austria, for an IAEA Study Group Meeting on the Effects of Ionizing Radiations on

Meiotic Systems, where she spoke on "The use of sex-chromosome aberrations for measuring radiation
effects in mammals."

W. L. Russell visited various biological laboratories in Brazil during July, and gave an invited paper
at the Symposium on the Pacific Uses of Atomic Radiation, sponsored by the Brazilian Academy of
Science and held at Rio de Janeiro.

R. B. Setlow went to Javne, Israel, in May and lectured to members of an IAEA training course held
at the Soreq Nuclear Research Center. August 27—September 1, he attended the International Conference
on Replication and Recombination of Genetic Material, Canberra, Australia, where he spoke on "The
excision of pyrimidine dimers in vivo and in vitro." Afterwards, he visited the University of Melbourne
and gave a seminar on "Photochemistry of polynucleotides." He then met with G. W. Grigg, Division of
Animal Genetics of CSIRO in Sydney. He concluded his trip with a visit to Pakistan, where he conferred
with Amir Muhammed of the Atomic Energy Center and presented a series of lectures on photochemistry
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and photobiology of polynucleotides and a single lecture entitled "Modern trends in biology" at both the
Atomic Energy Center and the Departments of Botany and Zoology, University of Punjab. December 4—8,
Dr. Setlow was in Caracas, Venezuela, for the International Symposium on Basic Mechanisms in Photo
chemistry and Photobiology at which he gave a paper entitled "Photoproducts in DNA irradiated in vivo."

M. L. Simmons was in Nagoya, Japan, April 6—9, to attend the International Symposium on Gnotobiotic
Life in Medical and Biological Research and to give a paper on "Specific pathogen-free rat production in
plastic germfree isolator rooms." While in Nagoya, Dr. Simmons visited the germfree laboratories of the
University of Nagoya. Before returning to the Division, he also visited the Biology, Zoology, Radiation
Biology, and Biochemistry Departments of the University of Kyoto, Kyoto, Japan.

M. P. Stulberg had a full itinerary of travel while in Japan for the Biochemistry Congress held in
Tokyo during August. He was first in Kanazawa for consultations with T. Kameyama of the University
of Kanazawa, and then at Kyoto for talks with Y. Kawade at Kyoto University. After the Congress, Dr.
Stulberg visited the National Cancer Center Research Institute, Tokyo, to talk with S. Nishimura, and
the Tokugawa Institute for Biological Research, Tokyo, for talks with T. Iwamura. He presented lectures
at Kanazawa and the National Cancer Center.

A. C. Upton went to England in April to attend a meeting of the International Commission on Radio
logical Protection and of its committees. During June and July, Dr. Upton traveled in Peru and Brazil,
first going to Lima for collaborative research and to give a seminar at the Peruvian Society of Oncology.
Later, he discussed radiation and cancer research with the faculties of Radiology, Pathology, and Experi
mental Biology in the Universities of Sao Paulo, Brasilia, and Bahia in Brazil. At the University of Sao
Paulo School of Medicine at Ribeirao Preto, he discussed radiation and cancer research. Finally, he
participated in a symposium sponsored by the Brazilian Academy of Sciences and attended a meeting of
the Brazilian Association for the Advancement of Sciences. July 24—25, Dr. Upton was in Harwell,
England, for a meeting of the International Commission on Radiological Protection Task Group on the
Radiosensitivity of Different Tissues in Relation to Radiation Protection.

Mayo Uziel spoke on "Structure of transfer RNA" to the Faculty of Medicine at the University of
British Columbia, Vancouver, Canada, in August.

R. C. von Borstel presented a paper entitled "Dicentric translocations as a component of dominant
lethality in irradiated Habrobracon sperm" at the International Chromosome Conference in Oxford, Eng
land, September 5—8. He then conferred with officials of the International Atomic Energy Agency in
Vienna, Austria, on programs of radiobiological interest in the Middle and Far East. From Austria he
went to Athens, Greece, for a discussion with C. B. Krimbas of the College of Agriculture and S. Georg-
opoulous of the "Democritus" Nuclear Center concerning the program for a symposium on Genetic
Polymorphism being planned for 1969. At the Center he advised on the control of the olive fly, Dacus,
by the irradiation-of-male method. During mid-September, Dr. von Borstel visited and lectured at Pakistani
Atomic Energy Centers in Karachi and Pinstech; at the Centers in Tandojam, Lahore, and Dacca; and at
the Universities of Dacca and Lahore. He also conducted a short course on Chromosome Structure and
Function at the Atomic Energy Center in Lahore.

On September 23, Dr. von Borstel went to Bangkok, Thailand, where he consulted with officials at
the U.S. Embassy, and advised on pest control and lectured at the Thailand Office of Atomic Energy for
Peace. He also lectured at Siriraj Medical School in Bangkok. On September 26, he joined a task force
arranged by the Southeast Asia Ministers of Education Secretariat to study Indonesian proposals for
establishing three regional centers in Bogor. While in Indonesia he consulted with Dr. O. Soemarwoto,
the director of the National Biological Institute-, on the possibility of arranging an international symposium
on Tropical Molecular Biology. He also presented lectures at the Institute in Bogor, the Medical College
of the University of Indonesia in Djakarta, and the Institute of Technology in Bandung.

On October 1, Dr. von Borstel went to Bangalore, India, to visit the Indian Institute of Science to
discuss regional education problems and to present a seminar on "Super-suppressors." From there he
traveled to Bombay to discuss radiobiological problems with Dr. Gopal-Ayengar and his colleagues at the
Bhabha Atomic Research Center; he presented seminars there and at the Tata Institute. He visited with
biologists at Aurangabad and presented lectures in New Delhi at the University and the Pusa Institute.
He also obtained different species of Habrobracon for the genetic collections in the United States.
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He spent October 14-20 in Naples, where he attended the annual meeting of the Italian Genetics Associa
tion and discussed genetic research at the International Laboratory of Genetics and Biophysics, par
ticularly with Drs. F. M. Ritossa, E. Calef, and A. A. Buzzati-Traverso.

Dr. von Borstel returned to Europe in early December to attend the Symposium on the Use of Isotopes
and Radiation in Entomology held in Vienna, Austria; to confer with Dr. Herbert Marcovich of the Radium
Institute, Paris, France; and to meet with Dr. Giovanni E. Magni in Parma, Italy, to discuss research in
yeast genetics and radiobiology.

G. L. Whitson traveled to Canada on June 6 to attend the Society of Protozoologists meetings in
Toronto and to present a paper entitled "Production of thymine dimers and repair in ultraviolet-irradiated
Tetrahymena pyriformis, strain GL-C." From Toronto, Dr. Whitson went to Montreal to confer with staff
members of the Department of Zoology, McGill University.

Tuneo Yamada attended the Ciba Foundation Symposium on Cell Differentiation held in London,
England, January 31—February 2, and gave a paper on "Cellular synthetic activities in induction of
tissue transformation." Afterwards, he visited Prof. Etienne Wolff at the Laboratory of Experimental
Embryology, College of France, Nugent-sur-Marne, France; participated in an executive committee
meeting of the International Institute of Embryology at the College of France; and held a seminar,
"Sequential changes in cellular synthetic activities associated with tissue transformation," at the Insti
tute of Physiochemical Biology, Paris, after visiting Dr. Kraus Scherrer of the Institute. He returned to
the Division on February 7.

Dr. Yamada was in Interlaken, Switzerland, September 4—8, for the VHIth International Embryological
Conference and the Board Meeting of the International Institute of Embryology. At the conference he gave
a demonstration on "Cellular synthetic activities in lens formation," and presented reports at two of the

discussion groups. In mid-December, Dr. Yamada lectured on "Control of cellular differentiation" at the
University of Toronto, Toronto, Ontario, Canada. His talk was sponsored by the University's Department
of Zoology.

Meetings and Conferences

1967

PROCEEDINGS OF TWENTIETH ANNUAL BIOLOGY RESEARCH CONF ERENCE

The proceedings of the twentieth annual Biology Research Conference (Chromosome Mechanics at the
Molecular Level), held at Gatlinburg, Tennessee, April 10-13, 1967, were published as a supplement to
the October issue of the Journal of Cellular Physiology. Listed below is the table of contents:

R. F. Kimball Introduction

Franklin W. Stahl Circular genetic maps

C. A. Thomas, Jr. The rule of the ring

S. Spiegelman, I. Haruna, N. R. Pace, Studies in the replication of viral RNA

D. R. Mills, D. H. L. Bishop, J. R.

Claybrook, and R. Peterson



John Cairns and Cedric I. Davern

Francois Cuzin, Gerard Buttin, and

Francois Jacob

Kwen-Sheng Chiang and Noboru Sueoka

Matthew Meselson

Rhoda F. Grell

A. H. Doermann and David H. Parma

A. J. Clark

Jerard Hurwitz, Andrew Becker, M. L.

Gefter, and M. Gold

Jun-ichi Tomizawa

Rollin D. Hotchkiss
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The mechanics of DNA replication in bacteria

On the mechanism of genetic transfer during conjugation of

Escherichia coli

Replication of chromosomal and cytoplasmic DNA during

mitosis and meiosis in the eucaryote Chlamydomonas reinhardi

Reciprocal recombination in prophage lambda

Pairing at the chromosomal level

Recombination in bacteriophage T4

The beginning of a genetic analysis of recombination proficiency

Enzymatic reactions at termini of DNA

Molecular mechanisms of genetic recombination in bacterio

phage. Joint molecules and their conversion to recombinant

molecules

Perspectives

SECOND INTERNATIONAL CONFERENCE ON CELL SYNCHRONY

The Second International Conference on Cell Synchrony, held at the Biology Division, Oak Ridge
National Laboratory, April 27—29, was attended by some 130 investigators from Canada, England, Scot
land, Germany, Japan, Russia, and the United States. The meeting dealt with recent advances in the
field.

The program, sponsored jointly by the Biology Division and Duke University, was divided into five
sessions: (1) Genetic studies in cell synchrony, (2) Developmental aspects of cell synchrony, (3) Regu
lation and control in synchronized cells, (4) Biochemistry and physiology of synchronized cells, and
(5) Macromolecular aspects of cell division synchrony. More than 30 papers were presented, and discus
sions were interspersed throughout the program.

Alexander HoUaender was chairman. G. M. Padilla (Department of Physiology and Pharmacology,
Duke University Medical Center, Durham, North Carolina) and G. L. Whitson (Biology Division) were co-
chairmen of the organizing committee. Other members were W. D. Fisher (Biology Division) and I. L.
Cameron (Department of Anatomy, Upstate Medical Center, State University of New York, Syracuse,
New York).

AEC-NCI COCARCINOGENESIS REVIEW

A group of 26 scientists representing the National Institutes of Health (NIH) and the U.S. Atomic
Energy Commission (AEC) visited the Biology Division June 8 to review the AEC-NCI Basic Cocarcino-
genesis Program.

Visitors were Creed Abell, Carl Baker, Nathaniel Berlin, Howard Bond, Vincent Bono, Jr., Charles
Boone, Mortimer Elkind, Melvin Fish, Benjamin D. Fremming, Carl Hansen, James Kieley, Paul Kotin,
Frank E. Lundin, Jr., Robert Manaker, Tim O'Connor, William Payne, Herbert Rapp, Frank Rauscher,
Pauline Stephan, Robert Stevenson, and William Walter of the NIH; W. W. Burr, Jr., and Robert Rabson of
the AEC; Emmanuel Farber, University of Pittsburgh; Joseph L. Melnick, Baylor University; and Gerald
Mueller, University of Wisconsin Medical School.
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An abstract booklet covering some of the cocarcinogenesis projects was prepared for the visiting
officials. In addition, ten Division scientists discussed their work. The program follows:

G. David Novelli Studies on transfer RNA during ethionine carcinogenesis

F. T. Kenney Regulation of enzyme synthesis and degradation in liver and hepatoma

Stanfield Rogers Concerning virus coded genetic information and its manipulation

F. J. de Serres The relation between carcinogenicity and mutagenicity

E. H. Y. Chu Mutations in cultured mammalian cells

D. G. Doherty Inhalation Carcinogenesis Program: a. Method

Paul Nettesheim Inhalation Carcinogenesis Program: b. Pathology

J. R. Einstein The x-ray crystallography project for structure determination of large molecules

A. C. Upton Mammalian chemical carcinogenesis and cocarcinogenesis

N. G. Anderson Review of the Molecular Anatomy Program

THIRD CONFERENCE ON BLOOD PLATELETS

More than 35 reports were given at the Third Conference on Blood Platelets held June 22—23 at the
Oak Ridge Playhouse. Organized by T. T. Odell, Jr., Biology Division, and R. M. Heyssel, Vanderbilt
University Medical School, the meeting provided an opportunity for investigators to discuss work on the
functions and characteristics of blood platelets.

The meeting was supported by the Biology Division, Oak Ridge National Laboratory. Previous
meetings in the series were held in 1962 and 1964.

EIGHTH ANNUAL SYMPOSIUM OF THE INTERNATIONAL SOCIETY FOR CELL BIOLOGY

Cytodifferentiation with Special Reference to Immunology was the subject of the Eighth Annual
Symposium of the International Society for Cell Biology held October 9—13 in Gatlinburg, Tennessee.
Takashi Makinodan and John Papaconstantinou assisted in planning the meeting and in making arrange
ments for participants to visit with Biology Division staff members in their laboratories in Oak Ridge.
There were nine half-day sessions during which some 25 papers were presented on the general topics
"Use of immunologic techniques (indicator assay)" and "Immunologic response as a model system to
study differentiation."

CENTRIFUGAL TECHNIQUES FOR VACCINE PURIFICATION

More than 75 scientists attended a meeting on Centrifugal Techniques for Vaccine Purification, held
October 23—24 at the Oak Ridge National Laboratory, to discuss the use of zonal centrifuges for virus
isolation and purification.

Ten papers were presented, covering biological, clinical, and engineering data of vaccine purification
such as influenza vaccine and isolation of RS and leukemia virus.

Drawings of the systems most applicable to vaccine production — B-XIV, XV, and K-II —were released
to centrifuge manufacturers.

The meeting was sponsored by the Molecular Anatomy Program, with J. L. Liverman and N. G. Ander
son as conference chairmen.
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VIRAL, TUMOR, AND TRANSPLANTATION ANTIGEN ISOLATION

A working Conference on Viral, Tumor, and Transplantation Antigen Isolation was held October 25—27
at the Oak Ridge National Laboratory. More than 75 scientists attended to informally discuss the problem
of biophysical and biochemical characterization of such antigens.

Thirty-two papers were presented, covering various methods for isolation and assay of virally induced
tumor antigens and naturally occurring transplantation antigens.

The meeting was sponsored by the Biology Division. J. L. Liverman was conference chairman, and
N. G. Anderson, R. A. Popp, and William Boyle served on the organizing committee.

HABROBRACON-MORMONIELLA CONFERENCE

The Habrobracon-Mormoniella Conference was held October 27—28 at the Biology Division. The pro
gram, which was dedicated to Phineas W. Whiting on the occasion of his 80th birthday, was arranged by
Roger H. Smith and R. C. von Borstel.

Dr. Whiting, a Biology Division consultant since 1956, pioneered the use of the parasitic wasp Habro
bracon for studies in mutation genetics. From 1917 to 1919, he and co-workers bred thousands of Habro

bracon generations before finally finding and isolating the historic mutant that produced offspring with
orange eyes instead of the normal black. In 1927 he was among the first to apply Muller's technique with
x rays, increasing manyfold the rate both of visible and of lethal mutations. He was the first to show

that neutrons induced dominant lethals. Chromosomes were mapped, aided here also by haploidy of the
males. His work revealing the method of sex determination in Habrobracon was later applied to the honey
bee, and this proved of practical value, doubling the fecundity of queen bees when tested stocks were
used.

By crossing different species of a second genus of parasitic wasp, Melittobia, he showed that the
fertilized eggs, potential females, failed to develop, while the unfertilized were developing partheno-
genetically into males of the maternal species.

Since 1949 he has been working with another wasp, Mormoniella, in which the method of sex determi
nation is not understood. This wasp has an unusually high mutation rate for scarlet and white eye-color
genes, making it possible to study multiple associated effects causing sterility and inviability.

Dr. Whiting taught at various schools from 1918 until retirement in 1957 from his position as professor
at the University of Pennsylvania. Since then, he has devoted his time to research and consulting re
sponsibilities. About half of the conference's 40 participants were scientists who had been taught by
Dr. Whiting or by one of his students.

The conference dealt with recent advances in the field. General topics covered were: Radiation and

chemical mutagenesis, Cytology, Gene action, Extrachromosomal inheritance, Gene transmission, Genetic

nomenclature, and Macro- and microgenetic mapping. Dr. R. F. Kimball presented the welcome address.
Dr. von Borstel gave the introduction.

ANNUAL INFORMATION MEETING

The Oak Ridge National Laboratory Advisory Committee for Biology made its annual visit to the
Division December 4 to 6. The committee is composed of C. E. Carter, Western Reserve University
Medical School; Rollin D. Hotchkiss, Rockefeller University; Henry S. Kaplan, Stanford University Medi
cal School; Herschel Roman, University of Washington; Earl R. Stadtman, National Heart Institute; and
Curt Stern, University of California.

Division investigators summarized their work for the advisory group at the Annual Information Meeting.
Committee members visited individual laboratories and participated in informal discussions. An abbrevi

ated program follows:



Opening Remarks

R. F. Kimball

Immunology

Takashi Makinodan

Pathology and Physiology

A. C. Upton

Mammalian Recovery

C. C Congdon

Developmental Biology

Tuneo Yamada

Biochemistry

Elliot Volkin

G. David Novelli

M. P. Stulberg

Molecular Anatomy

N. G. Anderson

Biophysics

L. G. Caro

Genetics

W. L. Russell

U. H. Ehling

M. A Bender

F. J. de Serres

Carcinogenesis

Stanfield Rogers

Paul Nettesheim

Educational Activities

R. C. Fuller

Concluding Remarks

R. F. Kimball
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Work of the Radiation Immunology group

Work of Pathology-Physiology section

Mortality from secondary disease

Control of RNA synthesis in tissue transformation

A biochemical approach to the problem of genetic recombination

of bacteriophage

Survey of work on transfer RNA

Structure and function of phenylalanine tRNA

The MAN Program

Chromosome replication in Escherichia coli

Mammalian radiation genetics

Chemical mutagenesis in mammals

Statistical karyotype analysis

X-ray-induced inactivation and mutation-induction in Neurospora

Concerning the use of viruses to transmit specific genetic

information

Lung changes in mice following chronic chemical inhalation

exposure

Current status of the graduate school

SYMPOSIUM ON BASIC MECHANISMS IN PHOTOCHEMISTRY AND PHOTOBIOLOGY

The seventh in the continuing series of Latin American conferences initiated in 1961 under the
leadership of Alexander HoUaender, The Symposium on Basic Mechanisms in Photochemistry and Photo
biology, was held in Caracas, Venezuela, December 4—8. The symposium was jointly arranged by the
Instituto Venezolano de Investigaciones CientiTicas, the Universidad Central de Venezuela, the Biology
Division of Oak Ridge National Laboratory, Brandeis University, and the U.S. National Academy of
Sciences, with the support of the U.S. Atomic Energy Commission, National Science Foundation, Ford
Foundation, and the Organization of American States.

The symposium's principal scientific goal was to focus on new knowledge acquired in recent years
concerning the chemistry of nucleic acid and of heterocyclics, molecular spectroscopy, and photochemis
try, toward an understanding of the physical and chemical bases of photobiological processes. Like
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other meetings in this series, the conference served as an important educational experience for partici
pants, including many advanced Latin American students, and not merely as a series of specialized dis
cussions within isolated groups.

Serving on the symposium organizing committee were Alexander HoUaender, J. W. Longworth, R. 0.
Rahn, and R. B. Setlow of the Biology Division; Gabriel Chuchani and Marcel Roche, Instituto Venezolano

de Investigaciones CientiTicas; and Henry Linschitz, Brandeis University.
The program was divided into the following sessions: Theoretical spectroscopy, Excited states re

actions, Organic photochemistry, Photochemistry of purines and pyrimidines, Photoproducts in polynu
cleotides, and Experimental rates. Proceedings of the conference will be published in the International
Journal of Photochemistry and Photobiology.

MEETING OF CANCER INSTITUTE DIRECTORS

The Biology Division was host for a meeting of the Association of Cancer Institute Directors Decem
ber 11 and 12. Reports by Division investigators were presented on December 11 which covered activities
in the Carcinogenesis and Molecular Anatomy programs.

1967 BIOMEDICAL PROGRAM DIRECTORS MEETINGS

Since February 1, 1967, Biology Division representatives have attended three meetings of the Bio
medical Program Directors of the United States Atomic Energy Commission (USAEC). These meetings
are held each year to review research in the various biomedical programs supported by USAEC's Division
of Biology and Medicine at Commission laboratories.

R. F. Kimball and J. L. Liverman attended the winter meeting in New York City, February 13—14;
S. F. Carson represented the Division at the spring meeting in Livermore, California, April 24—25; and
Dr. Kimball attended the fall meeting at Brookhaven National Laboratory, Upton, Long Island, N.Y.,

October 9-10.

1967 BONE MARROW CONFERENCES

Since 1957 the Biology Division staff has cooperated with investigators from many institutions
throughout the world in arranging bone marrow transplantation and chemical protection conferences
(Bone Marrow Conferences).

Abstracts of reports presented at each conference and special contributed papers are published in
Experimental Hematology, a journal edited in the Biology Division with the assistance of the Technical
Publications Department of the ORNL Technical Information Division. In 1967, three issues of Experi
mental Hematology (Nos. 12,i 13, and 14) were published, and a fourth issue (No. 15) is to be published
by late February 1968. In addition, a special booklet which included collected programs from previous
meetings was published in 1967.

In addition to writing a foreword and an explanation of the cover illustration that is selected for each
issue, C. C Congdon coordinates material for the publications so that each issue is generally published
within four months of the conference.

Biology Division members took an active part in three bone marrow meetings held during 1967:

Experimental Hematology No. 12 primarily includes abstracts from the Bone Marrow Conference held December
-3, 1966, at the University of Michigan, Ann Arbor.
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April 17, at Chicago, Illinois

Bone Marrow Transplantation and Chemical Protection Meeting

» Chairman: Jerry P. Lewis, Presbyterian—St. Luke's Hospital, Chicago.

Division Reports: The effect of hypoxia on mortality from secondary disease (C. C CONGDON,2
M. L. Simmons, and R. E. Toya); Serine metabolism in radiation chimeras (A. L. KRETCHMAR3);
Graft-vs-host reaction in man produced by thoracic duct (HELEN VODOPICK,4 C. C Congdon,
C. L. Edwards, N. Gengozian, B. Nelson, and G. A. Andrews).

Proceedings: Covered in Experimental Hematology No. 13.

June 26, at Paris, France

Conference on Bone Marrow Transplantation and the Physiology of Hemopoietic Tissues

Chairman: Leon Schwarzenberg, Institute de Cancerologie et d'Immunogenetique, Villejuif, France.

Division Report: Serine metabolism in radiation chimeras (A. L. KRETCHMAR3).

Proceedings: Covered in Experimental Hematology No. 14. This issue also includes two contributed
papers (i.e., written especially for the journal) and a special section on "Laboratory Animal Hema
tology." Contributed papers were: (1) Carbon-14 activity in respiratory CO of mice treated with
methotrexate and injected with L-3-14C-serine (A. L. Kretchmar and D. G. Doherty); and (2) Note
on the reduced number of hemopoietic colonies in spleens of old mice (A. L. Kretchmar and W. R.
Conover). Division contributions to the special section were: (1) Introduction (M. L. Simmons);
(2) Observations on a leukemia-like disease in C57BL/6 mice (C. B. Richter and J. O. Brick); and
(3) Incidence of murine virus antibody in humans in contact with experimental animals (R. W. Ten-
nant, R. K. Reynolds, and K. R. Layman).

»

November 17—18, at Oak Ridge, Tennessee

10th Anniversary Bone Marrow Conference

• Chairman: Alexander HoUaender, Biology Division, Oak Ridge National Laboratory

Division Reports: Ultrastructure of antigen localization and virus-like particles in splenic germinal
centers (A. K. SZAKAL and M. G. Hanna, Jr.); The effect of estradiol on hemopoiesis in the RF
mouse (V. K. JENKINS); Chemical protection against radiation damage: a review (D. G. DOHERTY);
Enhanced infection with Mycobacterium leprae in thymectomized-irradiated mice (CHARLES C.
SHEPARD5 and C. C Congdon).

Proceedings: Covered in Experimental Hematology No. 15. This issue also includes one contributed
paper (Kidney lysozyme in hypoxic radiation chimeras, by Eiji Endo) and a special section (abstracts
from "Workshop on Immunology of Leprosy," a meeting held October 17, 1967, at Silver Spring,
Maryland). An abstract by C. C Congdon entitled "Lymphatic tissue pathology in radiation chimeras"
is included in the special section.

»

2Names of scientists who made presentation are shown in capital letters throughout this section.

Division Consultant.

4Dr. Vodopick and coauthors other than Dr. Congdon are associated with the Medical Division of the Oak Ridge
Institute of Nuclear Studies, an operating unit of Oak Ridge Associated Universities.

SDr. Shepard is associated with the National Communicable Diseases Center, Atlanta, Georgia.
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1968

TENTATIVE PROGRAM: TWENTY-FIRST ANNUAL BIOLOGY RESEARCH CONFERENCE

The 1968 Research Conference on Molecular Aspects of Differentiation, sponsored by the Biology
Division of the Oak Ridge National Laboratory, will be held April 8—11 at the Riverside Motor Lodge in
Gatlinburg, Tennessee. The organizing committee —Tuneo Yamada (chairman), J. F. Albright, F. J.
Finamore, F. T. Kenney, John Papaconstantinou, and R. A. Wallace —has announced the following
tentative program:

Monday, April 8

Morning Session

Control of Protein Synthesis in Tissue Differentiation

Chairman - J. D. Ebert, Department of Embryology, Carnegie Institution of Washington, Baltimore, Mary
land

Multiphasic Regulation of Specific Protein Synthesis in Cytodifferentiation - W. J. Rutter, Division
of Biochemistry, University of Washington, Seattle, Washington

Muscle Differentiation and Macromolecular Synthesis - J. R. Coleman and Annette W. Coleman,
Division of Biological and Medical Sciences, Brown University, Providence, Rhode Island

Afternoon Session

Synthesis of Specific Proteins in Induced Tissue Differentiation

Chairman - A. A. Moscona, Department of Zoology, University of Chicago, Chicago, Illinois

Chondrogenesis: Genotypic and Phenotypic Expression —J. W. Lash, Department of Anatomy,
University of Pennsylvania, Philadelphia, Pennsylvania

Lens-Specific Antigens and Cytodifferentiation in the Developing Lens —Johan Zwaan, Department
of Anatomy, School of Medicine, University of Virginia, Charlottesville, Virginia

Tuesday, April 9

Morning Session

Molecular Aspects of Oogenesis and Early Development

Chairman —Alberto Monroy, Istituto di Anatomia Comparata, Universita di Palermo, Palermo, Italy

The Induced Synthesis and Transport of Yolk Proteins and Their Accumulation by the Oocyte —R. A.
Wallace and J. N. Dumont, Biology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee

Discussant — B. K. Follett, Leeds University, Leeds, Great Britain

The Pattern of Transcription and Translation in Echinoderm Development —P. R. Gross, Massachu
setts Institute of Technology, Cambridge, Massachusetts
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Factors Involved in Organelle Formation

Chairman — Folke Skoog, Department of Botany, University of Wisconsin, Madison, Wisconsin

The Developmental Aspect of Chloroplast Continuity in Euglena —J. A. Schiff and M. H. Zeldin,
Department of Biology, Brandeis University, Waltham, Massachusetts

Afternoon — Free

Wednesday, April 10

Morning Session

Controlling Factors in Morphogenesis

Chairman —C H. Waddington, Institute of Animal Genetics, Edinburgh, Scotland

Factors Determining Embryonic Differentiation - Heinz Tiedemann, Physiologisch-Chemisches
Institut der Freien Universitat, Berlin, Germany

Factors Controlling Morphogenesis in the Slime Mold —Barbara Wright, Institute of Biological and
Medical Sciences, Retina Foundation, Boston, Massachusetts

Afternoon Session

Molecular Events in Terminal Differentiation

Chairman —Harold P. Rusch, McArdle Memorial Laboratory, The University of Wisconsin, the Medical
School, Madison, Wis.

Regulation of Ribosomal RNA Synthesis and Assembly in Vertebrate Lens Cell Differentiation —
John Papaconstantinou and Emilia M. Julku, Biology Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee.

Messenger RNA in Avian Erythroblasts at the Levels of Transcription and Translation —Klaus
Scherrer, Swiss Institute for Experimental Cancer Research, Lausanne, Switzerland

Thursday, April 11

Discussion Session

Leader - C. L. Markert, Department of Biology, Yale University, New Haven, Connecticut

Present Status and Perspectives in the Study of Cytodifferentiation at the Molecular Level

Panel:

P. R. Gross, Massachusetts Institute of Technology, Cambridge, Massachusetts

Donald Kimmel, Brown University, Providence, Rhode Island

D. L. Nanney, University of Illinois, Urbana, Illinois

W. J. Rutter, University of Washington, Seattle, Washington
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INTERNATIONAL SYMPOSIUM ON NUCLEAR PHYSIOLOGY AND DIFFERENTIATION

Plans are well under way for the eighth in the series of Latin American conferences held annually
since 1961.

This conference, on Nuclear Physiology and Differentiation, will be held at Belo Horizonte, Brazil,
from December 1 through 6, 1968. The meeting will be cosponsored by the University of Texas, the
Biology Division, and several Brazilian research and educational institutions.

Honorary president of the symposium committee is Carlos Chagas, Brazilian Permanent Delegate to
UNESCO. Division members serving on the committee are: Alexander HoUaender, R. F. Kimball, O. L.

Miller, Jr., Elliot Volkin, and R. C. von Borstel.

1968 BONE MARROW CONFERENCES

Tentative plans have been made for two 1968 Bone Marrow Conferences —the first to be held in
Atlantic City, New Jersey, April 17, in conjunction with the Federation of American Societies for Experi
mental Biology meetings, and the second planned for the University of Padua, Italy, June 26—28.

The latter meeting (II Conference on Germinal Centers of Lymphatic Tissue) is to be similar to the
international conference held in Bern, Switzerland, in June 1966. The main topics of the scientific
program will be: Development and morphology of germinal centers, Cellular kinetics of lymphoreticular
tissue with special reference to germinal centers, Germinal centers in relation to antigen localization and
antibody production, Cellular immunity and germinal centers, and Human pathology and germinal centers.
Dr. L. Fiore-Donati, Istituto di Anatomia Patologica, University of Padua, Padua, Italy, is organizing
the program.

Educational Activities

STUDENT TRAINEE PROGRAM

Twenty juniors from colleges in 16 states spent the summer of 1967 in the Biology Division on
temporary appointments. The Summer Student Trainee Program is administered for the United States
Atomic Energy Commission by Oak Ridge Associated Universities and is carried out in cooperation with
the Oak Ridge National Laboratory. Each student carried out a specific project under the supervision and
guidance of a senior staff member and presented final oral and written reports on his summer's work.

The 1967 students, their affiliations, and the sections to which they were assigned were:

NAME

Nancy Lee Antonsen

Deborah Elizabeth Charsha

Martha Ellen Depinet

SCHOOL

Arkansas College

Batesville, Arkansas

University of Texas at El Paso

Texas Western College

El Paso, Texas

Siena Heights College

Adrian, Michigan

GROUP

Mammalian Recovery

Pathology and Physiology

Enzymology



NAME

Linda Emma Duguay

Robert I. Fox

Steven Henikoff

Kathleen Jeannette LaBrot

Faith Eloise Mace

Teackle Wallis Martin, Jr.

Kathryn Murray

Charles Lloyd Paxson

Linda Lea Peterson

John Aubrey Rock

Diana Marie Rudack

Sally Sherard

Paula Jane Thompson

Anne-Marie Tucker

Glenda Carol Webb

Eric A. Wulfsberg

Francis James Zonay
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SCHOOL

University of Rhode Island

Kingston, Rhode Island

University of Michigan

Ann Arbor, Michigan

University of Chicago

Chicago, Illinois

University of Wisconsin

Madison, Wisconsin

West Virginia University

Morgantown, West Virginia

Southwestern at Memphis

Memphis, Tennessee

Brigham Young University

Provo, Utah

Kansas State College

Pittsburg, Kansas

University of Wisconsin

Madison, Wisconsin

Louisiana State University

Baton Rouge, Louisiana

Wisconsin State University

Eau Claire, Wisconsin

Randolph-Macon Woman's College

Lynchburg, Virginia

University of Wisconsin

Milwaukee, Wisconsin

Regis College

Weston, Massachusetts

Dillard University

New Orleans, Louisiana

Luther College

Decorah, Iowa

Moravian College

Bethlehem, Pennsylvania

GROUP

Pathology and Physiology

Biophysics

Cell Physiology

Yeast, Hymenoptera, and Phage

Genetics

Effects of Radiation on Para-

me c ium

Enzymology

Yeast, Hymenoptera, and Phage

Genetics

Mammalian Recovery

Biophysics

Rhynchosciara Genetics

Cell Growth and Differentiation

Nucleic Acid Enzymology

Plant Physiology

Biophysics

Radiation Immunology

Pathology and Physiology

Nucleic Acid Enzymology

OTHER STUDENTS

The following nine undergraduate students also worked in the Division on temporary summer appoint
ments in 1967.

NAME

Michael Edwin Brannom

SCHOOL

Auburn University

Auburn, Alabama

GROUP

Inhalation Carcinogenesis



NAME

William Hopkins Britt

Johnny Eugene Burris

Bonnie Kaye Ferrill

Susan Kay Haeusler

Clarence David Heidel, Jr.

Katherine Settles

Larry Burl Shipley

Carole Sue Turbyville
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SCHOOL

Tennessee Technological University

Cookeville, Tennessee

King College

Bristol, Tennessee

Tennessee Technological University

Cookeville, Tennessee

University of Tennessee

Knoxville, Tennessee

University of Tennessee

Knoxville, Tennessee

Knoxville College

Knoxville, Tennessee

East Tennessee State University

Johnson City, Tennessee

University of Tennessee

Knoxville, Tennessee

GROUP

Experimental Animal Facility

Experimental Animal Facility

Administrative Office

Administrative Office

Engineering Office

Media Kitchen

Mammalian Genetics Section

Administrative Office

SENIOR TRAINEES

Seven students who had either been accepted at graduate schools for the fall of 1967, or were already
enrolled in graduate school, were employed during the summer to carry out independent research projects
in the Division. Listed below are their names, the graduate schools they are now attending, and the group
with which they were associated during the summer:

NAME

Donald Craig Brater

Richard Albert Dolbeer

Daniel Richard Holladay

John Loren Lenz

Jane Ann Mays

Paul Bruce Selby

Kent Westbrook Wilcox

SCHOOL

Duke University

Durham, North Carolina

University of Tennessee

Knoxville, Tennessee

Auburn University

Auburn, Alabama

Kansas State University

Manhattan, Kansas

Vanderbilt University

Nashville, Tennessee

UT — Oak Ridge Graduate School of

Biomedical Sciences

Oak Ridge, Tennessee

Johns Hopkins University

Baltimore, Maryland

Entered Graduate School, Fall 1967.

GROUP

Molecular Anatomy

Nucleic Acid Enzymology

Enzymology

Experimental Animal Facility

Radiation Microbiology and

Microbial Genetics

Mammalian Genetics

Molecular Anatomy
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UT-OAK RIDGE GRADUATE SCHOOL OF BIOMEDICAL SCIENCES

Established in 1966 by the University of Tennessee Graduate School in cooperation with the Biology
Division of the Oak Ridge National Laboratory, the UT-Oak Ridge Graduate School of Biomedical Sciences
began its first classes in September 1967 with seven highly qualified students. Courses taught during
the fall quarter were Biochemistry, Cell Biology, Transmission Genetics, and Doctoral Research and
Dissertation, as well as a student seminar in the biomedical sciences and a laboratory rotation course.
Additional courses will be offered in the winter and spring quarters.

The full-time Biomedical School faculty consists of the Director - R. C. Fuller, J. S. Cook, and D. E.
Olins. Twenty-one members of the Biology Division have part-time staff appointments; these are listed
below. Further appointments will be made as new courses and activities develop.

Thesis research is done in the Biology Division under the supervision of senior staff members, and
research topics may be selected from a variety of areas, including: microbiology, cell physiology, im
munology, biochemistry, biophysics, cytology, radiation biology, virology, developmental biology, carcino
genesis, plant physiology and photosynthesis, and experimental pathology.

Recruiting is now under way for future classes, and plans are being formulated'for the construction of
a research training building adjacent to the Biology Division. (The school is presently housed within
the Division in space rented to the University.)

Part-Time Staff Appointments of Biology Division Personnel to
Graduate School of Biomedical Sciences

H. I. Adler K. Bruce Jacobson

N. G. Anderson R. F. Kimball

W. E. Barnett J. L. Liverman

S. F. Carson M. Ellen Mattingly

Roy Curtiss III 0. L. Miller

D. G. Doherty G. David Novelli

J. L. Epler J. D. Regan

F. J. Finamore W. L. Russell

E. H. Grell R. B. Setlow

Alexander HoUaender C. M. Steinberg

Ann B. Jacobson

GRADUATE COURSES TAUGHT

UT-ORNL-Ford Foundation Program. - During the past year, the Biology Division continued its
active participation in the University of Tennessee—Oak Ridge National Laboratory Cooperative Research
Program sponsored by the Ford Foundation. The following are Division members who took part in the
program:

H. I. Adler taught a course in Bacterial Genetics for the University's Department of Microbiology
during the winter quarter. This course dealt primarily with bacterial cytology, mutations, DNA as genetic
material, and genetic systems of bacteria and bacterial viruses.

During the winter and spring quarters, C. C Congdon taught a course in Pathological Processes. It
dealt with the concepts and properties of steady state interruptions in biological systems.

L. H. Smith - together with R. W. Holton, Head of the University's Department of Botany - taught a
winter quarter course in Cell Physiology that concentrated on the functional activities of cells, with
special emphasis on the physiochemical phenomena of protoplasm; organization in the-cell; and the trans
port of materials, as well as the release, sources, and uses of energy, in the cell.
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A. H. Haber taught a course entitled Developmental Plant Physiology during the spring quarter. This
course dealt with intracellular and intercellular regulation, mathematical descriptions of growth and mor
phogenesis, hormonal regulation of growth and development, and relation of cell division to development;
it included laboratory work.

UT-Oak Ridge Resident Graduate Program. — The Biology Division has, for many years, cooperated
with the Oak Ridge Associated Universities (ORAU*) and the University of Tennessee by supplying
instructors for their jointly sponsored Resident Graduate Program. ' This past year has been no exception.
The following are courses taught by Division members under this program:

Advanced Genetics — W. E. Barnett — places major emphasis on modern trends and theories in genetics.

Biometry —D. G. Gosslee —places emphasis on methods of planning biological experiments and
methods of analysis and interpretation of the data.

Cellular and Comparative Biochemistry —F. J. Finamore —covers such topics as metabolism energy
transformations, the properties of enzymes, and enzyme kinetics.

Concepts in General Zoology —G. L. Whitson —places emphasis on such problems as cell morphology,
reproduction, genetics, and cell functions.

General Genetics —W. E. Barnett —is concerned with the fundamental principles of heredity.
Histology —W. D. Gude —involves primarily the study of all principal tissues, organs, and organ

systems of the mammalian body, with emphasis on the recognition and identification of all tissues studied.
Human Genetics —J. D. Regan —covers human cytogenetics and chromosomal abnormalities, the

metabolic lesions in man which are associated with hereditary disease, and the molecular diseases of
man due to genetic abnormalities in structural and functional macromolecules.

LECTURES GIVEN IN OTHER COURSES, INSTITUTES, AND SPECIAL PROGRAMS1

J. F. Albright participated as a lecturer in the International Training Course in Immunology at the
National Atomic Energy Commission in Buenos Aires, Argentina. He gave ten lectures and conducted five
laboratory sessions from September 4 to 18. This course was offered to postgraduate students from various
South American countries.

N. G. Anderson, W. E. Barnett, W. L. Carrier, D. G. Doherty, W. D. Fisher, J. G. Green, W. D. Gude,
Warren Harris, D. J. Nelson, R. A. Popp, Stanfield Rogers, A. C. Upton, Mayo Uziel, and R. C. von Borstel
have all given lectures in G. L. Whitson's course, Concepts in General Zoology.

N. G. Anderson, N. K. Clapp, C. C Congdon, J. S. Cook, E. B. Darden, Jr., D. G. Doherty, and W. D.
Gude spoke at the 7th Annual U.S. Army Nuclear Science Seminar, held during July in Oak Ridge, Ten
nessee.

L. G. Caro was one of the lecturers in a three-week course on the Application of Electron Microscopy

to Molecular Biology, organized by himself and Professor Edouard Kellenberger and sponsored by the
European Molecular Biology Organization. This course was given at the Institute of Molecular Biology
in Geneva, Switzerland, September 4—23, and was offered to students at the post- or advanced doctoral
level who had a good background in some branch of molecular biology.

G. E. Cosgrove, in April, lectured on "Delayed effects of low-level radiation" in the ORAU Medical
Radioisotopes Course, and in July and September gave the same talk in the ORAU Health Physics Summer
Institute and the ORAU Health Physics Course, respectively.

Roy Curtiss III lectured on "Quantitative analysis in virology" and "Radiobiology of bacterial
viruses" for the Department of Microbiology of the University of Tennessee in February. These lectures

*ORAU is an organization of 41 colleges and universities linked together in a common nuclear energy educational
program; its administrative, training, and research facilities are located in Oak Ridge, Tennessee.

All courses under this program are taught at the ORAU Special Training Building, Laboratory Road, Oak Ridge.

For lecture titles not given in this section, see Lectures, p. 16.
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were given as part of a course in Virology. In June, Dr. Curtiss participated in a Bacterial Genetics
course held at the Cold Spring Harbor Laboratory of Quantitative Biology. His subject was "Mechanisms
of chromosome mobilization and transfer during bacterial conjugation."

U. H. Ehling gave two lectures, "Radiation biology —genetic effects" and "Mammalian genetics,"
at the ORAU Summer Institute in Health Physics and the ORAU Summer Institute in Radiation Biology,

respectively.
W. D. Gude lectured on "Autoradiography" during the winter quarter of the ORAU Medical Radioiso

topes Course.

Alexander HoUaender, J. L. Liverman, Liane B. Russell, and W. L. Russell were speakers at the
Conference on Science for Clergymen, sponsored by the National Science Foundation and the Alfred P.
Sloan Foundation, held in Oak Ridge, Tennessee, during August.

F. T. Kenney participated December 12 as a lecturer in the Special Topics in Biochemistry lecture
series given at the Medical School, University of Missouri, Columbia, Missouri. His subject was "Regu
lation of enzyme synthesis and degradation in mammalian tissues."

Takashi Makinodan gave a lecture on "Radiation immunology" at the University of Tennessee, May
18, as a participant in a'Radiation Physiology course, and he lectured and directed laboratory sessions
on "Cellular aspects of immune competence" in the International Training Course in Immunology held in
Buenos Aires, Argentina, during the fall.

E. F. Oakberg lectured on "Radiation genetics" and "Radiation response of gonads" in a graduate
course in Radiation Biology given at the University of California, Berkeley, during the spring quarter. He
also lectured on "Radiation damage to the gonads" at the University of Tennessee, April 22, as part of
a Radiation Physiology course.

C. T. Rankin, Jr., assisted in directing a course on Zonal and Continuous Flow Centrifugation in the
Model L4 for the Spinco Division of Beckman Instruments, Inc., July 29—August 5.

W. L. Russell participated as a guest lecturer in a special course given at the Buffalo School of
Medicine, State University of New York, Buffalo, New York, during the spring. On October 13, he spoke
to a group of Health Physics students at the ORAU Special Training Building about "Genetic effects
from radiation exposure."

Jane K. Setlow spoke on the "Photochemistry of DNA" at the ORAU-sponsored Radiation Biology
Institute held during August in Oak Ridge, Tennessee.

C. M. Steinberg gave a series of lectures in a course on Bacterial Viruses at the Cold Spring Harbor
Laboratory for Quantitative Biology, July 3—August 18.

P. A. Swenson participated as a guest lecturer in a Radiation Biology course given at the University
of Tennessee during the spring quarter.

A. C. Upton lectured on the "Biological effects of low level irradiation" in the ORAU Medical Radio
isotope Course given in Oak Ridge, Tennessee during the winter quarter.

R. C. von Borstel conducted a short course on Chromosome Structure and Function at the Atomic

Energy Center in Lahore, Pakistan, in September.

SPECIAL COURSES TAKEN

J. O. Brick attended a short course on Radiographic Techniques and X-ray Equipment, given at the
College of Veterinary Medicine, Ohio State University, March 22—23.

E. L. Candler, Jr., was in Tarrytown, New York, from March 6 to 10, for the Autoanalyzer Training
Course sponsored by Technicon Controls, Inc.

Julia W. Deitchman took a short course on Thin-Layer Chromatography at the University of Tennessee
on March 21 and 22. This course was sponsored by the American Chemical Society.

Ann B. Jacobson attended a course in Bacterial Viruses at the Cold Spring Harbor Laboratory of
Quantitative Biology, Long Island, New York, July 5—August 4.

S. P. Leibo was a student in the three-week course on the Application of Electron Microscopy to
Molecular Biology given at the Institute of Molecular Biology, Geneva, Switzerland, September 4-23.
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D. E. Olins attended a course on Electron Microscopy given at the University of California, Berkeley,
from June 16 to July 3.

C. B. Richter took a course on Electron Microscopy at the University of Pittsburgh, Pittsburgh, Penn
sylvania. The course began on October 23 and lasted through the 27th.

Mary L. Hummel Welch was in Palo Alto, California, May 15—19, for the Beckman Amino Acid Analyzer
Training Course.

International Activities

Alexander HoUaender

The first two and one-half months of 1967 were spent on a trip abroad visiting European laboratories
and Thailand, Pakistan, and India in the Far East. Arrangements have been made with Pakistan for a
Molecular Biology Course to be given by members of the Biology Division, as well as by others, beginning
in the Fall of 1968, to be financed entirely by the Pakistan Atomic Energy Commission. Also, arrange
ments were made for a possible symposium at the conclusion of this course in 1969.

A considerable number of laboratories in northern India were visited and arrangements made for a
Symposium on Fundamental Radiobiology to be held at the Bhabha Research Centre in February 1969.
Also, a number of contacts were made and preparations begun for cooperation with Indian scientists.

In July, at the invitation of the Brazilian Academy, three members of the Biology Division (Russell,
Upton, and myself) attended a meeting on Peaceful Aspects of Atomic Energy held in Rio de Janeiro. The
papers of this symposium are being published by the Brazilian Academy in a special volume. During this
visit an inspection trip was made to Belo Horizonte to prepare for the 1968 symposium.

In October of 1967 the Ford Foundation contributed a substantial amount of funds for two years for
the support of these Latin American symposia. The money is to be used to support Latin Americans to

attend these symposia, a modest amount of money is for the travel of the organizers for future symposia,
and also some contribution is made toward the editing and publication of these symposia. This grant is
being administered by the Latin American group in the Office of the Foreign Secretary at the U.S. National
Academy of Sciences.

In November and December of this year I visited Sao Paulo and two cities in the Nordeste area of
Brazil, Recife and Fortaleza, an important section of Brazil which has been neglected for many years and
is now coming to the forefront in industrial and educational activities.

The Seventh International Latin American Symposium on Photochemistry and Photobiology was held
in Caracas in December. It was a very successful meeting with many Latin Americans attending. The
proceedings of this symposium are being prepared for publication. The proceedings of the 1966 Mexico
City symposium on Enzymatic Aspects of Metabolic Regulation have been published as National Cancer
Institute Monograph 27, November 1967.

We cooperated with the Puerto Rico University Biology Department in organizing a course in Modern
Biology. The course is now being given at Rio Piedras, with Dr. Billen from the University of Florida
in charge; and one professor from the University of Texas at Houston, one from Pennsylvania State
University, and two scientists from the Biology Division, Oak Ridge National Laboratory each giving
three weeks of lectures and laboratories.

Considerable effort was put into trying to convince pharmacologists, as well as other people, of the
importance of chemical mutagenesis. It could very well become a kind of focal point for further develop
ment of cooperation with different government agencies in building up new approaches to basic biology
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using the same type of approach which has been used in the radiation field. These projects are still
under discussion.

Considerable effort was spent on developing the idea of setting up a long-term planning institute in
biomedical and health sciences. A prospectus was prepared, several meetings were held, and the
National Academy of Sciences is now considering possible sponsorship of this institute with the coopera
tion of a number of outstanding universities. (See also section Foreign Travel.)

Division Members Working in Other Laboratories

RETURNED FROM LABORATORIES ABROAD

J. G. Brewen returned from Australia in October 1967, having spent a year at the Commonwealth
Scientific Industrial Research Organization in Canberra working with Dr. W. J. Peacock on radiation-
induced chromosome aberration studies. Dr. Brewen's stay was jointly sponsored by a U.S. Public Health
Service Fellowship and the Oak Ridge National Laboratory.

L. G. Caro returned to the Laboratory in early April after having spent eight months working with
Professor William Hayes at the Microbial Genetics Unit, Medical Research Council, Hammersmith Hospital,
London, England, on mechanisms of DNA transfers in bacterial conjugation and in transduction. Dr.
Caro's stay was supported by a National Science Foundation senior Postdoctoral Fellowship until mid-
February, and by the Biology Division until his return.

TO CONTINUE EDUCATION

V. K. Jenkins, who was on leave of absence to complete course work and research leading to the
Ph.D. degree under a U.S. Public Health Service Fellowship, was awarded the Ph.D. degree in December
by the University of Tennessee, Knoxville. He rejoined the staff of the Pathology and Physiology Section
on November 1, 1967.

J. G. Farrelly, whose leave of absence began on September 15, 1966, is continuing to pursue his
studies and research for the Ph.D. degree in biochemistry at the University of Tennessee. He will remain

on leave until his work has been completed.

M. L. Davis was granted a leave of absence from the Pathology and Physiology Section to carry out
studies and research for the Ph.D. degree in radiation biology at the University of Tennessee under a
U.S. Public Health Service Predoctoral Fellowship. His thesis research is being done in the Division's
Mammalian Recovery Section under the direction of C. C Congdon.

R. T. Jones was granted a leave of absence from the Pathology and Physiology Section to carry out
his studies under a U.S. Public Health Service Predoctoral Fellowship to work on a Ph.D. degree in
bacteriology at the University of Tennessee. His thesis research will be carried out in the Division's
Radiation Microbiology and Microbial Genetics Section under the direction of Roy Curtiss III.

AT THE ATOMIC ENERGY COMMISSION

G. E. Stapleton is spending a second year with the Division of Biology and Medicine of the Atomic
Energy Commission, Washington, D.C, while on leave of absence from the Biology Division.
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COLLABORATIVE RESEARCH

S. P. Leibo spent three months, September-November, at the Institute of Molecular Biology, University
of Geneva, Geneva, Switzerland, conducting collaborative research with Professor Edouard Kellenberger.

R. A. McGrath spent six months at the University of California, Lawrence Radiation Laboratory,
Berkeley, California, to carry out collaborative research with Dr. Robert Haynes.
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1.1 PHOTOREACTIVATION AND MUTAGENESIS

IN PARAMECIUM

R. F. Kimball E. G. Bailiff

Elsewhere in this report1 evidence is given for
monomerization of thymine dimers in Paramecium
by photoreactivating light from a "black light"

source. As a step toward tying this evidence to
gether with evidence for photoreactivation of mu
tation in this organism, a series of six replicate
experiments were performed with three doses of
2537-A radiation from a G.E. germicidal lamp.
Each dose group was divided into five subgroups
which received different doses of radiation from

a G.E. black light filtered by a piece of plate

81



glass to remove shorter wavelengths. The dose
rate for the black light was approximately 14,000
ergs mm-2 min-1. There was a single control
group receiving no dose of either radiation. Ear
lier studies had shown that no detectable muta

tion is produced by even higher doses of black
light.

The results are plotted in Fig. 1.1.1. It is
clear that photoreactivation occurs. There is
some reason to suspect some changes in the form
of the dose curves, but the number of dose points
is inadequate to establish this beyond doubt. Mu
tation is given in "M" units, which is a modified

• NO BLACK LIGHT

o 100,000
A 200,000

• 300,000
A 400,000

ORNL-DWG 68-3835

BLACK LIGHT

(ergs/mm2)

2 3 4 (xio3)
DOSE OF 2537 A ULTRAVIOLET

Fig. 1.1.1. Mutation Yield Plotted Against Dose of

2537-A Ultraviolet Radiation Followed by Different

Doses of Black Light.
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arc sine transformation of the fraction surviving
from mutation. Thus the dose curves should

eventually approach an upper limit.
Figure 1.1.1 shows that a dose of approximately

300,000 ergs/mm2 of black light appears to be
sufficient for maximum reduction of mutation yield.
At this dose, not all mutations are eliminated, and
the dose-reduction factor is approximately 2 in the
middle, approximately linear, portion of the dose
curve. The simplest interpretation is that only
about half the mutations come from pyrimidine
dimers, since a dose of 300,000 ergs/mm2 is
sufficient to eliminate all dimers at the dose

used in the chemical work.l Other interpretations
cannot be excluded, however, including the possi

bility that maximum photoreactivation of dimers
was not achieved by a dose that had the maximum
effect on mutation.

References

1B. M. Sutherland, W. L. Carrier, and R. B. Set-
low, this report, paper No. 25.15.

1.2 TESTS FOR TOXIC AND MUTATIONAL

EFFECTS OF IRRADIATED SUCROSE

IN PARAMECIUM

R. F. Kimball E. G. Bailiff

The possibility of mutagenic effects of irradiated
sucrose was raised by reports of chromosome aber
rations1,2 produced by this material in mammalian
cells. This is a problem of some concern for the

practical application of radiation to food preserva
tion. Attempts to produce recessive lethal muta
tions in Paramecium with 2% irradiated, autoclaved
sucrose were unsuccessful. The irradiated, auto
claved sucrose was toxic to the paramecia, but
subtoxic exposures produced no significant in
crease in the mutation rate. Chromosome aber

rations should act as recessive lethals in the

Paramecium system and thus should have been
detected if they had occurred. The most probable
explanation for the negative result is that the
chromosome-breaking substance or substances in
the irradiated, autoclaved sucrose does not pene
trate to the nucleus of a cell as large as Para
mecium. The alternative possibility —that
mammalian chromosomes can be broken by the
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substance, whereas Paramecium chromosomes
cannot — cannot be excluded, however.

References

1M. W. Shaw and E. Hayes, Nature 211, 1254
(1966).

2J. D. Regan, this report, paper No. 1.3.

1.3 CHROMOSOMAL DAMAGE INDUCED

BY IRRADIATED, AUTOCLAVED
SUCROSE SOLUTIONS

James D. Regan1

At the request of the Division of Biology and
Medicine, some experiments were undertaken to
provide further information on the reported2 effect
of irradiated sucrose solutions on human chromo

somes.

Human lymphocyte cultures were prepared by the
method of Moorhead et a/.2 Lymphocytes were ob
tained from human donors, treated with phytohemag-
glutinin to induce mitosis, and fixed for study 72
hr later. Sucrose solutions were added to a final

concentration of 0.73%, a concentration shown by
Shaw and Hayes3 to be effective.

The following treatments were given: (1) not
irradiated, sterilized through a Millipore filter
without autoclaving (N.F.); (2) irradiated, filter

sterilized (I.F.); (3) not irradiated, sterilized by
autoclaving (N.A.); (4) irradiated, sterilized by
autoclaving (I.A.). A pH indicator was present in
the growth media and indicated that the pH re
mained between 7.2 and 7.4 in all cases.

The experiment was performed twice, and the
results are shown as aberrations per 50 cells in
Table 1.3.1. Fifty cells were scored per treatment
except as noted. Our results confirm that irradi
ated, autoclaved sucrose produces large numbers
of aberrations, as reported by Shaw and Hayes.
None of the other treatments produced significantly
more aberrations than the N.F. control. The slight
variations probably represent random fluctuations,
not effects of the treatments. Thus neither irradi
ation nor autoclaving by itself under our condi
tions produced any detectable effect, and the re
sults of both Shaw and Hayes3 and ourselves must
be attributed to one or more products resulting from
the autoclaving of previously irradiated sucrose.
Shaw and Hayes3 sterilized only by autoclaving;
they did not test the effects of irradiation alone.

References

1Human Cytogenetics section.
2P. Moorhead et al., Exptl. Cell Res. 20, 613

(1960).
3M. W. Shaw and E. Hayes, Mature 211, 1254

(1966).

Table 1.3.1. Chromosomal Aberrations in Human Lymphocytes Treated with Irradiated Sucrose

Aberrations per 50 Cells

Sucrose Experiment 1 Experiment 2

Solution Chromatid Achromatic Chroma tid Achromatic

Aberrations Lesions Aberrations Lesions

N.F. 1 6 2 2

N.A. 2 10 2 2

I.F. 2 3 9 4

I.A. 24 26 lla 123

a36 cells scored.
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1.4 UV-INDUCED PYRIMIDINE DIMERS

IN TETRAHYMENA. I. EXCISION

G. L. Whitson A. A. Francis

W. L. Carrier1

Evidence for repair synthesis of DNA in Tetra
hymena during growth of cells in the dark after

ultraviolet irradiation has been reported.2,3 It
was concluded from results of labeling experi
ments that incorporation of 32P into DNA pre
viously labeled with 3H was into regions of
parental DNA where excision of pyrimidine dimers
had occurred. Our direct observations of the re

moval of pyrimidine dimers from cells in the dark
after irradiation verify this inference.

Log-phase cells (Tetrahymena pyriformis, GL-C)
grown in 1% proteose peptone with 0.1% liver ex
tract and salts were labeled for several genera
tions with 3H-thymidine, then washed and resus-
pended in inorganic salt solution. Two-milliliter
samples of cells (25,000 to 30,000 cells/ml) were
irradiated in quartz cuvettes with a Hilger mono-
chromator at 2652 A, 2520 ergs/mm2. Aliquots of
both irradiated and nonirradjated samples (taken
immediately after uv and after growth in the dark
for varying periods of time) were hydrolyzed with
trifluoroacetic acid for 1 hr at 155°C. Pyrimidine
dimers were isolated by chromatography with
butanol-water in the first dimension and with sat

urated ammonium sulfate in the second dimension.

The distribution of label was determined by
standard scintillation counting methods on 1-cm
strips using a dioxane-BBOT-naphthalene scintil
lator.

The results of a typical experiment are shown
in Fig. 1.4.1. Pyrimidine dimers are lost from the
trichloroacetic acid (TCA) insoluble fraction during
postirradiation growth of cells in the dark. About
83% of these thymine-containing photoproducts
disappear from cells after 47 hr. As expected, no
photoproducts appeared in the control samples.

While we observed no pyrimidine dimers in the
TCA-soluble fraction immediately following uv
(see Fig. 1.4.1), photoproducts accumulated in
this fraction sometime during the first 8 hr of
postirradiation growth of cells. It was apparent,
however, that sometime later there was also a loss

of pyrimidine dimers from this fraction. These re
sults clearly indicate that (sometime after their

excision from the DNA) photoproducts accumulating
in the TCA-soluble fraction are lost from the cyto
plasm of irradiated cells.

ORNL-DWG 68-3836
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0 10 20 30 40 50
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Fig. 1.4.1. The Percent Total Thymine-Containing

Pyrimidine Dimers Observed in the TCA-lnsoluble

Fraction, TCA-Soluble Fraction, and Both Fractions

Combined After Postirradiation Growth of Cells in the

Dark at Varying Periods of Time. Uv = 2520 ergs/mm

at 2652 A.
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1.5 UV-INDUCED PYRIMIDINE DIMERS IN

TETRAHYMENA. II. PHOTOREACTIVATION

G. L. Whitson A. A. Francis

It has already been inferred from studies on dark

repair in Tetrahymena that exposure to white light
cleaves pyrimidine dimers.1,2 We have obtained
direct results which indicate that long exposures

to either white light, black light, or near uv (3650
A) destroy thymine-containing pyrimidine dimers
in situ.
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The techniques used in this study were essen
tially the same as presented in I above, except in
this case controls consisted of both nonirradiated

and irradiated samples (hydrolyzed immediately
following uv treatment and hydrolyzed after growth
in the dark for the same length of time as samples
which were administered photoreactivation). Photo
reactivation consisted of exposure to white light
(two 15-w G.E. daylight fluorescent bulbs kept
4.5 cm from thin-layer samples using a ^-in.
glass filter), black light (3000 to 4000 A, same
conditions as above), or monochromatic light

(3650 A).
The results of four separate experiments are

shown in Fig. 1.5.1. Note that there was a loss
in total percent radioactivity in dimer regions of
chromatograms after long exposures to the dif
ferent kinds of photoreactivating light. Controls
are not shown, but they did not show comparable
decreases (the irradiated controls) during the time
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Fig. 1.5.1. The Loss in Total Percent Radioactivity

in the Thymine-Containing Pyrimidine Dimer Regions

of Chromatograms of UV-lrradiated Tetrahymena After

Different Treatments of Photoreactivation.

of photoreactivation. The main difference in total
percent dimers immediately following uv treatment
was due to the difference in dose administered.

Other differences were probably due to size dif
ferences in cells, accounting for difference in ab
sorbed dose as well as light scattering. It was
apparent, however, in all cases that pyrimidine
dimers were monomerized by the various photo
reactivating treatments. It appears that the time
required for photoreactivation (complete mono
merization) is largely dependent on the number of
dimers initially present following uv irradiation.
We previously reported biological reversal (photo
reactivation) with short exposures to near uv light
which involved only the disappearance of a few
dimers.3,4 It remains, therefore, to be seen
whether or not there is a quantitative correlation
between biological reversal and the monomeriza
tion of pyrimidine dimers.
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1.6 UV ACTION SPECTRUM OF SURVIVAL AND

FORMATION OF THYMINE-CONTAINING

PYRIMIDINE DIMERS IN TETRAHYMENA

A. A. Francis G. L. Whitson

Previous studies have shown that photoreactiva

tion of uv-induced division delays can occur while
less than 10% of the thymine-containing pyrimidine
dimers are destroyed.1 Although this finding does
not eliminate pyrimidine dimers as the primary uv-
induced lesion, it does make further comparisons
of survival and dimer formation and repair after uv
irradiation more important. This study is a com
parison of the action spectrum of survival and
pyrimidine dimer formation in Tetrahymena.

Cells grown in 1.0% proteose peptone with 0.1%
liver extract and salts were washed and resus-

pended in inorganic salt medium prior to uv irra-
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diation. Cells used for pyrimidine dimer determi
nations were grown overnight in the presence of
3H-thymidine (10 fic/mV) and resuspended in un
labeled media for 2 hr prior to irradiation. 3H-
Thymidine-containing pyrimidine dimers were iso
lated by paper chromatography.2 DNA was iso
lated by the method of Marmur.3

The action spectrum of survival determined by
following the colonizing ability of single-cell
isolates has a minimum at A 2800 A, this wave

length being twice as effective in killing the cells
as A 2650 A (Fig. 1.6.1). The uv induction of
pyrimidine dimers in vivo in Tetrahymena DNA
has been found to have no such wavelength de
pendence, the same number of dimers forming at
A 2650 A and A 2800 A with the same initial dose.

In contrast to the in vivo finding, the formation of
pyrimidine dimers in a solution of DNA isolated
from Tetrahymena has been found to show strong
wavelength dependence, with about twice the for
mation of dimers at A 2650 A as at A 2800 A. The

differences in the action spectrum of dimer forma

ORNL-DWG 68-3838

2400 2600 2800 3000

XIA)

Fig. 1.6.1. The Effects of Different Wavelengths of

UV Light on Survival of Cells and Formation of Thymine-

Containing Pyrimidine Dimers in vivo and in vitro. The

dose for the survival curve was 3750 ergs/mm ; the dose
2

for both dimer curves was 1000 ergs/mm .

tion in vivo and in vitro are probably due to cyto
plasmic shielding of the DNA in the cells. These
results indicate that at A 2800 A there is at least

one unknown uv-induced lesion in addition to

pyrimidine dimers in DNA which becomes lethal

in Tetrahymena.
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1.7 THE ISOLATION OF DNA AND

MITOCHONDRIA FROM TETRAHYMENA

G. L. Whitson A. A. Francis

W. D. Fisher1

It has been shown that DNA from Tetrahymena
has a high A+T content (75%),2 and CsCl centri-
fugation studies of DNA from whole cells showed
two peaks of DNA, one with a buoyant density of
p = 1.688 and the other (a smaller peak) with a
density of p = 1.680.3 Isolation of mitochondrial
DNA from T. pyriformis, strain GL, indicated that
it had a buoyant density of p = 1.684, and partial
characterization of this DNA indicated that it was

probably double-stranded native DNA.4 We have
also isolated whole-cell DNA from T. pyriformis,
GL-C, and preliminary observations indicate that
there are two peaks of DNA, one large peak with
a buoyant density of about p = 1.680 and a smaller
peak of about p = 1.672. We have also isolated
mitochondria by sucrose gradient zonal centrifu-
gation, but as of yet we have not obtained a large
enough quantity for DNA isolation and density de

terminations. Our continuing interest in this prob

lem is based on the following points: (1) Previous
studies of buoyant densities of different DNA's
show that DNA's with high A+T contents have low

buoyant densities (poly d-AT, p = 1.679),5 indi
cating the possibility that mitochondrial DNA
from Tetrahymena may be of this type. (2) The
base composition of mitochondrial DNA as well
as the structural configuration of this DNA in
Tetrahymena is unknown. Further investigations

are planned to provide this information.
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1.8 ISOLATION AND CHARACTERIZATION

OF UV-SENSITIVE MUTANTS OF

HEMOPHILUS INFLUENZAE

Jane K. Setlow
Dianne C. Brown

M. E. Boling
Alice A. Mattingly

The isolation of radiation-sensitive mutants

has been an important first step in the investiga
tion of cellular repair mechanisms. Hemophilus
influenzae has been selected for such a study be
cause it has both a transformation system and a
bacteriophage, so that it is possible to examine
the cell's repair of transforming DNA and phage
DNA as well as the repair of the cellular DNA.

H. influenzae cells were treated with W-methyl-
N -nitro-/V-nitrosoguanidine and then selected for
sensitivity to uv inactivation of colony formation
by replica plating and spotting techniques. Seven
mutants were isolated, following screening of about
30,000 individual colonies isolated from the replica
plating screening procedure. The uv sensitivity of
these mutants varies from 3 to 30 times that of the

wild type. The following additional characteriza
tions of the mutants and the wild type were made:
(1) sensitivity to inactivation of colony-forming
ability by x rays, (2) sensitivity to uv-induced
filament formation, (3) ability to act as hosts to
uv-irradiated H. influenzae phage, and (4) sensi
tivity of three markers on uv-irradiated transforming
DNA with six of the mutants as recipients (the
other mutant could not be transformed).

The seven mutants differ from the wild type and
from each other by at least two of the sensitivity
criteria. Only one of the mutants showed x-ray
sensitivity greater than that of the wild type. All
eight strains elongate following uv irradiation (up
to a factor of about 7 increase in length), but the
kinetics and the amount of elongation vary among
the strains. The uv survival curves of the phage

indicate that three of the mutants have reduced

ability to repair phage DNA. The mutants show
varying degrees of decreased ability to be trans
formed by uv-irradiated transforming DNA.

The three most sensitive mutants with respect to

uv inactivation of colony formation are the same
three which apparently are defective in repair of uv
damage to phage. Therefore it is very probable
that the same repair system (defective in these
mutants) is used for phage and cellular DNA
damage. There is some, but not complete, cor
relation of uv sensitivity of the mutants and their
decreased ability to act as recipients for uv-
irradiated transforming DNA, indicating that
transforming DNA is repaired in the wild-type
cell, again with the same repair system, but at
least one other factor influencing the survival of
transforming DNA must be introduced to explain
the incomplete correlation. The fact that one of
the uv-sensitive mutants is also x-ray sensitive
suggests that there is at least one common step
in the repair of uv and x-ray damage in H. influ
enzae.

1.9 THE MECHANISM OF REPAIR OF UV

DAMAGE IN HEMOPHILUS INFLUENZAE

M. E. Boling M. P. Gordon
S. P. Modak1 Alice A. Mattingly

Jane K. Setlow

In Escherichia coli the sensitivity of different
strains to uv killing and the recovery of DNA
synthesis following uv have been correlated with
the ability of the cells to excise uv-induced py
rimidine dimers from the DNA.2 In an attempt to
understand the reasons for the increased uv sensi

tivities of the seven Hemophilus influenzae mu
tants, three types of measurements have been
made on the mutants and the wild type: (1) DNA
synthesis after very low uv doses; (2) pyrimidine
dimers in DNA, in the acid-soluble fraction of the
cells, and in the external medium at various times
after uv; (3) the molecular weight of single strands
of H. influenzae DNA at various times after uv, for

the purpose of determining the mending of single-
strand breaks introduced by the excision of dimers.

DNA synthesis after uv, measured as uptake of
tritiated thymidine into acid-insoluble material, re
covered in all eight strains. The recovery time,
linearly related to dose, was very different among
the strains and was shortest in the wild type. The
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delay was largest in all strains when the cells
were irradiated in early logarithmic growth, and
smallest in early stationary phase.

The distribution of pyrimidine dimers after uv
was measured by counting the radioactivity in
chromatographically separated dimers in the ex
ternal medium, and in the acid-insoluble and

soluble fractions of cells prelabeled with tri
tiated thymidine. In the wild type and in four of
the mutants, the dimers disappear from the acid-
insoluble fraction of the cells after uv and appear
in the external medium and, to a lesser extent, in

the soluble cell fraction. The remaining three
mutants apparently cannot excise dimers from
their DNA.

Determination of the single-strand breaks made
by excision involved lysing a mixture of unirra
diated cells containing 14C-labeled DNA and 3H-
DNA irradiated cells (previously allowed to in
cubate for various times) on an alkaline sucrose

gradient. The lysed cells were centrifuged, and
the molecular weights of the unirradiated and ir
radiated DNA calculated from the sedimentation

velocities, as judged by the distribution of acid-
insoluble radioactivity in drops collected from the
centrifuge tubes. The single-strand molecular
weight of the DNA of unirradiated or unincubated
irradiated cells was one-fourth of the known mo

lecular weight of H. influenzae DNA, which means
that there is around one break per strand, either
occurring naturally or as a result of the particular
procedure we used. In all the strains except one,
the molecular weight decreased with time of incu
bation following uv. In the wild type and in the
excising mutants, the number of single-strand
breaks was very small in comparison with the
number of breaks which must have been made by
the excision process, measured under the same
conditions. In two of the nonexcising mutants the
number of single-strand breaks was greater than
in the case of the excising mutants. In the third
nonexcising mutant no breaks appeared.

(1) Pyrimidine dimers are blocks to DNA syn
thesis in all the strains. The fact that recovery
from the blocks also occurs in mutants which are

unable to excise dimers indicates that these

cells are able eventually to circumvent the blocks.
The amount of uv-induced delay in DNA synthesis
is only partly correlated with the presence or ab
sence of excision among the strains. (2) The

three mutants which lack an excision mechanism

are the most uv-sensitive and also the least able

to support the growth of uv-irradiated phage. Thus

the excision mechanism must be involved in the

repair of cellular and phage lethal damage. (3) The
kinetics of mending of single-strand breaks by ex
cising strains do not appear to differ appreciably.
Therefore it will be necessary to look for other
phenomena to account for the different uv sensi
tivities of these strains. (4) The fact that no
single-strand breaks appear in the DNA of one
of the nonexcising mutants following uv indi
cates that this mutant is unable to make the first

cut next to the dimer. The other two nonexcising

mutants, however, apparently can make this first
break, but since the dimers are not excised, they
are presumably unable to make the second break
on the other side of the dimer.
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1.10 THE EFFECT OF A DNA REPAIR

MECHANISM IN HEMOPHILUS INFLUENZAE

ON THE PHOTOREACTIVABLE SECTOR

OF TRANSFORMING DNA

M. P. Gordon Jane K. Setlow

The survival of uv-irradiated transforming DNA

is greatly increased if the DNA is incubated in the
light with photoreactivating enzyme from yeast be
fore the DNA is assayed for its ability to trans
form cells. The photoreactivating enzyme is
known to exert its biological effect by monomer-
izing uv-induced pyrimidine dimers. The photore-
activable (PR) sector is the fraction of the damage
which is photoreactivable, or the fraction of dimer
damage. A comparison of the PR sectors measured
when the DNA is assayed on wild-type Hemophilus
influenzae and on a uv-sensitive mutant whose re

pair system is defective should provide information
on the relative repair of dimer damage and non-
photoreactivable damage in the wild-type cell.

The survival of transforming DNA irradiated with
many different uv doses was measured with and
without maximum photoreactivation with yeast
enzyme, on wild type and on strain DB112, the
most sensitive mutant, which lacks an excision

repair mechanism. Because of the shape of the
survival curves, which obey the relation \[NJN =
1 + CD, where N is the number of transformations

with unirradiated DNA and N the number obtained
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after a dose D, the sensitivity parameter (the con
stant C) may be obtained with good precision. The
ratio CpR/C was 0.05 in DB112 and 0.10 in the
wild type. The PR sector is 1 - CpK/C, or 0.95
in DB112 and 0.90 in the wild type.

The PR sector is the pyrimidine dimer damage
nor repaired in the cell divided by the total damage
not repaired in the cell. If the cell repairs dimers
to a greater extent than it repairs nondimer damage,
the PR sector will be lower than if there is little

or no repair of either type of damage in the cell.
Thus the lower PR sector obtained with the wild

type suggests that dimer damage is repaired in the
cell more efficiently than nondimer damage.

1.11 THE MECHANISM OF REPAIR OF X-RAY

DAMAGE IN HEMOPHILUS INFLUENZAE

Gerald Price1 Jane K. Setlow

One of the uv-sensitive Hemophilus influenzae
mutants is more sensitive to x rays than the wild
type and the six other uv-sensitive mutants. In
vestigation has been made of the ability of the
wild type and the x-ray-sensitive strain to rejoin
x-ray-induced single-strand breaks in an effort to
determine why the two strains differ in sensitivity
to ionizing radiation.

Unirradiated cells containing J4C-labeled DNA
were mixed with irradiated cells containing 3H-
labeled DNA and lysed on an alkaline sucrose
gradient. From the relative sedimentation ve
locities of the acid-insoluble radioactive materials

in the same gradient, the number of x-ray-induced
single-strand breaks in the DNA of the irradiated
cells may be calculated. An exposure of 20 kr
produces about ten such breaks in either wild type
or the mutant. When the wild type is incubated in
nutrient medium following irradiation, the number
of breaks decreases and becomes zero by 2 hr.
The DNA of the sensitive mutant mostly breaks
down into acid-soluble pieces during postirradia

tion incubation.

It is possible to account for the difference in
x-ray sensitivity of the two strains in terms of
their relative ability to rejoin x-ray-induced
breaks in the DNA.
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1.12 DEFECTS IN TRANSFORMATION IN

HEMOPHILUS INFLUENZAE

Gerald Price1 Jane K. Setlow

Two of the uv-sensitive mutants of Hemophilus
influenzae as originally isolated were unable to be
transformed by H. influenzae transforming DNA.
It was hoped that investigation of these two mu
tants would yield some information on the mecha
nism of transformation. Transformation could be

blocked at the stage of entrance of the DNA into
the cell or at the stage of integration of the DNA
into the recipient cell genome.

One of the nontransforming mutants, DB113, was
different from all the other strains in that subcul

tures from the original culture formed long fila
ments in logarithmic growth. Such subcultures
could not be transformed. However, further sub

culture of this mutant caused a progressive de
crease in the length of the filaments and at the
same time a progressive increase in the ability
to be transformed.

The second mutant, DB117, remained essen

tially nontransformable (with a transformation
frequency 10~4 of that of the wild type) even
after a series of subcultures. To determine

whether transformation in this mutant is blocked

at the cell-entrance step, measurement was made
of the ability of the mutant and the wild-type
cells to take up tritium-labeled DNA. The two
strains took up the DNA to the same extent when
they were grown to near saturation, but neither
strain took up DNA during logarithmic growth.

Lack of transformation in DB113 is correlated

with filament formation and thus probably in
volves a defect in the cell wall which prevents
entrance of the transforming DNA. Lack of trans

formation in DB117, on the other hand, is probably
a defect in the integration step. This strain has
two other characteristics which may be relevant
to this defect: (1) it fails to rejoin x-ray-induced
single-strand breaks and (2) it has the longest
uv-induced delay in DNA synthesis of all the
mutants. Thus DB117 may be defective in trans
formation because of its inability to join one part
of the transforming DNA to another single-stranded
part of its own genome.
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1.13 THE EFFECT OF ACRIFLAVINE ON THE

SENSITIVITY OF UV-IRRADIATED

TRANSFORMING DNA

Jane K. Setlow M. E. Boling

Acriflavine mixed with uv-irradiated Hemophilus
influenzae transforming DNA and competent cells
appears to increase the uv sensitivity of the DNA.1
It has been postulated by Patrick and Rupert1 that
this acriflavine effect is the result of inhibition of

the cellular repair system. Since acriflavine af
fects the uv-resistant markers more than the sen

sitive markers in transforming DNA, it has been
further postulated that resistant markers are re
sistant because they are repaired more efficiently
in the cell.l A test of these hypotheses is pos
sible with the use of uv-sensitive mutants of

H. influenzae in which there is defective repair
of transforming DNA by the cells.

The recipient cells were of six different types:
wild type and five uv-sensitive mutants. Acri
flavine has the smallest effect on transforming
DNA sensitivity in the most sensitive mutant and

even appears to decrease the sensitivity slightly.
However, acriflavine increases the DNA sensi
tivity more in some strains with defective repair
mechanisms than it does in the wild type. The
ratio of the acriflavine effect on a resistant marker

relative to that on a sensitive marker is relatively

constant among the strains. The ratio of the sen
sitivities of the sensitive and resistant markers

without acriflavine is in one case greater but
usually is smaller than that of the wild type.

The Patrick and Rupert hypothesis would pre
dict: (1) acriflavine would have the smallest

effect in mutants with the most defective repair
systems; (2) the effect should be largest in wild
type; (3) the ratio of the acriflavine effect on the
resistant relative to the sensitive marker should

decrease markedly in mutants with defective re
pair systems; and (4) the ratio of the sensitivities
of the sensitive and resistant markers should be

lower in mutants with defective repair. Only parts
of the first and fourth predictions are substantiated
by our data. It is concluded that acriflavine does
indeed interfere with repair of transforming DNA,
but the dye must increase the sensitivity of trans
forming DNA by another mechanism as well, prob
ably by decreasing the probability of recombination
between irradiated DNA and recipient cells. The
hypothesis that the difference in resistance of

markers assayed in wild-type cells reflects the
difference in repair is not substantiated by our
data. It is concluded that different markers have

different sensitivities, probably because of the
variation in the probability of crossover per unit
length of DNA around the markers, a probability
which would be expected to be altered by acri
flavine intercalating in the DNA.
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1.14 INTEGRATION OF PYRIMIDINE DIMERS

IN TRANSFORMING DNA INTO THE RECIPIENT

HEMOPHILUS INFLUENZAE CELL GENOME

Alice A. Mattingly Jane K. Setlow

UV-induced pyrimidine dimers have been shown

to be responsible for most of the biological effects
of uv inactivation of transforming DNA. It has also
been shown that repair of uv-irradiated transform
ing DNA takes place in the recipient Hemophilus
influenzae cell.x In order to know whether their

repair may take place before or after integration of
the transforming DNA into the genome of the re
cipient, it is important to determine whether or not
pyrimidine dimers in the transforming DNA become
integrated into the cell genome during transforma
tion.

The criterion for integration was the ability of
a lysate of competent cells which have been ex
posed to uv-irradiated transforming DNA to trans
form other competent cells with two genetic
markers, one of which came from the original ir
radiated DNA and the other from the original com

petent cells. These two markers become linked
upon integration, so that the frequency of double
transformations is orders of magnitude higher than
that expected on the basis of random interaction
of the two markers in the second set of competent
cells, which is the product of the frequencies of
the single transformations.

The criterion for the presence of pyrimidine
dimers in the integrated material was the increase
in the ability of the lysate to cause the double
transformations following photoreactivation of the

lysate with photoreactivating enzyme from yeast.
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The reactivating effect of this enzyme on uv-
irradiated transforming DNA is due to the mono
merization of pyrimidine dimers in the DNA. The
frequency of double transformations from the ly-
sates was appreciably higher after photoreactiva
tion.

Some but not all the pyrimidine dimers in uv-
irradiated transforming DNA become incorporated
into the recipient genome. Thus it is probable that
repair of irradiated transforming DNA can take
place after integration.
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1.15 THE REPAIR OF UV DAMAGE IN WILD

TYPE AND RADIATION-SENSITIVE MUTANTS

OF MICROCOCCUS RADIODURANS

B. E. B. Moseley

Wild-type M. radiodurans is extremely resistant
to uv radiation. Following irradiation it excises
pyrimidine dimers from its DNA with such effi
ciency that the eventual death of the bacteria ap
pears to be due equally to protein and nucleic acid
damage, since the cells are equally sensitive to
280 and 265 nm radiation.x Two mutants of M.
radiodurans have been isolated which are both

about seven times more sensitive to uv than the

wild type.2 Some properties of the mutants which
are relevant to their uv sensitivity have been

studied.

UV survival curves of the mutants were obtained

at wavelengths 280 and 265 nm. The mutants were
more sensitive to 265 than to 280 nm radiation.

The delay in DNA synthesis following sublethal
doses of radiation was measured by incubating the

irradiated cells in nutrient medium containing 3H-
thymidine. The wild type required about seven
times the uv dose at 265 nm to cause the same

time delay in DNA synthesis. The rate of excision
of uv-induced pyrimidine dimers from the DNA was
slightly smaller in the mutants. The repair of
single-strand breaks in DNA caused by the ex
cision of dimers was investigated. Cells with
radioactively labeled DNA were irradiated with
a sublethal dose of 3000 ergs/mm2 at 265 nm and
incubated for varying periods of time and then

lysed, and their contents were centrifuged in
alkaline sucrose gradients. The sedimentation
velocity of the single-stranded DNA of the wild
type indicated that after 15 min there were only
two breaks in the DNA, although the excision
data showed that 950 breaks must have been

made by the excision process. In one of the
mutants, following a similar but lethal radiation
dose, the initial DNA damage was the same. How
ever, after 15 min incubation, which results in the
excision of somewhat fewer dimers than in the

wild type, there were about ten breaks in the DNA.
The fact that the mutants are more sensitive to

radiation at 265 than at 280 nm suggests that, un
like the wild type, all the lethal damage is to nu
cleic acid. The wild type excises pyrimidine
dimers very efficiently, and the number of breaks
in the DNA caused by excision which are open at
any one time is a very small fraction of the total
number of dimers excised (<0.2%). The mutants

are able to excise pyrimidine dimers from their
DNA, but mend the breaks considerably less
efficiently. This probably accounts for their uv
sensitivity.
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1.16 ON THE REJOINING OF CHROMOSOME

BREAKS INDUCED BY FRACTIONATED

X-RAY EXPOSURES

E. H. Y. Chu Patricia C. Looby

The classical theory of the formation of chro
mosome aberrations by radiation is that the radia
tion breaks the chromosomes and that these initial

breaks rejoin. By using various doses and dose
rates, Sax2 concluded that radiation breaks chro
mosome threads immediately after the absorption
of energy in the chromosomes and that these
broken ends remained open or available for rejoin
ing with other broken ends for only a limited time
period. Lane3 in Tradescantia microspores and
more recently Evans4 in human leukocytes in
culture have obtained results which seemed at

variance with Sax's conclusions. Both workers



found that the aberration yield fell to a minimum
when the time between dose fractions was 2 to 4

hr. With increasing time intervals between frac

tions, however, the aberration yield increased
until about 6 or 8 hr, when the yield obtained
with a split dose was almost as high as that ob
tained with the full unsplit dose. A new hypothe
sis of chromosome aberrations as a consequence
of misrepair was proposed.4

We decided to reexamine the situation by study
ing this possible Lane phenomenon in two in
vitro mammalian cell systems: the human leuko
cytes and the mitotically synchronized Chinese

hamster cells. The work on the latter is sum

marized here; results from the former can be seen

in another report. 5
An almost pure population of hamster cells in

metaphase was obtained through combined treat
ments of colcemid and mechanical agitation. The
cells reattached to glass surface and uniformly
entered G phase within 1 hr after inoculation.
The particular cell line used (CH461901) has a

long G period to make this study possible. Pre
liminary experiments established the dose-effect
relations of various aberrations, all of the chro

mosome type, induced at G . There was no
apparent difference in radiosensitivity during this
period of the cell cycle. A total dose of 200 r
x rays was given either in one exposure or in two

exposures separated by an interval ranging from
1 to 8 hr. The only aberrations scored were
chromosome rings and dicentrics, which are easily
identifiable and unmistakable. The 8-hr interval

was the longest that could be tested in these cells,

since chromatid-type aberrations induced either

at late G or early S began to appear in this

series. Our data demonstrated clearly that within

2 hr the chromosome breaks induced by the first
exposure no longer interacted with those induced
by the second exposure and that there was no
evidence of the Lane effect under the experimental
conditions.
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1.17 IRRADIATION OF HUMAN PERIPHERAL

BLOOD IN VITRO

Karin E. Buckton E. H. Y. Chu

A number of investigators have obtained dose

relations in the induction of chromosome aberra

tions in human peripheral leukocytes x irradiated
in vitro. While the experimental system offers
one of the best opportunities for an evaluation of
radiation hazards in man, there remain a number

of technical problems which may be responsible
for the variability in the data obtained. For
example, the yield of the chromosome type of
asymmetrical exchanges (ring and dicentric chro
mosomes) per cell can be roughly fitted to the
expression given by Y = kD2, where k is the co
efficient of aberration production and where D is
dose in rads. Although the data of Bender and

Gooch2 and of Norman et a/.3 fitted well to this
expectation, those of Evans4,5 appear to fit best
to the expression Y = kD1'16. The first aim of
the present experiments was to reinvestigate the
dose-response relationship in these cells under

various conditions of culture. It seemed possible
that changes in the culture conditions of human
leukocytes, which represent a heterogeneous
population, could affect the division time of dif
ferent irradiated cells with varying radiosensi
tivity. Sampling of different proportions of the
mixed population may conceivably influence the
observed aberration yield.

The second aim of the present studies, in a
series of dose-fractionation experiments, was to
verify the reported "Lane effect" in these cells.4
When the leukocyte population was irradiated with
split doses given at increasing time intervals

between fractions, the changing aberration yield
could also be due to mitotic delay and scoring
cells of variable radiosensitivity.

Freshly drawn blood from two donors was ex
posed to 250-kv x rays at single doses ranging
from 0 to 300 r. After irradiation, an 0.8-ml
aliquot of blood was added to 10 ml of culture
medium containing 0.2 ml of phytohemagglutinin

(PHA, Wellcome). This method is very similar to
that of Evans. For the dose-fractionation experi
ments, it was necessary to irradiate the blood
after it had been set up in culture. Thus, in the
first experiment of this series, a single dose of
200 or 100 r was given to the cultures immediately
after setting up and at varying times up to 24 hr
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later. In the second and third experiments either
two equal or unequal portions of a total dose of
200 r were delivered. The first dose was always

given soon after setting up the culture, while the
time of the second dose was varied. Also in these

experiments a single dose of 200 or 100 r was
given at the same time as the second dose. The
blood cells were incubated at 37°C for 54 hr,

during the last 5 hr of which colchicine was in
cluded in the culture medium. Usually 100 and
sometimes 200 cells at every treatment in each
experiment were scored for metaphase chromosome
aberrations. For the present purposes the fre
quencies of induced ring and dicentric chromo
somes only are discussed. The spontaneous
frequency of these types is close to zero.

In order to find the time of DNA synthesis and
mitosis in these cultures, a series of cultures
were fixed at various times. 3H-Thymidine (2.0
curies/millimole, 1 /ic/ml) was added \ hr be
fore fixation. Colchicine was not used in this

experiment. One thousand cells per time period
were scored for the labeling and mitotic indices.

Results of two repeat experiments on whole
blood irradiated with a single dose prior to cul
ture show that the dose-response curves for
dicentrics and rings fit best to the equations
F= 1.9 x 10-3D1,9 and Y = 8.6 x lO"3!)1-4 re
spectively.6 Similar results were obtained when
the blood was irradiated shortly after having been
added to the culture medium containing PHA. If,
however, the blood was incubated in the presence
of PHA for 6 to 24 hr before being x irradiated
with 200 r, an overall 10% increase (significant at

the 95% level) in the frequencies of ring and
dicentric chromosomes was observed, as com

pared with those cells x irradiated soon after the
blood was drawn. With 100 r a borderline in

crease in the aberration frequencies was also
evident. From our labeling studies we know that

between 0 and 24 hr only 0.1% of the cells are
synthesizing DNA at any one time, and, therefore,
over this time period the cells being irradiated

were in either the G or G stage. Our efforts to
synchronize the leukocyte population either by

prolonged incubation without PHA or by treatment
with excess thymidine were not successful.

The results of two dose-fractionation experi

ments are summarized in Fig. 1.17.1. The fre
quencies of rings plus dicentrics in the cells
irradiated with a single dose of either 100 or
200 r during the first 8 hr after the blood was set
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Fig. 1.17.1. The Combined Frequency of Dicentrics

and Rings After Split and Unsplit X-Ray Doses.

up in culture are shown. There is a tendency of
increasing frequencies at the latter periods, con
firming the result discussed above. When cells
were given two equal doses of 100 r each sepa
rated by varying intervals, the aberration yields
fluctuate, but the fluctuation was not as extensive

as that reported by Evans.4 Finally, when cells
were given two unequal doses either 150 r + 50 r
or 50 r + 150 r, separated by varying intervals, a
different pattern of fluctuation in total aberration
yields was observed.

Under the experimental conditions, the dose-
response curves we obtained for rings and di
centrics are similar to those obtained by Bender

and Gooch2 and Norman ef a/. 3 but differ from
those by Evans.4,5 Evans5 suggested that the
possible reasons for these differences in the ex
ponential power of dose curves could be due to
the fact that other authors in their experiments

had lost a proportion of the abnormal cells during
separation of leukocytes before culturing and
harvested cells later than 60 hr. We have demon

strated here that these two factors do not affect

the shape of the dose-response curve.
It is perhaps interesting to point out that in our

data the ratio of dicentric chromosomes to ring



chromosomes is 4.5:1. This ratio is 50% higher
than that obtained in Tradescantia, possibly be

cause of a larger number of chromosome arms in
the human complement.

The observed increase in aberration frequency
in cells irradiated with unsplit 200 r after 6 hr in

culture could be due to a change in radiosensi
tivity of the cells as they progress through G
toward S. With split doses given at varying inter
vals, the observed fluctuations in aberration
yield could be explained by the fact that the first
dose induces mitotic delay and/or cell synchrony.
Consequently the second dose given at varying
times after the first dose induces aberrations in

cells of different sensitivities. This idea is

supported by our observation that we can alter
the time of the fluctuation by altering the size of
the first dose. Furthermore, in hamster cells in

culture which have uniform G sensitivity, there
was no evidence for the Lane effect. 7
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1.18 CHROMOSOME PREPARATIONS FROM

MOUSE PERIPHERAL BLOOD CULTURED

IN VITRO AND IN VIVO

Karin E. Buckton Paul Nettesheim1

With the development of a large number of inbred
strains of mice over the last two decades, this

mammal has become the most favored experimental
animal, particularly for genetic studies. However,
the cytogenetics of mice has been much less ex-
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plored, largely because of the difficulties in ob
taining chromosome preparations from mouse periph
eral blood, which is a readily available tissue for
repeated studies. 2 In most species of mammals
the leukocytes of the peripheral blood will re
spond to the stimulus of the mitogen phyto-
hemagglutinin (PHA), transform into "blast"
cells, and divide; but in cultures of mouse periph
eral blood only inconsistent results have been
obtained in this way.

We have succeeded in growing small amounts

of mouse peripheral blood in vitro. Our method is
a modification of the standard culture technique

for obtaining chromosome preparations from human
peripheral blood.3 The pokeweed mitogen was
used instead of PHA. At the same time a method

was developed for obtaining chromosome prepara
tions from mouse peripheral blood filled into dif
fusion chambers inserted into recipient rats or
mice. No mitogen was necessary in this latter
method. The pattern of cell growth in both sys
tems was determined by studying the rates of
DNA synthesis and cell division in the transformed
large lymphocytes. The peaks of DNA synthesis
and mitosis were reached at 52 hr in vitro and

5 to 6 days in vivo after the initiation of culture.
Both methods consistently yielded a sufficient
number of mitoses suitable for chromosome

analysis.
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1.19 THE KINETICS OF X-RAY-INDUCED

CHROMATID TERMINAL DELETIONS AND

GAPS IN CHINESE HAMSTER CELLS

Sandra L. Bell E. H. Y. Chu

There has been a controversy over the last few
years about how ionizing radiations induce chro
mosome aberrations. One interpretation is the
"breakage-first" hypothesis, which states that
radiation breaks chromosomes and that these

breaks can either remain open or rejoin in one of
several ways. The types of aberrations induced
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can be grouped broadly into those that are the
result of one break and those that require two or

more breaks. One-break, or one-hit, aberrations

increase linearly with dose; two-break, or two-hit,
aberrations increase approximately as the square

of the dose.

The alternative hypothesis proposed by Revell
is called the "exchange hypothesis." According
to Revell, radiation causes chromosome exchanges

rather than chromosome breaks. There must be

contact between chromosomes before an ex

change, and thus an aberration, can occur.
Terminal deletions are the result of incomplete

exchanges and should follow two-hit kinetics. In
theory this should be easily resolvable by ob
taining experimental data and expressing the
number of terminal deletions as the function of

dose. In practice, however, this presents a
major difficulty, the reason being that the number
of terminal deletions is very low in plant ma
terials, where most studies of chromosome aberra
tions are undertaken. The problem is further
complicated by the occurrence of chromatid "gaps,"
which are regions of the chromosome where stain
ing does not occur. Since there is no displace
ment of the chromatid segment distal to the gap,
these should not be scored as deletions. Never

theless, the kinetics of gap production is in itself
of additional interest.

In many mammalian cells the number of chromatid
terminal deletions is considerably higher than that
found in plants.3 We have, therefore, undertaken
experiments designed to determine the frequencies
of terminal deletions and gaps that can be induced
readily at certain cell stages.

Chinese hamster cells in culture, mitotically
synchronized with 5-aminouracil, were x irradiated
either at the beginning of the DNA synthesis
period (S) or at the postsynthesis period (G2).
Cells were treated with colchicine for 3 hr to

accumulate metaphases, exposed to hypotonic
saline, fixed, and stained. Two hundred meta
phases were scored for the number of true termi
nal deletions (fragment displaced) and number of
chromatid gaps.

In unirradiated controls, 5-aminouracil caused
both types of aberrations.3 Both terminal dele
tions and chromatid gaps were induced by x rays
in high frequencies during G2 and increased lin
early with dose (Table 1.19.1). Therefore they
appeared to be the result of a single event, sup
porting the breakage-first hypothesis. There were

Table 1.19.1. The Number of Terminal Deletions and

Chromatid Gaps in X-Irradiated Cells of

Chinese Hamster

Dose

No. of Terminal

Deletions
No. of Gaps

(0
S Period G2 Period S Period G2 Period

0 4 8 14 25

50 15 12 24 57

100 9 38 27 102

150 19 54 35 152

200 22 65 35 205

300 28 97 57 273

The results of two experiments are grouped together.
A total of 200 cells were scored at each dose.

fewer gaps and terminal deletions in the cells
that were irradiated while in early S. This would
seem to indicate that more restitution occurred in

these cells either because of the occurrence of

DNA synthesis or because of the longer time
interval involved between the induction of break

age and the appearance of the aberration at meta
phase. The large increase of chromatid terminal
deletions could also be due to chromosome move

ment in preparation for division.
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1.20 THE DEVELOPMENT AND APPLICATIONS

OF VAPOR-FIXATION METHOD FOR

VERTEBRATE CHROMOSOME

PREPARATIONS

Tatsuo Omura

A new cytological method has been developed
for excellent chromosome preparations from a very
limited number of animal cells in vivo and in

vitro. For in vivo studies, animals are treated

with colchicine (10-3 M) for 3 to 6 hr prior to
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sacrifice. Various organs or tissues from the
adult or fetuses are removed, and the cells are
separated and suspended in a small volume of
hypotonic (0.6%) sodium citrate for 10 min on a
slide. The chromosomes become spread, and
practically all the cells are fixed directly on the
slide after its being exposed for 60 to 90 min to
the vapor of a fixative (three parts glacial acetic
acid, one part ethanol, and four parts distilled
water). After brief dipping in absolute and 20%
ethanol and in a mixture of one part glacial acetic
acid and three parts ethanol, the slide is air-
dried and the cells stained with Giemsa.

This method was first tried in the blood corpuscle
of the chick embryo, then with the bone marrow
cells of the frog, and finally with various mam
malian tissues.

To illustrate its applicability, a study was ini
tiated to investigate the pathological immune re
sponse (graft vs host reaction) at the chromosome
level. Normal, intact mice injected with rat bone
marrow cells (100 x 106 cells/mouse) showed, as
a rule, no replacement in the host hemopoietic
and lymphoid tissues by the grafted cells. In
mice x irradiated with 950 r prior to the grafting
of rat bone marrow cells (100 x 10 6 cells/mouse),
there was no mitosis seen in the host hemopoietic
and lymphoid tissues in the following day (day 1).
Beginning on day 2, however, rat metaphase
figures were seen with increasing frequencies in
the femur and spleen of the host. Rat metaphases
were detected in host's mesenteric lymph node at
day 6 and in brachial and inguinal nodes at day 9.
Most interesting is the fact that in the thymus of
the host the only dividing cells that began to
appear on day 8 were those of host.
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1.21 POSSIBLE MODIFICATION OF GENETIC
EXPRESSION OF MAMMALIAN CELLS

WITH MONOVALENT SALTS

E. Virginia Merriam1

Changes in ionic environment have been impli
cated in the control of developmental changes in

a number of systems, including Chironomus, hydra ,
and rat epithelium. It has been suggested that
such salt effects arise from a direct action on

RNA synthesis, perhaps by selective alteration of
the DNA-histone interactions at different loci. In

order to test this hypothesis directly, mouse L
cells in monolayer culture were exposed for
various periods to media containing different
sodium chloride concentrations. Cold RNA and

3H-uridine-labeled RNA were isolated and hybri
dized in vitro with DNA prepared from mouse
embryos.

Cells were grown at 70, 140 (normal), and 220
mM salt, with only slightly depressed growth
rates at the extremes. Competition experiments
with all possible pair combinations between RNA
from cells grown at the three different salt levels
disclosed no qualitative differences among them.
No differences were noted whether 3H-RNA was
prepared from cells grown for three days at each
level or from cells transferred on the third day
just prior to isotopic labeling from the normal

medium to either 70 or 220 mM; thus there were
neither short- nor long-term effects as measured
by this method. In saturation experiments with
various classes of RNA, slight quantitative dif
ferences have been noted. Metal analyses of
cells and isolated nuclei revealed no significant
difference in the cellular content of Na, K, Ca,
and Mg grown at the three salt levels. Thus
within the range of salt level tested and employ
ing the present experimental procedures, no quali
tative modification of RNA synthesis in these
cells could be achieved.
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1.22 ISOANTIBODY SEPARATION

Diana M. Popp R. A. Brown1

H-2 isoantibodies have been separated by gel
filtration and are characterized by 7S and 19S
immunoglobulins. 2 The products of gel filtration
of serum contain nonspecific antibody and other
molecules of similar molecular weights. It is
possible to separate specific anti-sheep red blood



cell immunoglobulins by absorption and subse
quent elution from sheep red cell stroma. 3 Simi
lar methods were used in an attempt to purify H-2
isoantibodies produced in mice after the injection
of allogeneic tissues.

Hyperimmune sera were induced by serial in
jection of splenic homogenates, and the sera were
collected 12 days following the last injection.
The stroma was obtained by lysing washed red
cells in distilled water, centrifugation at 7000 x g
for 15 min, and repeated washing of the pelleted
stroma in 0.1% NaCl until the supernatant is
clear. The stroma is resuspended in phosphate-
buffered saline (PBS). Aliquots of the suspended
stroma are pelleted and incubated in antiserum for
21/ hr at room temperature and for 48 hr at 5°C.
The mixture is brought to 10 ml with PBS made
1% with bovine serum albumin. The stroma is
pelleted and washed once with 1% BSA-PBS and
once with PBS; 0.2 ml of glycine-sulfate buffer,
pH 2.5, is added to the pellet, which is slurried
and pelleted. The supernatant is buffered with
a V5 volume of 1 MTris, pH 10. Red cell aggluti
nation was carried out according to the technique

of Gorer and Mikulska. 4

Titration of eluates from stroma of various

strains of mice, Table 1.22.1, shows that stroma
from the tissue donor strain yields antibody
activity to its erythrocytes and to erythrocytes
from other strains of mice which carry common
H-2 antigens. Stroma from the strain in which
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the antibody was made yields no antibody. Stroma
from strains which are neither the donor nor re-

cepient, but which carry one or more antigens in
common with the donor strain, yields antibody

specific for those antigens. The methods permit
the removal of a single antibody from a multi-
specific antiserum. The procedure is quite simple,
has a high yield of antibody, and promises to be
a useful technique for the genetic and biochemical
studies on antigens and antibodies of the H-2
system in the mouse.

A sample of antibody absorbed on and eluted
from stroma of donor erythrocytes was subjected
to sucrose density centrifugation, and the various
cuts were analyzed to determine the physical
nature of the isoimmunoglobulins. The greatest
hemagglutinin activity appeared in the region of
the 7S fraction, and lesser activity appeared in
the region of the 19S component. These results
are consistent with those of Andersson et al. 2
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Table 1.22.1. Reaction of RBC from Various Strains of Mice to Eluates from Stroma

+ = agglutination

0 = no agglutination

C3H Anti A/Sn AntiLserum Absorbed on RFM Anti A/Sn Antiserum

RBC

Stroma oJF Strains Absorbed on Stroma of Strains

A/Sn, BALB/c, RFM, C3H, A/Sn, RFM, C3H,

H-2a H-2d H-2f H-2k H-2a H-2f H-2k

A/Sn, H-2" + + + 0 + 0 •r

BALB/c, H-2d + + + 0 + 0 +

DBA/2, H-2d + + + 0 + 0 +

A.SW, H-2 s + + 0 0 + 0 +

C3H, H-2k 0 0 0 0 + 0 +

RFM, H-2f 0 0 0 0 0 0 0

C57BL, H-2b 0 0 0 0 + 0 0



1.23 DESIGNATION OF HISTOCOMPATI

BILITY-^ LOCUS IN THE MOUSE

Diana M. Popp George D. SnellJ

Preliminary studies indicate that the red cell
agglutinogen designated "rho"2 and the R and Z
antigens3 are products of the same or closely
linked loci. A more detailed study was under
taken to establish the correlation, to assign a
common locus designation to the factors, and to
investigate the effect of the locus on tissue

transplantation.
Inbred strains of mice obtained from Bar Harbor

and maintained in this laboratory were used. An
(A.CA x RFM)F population was produced to
study the genetic segregation of the factors. A
congenic line, C57.F, established in this labora
tory was used for the skin grafting experiments.
The line was at generations BC F , F , or F at
the time skin grafts were exchanged. The inbred
strain C57/Ha and the congenic line C57.F differ
at the rho or R-Z locus, now called H-14; the

source of the H-14B allele is strain F/St. Four

antisera were supplied by Dr. Snell: RIII/J anti
C3H, RF/J anti C3H, (RF/J x RIII/J) anti C3H
(anti-Z), and LP.RIII anti RIII/J (anti-R). Anti
serum A.CA anti RFM (anti-rho) was produced in
this laboratory. Agglutinations were carried out
according to the method of Gorer and Mikulska.4
In vitro absorptions were carried out on saline-
washed tissue homogenates, and in vivo absorp
tions were accomplished by the injection of 0.1
ml of antiserum intraperitoneally, and the serum
was recovered 18 hr later. Tail skin grafts were

exchanged, and immunization of graft recipients
was accomplished by the injection of thymus or
packed erythrocytes ten days prior to grafting.

The identity of rho and R factors and the al-
lelism of rho and Z were established by the analy
sis of 189 (A.CA x RFM)F2 mice. Although the
population did not reveal an expected 1:2:1 ratio

for the segregation of two alleles, all animals
which reacted with anti-rho serum also reacted

with anti-R serum. Moreover, all animals which

did not react with anti-rho also did not react with

anti-R. There were no animals which were nega

tive for all three sera, indicating that at least one
or the other allele or both occurred in all progeny.

A unique tissue distribution for the rho factor
has been established 2 and shows that the antigen
can be found in spleen, liver, erythrocytes, brain,
lung, testes, kidney, and thymus. Tissue absorp
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tion experiments indicated that R and Z have the
same tissue distribution as rho. In addition,

strain RFM tissues remove anti-R activity for
strain RIII, RIII tissues remove anti-rho activity
for RFM, and A.CA removes anti-A activity for
C3H. In vivo absorption also shows that strain
A.Ca clears activity for 20 other strains of mice,
and in vivo absorption in C57BR clears activity
for 10 strains tested. These data suggest that,
unlike H-2, this is a single-factor system. Tail

grafts were exchanged between C57.F, homozygous
for the Z factor. No rejections were seen in un-
immunized recipients within 120 days, or in re

cipients immunized by erythrocytes or thymus
within 90 days after grafting; these grafts will be
followed further.

Although skin graft rejection was not demon
strated, a circulating antibody induced after tissue
injection indicates incompatibility at this locus.
Tissue absorption studies also indicate the

presence of the antigen on tissues other than
erythrocytes. Such evidence is ample to place
this locus in the histocompatibility series. The
symbol H-14 identifies the locus; allele H-14a
designates the factor previously known as rho or
R, and allele H-14b designates the factor pre
viously known as Z. Identification of transplanta
tion antigens not expressed in skin but expressed

on other tissues is not an unlikely or new phe
nomenon but does demonstrate the importance of
tissue-specific antigens. When considering a
tissue transplant, not all antigenic differences
must be reckoned with but only those which are
represented on the tissues under consideration.
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1.24 PRIMARY STRUCTURES OF THE a

CHAINS OF HEMOGLOBINS FROM

C3H AND C3H.B MICE

K. M. Hilse

R. A. Popp
J. E. Attrill1
W. S. McEwen

Solubility in phosphate buffers has been used

as a criterion to detect hemoglobin differences



among inbred strains of mice. 2 Amino acid sub
stitutions in the a chains of the hemoglobin

molecule are associated with the solubility dif
ferences observed for mouse hemoglobins; this
fact has been established by determining the
primary structures of the a chains of hemoglobins
from C57BL, NB, and BALB/c mice. 3 A fourth
hemoglobin, namely that in C3H.B mice, has a
solubility distinct from that of the three cited
above, and solubility studies also suggested that
C3H hemoglobin was very similar to, yet distinct
from, that of either NB or C57BL. 2 C3H.B was
established as a subline of C3H/St when a re

cessive black-eyed, white-coat point mutation

arose in the C3H/St strain. The primary struc
tures of the a chains of these two strains are

being compared with one another and with the
three a chains analyzed earlier. 3

The preparations of hemoglobin, globin, a
chain, and tryptic peptides were as previously
described.4 The tryptic peptides were separated
by chromatography on Dowex 50-X2 (1.9 x 56 cm)
at 55°C using a stream divider assembly on a
model 120C amino acid analyzer. Purity of pep
tides was checked by paper chromatography, and
fractions from the Dowex 50-X2 column that con

tained more than one peptide were further purified
on columns of Dowex 1-X2. The amino acid con

tent of each tryptic peptide was determined, and
the sequence of amino acids was determined by
Edman degradation.5

The amino acid analyses of the tryptic peptides
suggested that C3H.B a chain has the same pri
mary structure as the a chain of C57BL hemo
globin with one exception. Whereas aT-9 is
homogeneous in C57BL mice, the data indicate
that this region of the a chain of C3H.B mice
exists in two forms. Edman degradation showed

that equal quantities of asparagine and serine are
present at position 68 of the a chain of C3H.B
hemoglobin. "Duplexity" is used to describe the
state in which two amino acids are found at the

same position in alternate forms of the same pro
tein in a homozygous individual or individuals of
an inbred strain. Similar studies on C3H a chain

showed that aT-4 exists in two forms and that

aT-9 exists in two or perhaps four forms. In the
a chain of C3H hemoglobin, peptide aT-4 has
either the amino acid glycine or valine in position
25. This amino acid substitution alters the chro

matographic behavior of the tryptic peptide so
that each component appeared in a separate frac
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tion from the Dowex 50-X2 column. Each frac

tion was subsequently processed differently, so
that the absolute quantities of the two forms of
aT-4 are uncertain at present. However, the
valine-containing peptide was recovered in larger
quantities. aT-9 is a large peptide containing
29 amino acids. The amino acid composition of
aT-9 showed approximately a half unit of valine
and a half unit of isoleucine, four and one-half
units of aspartic acid, and two and one-half units
of serine. The half units of valine and isoleucine

result from relatively equal quantities of these
amino acids at position 62, and the half units of
aspartic acid and serine result from similar
amounts of the amino acids asparagine and serine
at position 68. If the heterogeneity of the a chain
of C3H hemoglobin results from ambiguous codons,
aT-9 should appear in only two forms. The ap
propriate fragments of aT-9 are presently being
isolated to establish whether two or four forms of

this peptide exist. Finding four forms of aT-9
would support the hypothesis that the duplexities
at positions 62 and 68 result from translational
variations during protein synthesis. However,
the postulation that these duplexities result from
the presence of two a chain cistrons would be
supported by finding only two forms of aT-9 in
which valine always occurs with asparagine and
isoleucine with serine and if reanalysis of aT-4
shows equal quantities of glycine and valine at
position 25. Presumably, cistron duplication
would then also be the basis for duplexity of
amino acids in the a chains of other strains of

mice as well.

It should be emphasized that the a chains of
C3H mice may represent a combination of two
distinct, homogeneous a chains which are also
found in strain C57BL and NB mice. Moreover,

C3H.B a chains represent a combination of the a
chains found in C57BL mice and one of the two

forms of a chains found in BALB/c mice.. Among
the five types of a chains (one defined as stand
ard plus four variants) which have been examined
to date, position 25 has twice been found to show
amino acid alterations (once a replacement and

once a duplexity but both involving glycine and
valine); twice position 62 has shown amino acid
alterations (once a replacement and once a
duplexity but both involving valine and isoleu
cine); and amino acid alterations have been noted
at position 68 in each of the four variants studied
(once a replacement of asparagine to serine, once
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a duplexity of serine and threonine, and twice a
duplexity of asparagine and serine). The inter
dependent genetic and biochemical bases for
these observations are being studied as a basis
for understanding protein polymorphism in mammals,
of which the N-terminal region of immunoglobulins
represents an extreme example.
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1.25 TRANSPLANTATION ANTIGENS OF

MOUSE SPLEEN CELLS

R. A. Popp

N. G. Anderson x
Diana M. Popp

W. S. McEwen

Subcellular particles that contain the principal
transplantation (H-2) antigens of mouse splenic
tissue have been separated by zonal centrifuga
tion. 2 Some of the particulate-bound antigen can
be solubilized by autolysis or papain.3 The
physical properties of the soluble antigens are
being studied to determine whether the multiple
specificities of the H-2 alleles are expressed as
(1) separate molecules, each molecule having a
single specificity; (2) a polymer of separate mole
cules, each monomer having a single specificity;
(3) regional prosthetic groups covalently bound
to a protein backbone of a nonantigenic molecule;
or (4) specific segments of a single molecule, in
which case a specific region comprises a single
antigenic site.

The soluble phase obtained by autolysis of the
antigenic particles in 0.05 MTris-HCl buffer was
passed through Sephadex G-200. Two well-
resolved fractions were obtained; the first con

tained molecules of molecular weight greater than

100,000 and the second contained molecules of
molecular weight less than 50,000. Hemagglutina
tion inhibition assays for several of the multiple
specificities of H-2 allele showed that antigen
specificities H-2.1, 3, 5, and 11 were located in
the soluble phase of C3H splenic extract. Three

electrophoretically distinct proteins were found in
the soluble antigen preparation after gel filtration
on Sephadex, but the active component(s) has not
been positively identified. The antigenic parti
cles are rapidly solubilized by papain digestion,
but the'recovery of H-2 activity from the papain-
solubilized preparations has not as yet been
analyzed.

Purification of the electrophoretically distinct
fractions will be required before the biochemical
and biophysical characteristics of the antigen can
be defined. However, the presence of several
antigenic specificities in molecules of molecular
weight greater than 100,000 suggests the possi
bility that the multiple specificities of the H-2
antigens may be located in the same molecule.
The recombination frequency of 0.36% for the
more distal (H-2.4 and 11) regions of the H-2
locus4 suggests that these specificities could be
located in the distal segments of a single protein
which has a minimum molecular weight of 66,000.
This limitation is satisfied by analyses that the
antigens are found in molecules of molecular
weight greater than 100,000. The physical archi
tecture of the H-2 molecule(s) or polymer(s) dic
tates the approach to analyze the molecule further.
If all the major histocompatibility antigens are
located on the same molecule, the effort required
to obtain material for tolerance experiments will
be much reduced. Furthermore, one can be rea
sonably sure that all the antigens are represented
in the material used to produce tolerance. In
formation to date suggests that the multiple
specificities of the HL-A histocompatibility anti
gens of man are homologous to the H-2 antigens
of the mouse. Thus studies on the H-2 antigens

in mice will serve as a model for experiments

which will be necessary to evaluate the possi
bility of producing low-dose tolerance in man.
A combination of histocompatibility matching
through serological typing and of inducing low-
dose tolerance through injection of purified anti
gen may greatly reduce the paramount dangers of
graft rejections owing to histoincompatibility
which thwarts the extreme skills of surgeons

today.
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1.26 MAJOR DEVELOPMENTAL EVENTS IN

THE RHYNCHOSCIARA LIFE CYCLE

Ellen Mattingly C. L. Parker

The virtues of the sciarid fly Rhynchosciara for
use in studies in cytology and developmental
biology are well known. The one serious dis
advantage to the routine use of these flies was
that they could not be maintained for extended
periods in the laboratory. This report will de
scribe briefly a new culture method that allows
the maintenance of unlimited numbers of cultures

with relative ease and will present the detailed
information now available on the characteristics

of the entire life cycle.
Individual cultures, with as many as 500 larvae,

are kept in disposable petri dishes on cornmeal
agar. The agar is prepared in the laboratory by
suspending yellow cornmeal in nonnutrient agar.
Commercially available cornmeal agar cannot be
substituted. The larvae are placed on the agar
with a mass of highly fermented plant material.
Either orchard grass or corn ensilage, refermented
in the laboratory, makes an excellent food supply.
At the end of the larval stages, when the members
of a group begin to form a cocoon, they are placed
on damp peat moss, where they go through the
entire pupal period.

Several advantages, other than those of general
ease of maintenance, result from these new culture

techniques. Among these is the fact that the
larvae can be kept for as long as two weeks on
cornmeal agar alone, and during this time they
ingest the agar and appear to be able to digest
the cornmeal. It is now feasible to consider

studies of the effects of various chemical mutagens

on the fly by simply maintaining the larvae on
agar in which the various chemicals have been
dissolved.

An additional practical advantage is that the
larvae, when allowed to form their cocoon on peat
moss in a plastic petri dish, generally form the
cocoon on the lid of the dish. This results in a

cocoon in which the larvae nearest the plastic do
not form a complete cell. The investigator, there
fore, can determine precisely what physiological
stage, and even which puff on which salivary
gland chromosome, is present, merely by inspec
tion of the petri dish. One can therefore easily
and with absolute accuracy accumulate as much
as 15 or 20 g of larvae which are all in precisely
the same stage of development.

Since the development of the above culture
method, the details of the larval life cycle have
been described. The female fly lays a mass of
eggs, all of the same sex, and then dies. The
eggs then develop for approximately 12 days, at
the end of which all hatch synchronously. The
first three larval molts occur at days 6, 12, and
18. The fourth larval instar, which begins on
day 18, is the most variable in length; generally,
on about day 40 the larval cocoon begins to form.
Approximately five days later, the prepupal molt
occurs, and within one or two days the salivary
glands lyse. Pupation itself lasts about five
days, after which the adults eclose and mate.
Within two to three days the female lays her eggs,
and both males and females die within five days

after eclosion.

1.27 SPERMATOGENESIS IN LARVAL

RHYNCHOSCIARA SP.

C. L. Parker Ellen Mattingly

The chief characteristics of the life cycle of
Rhynchosciara sp. have been described above. It
is now possible to relate specific stages in sperma
togenesis to specific stages of larval develop
ment. The nature of this relation will be described

first, and a description of variations in incorpora
tion of thymidine-3H at different stages will
follow.

By day 20 after the larvae have hatched from the
eggs, the testis may easily be dissected from the
surrounding fat body. Testes fixed in 3:1 fixative
and smeared in acetocarmine stain show no sign

of organization of the spermatogonia into cysts.
Interspersed among the spermatogonia are large
cells with polytene chromosomes. From day 20
to day 30, large numbers of mitotic cells may be
found. The cells of any particular stage, for

example, metaphase, are not randomly distributed
throughout the smear. Rather, groups of from 10
to 20 cells will be in the same mitotic stage.



102

After day 30, no more mitotic divisions are seen.
The chromosomes of the spermatogonia again be
come dispersed, with the exception of the large
limited chromosome, which remains heterochro-

matic and closely associated with the nuclear

membrane. At this time small granules appear in
the cytoplasm. During the next ten days, these
increase in both size and number. These granules
persist through the subsequent meiotic divisions
and appear to fuse during the elongation of the
sperm.

Meiosis.I and II occur during two days early in
the cocoon formation stage. It appears that meio-
sis in the male generally occurs at the same time
that the DNA puffs arise in chromosome B in the
male. Elongation of the sperm is almost complete
at the time the prepupal molt occurs.

The various stages of development in the testes
correlate well with differences in incorporation of
thymidine-3H. Thus, from day 20 to day 30, in
tense incorporation is seen in localized areas that
correspond to areas in which the nuclei are in

interphase. If the larvae are held for 8 hr after
injection of the isotope, label may be seen over
metaphase chromosomes. In the latter case, in
some areas only the limited chromosome is

labeled, while in other areas all the metaphase
chromosomes except the limited show incorpora
tion.

After day 30, while the cytoplasmic granules
are forming, no incorporation of thymidine-3H
occurs in the spermatogonia, although the large
cells with polytene chromosomes continue to
synthesize DNA. This general picture remains

constant up to the time that the adults eclose.

1.28 VARYING EFFECTS OF X RADIATION

DURING THE LIFE CYCLE OF

RHYNCHOSCIARA ANGELAE

Ellen Mattingly

Mutants of the sciarid fly Rhynchosciara would
be useful in studies of the unusual genetic system
of this fly. Preliminary attempts to induce mutants
by x radiation show that Rhynchosciara is in
general very resistant to x radiation and that
sensitivity varies widely with the stage of the
life cycle during which the radiation is given.

Since all the progeny of a single female develop
synchronously and are of the same sex, it was
possible to select groups of either sex at any

stage of development; each group has at least
100 larvae. For these preliminary experiments
six stages during the life cycle were chosen:
(1) 25 days after hatching (very early in the

fourth instar), (2) day 1 of cocoon formation,
(3) meiosis I and II in spermatogenesis and cor
responding ages in females, (4) one day prior to

the prepupal molt, (5) after the prepupal molt,
and (6) adults. Doses of x radiation ranging from
500 through 100,000 r were given, and the cultures
were subsequently checked for eclosion and sub
sequent fertility of the adults. Because the life
cycle in this fly is approximately 70 days, com
plete data on fertility and possible appearance of

effects in the F and subsequent generations are
not complete.

All groups of larvae exposed to either 500 or

1000 r showed normal eclosion rates. Male larvae

irradiated in late fourth instar when the cocoon

was forming (a stage at which the spermatogonia
are in meiotic prophase) showed many chromosomal
fragments in the spermatogonia when they sub
sequently entered meiotic metaphase.

Some higher doses have also been given at
various stages. When larvae of either sex are ex

posed to doses of 10,000 r or more on the day
prior to the prepupal molt, no adult flies are ob
tained. Male pupae and adults, however, have
been exposed to doses of 25,000, 50,000, and
100,000 r. The adults survived, and the pupae

showed normal eclosion rates. All were subse

quently mated with unirradiated females, and the
resulting eggs were checked for hatchability.
Both of the groups receiving 100,000 r and the

adult males receiving 50,000 r were steiile. The
male pupae, however, that received 50,000 r were
fertile, the resulting eggs showed normal hatcha
bility, and the progeny larvae went through all
the larval molts exactly on schedule and appear
to be progressing normally through pupation.
Salivary glands from about 50 of these F larvae

have been checked for the presence of chromosome
aberration; none have been seen.

1.29 VARIATIONS IN NUCLEOLAR ACTIVITY

AND RNA SYNTHESIS DURING DEVELOP

MENT IN RHYNCHOSCIARA

Ellen Mattingly Ronald Eckhardt

The nucleolus of Rhynchosciara appears in
various morphological forms. Reference is made



in the literature to a dispersed state (Pavan,
1966). In the present experiments, we have also
found other forms. In addition to the dispersed
state, we have found stages of differing degrees
of nucleolar accumulation.

We have followed sequential changes in the
chromosomes and the "X-associated" nucleolus.

Morphological characteristics of the nucleolus

were obtained from paraffin sections and squash
preparations. RNA synthesis was followed with
tritiated uridine and autoradiography.

Although much time has been spent studying
the early period of days 1 to 18, the small size of
the cells and especially the small size of the
nuclei make a description of the cycle of changes
difficult. It has been noted, however, that there

are morphological changes such as periodic con
densation and enlargement of the nucleolus and
blebbing at the molts, which are indicative of
changes in nucleolar activity. Also it seems that
the development of the nucleolus varies from
tissue to tissue; in the youngest larvae, the
nucleolus appears to function sooner in intestinal

cells than in other tissues.

Autoradiographic analysis of RNA synthesis
shows a parallel situation. During the early
period of larval life, synthesis decreases before
each molt and then increases immediately after
the molt. The synthesis then gradually decreases

until after the next molt.

During the fourth instar, the cycle is basically
the same as the previous instars. Here, however,
the cycle is drawn out and without abrupt changes
in synthetic rate. Immediately after the third
molt, activity increases for several days and then
gradually falls off. During most of this period
the nucleolus appears rather disperse.

During the terminal period of larval life (approxi
mately ten days before the prepupal molt), the
clearest picture of the nucleolus may be seen.
Initially during this period, a gradual accumula

tion of nucleolar material is seen, and it seems

to reach its peak, at least in the salivary glands,
at the time of preliminary net formation. This
accumulation can be seen for several more days
and then gradually falls off to the time the pre
pupal molt occurs and subsequent lysis of the
gland. During this period, the other tissues con
sistently seem to be rather inactive in terms of
RNA synthesis and nucleolar activity in compari
son with the salivary gland.
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The morphological picture of the nucleolus and
the autoradiographic analyses seem to correspond.
We are now beginning to study the various morpho
logical states with the electron microscope. We

hope to find a correlation between nucleolar ac
tivity and changes of ribosomal activity in the
cytoplasm.

1.30 HETEROZYGOUS PUFFS AND BANDS IN

SCIARA OCELLARIS COMSTOCK (1882)

A. L. P. Perondini Crodowaldo Pavan

In the larvae of Sciara ocellaris, the polytene

chromosomes of the salivary gland have very
large puffs, many of which produce metabolic DNA

during development. Morphological differences
between homologous bands or groups of bands can
sometimes be observed in cytological prepara
tions; in S. ocellaris there are several heterozy
gous bands. In strains of this species collected
in the greenhouse of the Biology Division, we
have found in the chromosomes of the salivary
gland some of the heterozygous bands described
by Metz, several others that he did not describe,
and two minor inversions, as well as cases in

which homologous bands undergo their puffing

cycles asynchronously. In the last case, one

side puffs and condenses a short time before the
other in such a way that at the beginning and/or
end of the puffing process the puffed region ap
pears asymmetrical. We think that puff asynchrony
is good morphological evidence of different action
of some allelic genes in heterozygotes; the hetero
zygous bands are good examples of how chromo
somes may differentiate and may also be an indi
cation of how compound loci may be developed,

and this may be a type of chromosomal divergence
which plays an important role in dipteran evolu
tion.

1.31 MODEL NUCLEOPROTEINS

D. E. Olins

DNA of eucaryocyte nuclei is characteristically
associated with a complex mixture of basic pro
teins (i.e., histones and, less frequently, prota
mines). It is generally assumed that these basic
proteins function to: (1) modulate DNA packing

and conformation and (2) assist in mechanisms

for control of RNA synthesis and gene expression.



The purpose of the investigations within this
laboratory is to determine "where" and "how"
these basic proteins interact with DNA, as a
necessary prerequisite to an exact definition of
their function.

For this purpose we have concentrated on the
physical chemical properties of mixtures of DNA
with synthetic basic polypeptides, as models for
the native-DNA—basic-protein complexes. The
presence of basic polypeptides on native DNA
results in a marked stabilization of the helix

against thermal denaturation. Furthermore, there
is evidence suggesting that certain types of basic
side chains preferentially interact with regions on
DNA (e.g., poly-L-ornithine and poly-L-lysine ex

hibit preferential stabilization of AT-rich regions).
The length of the basic polypeptide is of great
importance in determining the character of the
DNA-polypeptide interaction. Increasing the
number of residues in a series of oligolysines con
verts the character of stabilization, as measured

by thermal denaturation experiments, from a
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"dynamic" type (i.e., similar to the effects of
Na+, Mg2+, spermines, and spermidines on DNA)
to a more "irreversible" type (i.e., a biphasic
DNA melting profile at cation/DNA phosphate
ratios less than 1.0). Of particular interest in
comparison with the studies of DNA—basic poly
peptide are the observations that certain histone
fractions and, particularly, the protamines, when
mixed with native DNA, reveal thermal denatura
tion profiles similar to those observed with oligo
peptides. It thus appears that the type of inter
action observed between basic polypeptides,
histones, or protamines and DNA, as viewed in
terms of stabilization against thermal denatura
tion, is a complex function of: (1) preferential
interactions between basic side chains and re

gions on DNA and (2) the clustering and spacing
of basic residues along the peptide chain.

Present studies are focused on determining
whether or not other mechanisms exist to control

specific interactions between basic proteins and
regions on DNA.
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2.1 DOSE-RATE EFFECTS ON THE SPECTRUM
OF RECESSIVE LETHAL MUTATIONS AT

SPECIFIC LOCI IN

NEUROSPORA CRASSA

F. J. de Serres H. V. Mailing
B. B. Webber

Previous studies1,2 have shown that the reces

sive lethal mutations induced by x rays at two

specific loci in the ad-3 region (ad-3A and ad-3B)
result from both point mutations and chromosome
deletions. The former class of mutation increases

in proportion to x-ray dose, whereas the latter

Chemical Mutagenesis (2.3)

H. V. Mailing3 D. S. Carroll3
J. S. Wassom*
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class increases as the square of the x-ray dose.
These same studies2 also showed that the single-
hit events that resulted in these two classes of
mutation were quantitatively different and that
since point mutations are not converted to chro
mosome deletions at very high radiation exposures,

they are most probably qualitatively different.
To explore this latter point more thoroughly a

dose-rate experiment has been performed to de
termine whether a reduction in dose rate from

1000 r/min to 10 r/min at room temperature would
provide an opportunity for repair that would affect
one type of lesion but not the other.3 It is well
known that the frequency of two-hit chromosome
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aberrations can be altered by changing the rate of
radiation exposure, but no comparable study exists
in a system where specific locus recessive lethal
mutations can be characterized so completely.

The effect of variation in dose rate on survival

and overall forward-mutation frequencies at the
ad-3 loci was discussed in a previous report. 3
The genetic tests to determine genotype and to
distinguish point mutations from chromosome
deletions have only recently been completed.

The dose-response curves for point mutations
(Fig. 2.1.1) show that there is no effect of a de
crease in dose rate from 1000 r/min to 10 r/min

on the frequency of this class of event. All

three sets of data give a good fit to a curve with

a slope of 1.0. It is also of interest that the
saturation in the dose-response curves with the
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Fig. 2,1.1. Frequency of Recessive Lethal Muta

tions Resulting from Point Mutation (ad-3 ) in the ad-3

Region in Heterokaryotic Conidia of a Dikaryon of

Neurospora crassa at 1000 and 10 r/min. 0= 1000

r/min plus 66 hr postirradiation storage, •= 1000 r/min

plus no postirradiation storage, A = 10 r/min; dashed

line = theoretical curve with a slope of 1.0.

40-kr exposure was found in both 1000-r/min
treatments but not with the 10-r/min treatment.

The dose-response curves for chromosome dele
tions (Fig. 2.1.2) show that there is no significant
difference between the two 1000-r/min treatments.

The initial part of each curve gives a good fit to
a curve with a slope of 2.0, as expected, but
since saturation was found with the 20- and 40-kr

exposures, we get an even more pronounced de
parture from expectation with this class of reces
sive lethal mutation than with point mutations.

Much lower forward-mutation frequencies were
found with the 10-r/min exposures than with the
1000-r/min exposures. The dose-effect curve for
the 10-r/min exposures is complex and appears to
be a composite of a one-hit and two-hit curve.
This experiment shows clearly that there is a
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pronounced dose-rate effect on those recessive
lethal mutations resulting from multilocus dele
tion with a reduction in the rate of exposure from
1000 r/min to 10 r/min. The forward-mutation rate

for the single-hit events that cooperate in pairs to
produce mutation by multilocus deletion drops
from 9.22 to 2.94 x 10" 7 mutant survivor"1 r_1.

From the present experiment we have concluded
that the x-ray-induced lesions that produce point
mutation at specific loci are qualitatively dif
ferent from the lesions that produce chromosome
breakage, because the former class does not
respond significantly to a change in dose rate,
whereas the latter class shows a marked decrease

in frequency when the dose rate is lowered.
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2.2 THE INFLUENCE OF ANOXIA ON

X-RAY-INDUCED RECESSIVE LETHAL

MUTATION IN NEUROSPORA CRASSA

F. J. de Serres

The effect of anoxia on the frequency and type
of x-ray-induced recessive lethal mutation at
specific loci was studied after a 2500-rad exposure
(250 kvp, 30 ma, 3 mm Al added filtration, 25°C)
on a conidial suspension of a genetically marked
two-component heterokaryon of Neurospora crassa.
The comparison was made between conidial sus
pensions bubbled with air or nitrogen prior to ir
radiation. Oxygen levels were monitored through
out the irradiation as well as the pre- and post
irradiation phases of the experiment with a Beckman
model 160 physiological gas analyzer fitted with a
microelectrode. The treated suspensions were
assayed for survival of the heterokaryotic fraction
and for the induction of recessive lethal mutations

at the ad-3A and ad-3B loci.

The percentage survivals of the heterokaryotic
conidia and the overall forward-mutation frequencies

among survivors were 100% and 16.0 x 10-6, re

spectively, in nitrogen and 94.3% and 38.3 x 10~6,
respectively, in air. These data show that anoxia
gives protection against both inactivation and
induction of forward mutations by x rays.

The specific locus mutants were characterized
by means of genetic tests to determine genotype,
to distinguish point mutations from multilocus de
letions, and to obtain a tentative identification of
the genetic alterations in the point mutations at
the ad-3B locus at the molecular level. These

tests have shown that the reduction due to anoxia

in frequency of one-hit events leading to point
mutations was not different from the reduction in

one-hit events leading to multilocus deletions.
This result is in contrast with the results from a

previous aerobic experiment1,2 with two different
x-ray exposure rates (1000 r/min and 10 r/min),
which showed that single-hit events leading to
multilocus deletions were repaired at 10 r/min,
while point mutations were not, implicating two
qualitatively different events. With anoxia, the
reductions in frequencies of the different types of
multilocus deletions were correlated with their

size, that is, (ad-3A ad-3B)IR > ad-3BlR > ad-3AIR.
Furthermore, with anoxia no difference was found
in the frequency of ad-3B point mutations with
polarized complementation patterns, but a 60%
reduction was found in the frequency of noncom-

plementing mutants and of mutants with non
polarized patterns.

These data show that the two major classes of
recessive lethal mutations, that is, point mutations
and multilocus deletions, are reduced in overall

frequency to the same extent by irradiating under
anoxic conditions but that with anoxia the mutant

spectra within each of these two classes are dif
ferent from those in air. It is possible that the

effect of anoxia on the spectrum of chromosome
deletions is an effect on recovery, whereas the
effect on point mutations is a more direct effect.
It seems likely that chromosome movement during
a longer period of recovery under anoxia would
lead to a more extensive loss of those multilocus

(chromosome) deletions due to pairs of chromosome
breaks located some distance apart than of those
located in close proximity to each other. The ef
fect on the spectrum of complementation patterns
in point mutants most probably results from a shift
in the type of damage to DNA as a consequence of
of irradiation under anoxia, which, in turn, results

in a different spectrum of genetic alterations at
the ad-3A and ad-3B loci.
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2.3 IDENTIFICATION OF THE GENETIC

ALTERATION IN SPONTANEOUS MUTANTS

AT THE ad-3A AND ad-3B LOCI OF

NEUROSPORA CRASSA

H. V. Mailing F. J. de Serres

Spontaneous mutations are the raw material of
evolution. To obtain some understanding of the

mechanism of gene evolution it is important to
identify the genetic alterations that can take place
spontaneously at the molecular level. We have
attempted to identify the genetic alteration in
spontaneous ad-3 mutants by testing their re-

vertibility after treatment with specific mutagens
such as nitrous acid (NA), W-methyl-W-nitro-/V-
nitrosoguanidine (MNNG), ethyl methanesulfonate
(EMS), O-methylhydroxylamine (OMHA), and a
monofunctional acridine mustard derivative (ICR-

170). The mutagenic specificity of the compounds
has been discussed in previous papers.l'2

The spontaneous forward mutation frequency in
the ad-3 loci is low (^0.3 x 10-6 per survivor);
therefore only a total of 31 mutants have been ac
cumulated during the last years in the Neurospora
wild-type strain OR74A. Four mutants were ex
cluded from the analysis because they were too
leaky on minimal medium or because of their
high spontaneous mutability. The genetic altera
tion in the remaining 27 mutants was determined
by following the rules given below.

1. Base-pair transition mutants with GC at the
mutant site are characterized by reverting with
OMHA. These mutants may or may not revert

after treatment with any of the other mutagens.
Base-pair transition mutants with AT at the
mutant site are characterized by reverting with
either NA or MNNG but not after treatment with

OMHA.

Base-pair insertion or deletion mutants are
characterized by reverting after treatment with
ICR-170, and they do not revert after treatment

2.

with NA, MNNG, and OMHA. Some of these

mutants may revert after treatment with EMS.

4. Unidentified genetic alterations: Mutants
exist which only revert spontaneously but not
after treatment with NA, MNNG, EMS, OMHA,
and ICR-170. The possible types of genetic
alterations in such mutants have been dis

cussed in detail in previous papers,1 and we
concluded that some of the mutants may arise
from transversions.

By applying the above set of rules to the results
of the revertibility test we determined the genetic
alteration of the spontaneous mutants (the results
are summarized in Table 2.3.1). There was no dif

ference between the spectrum of the genetic al
terations in the ad-3A and the ad-3B locus. In

total (Table 2.3.1), 70% of the mutants had a base-
pair transition at the mutant site, of which 33% of

the total had GC at the mutant site and 37% of

the total AT at the mutant site; 15% arose from

base-pair insertions or deletions; 11% reverted
only spontaneously; and 4% did not revert at all.

Very little is known about the mechanism of
spontaneous mutation. The distribution of
spontaneous mutations in the rll locus of bacterio
phage T4 shows that there are certain spots in the
gene which mutate extremely more frequently than

Table 2.3.1. Spectrum of Genetic Alterations Within

Spontaneous Mutations in the ad-3 Loci in
Neurospora crassa

Type of No. of Mutants Frequency

Mutant
ad-3A ad-3B Total (%>

Identified

GC 4 5 9 33

AT 3 7 10 37

+/- 0 4 4 15

Nonidentified

SP 1 2 3 11

NON 0 1 1 4

Abbreviations: GC = guanine-cytosine; AT = adenine-

thymine; +/— = base-pair insertion or

deletion; SP = mutants which reverted

spontaneously but not after treatment

with NA, MNNG, EMS, OMHA, and ICR-

170; NON = nonreverting mutants.
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others ("hot spots"). The occurrence of a
spontaneous mutation may depend not only on the
base pair involved but also on the electrostatic
environment, the neighboring base pairs, etc., and
this may explain the appearance of "hot spots."
The spectrum of genetic alterations in the spon
taneous mutations in the rll locus in phage varies
with the conditions under which they are isolated.
In bacteriophage T4 about 50% of the mutants
were base-pair transitions in the experiments of
Drake and McGuire,3 whereas there were only 14%
base-pair transitions in the experiments of Freese.

There is no reason to expect the same type of
mechanisms to account for spontaneous mutation

if they arise mainly during DNA replication in
different organisms. But it is important to extend
the study of spontaneous mutation from procaryotes
to eukaryotic systems, such as Neurospora, where
the chromosome organization is similar, if not

identical with higher diploid forms, where such
analyses are more difficult technically. In this
connection, a similar study is in progress with
those spontaneous ad-3 mutations recovered in a
two-component heterokaryon, where recessive
lethal mutations resulting from multilocus (chromo
some) deletions can be studied as well as point

mutations.
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3.1 DISTRIBUTIVE PAIRING OF COMPOUND

AUTOSOMAL CHROMOSOMES IN FEMALES

OF DROSOPHILA MELANOGASTER

E. H. Grell

In recent years a useful series of chromosomes
has been constructed in the laboratory of E. B.
Lewis.1 They are essentially "isochromosomes"
for the arms of the autosomes. Normally the left
and right arms of a chromosome are attached to
opposite sides of the centromere. In these new

chromosomes, a left or a right arm is attached to
both sides of the centromere. Analogous compound
chromosomes have been known for some time.
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The meiotic behavior of these chromosomes has

been noted to some extent;1-3 however, it has not
been acknowledged that the behavior of these

chromosomes is to be expected on the basis of the

"distributive pairing model of meiosis"4 nor even
that some of the observed behavior is a manifesta

tion of "nonhomologous pairing."5,6 Certain
quantitative aspects are expected on the size-
related specificity of distributive pairing. '8
The corollary rules for the behavior of compound
chromosomes based mainly on observations of
compound X chromosomes have also been pub
lished9 and also apply to all of the compound
autosomes.
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It has been observed that in oocytes carrying a
compound 2L [C(2L)1 and a compound 2R [C(2R)],
the compound chromosomes do not assort at random,
but eggs are observed to carry either a C(2L) or a
C(2R) but rarely both or neither (0.9%). This is
expected, because both compound chromosomes
are in the distributive pool where nonhomologous
and homologous chromosomes can pair and be
oriented to opposite poles of the first meiotic divi
sion spindle. They are in this pool along with the
tiny fourth chromosomes, but they are large and
similar in size, so that they pair and segregate

independently of the fourth chromosomes. If a
heterozygous inversion is present in the third
chromosomes, the eggs that contain both or neither
compound are increased (2 to 5% depending on the
inversion). The reason is that the heterozygous
inversion limits crossing-over, and the no-exchange
third chromosomes are then in the distributive pool.

The third chromosomes in the pool are then able
to interfere with the pairing of the compounds and
make their segregation less regular.

More direct proof of distributive pairing of com
pounds is made by introducing a Y chromosome
into females carrying C(2L) and C(2R). The Y
chromosome does not undergo crossing-over and
therefore is always in the distributive pool. It
is close enough to the size of C(2L) and C(2R),
and so it can affect their segregation rather
markedly. In Y;C(2L);C(2R) females the eggs with
both or neither compound are up to 28%. That is,
the compounds are distributed nearly at random
with respect to one another. Furthermore, the
eggs that have neither compound always carry a
Y, and conversely eggs with both compounds never
carry a Y. The Y participates in the events that
determine the segregation of the compounds.

A further clear-cut demonstration of nonrandom

assortment was in females carrying a Y, a com

pound 2L, and two free 2R chromosomes. The
two free 2R chromosomes usually cross over and
are not in the distributive pool. The Y and C(2L)
are the only large chromosomes in the pool and
were expected to segregate rather regularly to
opposite poles of the meiotic spindle, which they
do in about 95% of the oocytes. The conclusion

is that much of the behavior of compound auto
somal arms is from the fact that they are always
members of the distributive pool, and hence their
segregation is dependent on the number and nature
of other members of the pool. If the rules for

distributive pairing are applied, the segregations
can be predicted with considerable accuracy.
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3.2 MUTANTS LACKING a-GLYCEROPHOSPHATE

DEHYDROGENASE ACTIVITY IN

D. MELANOGASTER

E. H. Grell

The a-glycerophosphate cycle in insect flight
muscle appears to be important in the rapid and
efficient production of energy in that tissue. The
NAD-requiring soluble a-glycerophosphate de
hydrogenase is one of the enzymes in that cycle.

Ethyl methanesulfonate-induced mutations of the
structural locus of a-glycerophosphate dehydrog
enase (a-GDH) were selected and studied. These
mutants have no detectable a-GDH activity. Homo-
zygotes have reduced viability and are short-lived.
Females have greatly reduced fertility and only
rarely lay a mature egg. Males are regularly fertile.
That they are at all viable was unexpected in view
of the importance of this enzyme.

3.3 RESPONSE OF ALCOHOL DEHYDROGENASE

LEVELS TO DOSES OF ITS STRUCTURAL GENE

IN DROSOPHILA MELANOGASTER

E. H. Grell

The genetic and cytological position of a locus
(Adh) which controls electrophoretic behavior of
alcohol dehydrogenase is well known.x Most likely
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the electrophoretic variants reflect amino acid dif
ferences, and hence the gene under study specifies
the primary structure of the enzyme. Chromosomes
with two rather than the normal one dose of the

Adh gene were constructed. A deficiency which
eliminates the Adh gene was also used in this
study. In the range of from one to four doses of
the Adh gene, the amount of enzyme per fly is ap
proximately proportional to the gene dosage. Thus
it appears that control of the enzyme level is de
pendent on gene dosage.
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3.4 THE GENETIC VARIATIONS OF

DROSOPHILA MELANOGASTER

D. L. Lindsley

I. Lucile Norton

E. H. Grell

Elizabeth S. Von Halle

Wehave been working since January 1963 on a
revision of "The Mutants of Drosophila melano
gaster," published by C. B. Bridges and K. S.
Brehme in 1944 and out of print for over five years.
In October of 1967 the finished manuscript was at

long last submitted to the Carnegie Institution of
Washington for publication, and we have been as
sured that it will appear during the latter half of
March 1968. The book contains descriptions of
between 4500 and 5000 different genetic variants
and is nearly complete through December of 1966.
It is divided into seven sections: (1) mutants,

with more than 3000 entries; (2) chromosome aber
rations, including (a) deficiencies, (b) duplica
tions, (c) inversions, (cO rings, (e) translocations,
and (f) transpositions, with around 1600 entries;
(3) special chromosomes, including (a) balancer
chromosomes, (b) compound chromosomes, (c) X-Y
combinations, and (d) marked Y chromosomes; (4)
departures from diploidy; (5) cytological markers;
(6) wild-type stocks; and (7) nonchromosomally
inherited effects. The last five sections contain

relatively few entries. In addition to this material,
which occupies 430 pages, there is a list of all
known or suspected loci listed in genetic order on
the linkage map with indications of all known
cytological positions; this list occupies an addi
tional 40 pages. Finally, Bridges' original salivary

maps and the revised maps of each chromosome arm
are to be included as foldouts at the back of the

book.

In the process of writing the book, each mutant
has been described with respect to 15 categories of
information and each chromosome aberration with

respect to 20. This information has been com
mitted to magnetic tape, and a program was written
by C. E. Price of the K-25 Computer Services Divi
sion that allows the listing of information sorted
with respect to one or a hierarchy of these categories
of information. This possibility was extremely
useful in assuring consistent usage throughout the
book; it has also proven invaluable in experimental
design. For example, one might like to know all
rearrangements with breakpoints in a certain region
or all mutants affecting electrophoretic mobility
of enzymes; this information is readily extractable
from the magnetic tape. It is certain that the book
will be of vital importance to the field, and we
anticipate that the tape will also be of continuing
importance.

3.5 STUDIES OF RECOGNITION AT

EXCHANGE PAIRING

Rhoda F. Grell

Pairing for exchange is generally interpreted ac
cording to the parasynaptic model, which assumes
that homologous contact, initiated during the
cytologically visible stages of meiosis, occurs
along the entire length of the chromosome; or, less
frequently, according to the "effective pairing
site" model, in which contact, established prior to
meiotic prophase, is limited to short discrete
regions. Tests of these models have been carried
out under competitive conditions provided through
the incorporation of duplications into the genome.
In such studies with Aspergillus, Pritchard1 found
that a duplication caused a large increase in
crossing-over in the region of triplication, a re
sult predictable from his "effective pairing"
hypothesis. By contrast, early studies with
Drosophila showed that duplications, although
rarely involved in exchange, caused a depression
in crossing-over in the triplicated region. The
degree of depression, according to Dobzhansky,
was correlated with the total length of the duplica

tion.

A revinvestigation of this problem has been
carried out in Drosophila, utilizing a series of X
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duplications of different total lengths and of well-
defined euchromatic and heterochromatic composi

tion. Information concerning the following points
was desired:

1. the maximal reduction potential of a duplication,
2. the relationship between total duplication

length and recognition,
3. the length of homology required by a duplica

tion for full recognition (defined as recognition
equivalent to that obtained for the same region
carried on a normal chromosome).

The free X duplications form a series whose
euchromatic content varies from 6 to 100% of the

region between the tip of X and the locus of white
(3C2). With respect to total length, they range
from 1.1 to 3.8 times the length of chromosome 4.
The two attributes are uncorrelated. The duplica
tions were introduced, individually, into females
of identical genotype whose X chromosomes were
properly marked for measuring crossing-over be
tween the tip and the locus of white, and the ef
fect of each duplication on the frequency of ex
change in this region was determined. A reduction
in crossing-over of two-thirds in the designated
region is considered to be equivalent to full
recognition and to be a consequence of random
pairing among the three elements, with exchange
possible only one-third of the time, namely when
the duplication remains unpaired.
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Those duplications which failed to achieve a
two-thirds reduction were subjected to an addi
tional test to discriminate between the two follow

ing possibilities: (1) that recognition is equivalent
for all duplications but that pairing in the region
adjacent to the triplicated portion (between the
termination of distal X homology and the locus of

white) is independent of pairing in the triplicated
region, in which case exchange in the adjacent
region could account for the diminished effect, or
(2) that such duplications carry insufficient
homology for full recognition. For this test the
size of the adjacent region was decreased by sub
stituting the marker prune for white, the former
lying ^60% of the distance from the tip to white.
If the first explanation is valid, a reduction in the
size of the adjacent region should reduce the
probability of pairing in this region and correspond
ingly enhance the effect of the duplications;
whereas, if the second explanation is correct, a
change in the marker should not alter recognition
qualities, and the percent of reduction achieved by
each duplication between the tip and prune should
remain the same as that between the tip and white.

The reductions in exchange between y and w ef
fected by the different duplications are given in
Fig. 3.5.1. The percent of reduction shows a good
correlation with the amount of homology present

in the duplication. The theoretical maximum of a

16332-1

—i 1 1—

20 40 60

LENGTH y-w REGION

l

80

IN DUPLICATION

100
—I—

120

Fig. 3.5.1. Correlation Between the Extent of Homology and the Reduction in Exchange Effected by Duplications.
Crossing-over measured between two normal X chromosomes in the region between y and w.
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two-thirds reduction, predicted from random pair
ing of the two normal X's and the duplication, is
reached with the two duplications which cover the
region wm5 and z9 (see Table 3.6.1, col. 3). A
length of homology, equivalent to that lying be
tween the tip and the locus of white, is, therefore,
sufficient and may be in excess of that required
for full recognition.

Contrary to the conclusion of Dobzhansky, rec
ognition is not correlated with total duplication
length. Heterochromatic regions, which comprise
the remainder of the duplications' lengths, ap
parently do not play a competitive role in exchange
pairing. Since crossing-over is extremely rare in
such regions it is tempting to speculate that
failure of exchange may be a reflection of failure
of exchange pairing.

The three duplications which failed to attain a
two-thirds reduction in exchange between the tip
and white gave essentially the same results when

the measurement was made between the tip and
prune, thus eliminating the possibility that ex
change in the region adjacent to the triplication is
responsible for the lesser effect and providing sup
port for the alternative explanation, that these
duplications carry insufficient homology for full
recognition. The interpretation placed on these
data is that, for the system employed, 44% of the
region between the tip and white does not constitute
the minimal length required for full recognition, and
that this length lies somewhere between 44 and
100% of the region.
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3.6 A COMPARISON OF CHROMOSOME BEHAVIOR
AT EXCHANGE PAIRING AND AT

DISTRIBUTIVE PAIRING

Rhoda F. Grell

Genetic investigations of meiosis in the female
of D. melanogaster have revealed that an early
exchange pairing is supplemented by a postexchange
distributive pairing, the latter conforming in many

respects to the cytological descriptions of late
pairings reported by Wilson and others in a variety

of organisms. Previous studies were concerned
with characterizing the recognition properties of
chromosomes at distributive pairing. Recently we
have attempted to learn more of the attributes of
exchange pairing. The present studies have

utilized a series of chromosomes, each of which

is active at both events and whose genetic be
havior at the two pairings may be readily analyzed
and compared.

Five X duplications were employed which varied
with respect to the amount of distal X euchromatin
present, the amount of proximal X heterochromatin
present (or proximal 4 heterochromatin in the case
of wmS), and the total length. Each duplication
was introduced separately into genotypically
identical females of the following two different
types: (1) triplo-4 females carrying a homozygous
translocation between chromosomes 3 and 4 and,

in addition, an extra, dominantly marked, free
fourth chromosome; and (2) diplo-4 females carry
ing the same homozygous translocation but lacking
the free 4.

The behavior of each duplication at exchange
pairing was reflected in its ability to reduce ex
change between the two normal X chromosomes in
the region between the tip, marked with yellow,
and the locus of white (^1.5 crossover units), in
which region the different duplications possess
varying degrees of homology. A reduction of 2/
indicates random pairing between the two normal
X chromosomes and the duplication and is assumed
to require close to 100% participation of the dupli
cation in exchange pairing. The behavior of each
duplication at distributive pairing was measured
by the frequency that it segregated from the free
fourth chromosome in the triplo-4 females. The
extent that distributive pairing might interfere with
exchange pairing was assessed in two different
ways: (1) by determining the frequencies that the
same duplication may be involved in each of the
two pairing processes and (2) by comparing the
reduction in exchange effected by an X duplica
tion when it is engaged (triplo-4 females) and when
it is not engaged (diplo-4 females) in distributive
pairing with chromosome 4.

In Table 3.6.1, the results obtained for exchange
pairing are presented at the left and those for

distributive pairing at the right. The extent that
each duplication depresses crossing-over between
the normal X chromosomes in the region from y to
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Table 3.6.1. Behavior of Free X Duplications at Exchange Pairing and at Distributive Pairing, the Former
Measured in Females y2/yw/Dp; T(3;4)86D/T(3;4)86D With and Without a Free Fourth Chromosome,

the Latter in the Triplo-4 Females Only

Exchange Pairing Distributive Pairing

Dp.

Total Length

(chromosome

4 = 1)

y — w

Region

(%)

Amount of Crossing-over

y — w Region
Dp.

Total Length

(chromosome

4 = 1)

Duplication-4

Nondisjunction

(%)

Duplication-4

Association

(%)
Diplo-4 Triplo-4

None 1.57 ±0.12

1144 1.1 6 1.41 ±0.26 1.41 ±0.25 1144 1.1 0.13(0.02, 0.10)fl 99.7

856 3.0 21 1.27 ±0.18 1.14 +0.18 1337 1.4 0.38(0.38)a 99.2

1337 1.4 44 0.90 ±0.13 0.80 ±0.14 wm5" 1.9 0.45 99.1

w""5 1.9 100 0.54 ±0.14 856 3.0 1.70(1.90)a 96.6

9
z 3.8 123 0.52 ±0.13 0.51 ±0.14

9
z 3 3.8 3.03 93.9

Values obtained in previous experiments.
2 ,2 ,...niS."Measured in females yVy2/wm ; T(3;4)86D/T(3;4)86D/ciu.

w in diplo-4 and in triplo-4 females (columns 4 and
5 respectively) is seen to be positively correlated
with the amount of homology that each duplication
bears for the tip of X (column 3) and is further
seen to be unrelated to the total length of the
duplication (column 2). The frequencies of non
homologous association between each duplication
and the free fourth chromosome [as calculated from
nondisjunction values (column 8) by means of the
expression: association = 1 —2 x nondisjunction]
are given in column 9 and are seen to be positively
correlated with total duplication length (column 7).
The inefficacy of homology in the latter process
is demonstrated by the behavior of wmS, which as
sumes a position in the series (column 9) that is
consistent with its total length, despite its shared
homology with the base of chromosome 4.

Recognition at the two pairings is, therefore,
dependent on different attributes of the same dupli
cation. For exchange pairing, homology is re
quired, the degree of recognition is correlated with
the extent of homology, and total size is irrelevant.
For distributive pairing, recognition is correlated
with total size, and homology is not a factor. Is
distributive pairing competitive with exchange
pairing? Estimates of the frequencies that a
single duplication may be involved in homologous
exchange pairing (approaching 100% for wm and
z9) and nonhomologous distributive pairing (94 to

99%), particularly in view of the distinct recogni
tion properties of each, provide strong evidence
for the discreteness of the two processes. This
conclusion finds further support in the observation
that the participation of a duplication in distribu
tive pairing fails to alter its effect on exchange.
Thus the depression in exchange induced by each
duplication in triplo-4 flies (column 5) is at least
as great in every instance as that induced by the
same duplication in diplo-4 flies (column 4), not
withstanding the fact that the duplications are
highly involved in distributive pairing in the former
case but not in the latter. The two independent
lines of evidence cited above provide additional,

compelling evidence for the temporal separation
of the two pairing processes.

3.7 DNA REPLICATION AND EXCHANGE

IN THE DROSOPHILA OOCYTE

Rhoda F. Grell J. W. Day

Temperature treatment and labeling studies
indicate an approximate coincidence between the
temperature-sensitive period for crossing-over
and that of DNA replication in the oocyte of
D. melanogaster.J For a more precise temporal
resolution of the two periods, investigations have
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been carried out utilizing immature females from
which it is possible to subsequently recover a
well-synchronized population of eggs representing
predominantly the first oocytes to undergo matura
tion. Correlated cytological and genetic studies

have shown that the initiation of the heat-sensi

tive period corresponds well to the initial ap
pearance of the oocyte in the pupa (~ 126 hr after
egg laying) and that the maximal heat-induced in
crease in exchange corresponds to the attainment
of a steady-state population of oocytes (~ 144 hr).2
Studies are now in progress with a view to answer
ing the following questions:

1. Do different chromosomal regions respond
synchronously to heat treatment? If not, does
a pattern emerge?

2. How soon after oocyte formation does DNA
replication begin?

To investigate the possibility of an asynchronous
response, four suitably marked contiguous regions
on chromosome 2 have been studied (Fig. 3.7.1).
Groups of developing females, differing in age by
6 hr and representing ages between 120 and 168

10-'T-

hr, were subjected to a heat treatment of 35°C ±
0.5 for 12 hr. The frequencies of exchange within
each of the four regions at each of the 6-hr inter
vals were measured.

To ascertain the time of DNA synthesis in the
pupal oocyte, ovaries taken from pupae between
132 and 168 hr old were incubated in 3H-thymidine,
and autoradiographs were prepared and examined
for the presence of label in the most posterior cysts
of the ovarioles within which the oldest oocytes
lie.

Quantitatively different responses were observed
for the four regions, which correspond to the
proximity of the region to the centromere (Fig.
3.7.1), so that region 4, the most distal, shows the
least response and region 2, the most proximal,
the greatest response. Initiations of the responses
were found to be approximately synchronous, but
the terminations varied, with region 4 responding
only up to 150 hr, region 3 until 162 hr, and regions
1 and 2 until 168 hr. Region 2 reached its maximal
response at a time (156 hr) when region 4 had been
at a control level for at least 6 hr. It should be

114 120 126 132 138 144

TIME (hr)

150
—i 1 1

156 162 168

Fig. 3.7.1. The Responses of Four Regions on Chromosome 2 to 12-hr Temperature Treatments Initiated at 6-hr
Intervals from 120 to 168 hr.
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of interest to determine whether corresponding
regions of other chromosomes display a similar
pattern.

Autoradiographs of the pupal ovaries showed
label to be present in the most posterior 16-cell
cysts of the ovarioles between 138 and 156 hr.
The period of DNA synthesis, therefore, shows a
good correspondence to the period of maximal
temperature response (138 to 156 hr). These re
sults confirm and extend our earlier observations

with adult females. They indicate that the tem
perature-sensitive period is at least partially co
extensive with the period of DNA synthesis in the
oocyte.
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3.8 NONHOMOLOGOUS PAIRING IN THE

OOGONIA OF D. MELANOGASTER

Rhoda F. Grell J. W. Day

Earlier cytological studies demonstrated that
nonhomologous chromosomes undergo a size-
dependent pairing in the oogonial cells of D.
melanogaster during the division stages. To com
pare the intimacy of such pairing with that which
normally occurs between homologs in the same
cells, photographic enlargements of a large sample
of such cells were studied. Using a binocular
fitted with an 8x ocular micrometer, the distances

between the members of each homologous pair and
the distance between the two nonhomologs were
measured. The distance between nonhomologs
divided by the average distance between homologs
for a particular cell yielded a quotient with a value
of 1 if the distances were alike, less than 1 if

the nonhomologs were more closely paired, and
greater than 1 if the homologs were more closely
paired.

For nonhomologs previously classified as paired,
the average quotients for the five different geno
types that were studied were 0.9, 1.0, 1.0, 1.1, and
1.2. For nonhomologs previously classified as

unpaired, the average quotients for the same five
genotypes were 2.7, 2.8, 2.9, 3.2, and 3.5. Judg
ing by the criterion of distance, the intimacy of
nonhomologous pairing, when it occurs, is ap

proximately as great as the intimacy of homologous
pairing in the same cell.

3.9 DEMONSTRATION OF FEMALE

FERTILITY OF HOMOZYGOUS MALE-STERILE

X-AUTOSOME TRANSLOCATIONS

D. L. Lindsley Mary S. Uziel

It is known that a large fraction of translocations
between the X and either the second or the third

chromosome in Drosophila melanogaster are male
sterile. They do not affect the fertility of heter
ozygous females, however. Until now it has not
been possible to produce translocation homozygotes
because of the necessity for both the father and
the mother to contribute the male-sterile transloca

tion to such a homozygous offspring. The finding
that the meiotic mutant mei-S332a produces a high
frequency of nondisjunction in the second meiotic
division presented us with the capacity of produc
ing ootids that were simultaneously disomic for
both elements of a male sterile T(X;A). Fertiliza

tion of such a doubly disomic egg with a F-bearing
sperm nullosomic for the autosome involved in the
translocation should result in the production of a
viable female homozygous for the T(X;A); such
sperm are produced regularly by males carrying
appropriate compound autosomal arms. Since mei-
S332a is on the second chromosome, two male-

sterile T(l;3)'s were chosen, T(1;3)SP37 =
T(1;3)8F;64E and T(1;3)SP53 = T(l;3)12;92, and
made homozygous for mei-S332a. T(l;3), y w/FM6;
mei-S332a females were then crossed to C(3L)RM,
se h2 rs2; C(3R)RM, sbd gl es males. Several y w
females, which were presumably T(l;3), y w/T(l;3),
y w; mei-S332a/± were recovered; these were out-
crossed and produced y w sons, all of which were
sterile. This recovery of sons confirms that the
y w females recovered were fertile, and the produc
tion of all y w sterile sons shows that the females
were homozygous for the translocation. This
exercise demonstrates how meiotic mutants can

serve as useful tools in problems unrelated to the
study of the meiotic mutants themselves.
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3.10 AUTOSOMAL NONDISJUNCTION

IN MEIOTIC MUTANTS

OF DROSOPHILA MELANOGASTER

D. L. Lindsley Mary S. Uziel

Three mutations that increase the incidence of

nondisjunction of the X and the fourth chromosomes
were extracted from samples of natural populations
of Drosophila melanogaster collected near Rome,
Italy. We examined the effects of these mutants on
nondisjunction of the large autosomes, chromosomes
2 and 3. This was done by crossing y/y; mei-/mei-
females with males carrying an X chromosome
marked with y and compound autosomal arms

[either C(2L)RM; C(2R)RM or C(3L)RM; C(3R)RM].
The two compound chromosomes remain univalent
in the primary spermatocyte; consequently, sperm
are formed with neither, one, the other, or both

compound chromosomes in roughly equal fre
quencies, as shown in Fig. 3.10.1. It can also be
seen in Fig. 3.10.1 that the only surviving progeny
from a cross of compound-autosome-bearing males
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Fig. 3.10.1. Gametic and Zygotic Genotypes Pro

duced in Cross of C(2L)RM; C(2R)RM or C(3L)RM;

C(3R)RM Males with Normal Females.

and females carrying normal autosomes are derived
from meiocytes in both parents in which the two
autosomal elements proceed to the same pole at
MI or MIL Since only exceptional products of
oogenesis are recoverable from this cross it is
possible to determine that autosomal nondisjunc
tion is occurring, but it is not possible accurately
to estimate its frequency. It is further possible
to examine the incidence of X-chromosome excep
tions in a sample of autosomal exceptions obtained
from this cross for comparison with that observed
in crosses using normal autosomes where autosomal
disjunction is regular. It is also possible to ex
amine the incidence of X-chromosome exceptions

among fourth-chromosome exceptions in crosses to
males carrying C(4)RM. The results are presented
in Table 3.10.1. It can be seen that a rather large
number of autosomal exceptions was recovered from
each mutant type; comparable numbers of control
matings would have yielded fewer than ten auto
somal exceptions.

Among autosomal exceptions produced by mei-
S51 there were 47% (133/284) A-chromosome ex
ceptions compared with 1%(12/1058) from oocytes in
which autosomal disjunction was regular. Thus,
disjunctional behavior of the X's and the autosomes
within a cell is strongly correlated. Furthermore,
among simultaneous X and autosomal exceptions
the two X chromosomes separate from the two auto
somes 90% (119/133) of the time. These observa
tions suggest that in a small fraction of the

oocytes of mei-S51 females, pairs of chromosomes
pair nonhomologously and separate from each other
at the first meiotic division. This is correlated

with a reduction of recombination in the X chromo

some and presumably in the autosomes to about
half the normal value. Such negative correlations
between exchange frequency and nonhomologous
pairing have been shown for a large number of
different genetic situations by R. F. Grell [see
J. Cell Physiol. 70 Suppl. 1, 119 (1967)].

The autosomal exceptions recovered from mei-
S282 females also show a highly correlated
recovery of X-chromosome exceptions, that is,

approximately 30% (14/49), compared with less
than 1% (10/1529) among regular autosomal
segregants. Among the double exceptions, the

two X's went to the same pole as the two auto
somes (six times) and to the opposite pole from
the two autosomes (eight times) with equal fre
quency. The results agree with expectations

based on random recovery of X chromosomes among



119

Table 3.10.1. X-Chromosome Genotype of Autosomal Exceptions Produced by Meiotic Mutants

Genotypie of •

Primary Oocyte with Re:spect to -

Mother X Chromosome

Autosomes

22 0 33 0 44 0 2aa So

mei-S51 X 49 41 28 25 6 2 83 68

XX 4 24 3 12 1 1 8 37

0 38 2 37 4 7 0 82 6

mei-S282 X 1 3 12 14 2 3 15 20

XX 0 0 4 1 1 0 5 1

0 0 0 5 0 2 1 7 1

mei-S332a X 2 4 43 18 17 28 62 50

XX 0 0 2 1 2 3 4 4

0 1 3 2 17 2 10 5 30

autosomal exceptions and suggest that in a small
fraction of cells there is complete failure of syn

apsis, followed by random segregation.
For mei-S332a females the frequency of X-

chromosome exceptions among autosomal excep
tions (43/155 = 28%) is approximately the same
as among regular autosomal segregants (23/105 =
22%). Thus in mei-S332a, which is known to

interfere with the second meiotic division, the

X chromosomes and the autosomes appear to

behave independently. Among simultaneous X-
chromosome and autosomal exceptions, however,
there is a great excess of gametes that receive
neither an X nor an autosome, suggesting some

type of interaction that is not readily explainable.

3.11 DNA MEASUREMENTS

ON HETEROCHROMATIN

J. R. Merriam Stella W. Perdue1
R. F. Kimball1

Heterochromatin accounts for about one-third of

the mitotic chromosomes but less than 5% of the

salivary chromosomes. Therefore it is interesting
to know if DNA presents a similar mitotic picture

or if, as Cooper has suggested, the mitotic picture
is an artifact of acetocarmine staining. Rudkin,2
using uv microphotometry on neural ganglion
metaphase chromosomes spread with isocitrate

solution, has determined that approximately 25%
of the X chromosome DNA is deleted in the

In(l)sc4Lsc8R chromosome, which removes most
of the X heterochromatin. The present report
describes measurements with the scanning micro-

spectrophotometer in Feulgen-stained testis
squashes from males with an attached XY chromo

some but no free Y. The conclusion is the same

as that of Rudkin, that heterochromatin contains

as much DNA per unit metaphase length as
euchromatin does.

Table 3.11.1 summarizes all of the total nucleus

measurements made on testis and neural ganglion
material. There is very good agreement between
the heavily condensed mitotic metaphase chromo
some sets and the less heavily condensed meiotic
prophase sets. However, measurements on indi
vidual sperm heads are not so fortunate, as the

variation is immense but without evidence of the

bimodal distribution expected, although the range

falls about values expected for the haploid genome.
Table 3.11.2 lists the individual measurements of

those cells in which the two-strand attached XY

chromosome could be cleanly distinguished from
the four-strand autosomes. There is again good
agreement within and between tissues, and the
overall average of 5.2 units for the XY chromosome
is a reasonable value to compare against the
replicated genome average of 23 to 24 units. Thus,
each single strand of the attached XY, with only
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Table 3.11.1. The Results of Measurements with the Scanning Microdensitometer in Integrated
Absorbance Units on Feulgen-Stained Nuclei from Testis and Brain Squashes

of YSX.YL, In(l)EN, y B/O Males

All measurements are from a single slide on which two cysts of meiotic prophase I cells

in a testis squash were identified cytologically and on which a 3d larval instar brain

from a male of the same stock was included for comparison

Tissue Class
Number

Measured

Average Range

Testis Prophase I 21 22.9 16.8-26.5

Brain Metaphase 15 23.3 20.5-27.2

Brain
f 2c ?Diffuse | 4c ? 12

3

~12 \
~24 J 10.3-27.1

Brain Telophase (segregating nucl *i> 12 ~11 8.4-12.7

Sperm heads 47 M sdian = 5.5 3.3-9.6

Table 3.11.2. Measurements on Individual XY

Chromosomes in Testis and Brain Cells

Testis Brain

Cell No.

Prophases
Cell No.

Metaphases

XY Total Cell XY Total Cell

1 6.2 26.5 1 4.0 21.3

2 4.6 23.7 2 4.5 23.7

3 4.5 23.9 3 5.4 23.4

4 5.4 25.9

5 6.2 22.4

6 6.1 25.3

one euchromatic arm, contains as much Feulgen-
staining material as does each single-strand auto
some with two euchromatic arms (2.6 units vs

(23.5—5.2)/8 = 2.4 units). Therefore we can con
clude that the F-heterochromatic arm contains as

much DNA as the X-euchromatic arm does.

References

Cytology and Genetics section.
2G. T. Rudkin, Generics Today 2, 359 (1963).

3.12 CHROMOSOME PAIRING

AND FERTILIZATION IN MALE

DROSOPHILA MELANOGASTER

J. R. Merriam

It is well known that in XYY males more than

67% of the sperm recovered are Y- or (X + F)-
bearing, while both F's together or the X alone
are rarely recovered. This is usually interpreted
to mean that conjugation, during meiosis and sub
sequent disjunction, of the three elements is non-

random, which implies a specific mechanism of
chromosome pairing. Although it is not possible
to obtain pairing frequencies directly with marked
chromosomes, there being at least four equations
with only three observations, it should still be
possible to define some of the experimental param
eters which influence the implied mechanism. One
such parameter, for example, is whether the number
of arms or the number of centromeres determines

the pairing relationships. It can be seen in Table
3.12.1 that crosses with FMl/BsY/scvl • YS
males (scv 1 -YS is one-armed) yield results that
are not significantly different from the typical
results of control crosses with half brothers of

the constitution FM1/BSY/y*Y. Thus it would
seem that reducing the number of arms from 5 to
4 does not significantly alter conjugation. In the
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Table 3.12.1. Results of Crosses of XYY Males with Sex Chromosomes Marked

with y, B , and y to y cv v f Females

Male Pro geny Classes3

Constitution
y99 y+99 yBs9? y+C3"d* y BS dW y+Bs 0*0*

FMl/scV1 -YS/BSY 154 547 767 621 573 140

FMl/y+Y/BSY 62 219 246 213 195 31

Xcl/y+Y/BSY 524 552 627 608 649 311

y/Dp3/BSY 852 607 248 540 594 334

^ales are cv v f as well.

same experiment, in crosses of brothers bearing
the ring R(l)l (marked with y) the distribution of
chromosomes recovered among sperm changes to
one suggesting random 2 :1 disjunction. This has
later been repeated with certain rod chromosomes.

However, crosses with y/BsY/Dp(l;f)3 males
[Dp(l;f)3 = one-armed X heterochromatin] yield
results (Table 3.12.1 and repeated) so completely
different that the initial assumption that recoveries
of chromosomes among sperm reflect meiotic pat
terns is no longer justified. In the first place,
whether the selection is meiotic or post-meiotic,

it is clear that the one-armed Dp(l;f)3 is not
equivalent to the one-armed scvl • YS (although
they are of equal size), and therefore it is not
chromosome construction but content which is

important here, in contrast to the meiotic situation
in females, where construction (size, etc.) is im
portant. In the second place, complementary
gamete classes are not recovered in equal fre
quency, and the total recovery of each element
is not 50%, although on any meiotic segregation

model such results are clearly not expected. The
serious possibility exists that the apparent non-
random recovery of chromosomes is an artifact of
some post-meiotic sperm selection, and therefore
has nothing to do with meiosis. Regular sperm
selection by females has been demonstrated in
Drosophila (Olivieri). Thus future genetical
experimentation on male meiosis must first delve
into the physiology and phenomenology of sperm
transfer, storage, and fertility in order to establish
the necessary first principles. In turn, the genetic
results with marked chromosomes described here

should provide a convenient tool for investigating
the events leading to fertilization.

3.13 ON THE SEQUENCE OF ELEMENTS

IN COMPOUND-XF NO. 129-16

AND IN SOME OF ITS DERIVATIVE

MARKED F CHROMOSOMES

D. R. Parker

A number of detachments resulting from induced
exchange between an attached X and the y Y were
found to be attached-XF, and were considered to be
of the sequence XYS -YLy if the marker was
retained (Parker and McCrone, 1958). One stock,
No. 129-16, that has been used in making some

doubly marked F's has been found instead to be of
the sequence Xy *YL •Ys, with the break in the
y*Y distal to ac and y , but proximal to 1(1)J1 .
This stock differs from the other compound-XF
detachments that retain y in having some yellow
variegation in combination with yellow or yellow
in the attached-XF/O. Variegation in the presence
of yellow2 is most easily seen as pale spots in
the darker sclerites at the tip of the male abdomen.

One derived F (Y-66d, Ysy+YL •Fs) arose spon
taneously in a 129-16/0 male and was recovered as
a single C(1)RM, y v bb/Y-66d female. Males of
the constitution y sc/Y-66d are fertile and show a
more pronounced yellow variegation than y sc
129-16/0 males do. Variegation in this case and
in the case of the original 129-16 stock suggested
a different relationship of the yellow locus in
these stocks. Furthermore, were y in a terminal
rather than in an interstitial position, the derived
F, having two doses of the y duplication, should
show the pronounced Hw-like phenotype of extra
hairs in the second posterior cell of the wing,
branched posterior crossveins, etc., that is
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regularly found in iso-marked y Yy chromosomes
(Williamson).

A test of the position of the y marker was to
reconstitute an attached X from 129-16. Were the

marker terminal, it should almost surely be lost
in forming a new attached X; if interstitial, it
should be retained. One such attached X arose

spontaneously in the 129-16/0/C(1)RM, y v bb
stock; it retained the marker. The interstitial
position was further confirmed by finding that the
y duplication in 129-16 and in Y-66d did not cover
1(1)J1 either with or without an extra F.

Williamson has obtained a number of spontaneous
attached X detachments from a doubly marked F
derived from 129-16, where the detachments carried

either both of the markers (y and Bs) or neither,
showing this derivative to be Bsy Y rather than
yxBs as formerly believed.

The interstitial position of y in 129-16 sug
gested that Y-66d could carry two doses of the
Fs male-fertility complex (KS) as well as one of
the FL complex (KL), hence should be of the

structure KS y KL • KS. This was verified by
testing a series of radiation-induced detachments,
using ability to complement y •YL as a test for
the presence of a complete KS. Of eight detach
ments that carried y , and therefore should in any
simple exchange also carry one or the other of the
KS complexes, seven were found to give fertile
males in combination with FR-2. The eighth case

proved to be a complex one, having all of the
markers of 4R as well as y and kl-5 linked with
the X, requiring a total of four breaks to form the
detachment.

3.14 SOME DISJUNCTIONAL CONSEQUENCES

OF TRANSLOCATION INDUCTION

IN DROSOPHILA OOCYTES

D. R. Parker

One may ask why the rarity of recovery of
reciprocal translocations following irradiation of
the female? The possibilities have been eliminated
that it is due to a low breakability of the chromo
somes or to failure to rejoin. It may or may not be
due to some special geometry of the nucleus that
gives preference to interhomolog exchange. Obser
vations have been largely limited to the recovery
of "induced crossovers" or "pseudocrossovers"
or to "half translocations." Vast differences in

the expected recoverability (due to aneuploidy) of

various kinds of those products whose occurrence
one can postulate suggest that observations may be
strongly biased by the screening procedures.

The possibility suggested itself that there is
some direct relationship between interchange
induction and disjunction, such that elements of
the newly arisen translocation are directed to
opposite poles at anaphase I. A "pseudobivalent"
would be formed by the interchange and might
behave disjunctionally as do true bivalents tied
together by a chiasma.

Two types of experiments have been tried. One
involves chromosomes not normally expected to
form meiotic bivalents, where two centric elements
are held together by chiasmata (detachments of
attached-X/O by exchange with chromosome 4);
the other involves whole-arm translocations

between chromosomes 2 and 3, where homologs
usually would be expected to have undergone
crossing-over, hence to present a more complex
disjunctional problem.

The principle of the detachment experiments is
that the analysis of the detachment classes found
to be hyperploid for a part of chromosome 4 should
reveal the division at which the two halves of the

rearrangement separated. If disjunction is at divi
sion I, the maternally derived fourth chromosome
elements should be from homologs; if division II,
they should be sisters. A model of directed dis
junction requires division I disjunction. The
technique has been that of differential marking of
the two fourth chromosomes, followed by appropriate
testing of the recovered detachments to determine
the maternal contribution to the detachment-carrying
flies. Two different systems have been used; the
first employed ciD/Dp(l;4), y , the second spapo1/
Dp(l;4), y . The results are given in Table 3.14.1.
It can be seen that there is recovery of the homo-
log of the broken fourth in 20/22 cases (or 23/25
if one grants that the three detachments lacking
chromosome 4 markers do indeed have an unmarked

4L capping the detachment). One of the two excep
tions is seen to have a recombinant free fourth

chromosome, part sister, part homolog. Since we
find a fairly high frequency of three- and four-
break events, involving three or more elements,
one would expect exceptions of the kind where two
of the three elements proceed to one pole at Al,
the other to the opposite pole. Sometimes the
disjunction at All might lead to the recovery of an
unbroken element, hence no evidence for the occur
rence of multiple breakage. It can be said, how-



Experiment

No.

* "

Table 3.14.1. Analysis of Hyperploid Detachment Classes

Maternal Chromosomes Contributed

X-4L, y+/ciD X-4R, ci+spa+/spapo1 X-4R, ciD/y +-ci+ spa +
or X-4L ?/y -ci spa or or Exceptions

X-4L, y+/spapo' X-4R, ci+ spa+/ciD X-4R, spapo'/y+ -ci +spa +

1 3 (2)fl
2 5

2 5 (l)a 3 2 1° w

Total 8 (3) 5 7 2

aThe presumption is that most detachments not carrying a linked chromosome 4 marker are capped by the unmarked left arm of the fourth

chromosome marked with ci or with spap° in the right arm.

X-4R, ci spa ly -ci spa .

X'ci spa /ci spa .



124

ever, that following simple two-break exchanges
between attached X and 4, most if not all of the

time the two halves of the translocation proceed
to opposite poles at the first division.

Another experiment involved irradiating females
homozygous for four markers, one in each arm of

each major autosome. These females were crossed
to males heterozygous for a whole-arm T(2;3), with
the expectation that aneuploid segregation follow
ing the induction of a new T(2;3) might be balanced
by the aneuploidy of sperm resulting from one kind
of adjacent disjunction. This should be recogniz
able by homozygosis in the F of one of the

markers used.

Backcrossing such flies to the homozygous

recessive parental stock should now show them to
be heterozygous for two of the markers, homozygous
for the normal allele of the remaining one, and
should further show that the two heterozygous

markers behave as if in repulsion. This reveals

how the arms of 2 and 3 have been rejoined, 2L
with 3L, etc. A trial run was made with this

experimental design, brooding the treated females
over a period of several days. Three such "half
translocations" were recovered; because of the

small numbers and brooding techniques, estima
tion of rates would be meaningless, but crude
estimates suggest that the frequency of this kind
of interchange probably differs by much less than
an order of magnitude from the frequency of detach
ment of attached X by exchange with the F.

3.15 RECOVERY OF MULTIPLE-BREAK

REARRANGEMENTS FROM IRRADIATED

OOCYTES

J. H. Williamson D. R. Parker

Until recently it has been tacitly assumed that
only simple two-break rearrangements can be
recovered in oocytes of irradiated attached-.^
females. This report describes four cases of
rearrangements involving three or four breaks each.
In two cases, both a detachment and a F fragment
were recovered in sons of irradiated C(1)RM, y v
bb/BsYy+ females. Both detachments carried Bs
and none of the F fertility factors, while both F
fragments retained the y marker and were capped
by 4R. Fertility tests showed that one fragment
was a complete F and that the other was broken
between kl-2 and kl-3. Thus in one case a mini

mum of three breaks must hav*e occurred, while in

the other a minimum of four breaks was necessary

to produce both the detachment and the fragment.
The third case was a detachment recovered from

irradiated C(1)RM, y v bb/Ysy+YL •Ys females
that proved to contain kl-5, y , and ci ey spa .
Recovered along with this was the intact Ysy YL •
Ys chromosome. The fourth example came from
irradiated C(1)RM, y v bb/O females, where the
fourth chromosomes were differentially marked
(spapoI/Dp(l;4)y ). Recovered was a detachment
capped by 4R (spa ), along with a free maternally
derived recombinant fourth chromosome marked

with spa but not y . Thus, there were recovered
products of two separate two-break events.

3.16 INTERCHROMOSOMAL EFFECTS

ON DETACHMENT OF ATTACHED-X

CHROMOSOMES IN D. MELANOGASTER

J. H. Williamson

In Drosophila females, autosomal inversion

heterozygosity increases recombination in the X
chromosomes but does not affect the frequency of

spontaneous detachment of attached-^ chromo
somes. However, Lucchesil reported that the
frequency of x-ray-induced detachment of attached
X's was higher in females with one autosomal inver
sion than in females with no inversion and higher
yet in females with an inversion in each of the two
large autosomes. He argues that the induction of
detachments is influenced by homology between
the X and the F and that the increased frequency

of detachments in the presence of autosomal inver
sions is not different from increased recombination

in normal X's in the presence of autosomal inver
sions. If this is the case, then the increase in

frequency of X-Y detachments should occur at the
expense of X-4 detachments.

Lucchesi's experiment was repeated with slight
modifications which allowed recognition, recovery,

and analysis of all induced exchanges, as well as
the substitution of In(3LR)Ubx130 for In(3LR)CxD.
The data are presented in Table 3.16.1. In the
presence of SM5 and both SM5 and Ubx130 the fre
quency of X-Y detachments is significantly higher
than the control value. However, in the presence
of Ubx130 alone the frequency of X-Y detachments
is significantly lower than the control frequency,
as is the frequency of F fragments. In no case
did the frequency of X-4 detachments differ.
While both In(3LR)CxD and In(3LR)Ubx130 markedly



125

Table 3.16.1. Recovery of X-Ray-Induced Detachments and Y Chromosome Fragments

in the Progeny of Irradiated C(1)RM, y v bb/BsY y Females

Genotype Number of

Progeny

Detachments Y

Fragments

Number of

Exceptional

Progeny
of Females

X-Y X-4

+/+; +/+ 8217 179 48 172 357

% 2.18 0.58 2.08 4.34

+/SM5; +/+ 4642 134 27 80 200

% 2.89a 0.58 1.72 4.31

+/+; +/Ubx130 6024 96 29 98 264

% 1.59a 0.48 1.63a 4.38

+/SM5; +/Ubx130 1597 54 7 29 89

% 3.38fc 0.44 1.82 5.57a

P less than 0.05.

bP less than 0.01.

increase recombination in normal X chromosomes,

they obviously differ in their effects on induced
detachment of attached-X chromosomes. This dif

ference may be interpreted as supporting the
contention that detachment of attached X's is not

the same as classical crossing-over. At any rate,
other inversions should be tested and their effects

on detachment and crossing-over compared.

Refe

JJ. C. Lucchesi, Genetics 54, 1013-18 (1966).

3.17 IDENTIFICATION OF F FRAGMENTS

WITH TWO DOSES OF y+ OR Bs

J. H. Williamson

Parker1 has suggested that nonreciprocal ex
changes between the arms of the F chromosome
may account for a large proportion of Y fragments
induced in irradiated females. When the irradiated

F chromosome is the B Yy , nonreciprocal ex

changes between the two arms would produce
fragments with two doses of y or two doses of
Bs. Flies carrying two y F's have extra hairs in
the second posterior wing cell (Schultz, via
Lindsley). This suggested to Parker (personal
communication) that F fragments with two doses

of y may cause extra hairs in the wings of flies
carrying the fragment. Of 190 y fragments re
covered in males, 67 (35.3%) carried 4R and 81
(42.6%) caused extra hairs in the wings of flies
carrying the fragments. Not only did the wings
possess extra hairs but there were also extra
vein cells in the wings, especially associated
with the posterior cross vein. These abnormalities
are probably due to variegation of the Hw locus
in the sc8 duplication, two doses of which are
necessary for expression. In a sample of 56 Bs
fragments, 29 (51.8%) produced smaller eyes than
one dose of Bs did.

The real proof of isomarked F fragments is to
make detachments of attached X's using these
fragments and to analyze all of the detachments
for y+ or Bs and 4R. This has been done, and
over 90% of the detachments made with presumptive
isomarked fragments have been shown to be X-Y
or X-4R detachments, while less than 70% of the
detachments made with ?Yy or BSY? fragments
were so identified. Thus approximately 80% of the
y +fragments and 50% of the Bs fragments have been
identified, allowing inferences as to the types of
induced exchanges producing F fragments.

Reference

*D. R. Parker, Mutation Res. 2(6), 523-29
(1965).
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3.18 EMS-INDUCED STERILE F

CHROMOSOMES IN DROSOPHILIA

MELANOGASTER

J. H. Williamson

Young Drosophila melanogaster males carrying a
doubly marked F, BsYy+, were fed ethyl methane-
sulfonate and mated in mass to attached-XF,

1(1)J1 y w/ln(l)FM6, y31d sc8 dm B females.
Male progeny of the genotype attached-XF, 1(1)J1
y w/BsY*y were mated individually to C(1)TA,
v/0 females. (The y duplication on the F carries
the normal allele for 1(1)J1 and thus covers the
lethal in the X chromosome. The asterisk indicates

a treated F. C(i) 771 is a tandem acrocentric com

pound X chromosome in which crossing-over gener
ates single rod X's.) The progeny of such crosses
were C(l)TA/BsY*y* and XY/X females and
X/BsY*y males. The regular males died because
of the uncovered lethal. The progeny of each cross
was transferred to new vials. If the X/BsY*y
males were sterile, no larvae were observed in

that vial, and the BsY*y was extracted from the
C(l)TA/BsY*y+ females, put into stocks, and
subsequently retested for sterility. Of 625 tested
BsY*y 's, 13 were shown to be sterile F's. These
sterile F's and the technique of inducing them are
being used in a cytogenetic analysis of the F
chromosome.
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4-1 THE ENHANCED SPONTANEOUS MUTATION

RATE OF AN X-RADIATION-SENSITIVE YEAST

R. C. von Borstel

Kathleen J. La Brot

Dale E. Graham

Michael A. Resnick 1

In an attempt to understand the nature of an x-
radiation-sensitive locus in yeast, we elected to
measure the spontaneous reversion rates of super-
suppressible mutants of structural genes and for
ward mutations of their suppressors. By this
means, reversion specificities could be sought.

The common genotypes of the strains used in
this study are ar4_17, hi5_2» ad2_lf and le^^.

These four are suppressible by a number of differ
ent supersuppressor genes, and the lej mutant
is complementing. Suppressors that revert to pro-
totrophy all four of the supersuppressible mutants
are called class I supersuppressors; those not
reverting the ad2 gene, but reverting the others,
are called class II supersuppressors.

Strain KC 376, the x-radiation-sensitive strain,

was derived in one step from the X1687-101B
strain as a mutant induced by nitrous acid.

The exposure-survival curves of the x-radiation-
sensitive strain and the control strain are shown

in Fig. 4.1.1. The most noticeable difference be
tween the two curves is the abrupt change of slope,

127
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ORNL-OWG 68-3840
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Fig. 4.1.1. Survival of Yeast at Different Exposures

of X Radiation. •= strain X1687-101B, a genetically

marked strain with wild-type properties of response to

radiation; 0= strain KC 376, an x-radiation-sensitive

strain.

indicating the presence of a radiation-resistant
cell population in the control strain. This resist
ance to x radiation which is observed in yeast

cells undergoing division is lacking in the x-radia
tion-sensitive strain.

When the spontaneous mutation rates for rever
sion from two different auxotrophic requirements

were determined, it was found that the class I
supersuppressors of the x-radiation-sensitive
strain mutate at a rate approximately 40 times that
of the control, while the class II supersuppressors
and the structural gene itself mutate at approxi

mately twice that of the control (Table 4.1.1).

Since the great enhancement of mutation rate is
restricted to the class I supersuppressors, it is of
interest to discuss these particular genes. The
class I supersuppressors are genes believed to
encode tRNA. This belief is based upon (1) ge
netic grounds, where it has been argued that at
least some of the supersuppressors encode tRNA,
and (2) biochemical grounds, where it can be
stated that See, a supersuppressor of the class I
series, encodes either a tRNA or a tRNA modifying
enzyme. The tRNA from the strain containing Sa.
inserts an amino acid into a protein chain in a
position encoded by a nonsense (UAG) triplet
(Wilhelm and von Borstel, unpublished data).

The enhancement of mutation rate during meiosis
is associated with recombinational events during

meiosis; it is consistent with the argument that
these are base additions or deletions arising from
unequal crossing-over. Further, mutations pre
sumed to be base substitutions do not have a

greatly enhanced mutation rate during meiosis;
supersuppressible mutants belong to this class.

Thus the data are consistent with the notion that

the enhanced spontaneous mutation rate of the
class I supersuppressors in the x-radiation-sensi
tive strain arises largely from an increase in the
frequency of occurrence of addition-deletion muta
tions or a decrease in the frequency of repair of
potential addition-deletion mutations.

References

1DonnerLaboratory, University of California,
Berkeley, Calif.

2G. E. Magni, R. C. von Borstel, and C. M.
Steinberg, /. Mol. Biol. 16, 568-70 (1966).

4.2 DOMINANT LETHAL MUTATIONS AND

TEMPERATURE-SENSITIVE RECESSIVE

LETHAL MUTATIONS INDUCED BY

ETHYL METHANESULFONATE IN

HABROBRACON SPERM

Roger H. Smith

Ethyl methanesulfonate (EMS), a highly muta

genic compound that induces missense mutations
in T4 phages, x was fed to Habrobracon males to
induce dominant and recessive lethal mutations in

sperm. Recessive mutations can be detected for
the entire genome by breeding females unmated;
these produce haploid male offspring.
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Table 4.1.1. Spontaneous Mutation Rates for Genes Involving Single Auxotrophic Requirements

and for Supersuppressibility

Prototrophs per Cell per Generation
Strain Sensitivity

Growth-Limiting

Medium Structural Gene Class I Suppressors Class II Suppressors

X1687-101B

KC 376

Control

X-radiation

sensitive

Lysine (Expt. 1)

Lysine (Expt. 2)

Arginine

Lysine (Expt. 1)

Lysine (Expt. 2)

Arginine

X 10~

1.6

1.3

2.6

2.4

6.3

4.8

x 10

1.1

1.7

0.9

28.4

77.3

43.1

X 10-'

11.6

9.3

5.4

8.0

17.6

12.8

Males of the Lumberton (lum D) strain were fed
a sucrose solution containing EMS dissolved in
phosphate buffer at pH 7.0. Three concentrations
were used, 0.1, 0.05, and 0.01 M. The males were

placed in an incubator at 30°C for 24 hr, and ob
served matings were made to females of the Ra
leigh (R) strain. Both strains had been cleared of
all spontaneous recessive lethal mutations in the
previous generation.

The temperature-sensitive recessive lethals were
found by placing about one-half of the eggs from
each female at 35°C to develop to the adult stage.
The other half were placed at the normal incubation
temperature.

The males which fed on the 0.1 M solution were

weak, and only four of them were observed to mate.
The eggs from these crosses had high hatchability,
and no female offspring were produced. This sug
gests that there was either inactivation of sperm or
lack of an ejaculate from the weakened male.

Table 4.2.1 shows that concentrations of 0.05

and 0.01 M EMS induced dominant lethal mutations

in sperm. The highest of these two concentrations
induced essentially 100% dominant lethality.

Table 4.2.2 shows the pattern of recessive lethal
mutations induced by EMS. Nearly twice as many

lethals are expressed during the larval period as
during embryogenesis. The incidence of lethals
that are temperature sensitive is about the same
for each developmental period. This incidence is
similar to that found by Suzuki and his collabora
tors, 2 where about 10% of the sex-linked lethals
induced by EMS in Drosophila sperm are tempera
ture sensitive.

Table 4.2.1. Survival of Diploid Embryos After

Treatment of Habrobracon Sperm by Feeding

Ethyl Methanesulfonate in Sucrose

EMS

Concentration

Total

No.

Eggs

Survival

to

Blastula

Survival

to

Larvae

Survival

to Adult

Female

0.05 413 0.095 0.003 0

0.01 1384 0.865 0.756 0.509

Buffer 577 0.983 0.952 0.662

Sugar only 400 0.988 0.941 0.612
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4.3 ELECTROPHORETIC VARIANTS OF

XANTHINE DEHYDROGENASE IN

GEOGRAPHICAL RACES OF

HABROBRACON

Roger H. Smith Kathryn Murray

Strains of Habrobracon juglandis from various

parts of the United States were analyzed for pos
sible variants of the enzyme xanthine dehydrogen

ase (XHD). This enzyme catalyzes the oxidation
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Table 4.2.2. The Frequencies of Recessive Lethal Mutations Induced by 0.01 M Ethyl Methanesulfonate

Type Embryonic Larval Pupal Total

Standard

Temperature sensitive

62/437 = 0.142

7/62 = 0.11

114/437 = 0.261

11/114 = 0.096

45/437 = 0.103

5/45 = 0.11

221/437 = 0.506

23/221 = 0.104

of xanthine and hypoxanthine to uric acid. A dif

ference in electrophoretic mobility for XDH be
tween two species of Habrobracon, H. juglandis
and H. serinopae, was reported earlier. 1

The city (when known) and state where the dif
ferent strains were caught are presented in Table
4.3.1 along with the allele designations for the
XDH-determining locus. The alleles are named for
their relative mobilities.

Reciprocal crosses were made between R and the
other strains. The hybrid females of each cross
produced a single wide band which corresponded
on its fastest and slowest boundaries to the fast

est and slowest boundary of the other parental
band. Unsuccessful attempts were made to resolve
the F band into two or more bands by various

l J
changes in pH and molarity of the electrode buffer.
Also, individuals of the different strains were ho

mogenized together, and the electrophoretic mobil
ity of the mixture determined; the results were
identical to those obtained from the hybrids be
tween the corresponding strains. The haploid male
offspring (F ) from these crosses produced bands
like one or the other of the original grandparents,
indicating simple Mendelian inheritance.

Table 4.3.1. The Location of the Strains of

Habrobracon juglandis Tested and the Gene

Designation for Xanthine Dehydrogenase

Strain

Designation
Location

Allele

Designation

R Raleigh, N.C. xdh

nat (4 lines) Natchitoches, La.. xdh

nat No. 2 Natchitoches, La. xdh

lum D Lumberton, N.C. xdh

Davis Davis, Calif. xdh

No. 33 Pennsylvania xdh

1.00

0.98

0.97

0.93

0.91

Polymorphism for a particular gene (xdh) exists
between widely separated populations and within
at least one population (Natchitoches) of Habro
bracon juglandis.

Reference

XR. H. Smith and L. R. Valcovic, Biol. Div. Semi-
ann. Progr. Rept. Jan. 31, 1967, ORNL-4100, p. 64.

4.4 CYTOCHEMICAL LOCALIZATION OF SITES

OF RNA SYNTHESIS USING RNA POLYMERASE

R. C. von Borstel

Joan W. Reel
S. P. Modak1

F. J. Bollum2

Previous work with DNA polymerase3 showed
that an alcohol-fixed, acid-denatured tissue prepa
ration catalyzed a net amount of DNA synthesis.
Since DNA polymerase from calf thymus cannot use
native DNA as a template, this method helps local
ization of single-stranded DNA in fixed cell prepa
rations. It was conceived that a similar qualita
tive method of the localization of sites of RNA

synthesis can be developed using RNA polymerase.
RNA polymerase from Micrococcus lysodeikticus

catalyzes a net amount of RNA synthesis when na
tive or denatured DNA is used as a template. The

RNA that is synthesized with native DNA as a
template is loosely bound, but when denatured
DNA is used as a template, a complex of RNA and

DNA is formed. Considering these features, we
have developed a method for distinguishing the
state of DNA molecules and for localization of

sites of RNA synthesis in fixed cell preparations
using RNA polymerase.

Adult chicken blood smears and a variety of other
cell types have been used for this investigation.
Cell preparations were made on cover glasses,
fixed in cold 70% ethanol, and air-dried. Cover
glasses with cell preparations were stored at 8 to
10°C. Glass slides with holes punched in the cen-
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ter (6 mm in diameter) were attached to the cover
glass in such a way that the cells were facing the
hole. These now served as a well, with cells at
the bottom. Half the cell preparations of each type
were treated with 0.1 N HC1 for 30 min at room

temperature in order to denature DNA. Both un-
denatured and denatured cell preparations were

individually treated with either RNA or DNA poly
merase and labeled nucleoside triphosphates.
Some preparations were treated with the reaction
mixtures without the inclusion of either enzyme,

and these served as controls for determination of
any unspecific localization of radioactivity. Prep
arations were incubated with the reaction mixture

for 60 min. Enzyme reaction was stopped by rins
ing the slides in saline and then in 5% cold TCA
containg 1 mW Pi. After one change, slides were
left in cold TCA overnight and then thoroughly
washed in running water. Some of the RNA-poly-
merase-treated preparations were then treated with
pancreatic ribonuclease (5 mg/ml RNase in 0.2 M
NaCl, buffered M/15 Pi at pH 7.0 for 10 min at
room temperature). These were quickly rinsed in
NaCl solution and passed through two 5-min
changes of 5% cold TCA. All TCA-treated slides
were thoroughly washed in running distilled water,

dehydrated up to 95% ethanol, and air-dried. Cover-
slips were individually detached from the glass
slides and reattached to fresh intact slides with

Canada balsam leaving the cells facing upward.
These were well dried and then coated with NTB-3

(Kodak) liquid emulsion. Autoradiograms of DNA-
and RNA-polymerase experiments were developed
after 14 and 35 days, respectively, in D-ll devel
oper. Cells were counterstained with Mayer's
hemalum, dehydrated, and mounted in Canada bal
sam. The scheme of the experiment is shown in

Fig. 4.4.1.

The observation of autoradiographs revealed the
following features:

1. Cells fixed in 70% ethanol only and then treated
with 3H-NTP's did not incorporate any radio
activity, and the background was very low or
negligible.

2. Cells fixed in 70% ethanol and treated with 3H-
NTP's and RNA polymerase showed some radio
activity over the nuclei and a very high grain
count over the area surrounding or away from
the nuclei. Most of the radioactivity was re

moved by RNase treatment.

ORNL-DWG 68-3841

•UNTREATED

RNA POLYMERASE +°H-NTPS —

CELLS WITHOUT ACID

DENATURATION

CELLS AFTER ACID

DENATURATION WITH

0.1 N HCI

°H-NTPS ONLY

**,— DNA POLYMERASE +3H-dNTPS

>— ^H-dNTPS ONLY

L RNASE

i-UNTREATED

*i— RNA POLYMERASE + °H-NTPS —

•RNASE

— 3H-NTPS ONLY

**,— DNA POLYMERASE + H-dNTPS

DH-dNTPS ONLY

*RNA POLYMERASE FROM MICROCOCCUS LYSODEIKTICUS

"DNA POLYMERASE FROM CALF THYMUS

Fig. 4.4.1. Autoradiographic Analysis of Incorporation of Tritium-Labeled Nucleoside Triphosphates During
Polymerization of DNA and RNA.
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3. 70% ethanol-fixed and acid-denatured cells

treated with nucleoside triphosphates only did
not incorporate the isotope.

4. 70% ethanol-fixed and acid-denatured cells in

cubated with 3H-NTP's and RNA polymerase
showed a very high incorporation and back
ground grain count. Most of the background
grain count and a large proportion of grains
over the nuclei were removed by RNase. How
ever, some grains persisted over the nuclei
even after RNase.

5. No incorporation of tritium was observed when
cells were left undenatured and treated with

DNA polymerase. However, on acid denatura
tion, significant incorporation of 3H-dNTP's
was observed over the nuclei.

The results clearly show that one can demon
strate incorporation of labeled RNA precursors
using RNA polymerase in fixed cell preparations.
On the basis of digestion with RNase of the in
corporated radioactivity, one can predict the state
of DNA molecules in fixed cell nuclei. From our

results, there is no single-stranded DNA in chicken
blood nuclei and a variety of other cell types, and
most of the RNA catalyzed by RNA polymerase is
loosely bound to the native DNA. On acid dena
turation, however, a significant amount of newly
synthesized RNA remains as an RNA-DNA complex

and is RNase resistant.

The method can be a useful tool in determining

the degree of denatured state of DNA in fixed cell
populations. Given a large enough chromosome
preparation, by combining RNA polymerase treat
ment with RNA hybridization procedures, one could
conceivably demonstrate sites of synthesis for dif
ferent RNA species. Some such experiments using
Drosophila and Chironomus salivary gland chromo
somes are now in progress.
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4.5 INTERFERENCE IN CIRCULAR GENETIC

MAPS

C. M. Steinberg Franklin W. Stahl1

The mapping function for a conventional genetic
map free of interference was derived by Haldane, 2
who recognized that freedom from interference im
plies a Poisson distribution of crossovers among
strands. This hypothesis leads to the following
well-known relation between R, the recombinant

frequency for a pair of markers, and /, the map dis
tance between the markers:

R=-(l -e
2

-21
)•

For the hypothetical case of crossing-over in a
two-strand stage, / is simply the mean number of
crossovers between the markers, and R the sum of

the odd terms of a Poisson distribution of mean /.

Clearly, this null hypothesis and mapping func
tion are inappropriate for circular genetic maps. In
the case of circular maps, only those strands are
recovered which have engaged in an even number
of crossovers; therefore, the "expected" distribu
tion of crossovers cannot be Poisson. We have

proposed3 for circular maps three simple mapping
functions which adhere closely to the spirit of the
classical function. Each of the functions derives

from a different simple assumption regarding the
distribution of crossovers among (recovered)
strands: (1) a Poisson distribution of pairs of
crossovers, (2) a Poisson distribution of cross

overs from which the strands receiving an odd num

ber of crossovers are dropped, and (3) a Poisson
distribution of crossovers with an additional cross

over disposed at random on each of the strands
which initially received an odd number.

Distribution 2 leads to generally useful defini
tions of "no interference" that are equally appli
cable to linear and circular maps.
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5. Cellular Radiobiology and International Activities

Alexander HoUaender3 Mary Jane Loop

Dual assignments.

The first two and one-half months of 1967 were

spent on a trip abroad visiting European labora
tories and Thailand, Pakistan, and India in the Far

East. Arrangements have been made with Pakistan
for a Molecular Biology Course to be given by mem
bers of the Biology Division, as well as others,
beginning in the Fall of 1968, to be financed en
tirely by the Pakistan Atomic Energy Commission.
Also, arrangements were made for a possible sym
posium at the conclusion of this course in 1969.

A considerable number of laboratories in northern

India were visited and arrangements made for a
Symposium on Fundamental Radiobiology to be held
at the Bhabha Research Centre in February 1969.
Also, a number of contacts were made and prepara
tions begun for cooperation with Indian scientists.

In July, at the invitation of the Brazilian Acad
emy, three members of the Biology Division

(Russell, Upton, and myself) attended a meeting
on Peaceful Aspects of Atomic Energy held in Rio
de Janeiro. The papers of this symposium are
being published by the Brazilian Academy in a
special volume. During this visit an inspection
trip was made to Belo Horizonte to prepare for the
1968 symposium.

In October of 1967 the Ford Foundation con

tributed a substantial amount of funds for two

years for the support of these Latin American
symposia. The money is to be used to support
Latin Americans to attend these symposia, a

modest amount of money is for the travel of the
organizers for future symposia, and also some con
tribution is made toward the editing and publica

tion of these symposia. This grant is being ad
ministered by the Latin American group in the
Office of the Foreign Secretary at the U.S. Na
tional Academy of Sciences.

In November and December of this year visits

were made to Sao Paulo and two cities in the

Nordeste area of Brazil, Recife and Fortaleza, an

important section of Brazil which has been ne
glected for many years and is now coming to the
forefront in industrial and educational activities.

The Seventh International Latin American Sym
posium on Photochemistry and Photobiology was
held in Caracas in December. It was a very suc

cessful meeting with many Latin Americans attend
ing. The proceedings of this symposium are being
prepared for publication. The proceedings of the
1966 Mexico City symposium on Enzymatic Aspects
of Metabolic Regulation have been published as
National Cancer Institute Monograph 27, November

1967.

We cooperated with the Puerto Rico University
Biology Department in organizing a course in
Modern Biology. The course is now being given
at Rio Piedras with Dr. Billen from the University

of Florida in charge, and with one professor from
the University of Texas at Houston, one from
Pennsylvania State University, and two scientists
from the Biology Division, Oak Ridge National
Laboratory, each giving three weeks of lectures
and laboratories.

Considerable effort was put into trying to con
vince pharmacologists, as well as other people, of
the importance of chemical mutagenesis. It could
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very well become a kind of focal point for further
development of cooperation with different govern
ment agencies in building up new approaches to
basic biology using the same type of approach
which has been used in the radiation field. These

projects are still under discussion.

Considerable effort was spent on developing the
idea of setting up a long-term planning institute in

biomedical and health sciences. A prospectus was
prepared, several meetings were held, and the Na
tional Academy of Sciences is now considering
possible sponsorship of this institute with the
cooperation of a number of outstanding universities.



6. Radiation Microbiology and Microbial Genetics
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6.1 CONTROL OF CELL DIVISION IN

ESCHERICHIA COLI

occur very close to the poles of the cell and
(2) nuclear material is not distributed to both
sides of the developing cross wall. We are inter
ested in determining the extent to which both
kinds of cytokinesis are under the same genetic
and biochemical control.

For this purpose, we have constructed a double
mutant incorporating the minicell-producing
feature (min-) into an organism that has had its
normal cell-division mechanism impaired (Ion-)
and therefore forms long filaments after response
to ionizing radiation. The double mutant forms
minicells and normal cells when grown in the
absence of radiation. After exposure to radiation,
cells of the double mutant do not undergo either
minicell- or normal-cell-yielding divisions. They
do, however, continue to grow for many hours and
form long multinucleate filaments. These results

H. I. Adler Alice A. Hardigree

We have recently described a mutant strain of
E. coli K-12 that, due to a defect in its cyto
kinesis mechanism, produces large numbers of
small, enucleate "minicells."1 The divisional
process that yields a minicell is similar to normal
cell division in at least two ways: (1) It involves
a simultaneous invagination of wall and membrane
when observed by electron microscope techniques
and (2) when observed by phase microscopy, it
can be concluded that the time required to com
plete a minicell-yielding division is similar and
probably identical to that required for a division
yielding normal cells. Minicell-yielding divisions
differ from normal cell division in that (1) they
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indicate that both kinds of cytokinesis share at
least some common pathway, and the lesion
caused by irradiation interferes equally with both
processes.

Reference
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6.2 THE ISOLATION OF DNA FROM MINI-

CELLS AFTER MATING WITH F+ CELLS

Amikam Cohen W. D. Fisher1

H. I. Adler

Since Escherichia coli minicells do not contain

any DNA,2 one can use them as recipients in
bacterial conjugation in order to isolate specific
segments of the bacterial genome.

Minicells were separated from cultures of E.
coli P-678-54 by differential centrifugation and
then mated with F+ cells. The DNA which was
transferred during mating was then extracted from
the purified minicells, and some of its properties
were studied. In such matings, only the F factor
is transferred at high frequency; therefore the
DNA isolated must represent a sample of this
episome.

This DNA could be separated by neutral cesium
chloride density gradient centrifugation into two
components, one which consists of one-fourth to
one-third of the total material, bands at a density
of 1.71, and coincides with native E. coli DNA
marker, and another which contains most of the
material, bands at a density of 1.72, and coincides
with denatured E. coli DNA marker; both fractions

band as one peak in alkaline cesium chloride and
coincide with E. coli DNA.

The material isolated at a density of 1.72 sepa
rates from native and coincides with denatured

E. coli DNA in a cochromatography on a hydroxy-
apatite column and is partially digestible with E.
coli exonuclease I. After shearing by sonication,

90% of this material is digestible with exonuclease
I. These results indicate that it may have some
secondary structure, but most of it is single-

stranded DNA.

When minicells are isolated after mating and

incubated for 30 min or less in a growth medium,
most of the material associated with the single-
stranded DNA fraction disappears, and the amount

associated with the double-strand fraction in

creases; if labeled thymidine is added during this
period, it is incorporated only into the double-
stranded material.

These results are consistent with the hypothesis
that in bacterial conjugation DNA is transferred
as a single strand and then replicates in the
recipient.

Presently we are studying some of the physical

properties of the transferred material, and we are
trying to determine whether the single-stranded
fraction consists of a unique strand or a mixture
of two complementary strands.
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6.3 GIANT CELLS OF ESCHERICHIA COLI

H. I. Adler C. E. Terry
Alice A. Hardigree

One of the striking expressions of mutation at
the "Ion" locus in Escherichia coli is the en

hanced sensitivity of cytokinesis to radiation and
other agents. Cells of strains bearing this muta
tion grow after irradiation but fail to divide. The
mutation has previously been studied only in rod-
shaped organisms, in which growth without division
leads to the formation of extremely long filaments.
We recently isolated an E. coli mutant that con
sists of amorphous cells. This gave us the oppor
tunity to study the effect of the "Ion" gene in a
new genetic background. The mutant "Ion" allele
was introduced into the amorphous strain by con
jugation with Ion- donors. We have observed
that cells of the double mutant, after exposure to

radiation, grow without division into giant amor
phous forms that are analogous to the filaments

formed from rod-shaped Ion mutants. The giant
cells may attain volumes 500 to 1000 times that of
a normal E. coli cell. They, like filaments, grow
at a normal rate for several hours after irradiation

but then stop growing and do not divide. During
the period of active growth, many spherical
structures appear, coalesce, and frequently dis
appear. Other internal bodies have been noted
but not identified. Preliminary chemical data



indicate that the giant cells are multinucleate.
We anticipate that these cells will be useful in
the probing of the structural organization of
bacteria.

6.4 THE INFLUENCE OF AN EPISOME ON

THE SENSITIVITY OF ESCHERICHIA COLI
K-12 TO IONIZING RADIATION

D. E. Axelrod H. I. Adler

Previous work from several laboratories has

demonstrated that the sensitivity of bacteria to
ionizing and ultraviolet radiations is under the
control of many chromosomal genes. Several of
these have been mapped.x In the present study
we have demonstrated that sensitivity to ionizing
radiation may also be influenced by an episome,
the F factor of E. coli K-12.

Sets of isogenic strains consisting of high-
frequency donors (Hfr) in which F is integrated in
the chromosome, low-frequency donors (F ) in
which F is extrachromosomal, and recipient

strains (F-) in which the F factor is absent from
the cell have been constructed. The order of

resistance for several such isogenic series is

Hfr > F- > F+. The resistance of an Hfr strain
compared with its isogenic F+ strain is independ
ent of the map location of the integrated episome
and independent of the direction of chromosome
transfer. Transfer of the F factor by Hfr strains
to F- strains confers radiation resistance upon

those recombinant progeny in which the episome
is integrated into the chromosome.
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6.5 TIME-LAPSE CINEMATOGRAPHY OF

NUCLEAR DIVISION IN BACTERIA

H. I. Adler Alice A. Hardigree

The relationships between DNA replication,
nuclear division, and cell division in bacteria are
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now being explored in many laboratories. For the
most part, indirect biochemical and genetic tech
niques are being employed. We have decided to
find out how much we can learn by direct phase-
microscopic observation on living cells. It is
clear that such an approach cannot yield molecu
lar information, but it should certainly be capable
of setting limits within which the results of bio
chemical and genetic experiments must fall.

In order to see the nuclear region of bacteria

with phase-microscopic techniques, it is neces
sary to adjust the refractive index of the medium
in which the cells are suspended so that it nearly
matches that of the cell cytoplasm.1 Under these
conditions, nuclei appear as bright objects in a
dark background when dark phase contrast equip
ment is used. We have achieved the necessary

adjustment of refractive index by incorporating
20 to 26% polyvinylpyrrolidone (PVP) into nutrient
agar. Escherichia coli cells grow at a nearly
normal rate in this medium. Thin layers of PVP
nutrient agar are poured onto microscope slides.
After the agar has set, cells from a PVP-nutrient-
broth culture are spread on the surface. A cover
slip is placed over the agar and the specimen
observed at 37°C with a Zeiss 100X oil-immersion

dark-contrast objective. Using this technique, we
have been able to observe nuclear and cell divi

sion in several strains of E. coli. Most strains

appear to be binucleate during the logarithmic
phase of growth, but differences in nuclear
morphology have ^een noted. We have also been
able to follow the replication of nuclei in the ab
sence of cell division by observing the lon^ fila
ments formed by certain mutants of Escherichia
coli after exposure to ionizing radiation. Cur
rently, we are attempting to solve the technical
problems of adapting this technique to our time-
lapse cinematographic equipment. We have pro
duced films that record nuclear division, but to

date the quality of the photographic image is far
below that observed directly. It should be possi
ble to correct this problem by the appropriate
choice of films and exposure conditions.
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6.6 CONJUGAL TRANSFER OF F'FACTORS

OF ESCHERICHIA COLI INTO

PROTEUS MIRABILIS

G. J. Stine Annie S. Angel
Roy Curtiss III

The purpose of this study is to develop tech
niques for isolation of specific gene fragments
from Escherichia coli K-12. The initial approach
was to transfer the F' elements of E. coli K-12

strain x^l-7 F ' lac+ proC+ purE into the appro
priate mutant derivative of Proteus mirabilis by
conjugation. The necessary P. mirabilis mutant
strains have been isolated by ultraviolet and
nitrosoguanidine mutant induction procedures. A

P. mirabilis strain (Pm 4-38) deficient in the
ability to utilize lactose (lac-) and unable to
synthesize proline (pro-) and adenine (purE-)
was used as the recipient in the mating with X-^17-
The isolation of recombinants from the X^17 x
Pm 4-38 mating yielded a strain of P. mirabilis
(Pm 4-38-5) which carries the F 'element of X^17-
E. coli DNA has a 50% G-C content and P.

mirabilis DNA a 38% G-C content, and genetic
exchange does not occur between the E. coli F '
factor and the P. mirabilis chromosome. Thus it

is possible to separate the E. coli DNA from the
P. mirabilis DNA either by density gradient cen
trifugation or by differential melting followed by
column chromatography. The separation and

purification of the gene fragment from x^17 (F'
lac proC purE ) now contained in P. mirabilis
Pm 4-38-5 will begin immediately. The isolated

E. coli DNA, which is enriched for the specific
segment of the genome, will be tested for its
ability to hybridize with E. coli transfer RNA.
Results of these physical hybridization mapping
experiments will determine the feasibility of other
experiments such as the in vitro synthesis of
biologically active transfer RNA from a DNA

template and determination of whether all transfer

RNA's which code for the same amino acid are

necessary.

6.7 BACTERIAL CONJUGATION WITH Hfr

DONORS OF ESCHERICHIA COLI K-12

Roy Curtiss III

Most of our efforts during the year have been
directed toward a further understanding of the
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mechanisms operative during conjugal transfer of
genetic material from Hfr and F (see following
report) donors to F- recipients of Escherichia
coli K-12. The experiments completed have for
the most part strengthened conclusions established
by earlier work, but in several cases they have
resulted in a modification and/or rejection of
prior conclusions.

Specific Pair Formation (with D. R. Stallions,
D. P. Allison,x and L. G. Caro1). - Formation of
specific pairs between donor and recipient cells
of E. coli K-12 is the first step during bacterial
conjugation. Experiments completed during the
year have corroborated the conclusion that F pili2
are necessary for specific pair formation3 and that
specific pairs are formed in the absence of energy
metabolism in both parents. 4

Conjugation Tube Formation (with D. R. Stallions,
L. G. Caro,1 D. P. Allison,1 and Amikam Cohen). —
The conversion of a specific pair to an effective
pair requires the establishment of a conjugal
bridge between the donor and the recipient cell.
An effective pair is thus defined as one in which
chromosome transfer can or is taking place. Our
previous work had led us to agree with Brinton5
that F pili act as conjugation tubes, in addition
to their role in specific pair formation.6 The fol
lowing observations lead us to now believe that
F pili do not act as conjugation tubes. (1) Hfr
donors having numerous, long F pili transfer the
lead marker on their chromosomes sooner after

commencement of mating than do Hfr donors having
fewer, short F pili. If the chromosome had to pass
through the F pilus, then initial marker transfer
should take longer for donor cells with longer
F pili. (2) Preliminary observations suggest that
the amount of labeled DNA transferred to minicells

is proportional to the number of minicells closely
paired with donor cells as scored by electron
microscopy. (3) Observations by light microscopy
of morphologically distinct donor-recipient pairs
impinged on slides covered with an agar medium
selective for recombinants have shown that genetic
transfer takes place when the donor and recipient
are in close contact with each other. No instances

were seen which would indicate genetic transfer
between cells not in close contact. (4) Mutants
of donor strains which are resistant to donor-

specific bacteriophages have been isolated and
characterized. Most of these lack F pili and are
incapable of pair formation with F- cells. How
ever, the recipient ability of some of these mutants
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in matings with donor strains is equal to that of
F- strains, while others have the low recipient
ability characteristic of wild-type donor strains.
Mutants in the latter group also remain resistant
to the quasi-recipient-specific bacteriophage 011.
These observations suggest that donor strains
possess a cell surface component, in addition to
F pili, which prevents donor cells from mating
with each other. (5) Mutants of Hfr donors which
are resistant to phages T3, T4, T7, and A produce
a mucoid capsular material and are incapable of
producing recombinants when mated with F-
strains. 7 Some of these mutants have F pili and
others do not. Presumably the capsular material

covers the donor cell surface component in the

former class, which leads us to suggest that the
donor cell surface component is necessary to
convert a specific pair into an effective pair and
that the presence of F pili is not sufficient to
accomplish this.

The above observations are consistent with the

belief that (1) F pili do not function as conjuga
tion tubes and (2) a donor cell surface component
prevents close cell-to-cell union between donor
strains and is necessary for close cell-to-cell
union between donor and recipient strains. Based
on the properties of the mutant donor strains
isolated, we believe that the presence of this
donor cell surface component is under the control
of genes present in the fertility factor. The re
lationship between this donor cell surface com
ponent and the establishment of a conjugal bridge
is presently under investigation.

Requirement for Genetic Homology Between the
Lead Region of the Hfr Chromosome and the Com
parable Segment of the F— Chromosome (with D.
R. Stallions and Dale Graham8). - We9'10 pre
viously concluded that early initiation and maxi
mum frequencies of chromosome transfer required
genetic homology between the lead region of the
Hfr chromosome and the comparable segment of
the F- chromosome. This year we have strength
ened this conclusion by extending our earlier ob

servations to include studies with several dif

ferent sublines of E. coli K-12. We have also

made use of a greater variety of deletion mutations
in these studies.

The principal scientific objection to the con
clusions drawn from these experiments has been

that we have used recombinant production as a
measure of chromosome transfer. Since recombi

nant production requires integration of the trans
ferred donor chromosome it is conceivable that

the deletions in the F~ chromosome interfered

with this latter process. The Hfr strains hereto
fore available have precluded the possibility of
using other means to measure chromosome trans
fer. Thus a major accomplishment this year has
been the construction of donor and recipient

strains which contain the inversion of the lac

operon isolated and characterized by Berg and
Curtis.1: The presence of this inversion allows
chromosome transfer in the opposite direction
from that of donor strains used in our earlier

studies, and we can now directly measure chromo
some transfer, independently of recombinant forma
tion, by using zygotic induction of prophage A.
The results from the experiments using these
newly developed strains should provide convinc
ing evidence for or against our postulate that
early initiation and maximum frequencies of
chromosome transfer require genetic homology
between the lead region of the Hfr chromosome
and the comparable portion of the F- chromosome.
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6.8 BACTERIAL CONJUGATION WITH F+
DONORS OF ESCHERICHIA COLI K-12

Roy Curtiss III D. R. Stallions

An overall review of our progress in understand
ing the mechanism of chromosome mobilization

and transfer by F donors of Escherichia coli K-12
was given in an earlier report.: A discussion of
recent progress on the mechanism of F transfer
is given in an accompanying report by Cohen et

al. 2 Our own efforts this year have been directed
toward answering three questions. First, we
desired to understand the reason for the inability
of type II F+ donors to give rise to stable Hfr
donors. Second, we wanted to directly measure
the frequency of stable Hfr donors in populations
of type I F strains. Third, we wanted to de
termine what proportion of the recombinants in
F x F matings is due to stable Hfr donors
present in the F population.

Differences Between Types I and II F+ Donors. —
Type I F+ donors are capable of giving rise to
stable Hfr donors, whereas type II F+ donors are
not. Both F+ donor types give equal recombinant
frequencies when mated with the same F- strains.
The difference between these two F+ donor types
is not due to the presence or absence of A, to
differences in F, to environmental factors, or to
any known genetic determinant.3 During the year
we have completed experiments which demon
strated that the difference in stable F integration
ability was not due to differences in ability to
support genetic recombination; F~ derivatives of

types I and II F+ donors are equally capable of
recombinant formation when mated with F+and
Hfr donors. To rule out the possibility that the
presence of F in type II F+ donors interfered with
the normal recombination mechanism, we analyzed
linked and unlinked marker transduction frequen
cies in a type II F+ strain and in its Acridine
Orange cured F- derivative. There were no dif

ferences in Pike mediated transduction fre

quencies observed. Since F integration into the
chromosome requires a reciprocal recombination
event, we next determined whether type II F +
strains were capable of supporting reciprocal re
combination. To do this we introduced F ' lac+
episomes into lac~ F~ derivatives of types I and

II strains and compared the frequency of F " /ac+
transfer with the frequency of chromosome transfer
in matings with appropriately marked F- strains.

Since all strains behaved in the same way and
chromosome transfer by partially diploid F' donors
requires a reciprocal recombination event between
the F ' factor and the chromosome, we conclude

that type II strains are not defective in supporting
reciprocal recombination events.

During our studies of type I and type II F
donors, we noted that removal of F by growth in
the presence of Acridine Orange was very effi
cient in type I F+ strains and very inefficient in
type II F strains. A possible explanation for
this behavior will be discussed below.

To determine whether F integration occurs but
is lethal in type II F+ strains, we introduced an
F '/ac+episome, which contains a temperature-
sensitive (rs) mutation affecting the autonomous
replication of the episome, into lac" F- deriva
tives of type I and II strains. At 37°C the F '
lac episome replicates normally, while at 42°C
it is unable to replicate unless the F ' lac episome
has been integrated into the chromosome by a re
ciprocal recombination event to produce an Hfr
donor containing a tandem duplication of the lac
genes. Following growth at 42°C /ac+ Hfr donors
having a tandem duplication of the lac genes were
obtained with type I strains but not with type II
strains. Since F ' lac+ and F ' /ac+ fs episomes
do undergo reciprocal recombination with the
chromosome of type II strains, as was determined
by measuring the ability of such donors to trans
fer chromosomal markers (see above), we conclude
that integration of the F ' /ac+ episome into the
chromosome occurs but is lethal. Presumably the
same conclusion would be true for F integration.
To explain why F ' lac+ and F integration would
be lethal in type II strains, we postulate that the
F and F ' episomes are linear, rather than circu
lar, in type II strains. A reciprocal recombination
event between a linear episome and a circular

chromosome will result in a linear Hfr chromosome.

If vegetative chromosome replication proceeds in
a fixed direction from a fixed origin, then part of
a linear chromosome would not be replicated, and
thus a cell with such a linear Hfr chromosome

could not produce any viable descendants. The
difference in Acridine Orange curability of the F
episome between types I and II F+ strains could
also be related to the proposed linearity of F and
F' episomes in type II strains.

The Frequency of Stable Hfr Donors in F+ Popu
lations and the Probability of F Integration into
the Chromosome of £. coli K-12. _ Integration
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of the fertility factor F into the chromosome of
Escherichia coli K-12 results in the formation of

an Hfr donor. We have determined the probability

of stable F integration per bacterium per genera
tion and per chromosome per generation and the
frequency of stable Hfr donors in populations of a
prototrophic type I F+strain by replica plating
more than 105 F+ colonies to selective media
spread with an F- culture. (Stable F integrations
were operationally defined as those which give
rise to isolable clones of stable Hfr donors.)
This method even allowed detection and isolation

of Hfr donors transferring the selected marker on
the distal 20% of their chromosomes and present

at frequencies from 1 to 100% in F+colonies.
Thirty-four Hfr strains were obtained, represent
ing 12 unique marker transfer gradients. The fre
quency of pure clones of stable Hfr donors was
1.6 x 10-4, and the probabilities of stable F in
tegration were 3 x 10-6 per bacterium per genera
tion and 8 x 10~7 per chromosome per generation.

The Proportion of Recombinants in F xF"
Matings Due to the Presence of Stable Hfr Donors
in the F+ Population. —As reported in the above
section, the frequency of stable Hfr donor cells
in F+ populations is between 1 and 2 x 10- . In
order to determine the proportion of recombinants
in F+ x F- matings which are due to these Hfr
cells, matings were performed between an equal
mixture of all 12 Hfr types isolated and a multiply

marked F- strain. The mean recombination fre

quency for any given chromosomal marker was
found to be 1 to 2 x 10-2 per Hfr cell. In parallel
matings using the F+ strain from which all the
Hfr donors had been isolated, the mean recombina

tion frequency for any given marker was 1 to 2 x
10-5 per F cell. By making use of all these
frequencies it can be calculated that only about
10% of the recombinants formed in F x F- matings

are due to stable Hfr donors in the F population.

Although we believe1 that 90% of the recombi
nants formed in F+ x F- matings are due to a
mechanism which does not require F integration

into the chromosome, we are presently conducting
experiments to rigorously test this belief. In
addition, we hope that the results obtained from
these experiments will provide more information
about the mechanism of chromosome mobilization

and transfer by F+ donors of E. coli K-12.
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7.1 STATISTICAL ANALYSIS

OF THE HUMAN KARYOTYPE

M. A Bender M. A. Kastenbaum1

In spite of general interest in the human karyo
type, and in the problem of the identification of

particular chromosomes, there has as yet been no
satisfactory statistical description of the shapes
and sizes of the chromosome set in the normal

human population, nor any estimates of the im

portance of various possible sources of variation.
A numerical description of what, precisely, con
stitutes a normal human chromosome set is ob

viously desirable, particularly in view of current
efforts to program digital computers to analyze
chromosome spreads. We have therefore made a

statistical analysis of a large series of measure

ments of the chromosomes from cells of a series

of 100 normal subjects.

Leukocyte cultures were made from blood sam
ples from 50 male and 50 female normal volunteers.
Metaphases suitable for karyotype analysis were
selected and photographed. Each chromosome
was identified with a code number on the enlarge
ments. The length of each chromatid of each arm
of each chromosome was then measured by means
of a printing measuring device constructed for us
by J. B. Davidson of the Instrumentation and Con
trols Division. 2 Independently, an experienced
cytogeneticist prepared a karyotype of the cell by
the conventional "cut and paste" method, and the
chromosomes were each identified by code number.
The assignments thus made were considered to be
absolutely correct in the subsequent analyses.

142
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Initially, a sample of ten cells was utilized from
each of the donors. Preliminary statistical analy
sis of the as yet incomplete set of samples showed,
however, that a smaller sample of cells from each
individual would supply just as much information
(vide infra), so the sample size was accordingly
decreased in our later samplings. Altogether,
measurements were accumulated from a total of

723 cells. Also, some of the cells were remeas-

ured a number of times, both by the same and by
different persons, to determine the magnitude of
measurement errors. Finally, samples of cells
from each of a series of separate cultures from
a single donor were measured for the purpose of
evaluating the importance of culture-to-culture
variation.

A computer program (COVAL) was developed
to normalize the measurements (as fractions of the
total autosome length in the particular cell), to
compute bivariate vectors of means, and to esti

mate simultaneous two-dimensional confidence

regions for each chromosome pair (and also each
group) in the human complement. Further statis
tical analyses of pooled data were carried out by
standard covariance techniques.

It was found that while there were significant
differences between the results of different indi

viduals making measurements, the reproducibility
for any single measurer was very good. Both the
males and the females in the sample differed sig
nificantly in their mean chromosome measurements,
although the variability among cells within each
individual was not significantly different from the
variability between pair mates within each cell.
The differences between individuals appear ac
tually to reflect a significant difference from cul
ture to culture rather than real individual differ

ences, since the differences between separate

cultures from the same individual were not only

highly significant, but the magnitudes of the vari-

Table 7.1.1. Pooled Means and Covariances for Male and Female Autosomes

and X Chromosomes (1446 of Each Autosome; 1084 X Chromosomes)

Means Covariance Matrix

Chromosome
N Long Short Long Short Cross Product

1 1446 2.6173 2.2515 0.3221 0.1906 0.2134

2 2.8751 1.6984 0.2896 0.0773 0.1186

3 2.0333 1.6369 0.0885 0.0472 0.0327

4 2.6215 0.8689 0.2104 0.0302 -0.0455

5 2.4508 0.8087 0.1562 0.0219 -0.0304

6 2.0110 1.0902 0.0824 0.0275 -0.0062

7 1.7819 0.9811 0.0535 0.0238 -0.0111

8 1.6921 0.7940 0.0659 0.0292 -0.0270

9 1.6945 0.7366 0.0528 0.0341 -0.0168

10 1.6906 0.6456 0.0358 0.0304 -0.0213

11 1.4370 0.8039 0.0183 0.0273 0.0007

12 1.6706 0.5667 0.0399 0.0401 -0.0431

13 1.6529 0.2582 0.0314 0.0282 -0.0107

14 1.4201 0.2562 0.0292 0.0256 -0.0064

15 1.5113 0.2480 0.0263 0.02 08 -0.0042

16 0.8957 0.5189 0.0510 0.0424 0.0308

17 0.9695 0.3693 0.0298 0.0397 0.0236

18 0.9055 0.2884 0.0427 0.0288 0.0218

19 0.5680 0.3905 0.0611 0.0510 0.0498

20 0.5269 0.3625 0.0621 0.0510 0.0508

21 0.5207 0.2081 0.0795 0.0212 0.0306

22 0.4728 0.1982 0.0693 0.0215 0.0314

X 1084 1.6989 0.9107 0.0663 0.0439 0.0069



ances among culture means were comparable with
those among individual means.

The pooled means and covariances for the auto
somes and the X chromosomes in the sample (both
males and females) are shown in Table 7.1.1. In

testing for differences between the male and the
female means, significant differences were found
only for the X (p = 0.001) and for chromosome 8
(p = 0.01). This result is not unexpected, since
the X chromosome is most easily confused with
the No. 8 chromosome pair, and since the method
of identifying the X is necessarily different in
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male cells (where the X is "odd man out") from
that in female cells. It is possible that the dif
ference for the male and the female X also re

flects a real difference in arm lengths in "active"
and "inactive" X chromosomes.

Figure 7.1.1 shows a plot of the means of long
and short arm measurements together with the 95%
confidence regions for each chromosome. The
confidence regions are small enough, because of
the large sample size, so that only those for the
F (19 and 20) and the G (21 and 22) group chromo
somes come even close to overlapping. This
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should not, however, be taken as an indication of
the "separability" of the various pairs from each
other. The 95% tolerance regions, that is, the re
gions within which 95% of the individual pairs of
measurements would fall, are considerably larger,
and many of them do, in fact, overlap.
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7.2 PHOTOREACTIVATION AMONG

THE CLASSES OF VERTEBRATES

James D. Regan John S. Cook1
W. H. Lee

Organ- and tissue-specific functions are lost
from vertebrate cells after prolonged in vitro cul
tivation. Thus, a rigorous test of whether a given
cellular property is tissue specific or is a funda
mental cellular property common to all cells of the
organism is the study of that property as it may
exist in an established vertebrate cell line.

We have examined vertebrate cell lines for bio

logical photoreactivation and for the presence of
photoreactivating enzyme.

Our studies have thus far demonstrated that:

(1) Teleost cells in vitro exhibit (a) photoreacti
vation of growth and DNA synthesis and (b) photo
reactivating enzyme activity that can: (i) photo-
reactive Hemophilus influenzae transforming DNA,
(ii) monomerize pyrimidine dimers in uv-irradiated
E. coli DNA, and (iii) monomerize dimers in the
DNA of the intact teleost cells. 2 (2) Amphibian
cells in vitro exhibit (a) photoreactivation of
growth and DNA synthesis and (b) photoreactiva
ting enzyme in the H. influenzae transformation
system. (3) Reptilian cells in vitro exhibit photo
reactivation of cell growth. Further studies of
reptilian cells are in progress.

Chick embryo fibroblasts in vitro possess photo
reactivating enzyme3 and can photoreactivate uv-
irradiated pseudorabies virus,4 but adult chick
tissues exhibit little or no photoreactivating en
zyme activity.3 Thus it is conceivable that photo
reactivation is a property recapitulated by birds
during embryonic development and absent in adult

birds. Studies of biological photoreactivation in
avian cells are in progress using our experimental
systems.

Mammalian cells in vitro apparently do not ex
hibit photoreactivation, 5 and neither fetal nor adult
tissues of mammals show photoreactivating enzyme

activity. 3
From our studies and those cited, the distribution

of this repair mechanism among the vertebrates pre
sents several basic questions: (1) Why should a
DNA repair mechanism, apparently highly funda
mental on the cellular level to three classes of

lower vertebrates, be absent in the highest class?
(2) Does the presence of photoreactivation in bird
embryonic cells but not in adult birds represent
recapitulation? (3) If so, what is its evolutionary
significance? (4) If the repair system is of funda
mental necessity to fish, amphibia, reptiles, and
embryonic birds, what system replaces it in adult
birds and mammals?

Our continuing studies will be directed toward
the elucidation of these questions.
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7.3 THE EXCISION OF PYRIMIDINE DIMERS

FROM THE DNA OF ULTRAVIOLET-

IRRADIATED HUMAN CELLS

James D. Regan W. L. Carrier1
J. E. Trosko2

In a previous report3 we demonstrated that human
cell lines, unlike Chinese hamster4 and murine
"L" cells5 in vitro, lose about 50% of their ultra
violet (uv)-induced pyrimidine dimers during the
first 24 hr after irradiation.

We have continued these studies and have dem

onstrated the following:

1. Dimer excision occurs in all the established

human cell lines examined at all doses used

(Fig. 7.3.1).
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Dimer loss from the TCA-insoluble cell fraction

is accompanied by the appearance of dimers in
the TCA-soluble cell fraction.

Dimer excision is not an exclusive property of
heteroploid established cell lines, since it also
occurs in the human diploid cell strain WI-38.

4. Of the total dimers induced, about 30% are cy-
tosine-thymine dimers, which are also excised
at roughly the same rate as thymine-thymine
dimers.

5. The excision seen in these experiments is not
an artifact of label conservation in thymine but
not dimer because the addition of 10-5 M non

radioactive thymidine has no effect on excision
(Table 7.3.1).

6. Semiconservative DNA synthesis is not required

for the excision process (although some amount
of "repair replication" may occur) since hy
droxyurea at 2.5 mA/ concentration did not affect
excision (Table 7.3.1).

7. Although caffeine at relatively high concentra
tions can inhibit excision in bacteria, at 9 x

10-3 M, caffeine had no effect on human cell
dimer excision (Table 7.3.1).

These observations seem to suggest that an ex
cision-type dark-repair system perhaps similar to
that found in uv-resistant bacteria may occur in

Table 7.3.1. Effect of Several Agents on Loss

of Dimers from UV-lrradiated RAX10 Cells

Dose = 150 ergs/mm

Perce nt

of Thymine

as Dimer

Ohr 24 hr

Control 0.082 0.047

Thymidine (lxlO~5M) 0.101 0.048

Caffeine (9 X 10-3 M) 0.078 0.039

Hydroxyurea (2.5 X 10~3 M) 0.066 0.038

Average 0.092 0.043

All agents are final concentrations in the medium and
were added to cultures immediately after irradiation.
Values are not corrected for radioactivity in the dimer
region of unirradiated cells (0.009%).

human cells. We are unable to account for the fact

that only about 50% of the dimers are lost in the
first 24 hr with little or no loss thereafter. It is,
however, noteworthy that other authors have re
ported a similar pattern of "repair" of lesions
induced in HeLa cells by alkylating agents. 6
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7.4 THE EFFECT OF TRITIATED

THYMIDINE ON SISTER CHROMATID

EXCHANGE IN A RING CHROMOSOME

J. G. Brewen1 W. J. Peacock2

Studies on the segregation of tritiated thymidine
among sister chromatids at successive mitotic di
visions following incorporation of the isotope into
chromosomal deoxyribonucleic acid have revealed
a high frequency of sister chromatid exchange.3 It
was originally concluded by Taylor3 that these ex
changes occurred spontaneously, and this conclu
sion was supported by the work of Marin and Pres-
cott.4

In recent years, evidence5 and hypotheses6 have
been presented that indicate sister chromatid ex
changes are, for the most part, radiation induced.
Olivieri and Brewen's5 evidence, however, was
obtained in an experimental system analogous but
not identical to the condition of paired sister chro
matids.

Venous blood was obtained from a patient who
carried a ring chromosome of the D group in over
95% of his circulating leukocytes. Standard blood
cultures were made in duplicate. One of the two
cultures was pulse labeled with tritiated thymidine
for 6 hr; the other culture served as a control. The
pulse was given 30 to 36 hr after culture initiation.
Beginning 48 hr after culture initiation, aliquots
from each culture were fixed at 6-hr intervals fol

lowing a 6-hr colchicine accumulation of metaphase
and C-anaphase figures. The cells were then ana
lyzed for ring chromosome presence and appearance
and the tritium-treated cells subsequently analyzed
for presence of the isotope.

The occurrence of an odd number of sister chro

matid exchanges in a ring chromosome will produce
a dicentric ring chromosome that is easily identi

fied in a C-anaphase figure. Tables 7.4.1 and
7.4.2 summarize the results of dicentric ring forma
tion in tritium-treated and control cultures. It is

clear that tritium results in a 2 to 3 times higher

frequency of sister chromatid exchange than nor
mally occurs in a ring chromosome. It is also
evident that there is no dose effect, as both first
and second postlabeling divisions have the same
yield of exchange, although there is a one-half re
duction in dose in second-division cells.

Analysis of ring loss in both cultures shows
that there is a higher rate of loss in tritium-treated
cultures. The increase in ring loss is of the same
magnitude as the increase of dicentric ring forma
tion, as expected.

It was also noted that the frequency of sister
chromatid exchange in the rod chromosomes was
the same as the frequency of induced dicentric
formation.

The two- to threefold increase in dicentric ring

frequency in the tritium-treated cells indicates
that a significant portion of sister chromatid ex
changes are radiation induced. There is no direct
way of measuring the spontaneous frequency of
exchange in the rod chromosomes, but it might be
expected to be considerably less than in the ring
because of a ring chromosome's instability.

Table 7.4.1. Frequency of Dicentric Rings

in C-Anaphase Figures of the Control Culture

Fixation No.

Time Cells
Percent

(hr) Scored
Dicentrics

48 107 12.1

60 121 12.4

72 225 11.6

Total 453 11.9

Table 7.4.2. Frequency of Dicentric Rings

in C-Anaphase Figures of Tritium-Labeled Cultures

Division

No.

First

Second

No.

Cells

215

223

Percent

Dicentrics

30.2

26.0

Percent

SCEa

27.7

aSCE = sister chromatid exchange frequency in rod
chromosomes.
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The lack of a dose effect is consistent with all

the other published data on the question of the
origin of the exchanges. This lack of dose af
fecting exchange yield makes Wolff's hypothesis6
suspect, although his conclusions were correct.
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7.5 CHROMOSOME ABERRATIONS

AND THE EXCHANGE HYPOTHESIS

J. G. Brewen1 R. D. Brock2

At present there are two hypotheses as to the
mechanism of chromosome aberration production.
The older is the "breakage-first" hypothesis, and
its name is self-explanatory. A more recent hy
pothesis is that of Revell,3 or the "exchange"

hypothesis. Whereas the "breakage-first" hypoth
esis dictates the initial aberration-forming event
is the physical breaking of a chromosome, the ex
change hypothesis says it is exchange initiation.
From this it follows that all aberrations are ex

changes, and since an exchange necessitates two
"lesions" or breaks in order to occur, it also fol

lows that the dose kinetics of the deletion class

of aberration are expected to be different according
to the two hypotheses.

All attempts at clarifying this issue have uti
lized chromatid-type aberrations, a type especially
unsuitable to dose relation studies. We have made

a study on the dose characteristics and fractiona
tion effect of chromosome-type deletions. Chro
mosome-type aberrations are superior to chromatid-
type because there are no problems of differential
stage sensitivity and mitotic delay.

Whole blood of a male wallaby (W. bicolor, 2n =
11) was irradiated and cultured in the usual way.
Two dose curves were done, as well as a two-time
fractionation experiment.

Metaphase chromosomes were accumulated with
colchicine, and slides made in the manner described
elsewhere. The metaphase figures were then ana

lyzed for chromosome-type aberrations.
The doses and fractionation intervals employed

are adequately summarized in Table 7.5.1 and Fig.
7.5.1.

A least-squares analysis of the regression of
aberration frequency plotted against dose shows

Table 7.5.1. Aberration Frequencies and Standard Errors Obtained in Fractionation Experiment

500 Cells scored at each treatment

Dose (rads)
Time Dose

Given (hr)

Fractionation

Interval

Percent Centric

Rings + Dicentrics

Percent Acentric

Rings + ID
Percent Terminals

150 0 6.80 + 1.17 10.20 + 1.43 11.60 ± 1.52

150 3 11.80 + 1.54 9.60 ± 1.39 10.80 ± 1.47

300 0 28.40 + 2.38 32.80 ± 2.48 28.60 ± 2.39

300 3 33.40 + 2.58 34.80 ± 2.64 29.60 ± 2.43

150+ 150 15 min 28.20 + 2.37 31.80 ± 2.52 28.00 ± 2.37

150+ 150 3 hr 19.00 + 1.95 23.60 ± 2.17 21.00 ± 2.05

Expected yie Id 30.90 + 2.49 33.80 + 2.60 29.10 ± 2.45

with interac:tion

Expected yie Id 18.60 + 1.36 19.80 + 1.41 22.40 ± 1.49

with additn'ityb

Mean of the two 300-rad doses.

Sum of the two 150-rad doses.
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Fig. 7.5.1. Observed Aberration Frequencies and Best-Fitting Model. The dashed lines indicate the standard
error of the best fit. (a) Centric rings plus dicentrics, (b) Acentric rings plus intercalary deletions, (c) Terminal

deletions.

all aberrations to best fit a dose-square model.
The fits are shown in Figs. 7.5.1a, b, and c. Ter
minal chromosome deletions also responded to a
fractionation effect, as indicated by the data in
Table 7.5.1.

An analysis of over 100 dicentrics showed 11%
to be unequivocally incomplete in their rejoining.

The predominant two-track dose curve and frac
tionation effect for terminal deletions indicate that

many of them result from two independent ionizing
events and therefore could conceivably be the re
sult of incomplete exchange. Calculations have
been made on the basis of the total number of com

plete exchanges observed that show all terminal

deletions could result from incomplete exchange if
15 to 25% of all exchanges were incomplete. The
observed value of 11% of incompleteness in the
dicentric class is not significantly different from
the predicted value.
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8.1 THE FREQUENCIES OF X-CHROMOSOME

LOSS IN FEMALE MICE EXPOSED TO DOSES

OF 50 AND 400 r OF X RAYS

W. L. Russell

Elizabeth M. Kelly
Patricia R. Hunsicker

Carolyn M. Vaughan

The experiment to be described was undertaken
to test whether two of the factors that markedly
affect the frequency of radiation-induced mutations
at specific loci would have a similar influence on
a different type of mutational damage. The two ef
fects on specific-locus mutation induction that sug
gested this additional test were, first, the depend
ence of mutation frequency on the interval between
irradiation and conception, and, second, the de
parture from linearity of the dose-mutation curve at
low doses.

In female mice, it has been shown, first with
neutrons1 and then with x rays,2 that, as the in
terval between irradiation and conception extends
beyond six or seven weeks, the mutation frequency
in the offspring plunges to an extremely low level.
This finding has direct application to the estima
tion of genetic hazards and is of basic importance
in our understanding of the mutation process and
the factors that affect it. It was clear that these

aspects of the phenomenon could be explored fur
ther by testing the effect of the irradiation-con
ception interval on mutational events other than
the specific-locus mutations used in the original
finding. We chose a type of mutational damage
quite different from that detected by the specific-
locus method, namely, the induction by x rays of
X-chromosome loss as a result of chromosome

breakage.

Since the x-ray dose had to be low in order to
avoid the early loss of fertility that occurs with
high doses, the experiment could easily be de
signed for the second objective by simply run
ning a small part of it at a high dose. Although
the females in this portion of the experiment would
lose their fertility after bearing only one or two
litters, the mutation frequency could be compared
with that from the early matings of females ex
posed to the low dose. In the x-ray experiment on
specific loci, it had been found that a 50-r dose
to females gave a much lower mutation frequency
than expected, on a linear basis, from the muta
tion frequency at 400 r.3 This was taken as evi
dence that some repair of mutational or premuta-
tional damage can occur at low doses as well as

at low dose rates. It was of considerable interest

to find out whether the same phenomenon would be
observed with X-chromosome losses.

Mature F hybrid female mice from the cross of
101 and C3H strains were exposed to 50 or 400 r
of approximately 80 r/min x irradiation and mated,
24 hr later, with males carrying either one of two
sex-linked genes, Tabby (Ta) or Greasy (Gs), pre
dominantly the latter. The offspring were scored
for occurrences of presumed Ta/0 or Gs/0 fe
males, as well as for any other detectable de
partures from the Ta/+ or Gs/+ phenotype for
females and wild-type phenotype for males. The
presumed Ta/0 and Gs/0 females, as well as other
exceptional animals, were checked by breeding
tests and chromosome counts.

By both genetic and cytological criteria, all
presumed Gs/0 or Ta/0 animals tested to date
appear to be X-monosomic. On the simplest as
sumption, the X-chromosome loss could be the
result either of breakage or of nondisjunction.
The latter would also produce XMXMY and
XMXMXP exceptions, phenotypically nondetectable
with the markers in this experiment. However, in

dependent data4 indicate that induced XMXMY
must be rare. It is, therefore, at least provisionally
assumed that most, if not all, Gs/0 or Ta/0 ex
ceptions in the present experiment were the result
of x-ray-induced chromosome breakage. No un
irradiated controls were used, since females in
normal stocks with the requisite sex-linked markers
had shown no spontaneous occurrences of X-chro-
some loss in 2576 offspring.4 ,5,6

The experiment has not yet proceeded far
enough to provide adequate data on the effect of
the interval between irradiation and conception on
X/0 frequency. Data on the second objective of
the experiment, the effect of a low dose, are,
however, already informative. The results are
shown in Table 8.1.1. The observed frequencies
of 10 and 15 X-chromosome losses in the female

germ cells exposed to, respectively, 50 and 400 r
are very close to the 9.9 and 15.1 expected on the
basis of a straight-line relation between mutation
frequency and dose. Thus the data provide no
evidence for dose-dependent repair of the kind of
damage, presumably chromosome breakage, that
leads to X-chromosome loss. It would appear
that the hazard from this type of genetic damage,
unlike that from mutations scored by the specific-
locus method, remains linearly related to dose as
far down as 50 r.
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Table 8.1.1. Maternal X Chromosome Losses

in Offspring Conceived in the First Six Weeks After

Irradiation of Wild-Type Female Mice Mated

to Ta/Y or Gs/Y Males

Ta or Gs
Ta or Gs

D 0
w

+ ??
(r)

Observed Expecteda

50

400

3753

699

10

15

9.9

15.1

On the assumption of a straight-line relation between

mutation frequency and dose.
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8.2 COMPARATIVE STUDY OF FIVE

X-AUTOSOME TRANSLOCATIONS INVOLVING

LGl IN THE MOUSE

L. B. Russell Clyde S. Montgomery

A large part of the evidence both for the de
velopment1,2 and later modification3,4 of the
single active X-chromosome hypothesis has come
from X-autosome translocations in the mouse,5-7
and, in particular, from five independent T(X;l)'s,
discovered at this laboratory, whose properties
can be compared. Because of considerable fer
tility problems, a detailed study of these has
taken several years, although the broad features
of the results have been used earlier to develop
hypotheses of X-chromosome activity.3 ,4,7 Re
sults of the detailed comparative study of T(X;l)'s,

which has now been completed, will be summarized

here.

The rearrangements named R2, R3, R4, R5, and
R6 were found in the course of specific-locus
mutation-rate experiments. Four of them came from
postgonial irradiated stages; one, R6, from a con
trol mating. The results to be summarized come
from almost 200 different types of crosses involv
ing these rearrangements. The letter R will be
used to indicate presence of a heterozygous
T(X;1) and also to designate location of break
point. Gene symbols shown in parentheses will
indicate location of these alleles in a translo

cated chromosome.

Viability. —Two measures of viability were
used. Survival to seven days was measured in
crosses in which the R animals are phenotypically
distinguishable and where the segregating markers

used do not present known viability problems.
Among 2034 classified males, there was no evi
dence of reduced survival in any of the R stocks.
The frequency of translocation females at seven
days of age was, however, less than 50% in all
stocks (a total of 3064 females classified), the
difference being highly significant in four of the
five comparisons. A second measure of viability,

applied to females set up for breeding, was young-
adult death and sterility (the latter, for various
reasons, probably due to lack of general well-
being, rather than to specific reproductive de
ficiency). The incidence of these parameters was
higher for R than for non-R females in all stocks
(totals of 866 and 284, respectively), and the com
parison for sterility alone, 8.2 vs 2.5%, was quite
significant.

Weight. —Presence of all T(X;l)'s has a marked
effect on body size in females, for which there was

a weight reduction of from 11 to 26% in different
stocks. There was no effect on males.

Fertility. —In extensive fertility tests of 277
males, R males were found to be invariably sterile,
even though mated from less than six weeks of age
on. Testis weights of 97 R and 61 non-R males
showed no overlap, the former falling entirely with
in the range of from 20 to 80, the latter from 140
to 270 mg.

Average litter sizes of R females (based on a
total of 8104 offspring) are only 38% of those pro
duced by contemporary non-R segregants (based on
9425 offspring), even though the former averaged a
smaller number of litters. For individual T(X;1)

stocks, the ratios vary from 35.1 to 43.8%. In
three of the stocks, there is no overlap at all in
ranges of R and non-R average litter sizes.
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The fact that the ratios are markedly below 50%
could indicate either that R females are poor

mothers or, alternatively, that unbalanced segre
gations are frequent. Random 2:2 segregation from
the association of four chromosomes would theo

retically yield 33% normal litter size, but the
actual ratio might be slightly higher due to better
survival of embryos in small litters.

Segregation. —It is obvious from the small litter
sizes that segregants with autosomal imbalance do
not survive, and this can also be shown by the
phenotype when appropriate markers are used.

Imbalances involving an entire X chromosome
are viable in the translocation stocks. R females

that have foiled to receive a paternal sex chromo
some are self, resembling R males; R males with
an extra X are variegated, similar to R females
(these findings were basic to the formulation of
single-active-X hypothesis). The frequency of the
latter type was between 0.11 and 0.16 (based on a
sample of 1849 males). The reported spontaneous
incidence of paternal nondisjunction is 0.02%. It
may be assumed that the excess in R stocks is due
to 3:1 segregation from the association of four
chromosomes in the translocation mother. The

complementary type, however, that is, daughters
receiving the intact autosome but lacking the in
tact X, is probably at least one order of magnitude
more frequent. This would indicate that X loss in
R females can occur independently of 3:1 segrega
tion. It should be noted that spontaneous loss of
XM is extremely rare.1

Inactivation of Autosomal Loci. — Whether or

not a given autosomal locus is inactivated at all
by a given rearrangement and, if so, how much, can
be revealed by introducing an intact autosome car
rying a lower allele at that locus. If the locus is
subject to inactivation, this procedure will result
in variegated females mosaic for (1) cells in which
the given autosomal gene in the rearranged chro
mosome is suppressed ("uncovering" the lower
allele in the intact chromosome) and (2) cells in

which the rearranged chromosome is active. The
variegating phenotype, which could theoretically
be either that of the hemizygous lower allele or
that of some compound, indicates whether inacti
vation is to a nullo state or to some intermediate

level. Frequency of inactivation is indicated by
the average proportion of the body having the
variegating phenotype.

Inactivation has been tested for the following
autosomal loci: c, p, tp, pu [(c-(3)-rp-(13)-p-(22)-

pu)]. For the c locus, full-frequency inactivation
(i.e., 50% of body having the recessive phenotype)
is produced by R3; somewhat less by R6; about
half frequency by R4; less than half by R5; and
none whatsoever by R2. For the p locus, R6 and
R5 give full and half frequency, respectively; R2,
about one-quarter; R3 and R4 barely any. The tp
locus, difficult to study quantitatively, is subject
to inactivation in all the rearrangements, but is
probably most frequently affected in R2. The pu
locus (affecting tail development) has been studied
only in R5 and R6, where it is either not inacti
vated or not inactivated with a high enough fre
quency to affect the total phenotype.

Inactivation is to a nullo form, even in such re

arrangements in which the given locus is affected
only half or less than half of the time. Since the
allele in the intact chromosome is therefore ex

pressed in hemizygous condition, it is possible to
determine whether it is an amorph or a hypomorph.
It has been concluded that p is the latter, since

(p)/p is variegated, that is, 0/p and p/p are dis
tinguishable.

Location of Autosomal Breakpoints. —The LGl
positions of rearrangement points, R's, relative to
c and p loci have been determined in three-point
crosses. R4 and probably R3 lie outside the c-p
interval, on the c side; R5 and R6 lie outside on
the p side; and R2 lies within the interval, probably
between c and tp. Because R2 is broken close to
c yet does not inactivate it, special efforts were
made to check for other possible types of re
arrangements, namely nonreciprocal translocation
and insertion. These could be rejected on the
basis of genetic and cytological results too com
plex to describe here.

Recombination values, based on sample sizes

ranging from 346 to 1369, are as follows. R2:
c-R = 0, R-p = 9.7; R3: R-c = 0.2, c-p = 16.6;
R4: R-c = 6.9, c-p = 19.6; R5: p-R = 8.1, c-p =
19.4; R6: p-R = 2.2, c-p = 21.6. In cases where
the autosomal breakpoint lies outside the c-p re
gion (R3, R4, R5, R6), recombination between
these two loci is not reduced and may even be

slightly enhanced. There is also evidence (R2)
for moderate crossover inhibition in the immediate

vicinity of the breakpoint.

The relation of breakpoint location to relative
inactivation of the various autosomal loci led to

our idea that the mouse X chromosome bears a

center from which inactivating influences can
emanate along gradients.3 The inactivation
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center is inoperative when only one X is present;
with two or more present, it is inoperative in one
of them, which differentiates at random early in
embryology. In the case of an X-autosome trans
location, part of the autosomal segment that has
been joined to that portion of the X that bears the
inactivation center also comes under the influence

of this center. Preliminary mapping of X break
points has further confirmed our views and has
put limits on the location of the inactivation

center.

Refe

1L. B. Russell, Science 133, 1795-1803 (1961).
2Mary F. Lyon, iVarure 190, 372-73 (1961).
3L. B. Russell, Science 140, 976-78 (1963).
4L. B. Russell, Trans. N.Y. Acad. Sci. 26, 726-

36 (1964).

5L. B. Russell and J. W. Bangham, Genetics 44,
532 (1959).

6L. B. Russell and J. W. Bangham, Genetics 46,
509-25 (1961).

7L. B. Russell and C. S. Montgomery, Genetics
52, 470-71 (1965).

8.3 RNA SYNTHESIS IN MOUSE OOCYTES

E. F. Oakberg
Evelyn C. Lorenz

Roselynn A. Dynesius
Diane W. Slover

Previous experiments revealed that the rate of

incorporation of 3H-uridine varied with stage of
development of the mouse oocyte.1 These experi
ments have been repeated in order to obtain more
data and to evaluate the effect of RNase digestion
on 3H-uridine-labeled oocytes.

Ovaries were fixed in acetic alcohol (3:1), sec
tioned at 3 fi, deparaffinized, and hydrated. Half
of the slides from each mouse then were placed in
a solution of 1 mg RNase (bovine pancreas salt-
free 5 A cryst.) per milliliter in distilled water at
37°C for 1 hr 50 min, rinsed in distilled water,
placed in 5% cold (0°C) TCA for 1 hr, rinsed in
distilled water, rinsed thoroughly in 70% ethyl
alcohol, and placed in distilled water. All slides
were then air-dried and coated with Kodak NTB

liquid emulsion diluted 1:1 with a 0.1% solution

of Dreft.

3H-uridine labeling was effectively removed by
the RNase plus cold TCA treatment. Analysis of

various cell RNA species was not done, but it is

probable that the 3H-uridine incorporation observed
in the mouse oocytes represents synthesis of ri
bosomal and messenger RNA.

Data on oocyte labeling in the slides which were
not treated with RNase were comparable with those
obtained in the earlier experiments and confirm our
conclusion that active RNA synthesis occurs dur
ing growth of the mouse oocyte but not in oocytes
contained in follicles with an antrum.

No specific relationship between 3H-uridine
metabolism and repair of radiation damage has been
demonstrated, but the changing pattern of 3H-uri-
dine incorporation with growth of the oocyte may
indicate general levels of metabolic activity which
could be important in response of the oocyte both
to radiation-induced cell killing and to mutation.
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8.4 STEM-CELL RENEWAL IN THE

SEMINIFEROUS EPITHELIUM OF THE MOUSE

E. F. Oakberg

Evelyn C. Lorenz
Roselynn A. Dynesius
Diane W. Slover

Type A spermatogonia are the stem cells of the
seminiferous epithelium, and, by the process of
stem-cell renewal, maintain their own numbers,
yet give rise to a constant supply of differentiated
germ cells. The exact mechanism by which the
stem-cell population is maintained, however, is
not well understood.

Recently, Clermont and Bustos1 have presented
evidence in the rat for a spermatogonial type which
they have designated AQ. These cells are thought
to divide at a slow rate and out of synchrony with
the majority of spermatogonia. The function of
these cells is not clear, but they are thought to be
"reserve" stem cells available in case of deple
tion of A gonia; as, for instance, in the irradiated
testis. The presence of this cell type in the
mouse, therefore, could change our previous in
terpretations of both histological and genetic
effects of radiation on spermatogonia.

The duration of the cell cycle of types A —A
spermatogonia of the mouse is 26 to 30 hr, with
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an average DNA synthetic time of 6 to 7 hr.2 It
should be possible to demonstrate the existence

of A spermatogonia by their failure to label if
3H-thymidine is present throughout one complete
cell cycle. Accordingly, 101 x C3H hybrid male
mice were given six injections of 12.5 /xc of 3H-
thymidine (specific activity 1.9 curies/millimole)
at 5-hr intervals. Autoradiographs were prepared,
and 1000 type A spermatogonia were scored for
each mouse.

Data on frequency of labeled A spermatogonia
1 hr after the sixth injection are given for the 12
stages of the cycle of the seminiferous epithelium
in Table 8.4.1. The low incidence of labeling at
stages IV—VII, when the A spermatogonia are
mitotically inactive, was expected. It also is
apparent that a smaller proportion of the A and
A population is dividing at stages IX—XII (~75%
labeling) than is the case for A3 and A4 in stages
I_H (^90% labeling). At all of these times, how
ever, both labeled and unlabeled cells appear
(from data not given here) to divide at approxi
mately the same relative frequency. Thus either
some cells were not labeled by our techniques or
some cells have an unusually long G period.

Examination of the data for the 1—15 day in
terval reveals that about half of the mitotically

Table 8.4.1. Frequency of Labeled Type A

Spermatogonia at Each of the 12 States of the Cycle

of the Seminiferous Epithelium of the Mouse

1 hr After Six Injections of H-Thymidine

Total Proportion
Stage

Cells Labeled

I 148 0.892

II 172 0.890

III 14 0.214

IV 21 0.095

V 21 0.048

VI 62 0.032

VII 71 0.028

VIII 51 0.275

IX 103 0.660

X 37 0.757

XI 131 0.748

XII 169 0.781

inactive A spermatogonia at stages III—VIII are
derived from cells which were labeled at stages

XII—II, that is, in the previous one or two mitotic
divisions. The fact that 90% of the spermatogonia

labeled at stages I—II, together with divisions
among the remaining 10% of unlabeled cells, would
suggest that all A spermatogonia divide at least
once during this interval. This makes untenable
the hypothesis that the stem cells are differentiated
in the divisions at IX and do not divide again until

stage IX of the following cycle.2
Division of all A spermatogonia at stages I—II

also excludes the existence of a spermatogonial
type (A ?) which does not regularly participate in
spermatogonial renewal in the mouse.

Division of some A spermatogonia, however, is
quite irregular. This is indicated by the lower
labeling observed at stages IX-XII in comparison
with that observed at stages I—II and by the pres
ence of some heavily labeled cells ten days after
3H-thymidine injection. By ten days, all A sper
matogonia have had an opportunity to divide four
times, and some have passed through five mitotic
peaks. If all cells had divided at each mitotic
peak, the label would have been diluted below
recognizable levels. Eventually, however, these
cells do divide and produce differentiated cells,
for at 15 days no heavily labeled A spermatogonia
are present, and some lightly labeled, recently
differentiated intermediate spermatogonia can be

seen.

Thus there is no evidence for the existence of

an A (reserve stem cell) spermatogonial popula
tion in the mouse. Some type A spermatogonia,
however, do not divide regularly, but they all
eventually participate in stem-cell renewal.
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8.5 TRANSMISSION OF RADIATION-INDUCED

DOMINANT SKELETAL MUTATIONS

IN MICE

U. H. Ehling

Our published estimate for dominant mutations
affecting the skeleton after single exposure with
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600 r is 2.9 x 10-5 mutation gamete-1 r_1 for
postspermatogonial stages and 1.1 x 10~5 muta
tion gamete-1 r_1 for spermatogonia. The 95%
confidence intervals are 1.6 to 5.2 and 0.4 to 2.5

respectively.1 The figures were based on the rela
tively frequent occurrence of a certain class of ab
normalities in the offspring of irradiated males and
the almost complete absence of such abnormalities
in the offspring of control males. Although it would
have been desirable to test the mutational origin of
at least a sample of the individual abnormalities
by carrying out breeding experiments, this was not
feasible in the original experiment, where the first-
generation offspring were sacrificed at 26 to 28
days, that is, before they reached the reproductive
age.

The present experiment was designed specifi
cally to permit breeding tests on a sample of pre
sumed mutations. The first-generation offspring
are not sacrificed until they have produced one
litter. Sacrificed animals are processed for
skeletal study by a modification of Dawson's
technique. The whole skeletons are examined in

detail in Alizarine Red S preparations. Offspring
of first-generation animals that were classified as
presumed dominant mutations affecting the skeleton
are test bred. Offspring from animals classified as
nonmutant are discarded.

To date, three dominant mutations affecting the
skeleton were found to be transmitted to the second

and later generations. One of these mutants was
found in an earlier experiment where the offspring
were derived from sperm irradiated as spermato
gonia.1 Two of these mutants were found in this
experiment where the offspring were derived from
sperm irradiated as spermatozoa or spermatids.
One mutant was found in a group of 108 offspring
which were produced by males irradiated with
600 r. The other mutant was found in a group of
86 offspring produced by males which were irra
diated with 100 r followed by 500 r 24 hr later.
The test of two additional presumed mutations is
incomplete.

The evidence that a sizable proportion of the
presumed dominant mutations are due to gene mu
tations was discussed earlier.1 In the discussion

it was emphasized that it might be possible to re
cover some of the presumed mutations. The results

of this experiment demonstrate that it is feasible.
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8.6 TOXICITY, FERTILITY, AND DOMINANT
LETHAL MUTATIONS AFTER INJECTION

OF IRRADIATED SUCROSE IN MICE

U. H. Ehling

D. G. Doherty1
Dorma J. Gottlieb
Sandra W. Huff

The induction of dominant lethal mutations in

mice with x rays2 or alkylating agents3 is due to
chromosomal aberrations. The observation that

irradiated sucrose induced chromosomal aberra

tions in human lymphocyte cultures4 made it
mandatory to test this substance for the induc
tion of dominant lethal mutations in mice.

A 2% solution of reagent-grade sucrose in
double-distilled water was irradiated at 25°C

in a cobalt source at approximately 6800 rads/min
for a total of 2 x 106 rads. The solution was ad

justed to pH 7.0 with NaOH and concentrated in
vacuo at 25°C to a thick syrup in a flash evapo
rator. The syrup was dissolved in distilled water,
adjusted to pH 7.0 with NaOH, and diluted to a
final concentration of 20%. The 20% solution was

either sterilized by autoclaving for 20 min at 15
lb pressure or by passing through a Millipore
filter without autoclaving. A similar process of
concentration was used to prepare the unirradiated
20% sucrose control solution.

The three types of differently treated sucrose
solutions were injected intraperitoneally into 71
hybrid (101 x C3H)Fj male mice, 10 to 12 weeks
old. In one experiment ten males were injected
with 1 cm3 of Hank's balanced salt solution.
Immediately after injection, each male was caged
separately with two virgin hybrid females, also
10 to 12 weeks old. A second and third mating
with two females was made after 7 and 14 days
respectively. The uterine contents of fertilized
females were examined 14 to 17 days after con
ception. Single pair matings were made 22 to

120 days post treatment. Litters were recorded
and killed at birth. With our mating scheme, 1- to
7-day postinjection sperm are treated as sperma
tozoa of vas and epididymis, 8- to 14-day post-
injection sperm as testicular sperm and late
spermatids, 15- to 21-day postinjection sperm as
early spermatids, and 22- to 35-day postinjection
sperm as spermatocytes. Gametes treated as

spermatogonia are utilized six weeks after in
jection.5

Experiments performed in the Biology Division
demonstrated that irradiated, autoclaved sucrose
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produces large numbers of chromosomal aberra
tions in human lymphocyte cultures, but neither
irradiation nor autoclaving by itself produces any
detectable effect.6 Based on these observations

we used in the first experiment for the calculation
of the yield of dominant lethal mutations as the
control group the males treated with irradiated
sucrose; in the second experiment the males of
the control group were treated with a Hank's
balanced salt solution.

An injection of 1.5 cm3 of an irradiated and
autoclaved sucrose solution was lethal to all 25

animals tested. The injection of the same amount
of irradiated or autoclaved sucrose solution was

lethal to, respectively, 1 out of 10 and 2 out of 10
of the treated males (Table 8.6.1). Deaths in all
groups occurred within three days.

In both experiments the percentage of fertile
matings 1 to 7 days post injection of irradiated,
autoclaved sucrose solution is below the frequency
of the control group (Table 8.6.2). The decrease
in matings is probably due to the stress of the in
jection of irradiated, autoclaved sucrose solution
(Table 8.6.1).

The frequency of dominant lethal mutations is
summarized in Table 8.6.2. The statistically in

significant deviations from zero for the calculated
values of dominant lethal mutations indicate that

the treatment was ineffective in inducing dominant
lethal mutations in spermatozoa and spermatids of
mice.

The maximum number of litters produced by a
pair of mice in the 22- to 120-day interval post
injection is 5. The average numbers of litters

Table 8.6.1. Toxicity of 20% Sucrose Solution

in (101 X CSHJF, Male Mice

Treatment of Volume No. of Survival

Experiment
Solution (cm3) Males (%)

First Irradiated 1.5 10 90

Autoclaved 1.5 10 80

Irradiated and 1.5 20 0

autoclaved 1.0 25 100

Second Irradiated 1.0 15 100

Irradiated and 1.5 5 0

autoclaved 1.0 15 93

produced in this interval for the three groups of
the first experiment are as follows: irradiated
sucrose group 4.8; autoclaved sucrose group 5.0;
and irradiated, autoclaved sucrose group 4.7. The
pooled frequency of 46 males treated with Hank's
balanced salt solution in the same interval but at

different times was 4.7 litters per pair. These dif
ferences are clearly not significant. The differ
ences in the number of offspring per pair in the
three groups treated with sucrose are also insig
nificant. From these data it can be predicted that

the induction of dominant lethal mutations in sper

matocytes is unlikely. The reproductive perfor
mance of the males, when treated spermatogonia

were utilized, gives no indication that the de
velopment of this cell stage was impaired by the
treatment with a 20% irradiated, autoclaved su

crose solution.
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8.7 3H-URIDINE INCORPORATION INTO LM
CELLS IN VIVO AND IN VITRO AND

INTO NORMAL MOUSE TISSUES

R. B. Cumming

It has been shown that LM cells, when injected
into suitably treated C3H mice at a dose of 1 x
107 cells per animal, produce large, rapidly grow
ing, nonmetastasizing fibrosarcomas in nearly
100% of the animals so treated. While LM-cell-

induced tumor incidence is the same in male and

female mice, the regression rate is significantly
higher in males.1



Table 8.6.2. Ineffectiveness of 20% Sucrose Solution to Induce Dominant Lethal Mutations in Spermatozoa and Spermatids of Mice

Treatment of 20% Volume
Experiment e e , .. , 3s

Sucrose Solution (cm )

First

Second

Irradiated

Autoclaved

Irradiated and

autoclaved

Hank's balanced

salt solution

Irradiated

Irradiated and

autoclaved

1.5

1.5

1.0

1.0

1.0

1.0

embryos experimental group/0'
1 ) X 100.

embryos control group/ 9.

Control group.

Mating

Post

Injection

(days)

1-21

1-7

8-14

15-21

1-7

8-14

15-21

1-21

No. of

Females

54

16

16

16

50

50

50

60

Fertile

Matings

(%)

85.2

81.3

93.8

100.0

62.0

60.0

76.0

88.3

No. of

Implants

329

96

110

112

208

217

279

376

No. of

Embryos

312

86

101

106

190

197

249

337

Dead

Implants

(%)

5.2

10.4

8.2

5.4

8.7

9.2

10.8

10.4

Frequency of

Dominant Lethal

Mutations

(%)a

2.5

0.7

2.3

9.6

3.2

3.4

1-7 30 70.0 143 135 5.6 -1.1

8-14 30 73.3 162 141 13.0 -0.8

15-21 30 90.0 194 165 14.9 3.9

1-7 28 67.9 141 136 3.5 -12.6

8-14 28 85.7 172 155 9.9 -1.6

15-21 26 88.5 164 141 14.0 3.6

• *

CO
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If tumors are removed from the animals, tryp-

sinized, again grown in vitro, and given a half-
hour pulse of 3H-uridine in the first passage after
removal, cells from tumors of female mice con
sistently incorporate more of the isotope than
those from tumors of male mice. When material

from 15-day-old tumors had been grown in vitro for
48 hr prior to labeling, cells from female tumors
showed a 44% higher count rate than cells from
male tumors. In 42-day-old tumors the count rate
was 54% higher for cells from female tumors than
for cells from male tumors.1

In preparation for in vivo incorporation studies
on this tumor system, an experiment was performed
on 3H-uridine incorporation patterns in several
tissues of normal eight-week-old male and female
C3H mice. 3H-uridine was injected intraperito
neally at 4 mc per kilogram body weight, and tis
sues were harvested at eight time intervals rang
ing from 15 min to 24 hr after injection. Data were
collected by liquid scintillation counting of TCA-
insoluble material from tissue homogenates.
Typical data for some tissues 12 hr after injection
with 3H-uridine in counts per minute per milligram
of tissue, wet weight, follow.

Tissue dW 99
Spleen 641.86 662.60

Liver 278.88 341.66

Kidney 201.22 216.69

Heart 59.68 67.64

Brain 9.29 9.24

No significant differences are noted between the
sexes except in the liver, where females incor
porate a small but consistent percentage more

uridine.

Several experiments have been completed which
were designed to test the rate of 3H-uridine in
corporation in LM cell tumors in male and female

mice. Contrary to the in vitro results, male tumors
in vivo incorporate consistently more uridine than
female tumors. In an experiment in which male
and female mice with LM tumors were injected
with 3H-uridine at 4 mc per kilogram body weight,
samples of TCA-insoluble material from tumor and
liver homogenates were counted by liquid scintil
lation. The following data are from tissues re
moved from animals 12 hr after 3H-uridine injec
tion and are expressed as counts per minute per
milligram of tissue, wet weight.

Tissue dtr 9?

Tumor 229.05 174.99

Liver 150.11 215.51

The counts in the liver are down in both sexes

compared with animals of a similar age without
tumors; however, the relationship of females in
corporating more uridine into the lever than males
under similar conditions remains. LM cell tumors

in male hosts, in contrast, incorporate more 3H-
uridine than similar tumors in female hosts.

One hypothesis which could be used to explain
the relative differences of activity of LM cell
tumors in vivo and in vitro follows: In vivo other

tissues, and particularly the liver, compete with
the tumor for the available uridine pool. As liver
tissue in the female mouse is more active in this

competition than in the male, less uridine is avail
able for the female tumor than for that of the male.

Competition and hormonal control mechanisms are
absent in vitro, where cells from LM tumors from
males incorporate uridine at a higher rate than
those from females.
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9.1 MORTALITY FROM SECONDARY DISEASE

IN RADIATION CHIMERAS

C. C Congdon R. E. Toya, Sr.

The major lines of investigation in our program
on treatment of radiation injury have been to study
mortality, pathology, immunology, and metabolic
alterations in the lethally irradiated animal kept
alive by a foreign bone marrow transplant. Al

though some life-span determination and leukemia

prevention work has been done in collaboration
with the Pathology and Physiology section of the
Biology Division, most of the effort concerns the
90-day period following transplantation. During
this interval a large percentage of mice kept alive
by the foreign-marrow treatment die of a secondary
disease caused by the graft-vs-host reaction. Im
munologically competent cells in the donor marrow
grow out after transplantation and attack the host.

160
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Some animals recover spontaneously from secondary
disease and go on to live in a relatively normal
condition for many months.

The observation that spontaneous recovery from
the graft-vs-host reaction occurs, formed the basis
for a factorial-design—response-surface study of
the 90-day mortality problem. With the assistance
of the Mathematics Division, Oak Ridge National
Laboratory, in planning the experiments and ana
lyzing the data, six experimental designs were
carried out.

In the initial five designs the goal was to find
the region of the 90-day mortality response sur
face that gave least mortality. This was essen
tially completed for allogeneic (homologous) bone
marrow donation with the fourth design, and the
results are shown in Fig. 9.1.1. For heterologous
(rat) marrow transplanted into 950-r irradiated mice,
an unusually low-mortality region was found in the
fifth design, and further exploration of this region
is scheduled.

Surviving animals from these designs were
shown to be chimeras in good health with per

30-

< 20H

DOSE OF CELLS x 106

sistent donor marrow grafts. Leukemia induction
studies on survivors in certain experimental de
signs are in progress.

The primary factors under study in these initial
designs were age and dose of donor cells, sex of
donor and recipient, and day of injection of cells
after x ray of the recipient. A sixth design was
carried out to find regions of highest mortality in
the 90-day mortality response surface varying
these same four factors in an allogeneic situation.

Overall 90-day mortality in 640 irradiated mice is
about 20% in this design, which indicates un
usually good recovery from secondary disease
rather than the opposite effect which was being
sought.

Throughout the factorial design studies we have
made the assumption that the host animals have
not changed appreciably, but recent observations
point to a physiologic change resulting from
changes in the laboratory animal environment.
Production of mice is now carried out in filter

top cages, with absence of the usual mouse para
sites and murine viruses. The result is an in-

/ I
/ I

/ I

/
20 ' /30

15827

40

Fig. 9.1.1. Response Surface for 90-Day Mortality when Dose and Age of Foreign Donor Cells Are Varied in

Treatment of Lethal X-Ray Exposure.
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creasingly hypoplastic lymphatic tissue system
in current research animals, compared with that
in animals of the original experimental designs.

It seems possible that the reduced lymphatic
tissue mass provides less area for graft-vs-host
reaction and therefore less mortality. This find

ing shows a need for adding another factor to the
four already involved in our design work —that
of the weight of the preexisting lymphatic tissue
mass in the lethally irradiated host.

9.2 KIDNEY LYSOZYME IN HYPOXIC

RADIATION CHIMERAS

Eiji Endo

Perri er a/.1,2 observed that lysozyme activity
was elevated in the kidney of rats carrying a non-
isogenic tumor. Because the tumor was not genet
ically identical to the host animal, it seemed pos
sible that immunologic activity of a host-vs-graft
type was a factor in producing the increase in the
enzyme level. Following up on the work of Perri
er al., Suu et al. showed that a graft-vs-host re
action in the mouse foreign-marrow radiation
chimera also produced a marked increase in kidney

lysozyme.3,4 More recently, Troup and Walford5
reported that elevated kidney lysozyme is present
in neonatal mice with runt disease produced by a
graft-vs-host reaction. According to Congdon ef
al.,6 under extreme hypoxia a graft-vs-host reac
tion was ineffectual in causing death, and thus
one might expect that kidney lysozyme would be
lower than in a comparable radiation chimera under
the usual atmospheric oxygen levels. Therefore,
in the present work, lysozyme was measured in

kidneys of mouse foreign-marrow radiation chi
meras kept at usual atmospheric conditions and

compared with similar chimeras kept under condi
tions of extreme hypoxia7 from the time of radia
tion.

Experimental animals were 12-week-old mice of

the BeCSFySim type (C57BL/6 9 x C3H/Anfc?).
Donors for isologous bone marrow (IBM) were of
the same hybrid type and age. Donors of homol
ogous bone marrow (HBM) were CD2F /Cum mice

(BALB/c Cum 9 x DBA/2 Cum 6). The experi
mental design is shown in Table 9.2.1. All

animals were weighed and killed for examination
at nine days after irradiation and/or marrow in
jection. Both kidneys were removed, freed of

Table 9.2.1. Experimental Design

Group No. Treatment

1 950 r

2

3 950 r + IBM6

(40 X106 cells)
4

5 950 r + HBM6

(40 X 106 cells)
6

7 Normal

8

9 Normal + IBM

(40 X106 cells)
10

11 Normal + HBM

(40 X 106 cells)
12

Caging

Hypoxia Standard

The mice were kept eight per cage and allowed free
access to food and water.

The cells were given intravenously by tail vein with
in 5 hr after irradiation.

connective tissue, and weighed before being used
in the enzyme assay. Lysozyme was assayed
according to the procedure of Suu ef al.,3'4 which
was based on the method of Shugar.8

At nine days after irradiation, the kidney lyso
zyme was markedly elevated in HBM mice, as had
been shown in previous studies (Fig. 9.2.1). There
was, however, no significant difference between
those mice kept under conventional conditions and

those kept under extreme hypoxia in the HBM
chimera group. In the five different control groups,
the enzyme levels were in the same general range,
but in all instances the lysozyme measurement was
a little higher in the hypoxic situation than under
standard caging conditions. The lowest lysozyme
level was found with standard caging where no ir
radiation or marrow injection was given. Next to
the HBM chimera group, HBM in unirradiated hy
poxic mice give the highest enzyme level.

These preliminary findings did not turn out as
expected. If the hypoxia did in fact reduce the
graft-vs-host reaction, then kidney lysozyme did
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Fig. 9.2.1. Kidney Lysozyme Activity on Day 9.

Lines through points show the standard deviation.

not reflect the absence of immunologic activity.

The results suggest that additional work is needed
on the mechanism of kidney lysozyme elevation
during an immune response. The higher lysozyme
levels present in all but one hypoxic group, and
the lowest level in unirradiated, untreated standard
animals suggest that hypoxia, immune response,
and experimental manipulation increase kidney
lysozyme content.
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9.3 MORPHOLOGIC BASIS FOR LIVER

ENLARGEMENT

W. H. McArthur

Enlargement of the liver is one of the early
manifestations of bone marrow treatment of le-

thally irradiated animals. Previous work in this
laboratory by Kretchmar et al.1 shows that the
peak increase in liver weight occurs on the 12th
day following irradiation and bone marrow treat
ment. If liver cells are enlarged, then nuclei

might also be enlarged and show changes in the
amount of DNA. Uyeki,2 however, found no sig
nificant increase in DNA of liver nuclei from

xenogenic radiation chimeras. The increase in
liver weight may be related to enlargement of
parenchymal cells or it may be due to increase
in number of cells. Such activity of these cells
might be indicative of the synthesizing ability of
the liver. The purpose of this investigation is to
attempt to determine precisely the morphologic
basis of liver enlargement.

Twenty male mice were used in these experi
ments. Each animal was weighed at the beginning
of the experiment. They were selected for body
weight (between 25 and 32 g) and divided into four
groups. The first group was given 940 r x irradia
tion only; the second group received no irradiation
or treatment; the third group was given 950 r total-
body x irradiation and within an hour received 40 x
106 nucleated isologous (101 x C3H)F Cum bone
marrow cells; the final group was irradiated in the
same manner but was given 40 x 106 nucleated ho
mologous (57BL/6F x C3H/Ans c?) Sim bone marrow
cells. At day 12, when peak liver enlargement
occurs, all animals were weighed and sacrificed.
A specific area of the left lobe was removed, fixed
in Zenker's, stained with H & E, and mounted on
glass slides. The areas selected for cell and nu
clear count are similar from section to section and

are randomly chosen. An ocular micrometer was
used to measure the size of liver cells and their

nuclei.
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Table 9.3.1. Cell and Nuclear Size of Liver Cells

of Mice

Average Average

Cell Nuclear Number of
Group

Size Size Measurements

0-0 w>

Normal 21.3 8.7 142 (3 animals)

Isologous 23.0 9.2 148 (3 animals)

X ray 21.7 7.8 43 (1 animal)

Homologous 21.3 8.4 256 (5 animals)

No differences in cell and nuclear size of liver

cells among the four groups were observed (Table
9.3.1). The numbers of binucleate cells in normal,

x-irradiated, IBM-, and HBM-treated animals were
compared. Experimental animals (IBM and HBM)
had binucleate cell counts similar to those of

normal animals. X-irradiated and IBM animals had

twice as many binucleate cells as the normal and
HBM-treated animals.

References

JA. L. Kretchmar et al., Am. J. Physiol. 200,
106 (1961).

2E. M. Uyeki, Nature 206, 1059 (1965).

9.4 KARYO-INTERKARYOMETRY IN LIVER

OF RADIATION CHIMERAS

W. H. McArthur

Hepatomegaly of the liver is an early manifesta
tion of bone marrow injection into lethally irradi
ated mice. It has been suggested by Congdon ef
al.1 that the enlarged liver may be due to indi
vidually enlarged parenchymal cells. Work in
progress in this laboratory suggests an increase
in the number of all functional cells rather than

an increase in the size of individual parenchymal
cells.

Craciun2 suggested a method of karyo-inter-
karyometry which involves quantitative measure
ments and cell population dynamics. We have

measured distances between nuclei of liver cells

from normal and experimental animals.
Four groups of five animals each were studied:

normal, x-irradiated, x-irradiated plus isologous
bone marrow (IBM), and x-irradiated plus homol
ogous bone marrow (HBM). Each experimental

animal received 950 r and 40 x 106 bone marrow

cells intravenously. Animals were sacrificed on
day 12; and a specific portion of the left lobe of
the liver was removed, placed in Zenker's, and
stained with hematoxylin and eosin so that a
quantitative study and interkaryometric measure
ments could be made. Distances between nuclei

of adjacent cells were measured.
Interkaryometric measurements of adjacent nu

clei of liver cells from normal, x-irradiated, and

IBM-treated x-irradiated animals were similar and

consistent. The range in microns for normal
animals was 17.1 to 22.4; for IBM-treated animals
23.2 to 23.9; and for x-irradiated animals 18.7 to

22.2. Measurements of distances between nuclei

of two cells separated by a single cell or its
process were as follows: normal animals 35.0 to
53.8; IBM-treated animals 44.0 to 47.1; x-irradiated

animals 46.4 to 53.8.
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9.5 EARLY PROLIFERATION OF

TRANSPLANTED SPLEEN COLONY-FORMING

CELLS

A. L. Kretchmar1 W. R. Conover1

Conflicting results have been reported regarding
the early proliferation in the spleen of transplanted
hemic cells capable of forming gross nodules.
When a small number of bone marrow cells were in

jected into irradiated mice and their spleens sub
sequently removed and used to prepare cell sus

pensions which were then injected into other irra
diated mice used as recipients in the usual spleen
colony assay system, no increase in colony-forming
cells could be demonstrated for five days.2,3 If
there is no increase in the number of colony-forming
cells during the first four days after transplanta-
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tion, then it is difficult to see how erythropoietin
could act directly on these cells and produce
large erythroid colonies by day 8. A separate
primitive hemic cell, sensitive to erythropoietin
but not capable of forming spleen colonies,4
would then seem likely. When larger numbers of
bone marrow cells were injected into the primary
recipients, however, the number of colony-forming
units was found to decrease at first and then in

crease rapidly with exponential increase after day
3_s,6 pinaUy; when a radiobiological technique
was used, an increase in survival ratio was found,
suggesting that proliferation of colony-forming
cells began after a lag of only 24 hr.s

Since the number of bone marrow cells injected
into the primary recipients could be of critical
importance in the experiments summarized above,
we assayed the spleens of primary recipients
given three different doses of isogeneic bone
marrow cells. The experiments also permitted us
to determine whether there was a linear relation

ship between the number of marrow cells injected
and the number of colony-forming cells subsequently
found in suspensions of the spleens of the primary
recipients.

Male and female C3H/UT mice 12 to 16 weeks of

age were used. Primary recipients were given
875 r total-body irradiation, and, within 1 to 4 hr,
0.5, 1.0, or 2.0 x 106 bone marrow cells of the
same sex and strain were injected intravenously.
Six animals from each cell-dose group were killed
at various times (Fig. 9.5.1) after treatment and
their spleens used to prepare 12 ml of cell sus
pension. One milliliter of suspension was then
injected into each of ten mice irradiated (875 r)
1 to 4 hr before preparation of the cell suspen
sions. These animals were killed nine days
later, and the gross nodules in their spleens were
counted. Data from several experiments were com

bined and are summarized in the figures where the
number of secondary recipients used is indicated
in parentheses adjacent to each point.

The data from 214 spleens of irradiated mice
that had been injected with one-half spleen equiv
alent from primary recipients given 0.5 x 106 iso
geneic bone marrow cells are summarized in Table
9.5.1, where a comparison with expected values
assuming a Poisson model is shown. The data
deviate significantly from the Poisson model per
haps because the number of colony-forming cells
injected is also a random variable.
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ents. Points are means computed from the number of

spleens indicated in parentheses. Vertical lines are

one standard error. The number of colony-forming units

at 72 hr after 1.0 X 10 cells is shown by O. The ooint

at 96 hr, shown as > 260, included spleens with con

fluent colonies.

Figure 9.5.1 shows that the average number of
colonies found in the spleens of the secondary
recipients is a linear function of the number of
bone marrow cells injected into the primary re
cipients. Since the slope increases after 24 hr,
it is clear that colony-forming cells are prolif
erating in the spleen after 24 hr. The figure also
shows that the increase in colony-forming cells
between 24 and 48 hr cannot be detected if fewer

than 1.0 x 106 bone marrow cells are given to the
primary recipients. These data also show that the
doubling time is not constant between 24 and 96
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Table 9.5.1. Relative Frequency of Spleens with

Various Numbers of Colonies in Irradiated Mice

Given One-Half Spleen Equivalent from Mice

Given 0.5 X 10 Isogeneic Bone Marrow Cells

Number of Colonies Observed Expected

per Spleen, x Frequencya Frequency

0 0.140 0.086

1 0.206 0.211

2 0.224 0.258

3 0.164 0.211

4 0.149 0.129

5 0.051 0.063

6 0.033 0.026

7 0.023 0.009

8 0.005 0.0028

9 0 0.00075

10 0.005 0.00018

Number of spleens with x colonies divided by 214,
which was total number of spleens. Average number of
colonies was 2.45.

b „ „rx _-2.45
2.45J

Calculated from •

hr, being about 48 hr at first and then shortening
to 24 hr.

In another experiment all primary recipients were

given 1.0 x 106 isogeneic bone marrow cells. Their
spleen cells were obtained at 1 or 4 hr and one,
two, three, or four days and were injected (one-half
spleen equivalent per mouse) into secondary re
cipients. The number of colony-forming cells de
creased during the first 24 hr and then increased
by day 4.

The results show that growth in the population
of colony-forming cells occurs after 24 hr and that
the doubling time in this population is not con
stant. They also show that the increase cannot
be detected if only a few (less than 5 x 105) cells
are given to the primary recipients.

The apparent decrease during the first 24 hr may
be due to circulation of colony-forming cells with
final settling of cells in tissues other than the
spleen. If this occurs, the growth rate of the
population during the first three days could have
been grossly underestimated by experiments of
this kind.

The data are also consistent with the suggestion

that colony-forming cells in cycle are sensitive to

the trauma required to prepare cell suspensions.
Since the doubling time of the population is short
ening during the first three days, it is possible
that the generation time of colony-forming cells
transplanted into normal irradiated mice is, at
first, relatively long and then becomes rather
short. If this is so, then the fraction of the

transplanted colony-forming cells that are in a
sensitive phase of cell cycle would change during
the experiment. Thus, the procedure used might
grossly underestimate the number of colony-forming
cells. Therefore, while an increase in number of
colony-forming cells can be demonstrated during
the first three days by transplantation techniques,
it is probable that they grossly underestimate the
size of the population of colony-forming cells.
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9.6 SHORT-TERM BONE MARROW CULTURES

L. H. Smith T. W. McKinley, Jr.

Previous efforts have been directed toward modi

fication of radiation damage to mouse bone marrow
cells in vitro.1,2 One difficulty encountered in
these studies is adequate maintenance of repro
ductive capacity of normal cells in suspension
culture at 37°C - after 6 and 24 hr at this tem

perature, 25 and 80%, respectively, of the original
capacity has been lost. Two modifications of the
standard culture procedure3 were tested. One in
volved culturing the marrow as a plug rather than
as a cell suspension, thereby retaining more
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physiological cell-cell relationships. Plugs
(^3.0 mg) were placed on Millipore filters,
weighed, immersed in culture medium, incubated,
and tested for reproductive capacity by the 59Fe
spleen method.4 Quantitative testing is possible
because the number of nucleated cells per milli
gram of bone marrow is quite constant (^2.5 x
106). Reproductive capacity of cells in plugs in
cubated for 6 hr at 37°C, however, was lower

(50%) than cells maintained in suspension cul
ture. Since loss of capacity may be related to
impairment of diffusion of substances into and
out of the plug, a constant-medium flow device is
presently being tested. The second modification
is one in which a well-oxygenated concentrated
isologous erythrocyte preparation (packed cell
volume of ~70% in serum) is substituted for tissue
culture medium. Six-hour maintenance at 37°C is

significantly improved (90%) by use of erythro
cytes. Improved survival may be the result of
oxygen availability to marrow cells and proximity
of marrow cells to the erythrocytes.
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9.7 SIZE OF THE HEMOPOIETIC

COMPARTMENT AS A FACTOR IN RADIO
SENSITIVITY OF THE MOUSE

L. H. Smith T. W. McKinley, Jr.

Assuming that mortality from whole-body irradia
tion of mammals over the LDi to LD/100 30-day
range is a consequence principally of damage to
the hematopoietic system, it is attractive to
postulate that survival in this exposure range is
in part a function of the number of stem cells

present at the time of irradiation. A direct test
of this postulate requires a means of estimating
the number of bone marrow stem cells in each in

dividual prior to irradiation. Presently, however,
there is not a reliable method for determining an
average stem-cell content, let alone that for each
individual. A gross verification of the postulate
can be achieved, however, by increasing the num
ber of marrow stem cells (by intravenous injec

tion) before irradiation. Recovery of the marrow-
injected mice can be compared with that of irra
diation controls. It was found that injection of
large numbers of syngeneic marrow cells (100 x
106) about 15 min prior to exposure of mice in
creased 30-day survival appreciably (Fig. 9.7.1).
Similarly, recovery of the erythropoietic compart
ment in mice given marrow before irradiation with
450 r was more pronounced than in x-ray controls.
While it is clear that marrow given before midlethal
irradiation enhances recovery and survival, it is
not certain that an increased stem-cell pool size
is the only factor involved. A tiding-over mecha
nism may be implicated, in that the injected marrow
suspension contains many nonstem cells, for ex
ample, young and mature granulocytes, which may
enhance recovery of the irradiated animal.

ORNL-DWG 68-3844

60

^k ( o

1\ »

- - -
-

\ <
-c

>

•—«

>- 40 -

20

550 600 650 700 750 800 850

WHOLE-BODY EXPOSURE (r)

Fig. 9.7.1. Effect of Injecting Bone Marrow Cells

Before Irradiation on 30-Day Survival. •= x-ray only,

20 to 25 mice per point; O = 100 X 10 cells before x

irradiation, 10 to 13 mice per point.



168

9.8 INFLUENCE OF THYMUS CELLS ON

ERYTHROPOIESIS OF PARENTAL MARROW

IN IRRADIATED HYBRID MICE

Joan Wright Goodman Sarah G. Shinpock

Although the role of the thymus in immunobiology
has been intensively and fruitfully investigated in
the last ten years, relatively little is known about
the influence of this organ on erythropoiesis. That
the thymus is in some way involved in control of
red cell formation is suggested by (1) the anemia
subsequent to neonatal thymectomy of mice, (2)
maturation arrest of erythroid cells in neonatally
thymectomized opossum, and (3) the association of
erythroid aplasia with an epithelial cell tumor of
the thymus in man. However, no evidence of anemia
is found in mice thymectomized or given multiple
thymic grafts as adults, whether or not the animals
were stressed by repeated bleedings.

While studying the poor-growth phenomenon in

irradiated F hybrid mice that had been given
parental bone marrow, we found that certain
regimens of pre- or posttreatment with parental
cells greatly improved erythropoiesis.1 Of various
organs used as parental cell donors for pretreat-
ment of F hybrid recipients, only those having a
high proportion of immunocompetent cells (spleen
and lymph nodes) augmented growth of subsequently
transplanted parental marrow. Bone marrow, thy
mus, and liver were ineffective at the cell doses

used (up to 3 x 107). However, when given as
posttreatment to irradiated hybrids, parental bone
marrow cells, exposed to 10,000 r in vitro, were
the most effective cell type studied, spleen being
second. Dead cells from lymph nodes and thymus
produced only marginal improvement of poor growth,
whereas liver and red cells had no effect. This

report presents experiments in which viable thymus
cells, injected into heavily irradiated hybrid mice
treated with parental bone marrow, definitely
augmented erythropoiesis.

F hybrid mice were given a single whole-body
x-ray exposure to 900 r; 18 to 22 hr later they re
ceived parental bone marrow (106 cells) intra
venously, either alone or in combination with
thymus cells. A week later 59Fe citrate was
administered intravenously, and the uptake of
isotope into erythrocytes and spleens was as
sessed at 24 hr.

Viable cells from parental thymus produced a
significant increase in erythropoiesis as shown in
Tables 9.8.1 and 9.8.2. Experiments A and B

illustrate a small but significant improvement re
sulting from F hybrid (isogenic with the recipient)
thymus cells. When thymus donors were of the
second parental strain (C3 in experiment B), up
take values were indistinguishable from those of
radiation control mice. High mortality in this
group (8/11) suggests that a graft vs graft (GVG)
reaction of immunocompetent elements among the
many (108) thymus cells resulted in rejection of the
B marrow transplant. Such GVG activity would ob
scure or obliterate any beneficial effect that
transplanted thymus cells might have on erythro
poiesis. The small effect provided by living F
cells might represent a "sparing" of marrow cells
or a diversion from immunological commitment to
red-cell formation. We have no experimental evi
dence that this was the case and believe it pos
sible that the hybrid cells functioned in a com
pletely nonimmunologic way. Whatever their mode
of action, hybrid cells were less effective than
parental cells. It is an interesting possibility
that parental thymus cells are more effective be
cause they are stimulated immunologically, in
graft vs host (GVH) activity, to proliferate to a
greater extent than are hybrid cells which recog
nize no foreign antigens in the host or donated
marrow. It is unfortunate that GVG reactions make

a detailed investigation of this point by use of
second parental or homologous cells an impossi
bility.

When thymus cells were heavily irradiated, in
creased erythropoiesis, as judged from 59Fe up
take in recipients, was not regularly seen. As
Table 9.8.2 indicates, spleen 59Fe uptake values
were significantly but not greatly higher in re
cipients of dead parental thymus cells than in mice
receiving bone marrow only. In one case, experi
ment F, the red-cell value was also significantly
elevated. This implies that whatever it is that
thymus furnishes the system to augment erythro
poiesis does not require cell replication. How
ever, the low degree of augmentation relative to
that produced by living thymus cells shows clearly
that ability to proliferate is advantageous in this
regard.

Recent studies by Claman et al.,2 reporting a
synergistic immunological effect of thymus with
bone marrow cells in irradiated mice, may be
analogous to our findings. It will be of interest
to determine whether thymus cells must be present
in hemopoietic tissues to produce these results or
whether the effect is humoral.
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Table 9.8.1. Effect of Viable Thymus Cells on Erythropoiesis in Irradiated BC3F.

Hybrid Mice Given 106 Parental (B) Marrow Cells

Experiment
Donor of 10B

Thymus Cells

Number of

Mice

Fe Uptake (% of Injected Dose),

Mean ± S.E.

B

BC3FJ
No thymus

Radiation control8

B

C3

BC3FJ
BC3F (+no marrow)

No thymus

Radiation control3

B(+ no marrow)

No thymus

Radiation control6

31

28

30

15

22

3

23

5

28

28

19

3

22

19

RBC

7.2 ± 0.5

2.5 ± 0.3

1.4 ± 0.1

0.3 + 0.04

5.9 ± 0.7

0.2 + 0.1

2.5 ± 0.4

0.2 ± 0.1

0.9 ± 0.1

0.1 ± 0.01

12.3 ± 0.7

1.1 ± 0.4

3.5 ± 0.4

1.2 ± 0.3

Spleen

5.1 + 0.2

2.3 ± 0.2

1.6 ± 0.2

0.3 ± 0.02

3.1 ± 0.2

0.3 ± 0.02

1.7 + 0.2

0.2 ± 0.1

0.5 + 0.1

0.3 ± 0.02

5.6 ± 0.2

0.02 ± 0.00

2.2 ± 0.2

0.03 ± 0.00

'Received no marrow, no thymus cells.

Experiment

Table 9.8.2. Comparison of Livinga with Dead Thymus Cells on Erythropoiesis

in Irradiated Hybrids Given 10 Parental Marrow Cells

59,-

Recipient
Donor of 10s

Thymus Cells

Number of

Mice

RBC

'Fe Uptake

(% of Injected Dose),

Mean ± S.E.

Spleen

B6D2FJ99 B6, dead6 30 1.5 + 0.2 1.2 ± 0.2

No thymus 23 1.2 + 0.2 0.7 ±0.1

Radiation control0 14 0.6 + 0.1 0.3 ± 0.02

B6D2FJ9? B6, living3 26 8.2 ± 0.7 4.9 ± 0.2

B6, deadb 29 1.6 ± 0.1 1.6 ± 0.2

No thymus 29 1.2 + 0.2 0.6 ±0.1

Radiation control0 31 0.2 ± 0.03 0.4 ± 0.04

BCSFjCfcf B, living3 19 6.6 + 0.7 4.4 + 0.3

B, deadb 21 3.5 + 0.5 3.5 + 0.7

No thymus 25 1.6 + 0.2 1.3 ± 0.2

Radiation c ontrol0 10 0.1 ± 0.01 0.2 ± 0.02

Eosin-excluding.

Exposed to 10,000 r in vitro.

cReceived no bone marrow, no thymus cells.
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9.9 MODIFICATION OF GROWTH OF PARENTAL

MARROW IN POSTTREATED F, HYBRID MICE

Joan Wright Goodman H. Brownell Wheeler1

In clinical attempts to achieve long-term survival
of transplanted tissues, primary concern has been
devoted to the immunologic response of the host.
This emphasis on homograft rejection has perhaps
obscured the fact that "take" of some transplants
may also depend on nonimmunologic parameters,
including the functional demand for the graft and
other physiologic factors which are as yet un
defined. An example of nonimmunologic factors
influencing graft survival is the failure of parental
bone marrow grafts to grow well in some strains

of lethally irradiated F hybrids. These grafts do
poorly, even though rejection by the host is im
possible and a physiologic need exists for marrow
function. We believe that the initial survival of

certain transplanted tissues, such as bone marrow,
depends on a number of genetically determined
factors. These factors may include not only the
well-known histocompatability antigens, but also
properties of the cell surface, humoral factors re

quired for cell growth, and probably other physio
logic requirements. In order to learn more about
the nonimmunologic factors which govern initial
"take" of bone marrow transplants, we have
studied the growth of parental marrow cells in
irradiated F hybrid mice under a variety of ex
perimental conditions.

The basic experiment consists in transplanting
a small dose of parental bone marrow (106 cells)
into heavily irradiated F hybrid mice. Assess
ment of success of the marrow transplant is based
on erythropoiesis after one week, as measured by
24-hr 59Fe uptake by erythrocytes and spleens.

Poor growth of parental marrow can be modified
by pretreatment of the hybrid with spleen slice
grafts or with other preparations of viable, immuno
logically competent parental cells, isogenic with
the subsequent marrow graft, as previously re

ported.2 Hybrids so pretreated showed growth of
transplanted parental marrow that was equivalent
to growth in isogenic recipients. Further investi
gation of these findings showed that time was re
quired for full development of the pretreatment
effect, two to three weeks being optimal, and that
the effect was long lasting (at least three
months).3

In trying to understand why pretreatment with
isogenic lymphoid cells should augment marrow
growth, we considered the possibility that the pre
treatment cells might engage in a graft-vs-host
(GVH) response. The effect on subsequent marrow
growth could then be either a direct immunologic
consequence of the GVH response or an indirect
effect resulting from the proliferation of donor
cells. If the latter were true and merely the
presence of large numbers of parental cells at the
time of irradiation and marrow transplantation im
proved marrow growth, then augmentation of marrow
growth should also be observed in other F recip
ients containing large numbers of parental cells,
but not undergoing an active GVH response. This
hypothesis was tested by combining large numbers
of dead parental cells with the small inoculum of
viable parental bone marrow given to lethally ir
radiated hybrids.

One hundred million dead (exposed to 10,000 r
in vitro) isogenic parental cells were added to the
living parental bone marrow inoculum (106 cells).
In these experiments there was no pretreatment
prior to irradiation. The results are shown in Table
9.9.1. Parental spleen cells made incapable of di
vision, but morphologically intact, produced a
highly significant augmentation of growth of 106
living parental marrow cells when given intra
venously either 3 hr before or mixed together with
the viable inoculum. A small, preliminary experi
ment, not included in the table, indicated that the
dead cells were ineffective if given intraperito
neally. The augmentation was produced specifi
cally by isogenic parental cells. Any nonspecific
effect, such as reticuloendothelial stimulation,

appears to be ruled out by the fact that isogenic
F hybrid and allogeneic spleen cells are com
pletely ineffective. The experiments shown in
Table 9.9.2 indicate that dead (10,000 r) parental
marrow cells may have a greater growth-stimulating

capacity than dead spleen cells, and that as few

as 4 x 107 dead marrow cells can potentiate
growth of a living marrow graft.
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Table 9.9.1. Modification of Poor Growth of 106 B6 Bone Marrow Cells in Irradiated3 B6D2F1 Males
by Addition of Dead B6 Spleen to the Marrow Inoculum

Dead B6 Spleen Cells

None

10 (given intravenously 3 hr

before bone marrow)

g
10 (mixed and incubated for 1 hr

at 6 C with bone marrow)

108

None

59Fe Uptake

Viable0

Bone Mai

B6

rrow

Nitimber of

Mice
Mean + S.E.

Erythrocytes Spleen

106 29 1.2 ± 0.1 0.6 + 0.08

106 24 6.1 ± 0.7 5.0 ± 0.6

106 30 6.6 + 0.6 4.7 ± 0.4

None

None

28

29

0.1 + 0.03 0.4 ± 0.05

0.1 ±0.01 0.4 ± 0.04

Recipients exposed to 900 r one day before transplantation.

Cells exposed to 10,000 r in vitro.

Cells excluding eosin.

Table 9.9.2. Modification of Poor Growth of B6 Marrow Cells by Dead3 Cells in Irradiated6 B6C3F1 Mice

Dead B6 Cells6

None

Bone marrow, 10

Spleen, 108

None

Bone marrow, 10

Spleen, 108

None

Bone marrow, 2 X 10

Bone marrow, 4x10

Bone marrow, 8 X 10

None

Bone marrow, 8 X 10

Viable B6

Marrow Cells

Number of

Mice

10°

106

106

None

None

None

10°

106

106

None

None

Male Recipients

25

20

21

20

17

23

Female Recipients

30

31

25

21

15

7

59 Fe Uptake (% of Injected Dose),

Mean ± S.E.

Erythrocytes

3.7 + 0.3

18.3 ± 1.3

10.6 ± 0.9

0.4 ± 0.1

0.5 ± 0.2

0.4 ± 0.1

1.5 ± 0.1

2.0 ± 0.2

2.9 ± 0.4

5.5 ± 0.7

0.1 ± 0.02

0.1 ± 0.02

Spleen

2.2 ± 0.3

9.8 ± 0.5

7.3 ± 0.6

0.3 ± 0.02

0.3 ± 0.05

0.3 ± 0.02

1.1 ± 0.1

1.7 + 0.2

2.6 ± 0.3

5.0 ± 0.5

0.5 ± 0.05

0.4 ± 0.05

3B6 cells exposed to 10,000 r in vitro, mixed with viable cell inoculum, given intravenously.

Recipients exposed to 900 r whole-body dose.
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In the experiments reported above, any procedure
which provided a large number of morphologically
intact parental cells in the F host at the time of
irradiation and marrow transplantation markedly
potentiated the "take" of a parental marrow graft.
Provision of an equivalent number of cells from
an unrelated strain had no effect on marrow growth.

Two possible mechanisms come to mind in con
sidering these findings: (1) marrow cells can grow
only when the host contains large numbers of
parental cells which provide compatible isogenic
cell surfaces, and are possibly inhibited in their
growth by direct contact with foreign cell surfaces;
(2) a nutritional or humoral requirement exists for
growth of parental marrow cells which is not avail
able in the F hybrid but can be furnished by the
isogenic parental cells present in the irradiated
hybrid host (in a feeder-layer manner). Our data
do not allow us to distinguish between these or
other possible mechanisms at the present time.
Further investigation along these lines should
clarify the nature and relative importance of the
nonimmunologic factors which govern the growth

of transplanted cells.
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9.10 A METHOD OF CLOSED GAS ANESTHESIA

FOR LABORATORY ANIMALS

M. L. Simmons L. H. Smith

A method was developed for anesthetizing mice
and rats and maintaining them in a level of sur
gical anesthesia for relatively long periods of
time up to several hours. The model 960 veteri
nary anesthetic machine1 was used, and the
anesthetic chosen was Metofane.2

In ordinary anesthesia, animals are individually
intubated with tracheal tubes and fastened directly
to the machine. The closed system of anesthesia
is so called because all gases exhaled by the

animal (oxygen, anesthetics, and carbon dioxide)
are retained within the system and are not vented
to the surrounding atmosphere. The exhaled gases
are recirculated to the animal by means of check
valves that permit only unidirectional flow. Dur
ing recirculation the gases are passed through
soda lime, where the carbon dioxide produced by
the animal is absorbed. Because it is a closed

system, sufficient oxygen must be admitted to
meet the requirements of the animal.

This system was modified to accommodate small
laboratory animals. A closed-chamber adapter
system attachment was constructed as shown in
Fig. 9.10.1. Because the breathing volume of
inhaled and exhaled gases could not be used for
gas exchange as it is with a larger single animal,
we attached the chamber as an enlargement in the
circle. The system is diagrammed in Fig. 9.10.2.
Small laboratory animals, specifically mice and
rats, can be placed inside the chamber and the
depth of their anesthesia controlled by limiting
the amount of anesthetic vaporized into the cir

cular flow pattern.

The anesthetic chosen was methoxyflurane, a
halogenated ethyl methyl ether (2,2-dichloro-l,l-
difluoroethyl methyl ether). It contains 0.01%
butylated hydroxytoluene as an antioxidant.
Methoxyflurane is nonexplosive, is low in toxicity,
and exhibits a wide margin of safety after a level
of surgical anesthesia is reached.

This system has been very successful and has
many potential uses. Specifically, we have used
it as an anesthetic for splenectomy of the mouse.
Over 300 splenectomies have been performed with
only two deaths.

References

^ittman-Moore, Indianapolis, Ind.
2Pittman-Moore trade name for methoxyflurane.

9.11 ANESTHESIA IN LABORATORY RATS

M. L. Simmons J. B. Jones

A new product called Innovar,1 which is a com
bination of Sublemaze (a narcotic analgesic with a
pharmacologic spectrum similar to morphine) and
Inospine (which is a nonnarcotic tranquilizer), has

been used in this laboratory in rats.
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PHOTO 75277

Fig. 9.10.1. Closed System Adaptation of Veterinary Anesthesia Machine.
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Fig. 9.10.2. Diagram of Closed System Adaptation of
Veterinary Anesthesia Machine.

Thirty-one rats, 15 Sprague-Dawley and 16 Long-
Evans, weighing from 30 to 480 g and varying in
age from 24 days to 7+ months were used. Induc
tion time averaged 8.7 min. The animals ceased
moving about and rather than relaxing, as is usually
expected with anesthesia, became somewhat rigid.
They usually remained in the position one placed
them. Analgesia was profound, but animals re
sponded to loud noises at all dose levels. Five
of eight animals receiving 0.01 cc per 100 g re
quired an additional dose before surgery could be
performed without evidence of pain. All animals
receiving 0.02 cc or more, per 100 g, remained
taped to the surgery board with absolutely no
movement or evidence of pain. A muscular twitch
occurred in a few animals at the incision site.

One Long-Evans rat, 7+ months old, weighing
380 g, died several hours after splenectomy
(Table 9.11.1). No young adult animals showed
adverse effects at either 0.01 or 0.02 cc per 100 g
of body weight. The dose of 0.02 cc per 100 g
was optimal.

Eleven animals were given the same dose range,
but not subjected to splenectomy. This group
showed the same responses as those undergoing
surgery, though one animal died 7 min after re-
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Table 9.11.1. Innovar Anesthesia in Rats

Dose Rate

Derivation per 100

(cc)

g
Number of

Animals Used
Splenectomy Survival

Long-Evans 0.01 6 3/6 6/6

Long-Evans 0.02 7 5/7 6/7a

Sprague-Dawley 0.02 6 6/6 6/6

Long-Evans 0.03 3 2/3 2/3

Sprague-Dawley 0.03 9

31

4/9 9/9

20/31 29/31

Death occurred in splenectomized animal.

ceiving Innovar. This group included three ani
mals weighing 20, 25, and 30 g. They appeared
insensitive to pain at the same dose as heavier,
older rats though more movement was noted.

The manufacturer recommends the product only
for dogs, and it is a common drug used for anes
thesia in cesarian sections in that species. The
drug is well tolerated by the rats, and they remain
sedated for approximately 45 min. We have pre-
medicated with atropine to prevent salivation
and bradycardia. However, it does not seem to be
necessary, as animals not premedicated with
atropine responded equally well. The drug can be
used in combination with ether, methoxyflurane,
sodium pentobarbital, and other general anes
thetics.

Because the drug can be given intramuscularly
and has a relatively quick effect, it is ideal for
use with rats requiring surgical or other manipula
tion. Interestingly enough, when we tried this
drug with mice it only caused excitement and
eventually death. The manufacturer states that
undesirable effects have also been noted in

cattle, sheep, cats, and horses.

Reference

McNeil Laboratories, Fort Washington, Pa.

9.12 REPLICATION OF A MINUTE

DNA ANIMAL VIRUS

R. W. Tennant K. R. Layman R. E. Hand, Jr.

Kilham rat virus (KRV) is a member of a small
group of icosahedral animal viruses which range

only 180 to 220 A in diameter. Although it was
isolated originally from tumor-bearing rats, the
virus has not been shown to have oncogenic
characteristics. However, KRV in vivo appears

to replicate preferentially in tissues with actively
proliferating cells. Further, infection of rats or
hamsters in utero or shortly afterbirth gives rise
to facial bone deformities, hepatitis, and cere
bellar ataxia.

Evidence indicates that the viral DNA is a

double-stranded molecule with a molecular weight
of about 2 x 106 daltons. This represents a genome
probably capable of coding only three to five pro
teins. These characteristics prompted this in

quiry into the replication of KRV.
Strain 171 of KRV was obtained from Dr. Lawrence

Kilham, and a stock pool was prepared in Sprague-
Dawley rat embryo cell cultures. The virus was

assayed by hemagglutination of guinea pig RBC
or by plaque assay in culture of Fisher strain rat
embryo cells. Generally, stationary monolayer
cultures (~4 x 106 cells) are infected with KRV
(2 x 108 pfu/ml) and incubated at 37°C for 2 hr.

The replication cycle of KRV in primary Sprague-
Dawley strain rat embryo cells, infected at a mul
tiplicity of about 10, is shown in Fig. 9.12.1.
Cell-associated infectious progeny virus appeared
between 5 and 10 hr post infection and reached a
plateau by about 22 hr. This increase is paral

leled by the accumulation of hemagglutinins intra-
cellularly and an increase in hemagglutinins in
the supernatant fluid, which indicates that progeny
virus probably is released soon after assembly.

Fluorescent antibody staining of cells after in
fection with KRV revealed that the efficiency of
infection was approximately 20% and that the en-
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Fisher-strain rats. The reason for this differ

ence is not apparent and will be examined in sub
sequent experiments.

Experiments were performed to determine the
patterns of macromolecular synthesis in virus-
infected Sprague-Dawley rat embryo cells. First,
we measured the incorporation of 3H-thymidine
(TdR) into trichloroacetic acid (TCA) insoluble
material at various periods after infection. Repli
cate cultures were exposed to the labeled pre
cursor for 1 hr and the cells were washed, soni

fied, and washed in cold 5% TCA on filter disks.
The pattern of incorporation, shown in Fig. 9.12.2,
revealed the following: Control cultures, al
though they have reached a stationary phase of
growth, incorporate 3H-TdR after mock infection
(with virus-free vehicle) and medium change, in a
cycle which reaches a peak at 20 to 25 hr. In
fected cells demonstrate, however, a decrease in

rate of incorporation as early as 2 hr post infec
tion. While a slight increase in incorporation is
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Fig. 9.12.1. Replication of KRV in Sprague-Dawley

Rat Embryo Cells.

tire process of replication probably occurs in the
nucleus. Some granular cytoplasmic fluorescence
seen late in the replication cycle may represent
movement of completed virions.

Although the Sprague-Dawley strain rat embryo
cells support virus replication, which leads to
extensive cytopathic effects, it was not possible
to achieve conditions which allowed the expres

sion of viral plaques. The rats themselves are
free of antibody to KRV and respond to immuni
zation with high-titer antiserum. Recently we
have found that plaques develop readily in cells
obtained commercially, which are derived from

ORNL-DWG 68-3845

•

4 i

/
/

•

i
\

i

i

i
i

i

\
\

\
•

\
.-•' \

\
\

t

e
OVIRUS

t0 20 30 40

TIME POSTINFECTION (hr)

50

Fig. 9.12.2. Effect of KRV on JH-TdR Incorporation
in Rat Embryo Cells.



176

seen to correspond to that of control cells, it
never exceeds half the rate of controls.

Neutralization of virus by specific immune
serum, however, abolishes the effect of the virus

on 3H-TdR incorporation. The rate of incorpora
tion of 3H-uridine is also affected within 2 hr

after infection, but less than that of 3H-TdR, and
incorporation of 14C-leucine remains unaffected
in both infected and control cultures throughout
the infectious cycle.

The rapid effect of virus on 3H-TdR incorpora
tion and its inhibition by virus neutralized with
immune serum suggests adsorption of the virus
itself might alter the ability of cells to incor
porate 3H-TdR. However, such a difference
should be apparent in the pool sizes, and no
such difference was seen. It is possible also
that the viral nucleic acid competes more favor
ably for the cell polymerase or that a viral-
coded protein inhibits an essential cell func
tion. These possibilities are currently being
studied.

Kilham rat virus undergoes a relatively rapid
replication cycle in rat embryo cells, the entire
process apparently completed in the cell nucleus.

The virus has a rapid effect on incorporation of
thymidine and to a less extent uridine, but does
not affect incorporation of leucine into cell
macromolecules.

9.13 INCIDENCE OF MURINE VIRUS ANTIBODY

IN HUMANS IN CONTACT WITH

LABORATORY ANIMALS

R. W. Tennant Roberta K. Reynolds
K. R. Layman

Several viruses indigenous to mice and rats have
been shown to be widely disseminated in experi
mental and breeder colonies,1 and there is evidence
that some of these viruses may be capable of repli
cation both in mice and men. For example, reovirus
antibody is found frequently in human sera, and
virus isolations have been made although no syn
drome has been defined. The potential cross in
fection by some other common murine viruses was
examined in this study by testing the incidence of
antibody in the serum of individuals who have had

various degrees of contact, ranging from two
months to over 15 years, with conventional animals
compared with those of a noncontact sample.

The viruses and serological techniques used in
this study have been described elsewhere.2
Briefly, sera were tested for antibody against
mouse encephalomyelitis (Theiler's GDVII), reo
virus type 3, pneumonia virus of mice (PVM),
polyoma virus, newborn pneumonitis (K virus),
Sendai, Toolan H-l (hamster osteolytic virus), and
Kilham rat virus by the hemagglutination-inhibition
test. Antibody against mouse hepatitis and mouse
adenovirus was assayed by the complement fixation
(CF) test. All viruses and specific antisera were
monotypic reagents purchased from Microbiological
Associates, Inc. Human sera were obtained from

92 donors from the Biology Division and from 112
individuals not normally in contact with animals.
All sera were coded prior to testing. Sera were
adsorbed with guinea pig, mouse, and sheep cells
for the appropriate tests and treated with neur
aminidase prior to testing against Kilham rat virus
and Toolan H-l virus. All tests were performed
with the Microtiter system and were rejected when
positive and negative control sera or antigen and
complement titrations varied more than twofold in
dilution or more than two CH complement units.

In neither group was antibody found against
PVM, polyoma, K virus, Kilham rat virus, Toolan
H-l virus, mouse adenovirus, or mouse hepatitis
viruses. However, antibody to reovirus type 3,
Sendai, and GDVII virus was detected in the

sera of all individuals tested, regardless of group.
Analysis of the frequency distribution of antibody
titers against these viruses in the two groups re
vealed general coincidence, and in no case were
the differences statistically significant according
to Student's t test (Fig. 9.13.1).

As has been reported previously,3,4 antibodies
against reovirus 3 and Sendai were detected. The
former may represent response to actual infection,
while the latter probably is an antibody response
to parainfluenza virus type 1, which is immuno
logically related to Sendai virus. While all sera

tested reacted with these antigens, the significant
feature is that the distribution of titers between

the groups was so similar that it was not indica

tive of increased risk of infection by contact with
experimental animals. No additional risk could be
detected, however, if individuals possessed anti
body prior to contact with the animals.

Another finding of interest is the occurrence of
antibody to GDVII virus in both test groups. It is
important to determine the specificity of this
hemagglutination inhibitor, since this group of
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murine viruses is not known to cross-react immuno

logically with known human viruses. It may repre
sent actual human infection with the encephalo
myelitis viruses or with an unidentified virus which
shares immunological characteristics with GDVII.

The absence of detectable antibody against the
seven viruses listed above probably means that
the capsid proteins are not replicated in humans.
However, in the case of the mouse hepatitis an
tigens, the sensitivity of our test system may be
marginal, since Hartley ef al.5 have reported that
antibody was found in human sera against certain
hepatitis strains.

In summary, these results provide no evidence
of transmission of virus from laboratory rodents to
humans. Immunological evidence for infection of
humans by murine encephalomyelitis viruses or
agents sharing immunological reactivity has been
found, subject to future tests for specificity.
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9.14 OBSERVATIONS ON N0RM0BARIC

HYPOXIA ENCEPHALOPATHY IN MICE

C. B. Richter R. E. Toya, Sr.

Most studies of brain damage related to oxygen
deficiency have employed dysbaric conditions, or
temporary or permanent interruption of part of the
blood supply to the brain. Observations on a
normobaric hypoxia have been made in such in
stances as anesthetic accidents, severe secondary

anemias, and CO poisoning in man. It has been
observed that mice kept in hypoxia chambers under
normobaric conditions showed clinical signs of
central nervous system damage.1 Sudden ischemia
selectively necroses cerebral and cerebellar cortex
areas, while protracted hypoxemia causes necrosis
of the basal ganglia and brain stem structures.2
The question of the sequence of events preceding
the observed clinical or pathological manifestations
is not entirely clear. Ischemic or hypoxemic in
duced vasospasm with subsequent thrombosis is a
frequently proffered hypothesis in the case of
hypoxia or anoxia. However, ultras tructural studies
have disclosed, in the case of anoxic ischemia at
least, that irreparable damage occurred in nerve
cells before irreparable damage occurred in endo
thelial cells in the brain.3
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Previous experiments with the hypoxia chamber4
showed a greater susceptibility of the female over
the male to clinical evidence of central nervous

system damage.

Thirty-nine female mice of the hybrid strain

(B6C3F ), 12 weeks of age, were used in this ex
periment. The animals were housed in chambers

equipped with dimethyl silicone rubber membrane

to obtain hypoxia.5 For this experiment, eight
mice were housed in each chamber, giving an

oxygen concentration of 5 to 6%. They were kept

under hypoxic conditions for 14 days and then re

moved and maintained under routine laboratory
conditions. Food and water were freely available
through the course of the experiment. Six days
after being removed from the hypoxia chamber,
daily serial sacrifice was begun. The heads of
the sacrificed mice were fixed in neutral buffered

formalin. Blood was obtained for hematocrits and

hemoglobin determination at the start of the ex

periment, seven days after the start of the experi
ment, and at the time of sacrifice.

Oxygen content in the chamber was measured

daily by a Beckman oxygen analyzer. Hematocrits
and hemoglobin were determined by standard
methods.

Mice were categorized according to clinical
signs in the following manner: (1) animals that
had not shown clinical signs, (2) animals that
showed early clinical signs, (3) animals that had
shown the clinical signs and were allowed to re
main in the experiment.

The mice were quite depressed in the hypoxic
environment, and activity and food and water con
sumption were greatly reduced. Figure 9.14.1
gives the variation in hemoglobin content and
hematocrit over the course of the experiment.
The first clinical evidence of disease was seen

on day 18, with the peak attack rate occurring on
experiment day 24 (26%), ten days after returning
to a normal environment. Clinical evidence of

disease consisted of symptomatic torticollis, un
controlled rotational movements (rolling), ataxia,
or twisting when picked up by the tail. There was
one fatality in this experiment. Previous hypoxia
chamber experiments experienced minor mortality
also. Beginning on day 20, mice were selected for
sacrifice, and every day thereafter two to four
mice were destroyed until day 31, when the last
survivors were killed.

Pathological Findings. —Studies here are in
complete as yet; however, pathological changes
were found in mice belonging to all three of the
sacrifice groups. Lesions were located in the

basal areas and brain stem, and none was seen

in the cerebellar or cerebral cortex. Lesions

consist of focal necrosis with diffuse areas of

glial cell necrosis in the surrounding neuropile.
Neuronal necrosis, demyelination, and axonal de
generation occurred in varying degrees in the
damaged areas. Also outstanding in damaged
tissue were degeneration of blood vessel walls,
stasis, and hemorrhage. Most interesting in
damaged vessels and capillaries is the accumu
lation of granular material on the inner surface
of the vessel wall (Fig. 9.14.2). If further
studies point to a nervous tissue origin for this
material, as is expected, it is quite likely that
it plays an important roll in initiating the sequence
of events leading through vessel damage to stasis
and hemorrhage.

Discussion. —Since pathological changes would
likely precede clinical onset by some time, it is
interesting that mice examined at day 14 from a
previous experiment had only scattered glial cell
necrosis under light microscopy. This implies
that the hypoxic insult initiates irreparable
changes that progress even after return to the
normal environment, or that return to the normal

environment itself is the initiating factor to real
damage. The latter seems unlikely in view of the
observations of others.2 The pathogenesis of the
disease must be more fully clarified, as well as
sites of predilection and topographical distribu

tion. Since pathological changes were not seen in

visceral organs, the well-known first-order sus
ceptibility of brain tissue to hypoxia is merely
reinforced.
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Fig. 9.14.2. Caudate Nucleus Mouse Without Clini

cal Signs. Arrows indicate granular material on inner

wall of blood vessels. Gomoris aldehyde fuchsin.

400x.

9.15 SOME NORMAL BLOOD VALUES FOR MICE

W. J. Miller C. B. Richter

A study was made on 16 strains of mice received
from Cumberland View Farms to determine some

of their normal blood values. Values determined

were: total white cell and red cell counts, hemo

globin, total serum protein, serum albumin, and
mean corpuscular hemoglobin (Table 9.15.1).
Ten male mice with an average age of 60 days
were used from each strain. The purpose of the
study was to provide base-line information for in
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vestigators, and compare results with the pub
lished information.

Mice were anesthetized with Metofane, and the
thoracic cavity opened. Two syringes (1 cc
tuberculin) were partially filled by direct cardiac
puncture. The first syringe was unheparinized,
and the collected blood was allowed to clot for

serum protein determination. The second syringe
was heparinized, and the collected blood sample
was used for the hemoglobin determination and
total white and red cell counts. The hemoglobin
value was determined by the cyanomethemoglobin
method.1 The white and red cell counts were

made on a Fisher Autocytometer. All dilutions
were made with lambda pipets, and colorimetric
determinations were made on a Beckman model

150 spectrocolorimeter using ultramicrotechniques.
The serum from the clotted sample was further
separated by centrifugation. Part of this serum
was used to determine the total serum protein by
the biuret method,1 and the remainder was washed
with ether to precipitate albumin. Albumin values
were also determined by the biuret method. The

mean corpuscular hemoglobin was calculated by
using the derived red blood cell count and hemo
globin values. All measurements were made on
individual mice.

One interesting note was the marked difference
in hemoconcentration in blood collected from the

heart and blood collected from the tail or orbital

plexus of the same mouse (not published). The
total red cell values in blood collected from the

tail by the method outlined by Russell or from the
orbital plexus approximated her results.2 Blood
collected by direct cardiac puncture had total red

cell values in the order of 2 to 4 million less.
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Table 9.15.1. Some Normal Blood Values for Cumberland View Farms Mice

Serum

WBCa RBCa
Hb

b

Proteinc Albumin0 MCH

Strain (g/100 ml)
(g/100 ml) (g/100 ml) (W

Mean Range Mean S.E.
'g)

Mean S. E. Mean S.E. Mean
Mean S.E.

S.E.

X 106 XlO6

C3H/Anf Cum 3235 2300-4,500 6.24 0.23 12.99 0.18 5.98 0.12 4.96 0.20 21.35 0.36

C57BL/Cum 4710 3400-6,600 6.30 0.16 13.31 0.21 6.07 0.09 3.59 0.15 21.21 0.44

CBA/Cum 3725 2300-5,400 6.97 0.31 13.74 0.21 6.34 0.18 4.20 0.12 20.30 0.97

BALB/c Cum 4010 3150-7,300 7.74 . 0.25 15.60 0.33 6.55 0.13 3.88 0.21 20.23 0.68

C3H/An Cum 4855 3200-8,150 5.35 0.37 13.56 0.38 7.15 0.13 Not done 23.54 1.32

C57BL/6 Cum 5940 3900-9,800 5.19 0.50 12.63 0.25 5.62 0.04 3.86 0.16 22.90 2.10

DBA/2 Cum 3283 2500-3,900 7.15 0.23 13.90 0.32 5.53 0.03 3.87 0.15 19.47 0.37

101/Cum 4964 2800-9,800 7.97 0.31 14.50 0.61 6.52 0.10 4.77 0.07 18.77 0.62

CAFj/Cum 2938 2150-5,400 5.95 0.17 13.84 0.32 5.29 0.08 3.17 0.14 23.44 0.77

AKR/Cum 6335 3600-9,800 5.53 0.28 12.19 0.60 6.41 0.17 4.07 0.19 22.23 0.59

C3BF1/Cum 6200 5300-9,200 3.86 0.18 11.44 0.15 5.93 0.10 3.77 0.15 30.24 1.43

C31F1/Cum 5362 3850-11,800 4.79 0.24 13.71 0.26 5.79 0.10 4.43 0.12 29.04 1.21

B6D2F1/Cum 4487 3100-9,200 5.81 0.21 12.72 0.26 6.34 0.11 3.95 0.04 22.11 0.67

ICR 4061 2500-7,000 6.05 0.13 14.10 0.21 6.21 0.12 3.35 0.19 23.32 0.73

BC3F1/Cum 3012 2600-3,800 5.87 0.22 13.06 0.34 5.41 0.11 4.07 0.12 22.41 0.76

CD2F1/Cum 3345 2450-4,500 8.62 0.14 13.89 0.25 5.65 0.10 3.86 0.13 16.54 0.39

Counts made on Fisher Autocytometer employing heparinized heart blood. All dilutions were made by using
lambda pipets.

Cyanomethemoglobin method.

cBiuret method.
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10.1 RIBONUCLEIC ACID SYNTHESIS OF

PHYTOHEMAGGLUTININ-TRANSFORMED

LYMPHOCYTES IN VITRO

Hiroo Yamamoto Takashi Makinodan

R. A. Brown

The sequential pattern of nucleic acid synthesis
by peripheral blood lymphocytes, induced by
phytohemagglutinin (PHA) stimulation, has been
studied as a model for lymphocyte transformation

in an immune response. Optimum conditions for
separation of the peripheral lymphocytes, their

culture, and the stimulation by PHA have been
established.

The transformation of PHA-stimulated human

peripheral blood lymphocytes to blast cells, as
indicated by the rate of DNA synthesis, is pre
ceded by a parallel increase in RNA synthesis.

RNA and DNA synthesis were maximal at 72 hr.
When the RNA of the lymphocytes was labeled
with 14C-uridine and extracted in the presence of
added unlabeled HeLa cells, sucrose density

gradient analysis showed RNA with sedimenta
tion values of approximately 28, 16, and 4s. At
20 hr label was associated with the 4 to 10s
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fraction of the cold carrier HeLa cell RNA. At

72 hr all classes were labeled. The results

would suggest that an important early event in
the PHA stimulation of lymphocytes is the induc
tion of the synthesis of new messenger RNA.

10.2 TIME-DEPENDENT CYTOLOGICAL

STUDIES OF ANTIBODY-FORMING CELLS

EXPOSED TO 10,000 r OF X RAYS

Toshihiko Sado

Previously1,2 it has been shown that exposure
of spleen cells in Millipore diffusion chambers to
10,000 r during the plateau phase of secondary
antibody response resulted in a decrease in the
total number of cells and a relative increase in

the proportion of plasma cells without any signifi
cant change in the rate of antibody synthesis.
This would suggest that the antibody-forming
cells were spared, and if so, this irradiated cul
ture system should be very useful for biochemical
and ultras tructural studies of mechanics of anti

body synthesis and secretion at the subcellular
level. In order to characterize this irradiated

culture system further, we addressed ourselves to
the following questions: (1) What fraction of the
total specific antibody-producing cells can sur
vive for several days after 10,000 r? (2) What is
the nature of DNA-synthesizing cells observed
several days after irradiation? Can they pro
liferate and generate more immunocompetent
progeny? (3) What kind of nuclear and cytoplasmic

changes can be detected ultrastructurally in anti
body-forming cells several days after irradiation?

The general procedure was similar to that
described previously.1 Briefly, diffusion cham
bers containing 24 x 10 6 dispersed primed mouse
spleen cells and 24 x 10s sheep RBC were im
planted into the peritoneal cavities of 600-r-
irradiated genetically compatible mice. Six
days later chamber-bearing mice were exposed to
10,000 r of x rays, and then the chambers were
transferred into the second set of 600-r-treated

mice. Sham-irradiated control chambers contain

ing identical aliquots of spleen cell plus sheep
RBC suspension were run simultaneously. Indi
vidual antibody-producing cells were detected by
the direct and indirect hemolytic plaque assay

methods developed by Jerne er al. 3 and Wortis
ef al. 4 For ultrastructure studies of irradiated

spleen cells, cells from several chambers were
pooled and fixed in either (1) 2.5% glutaraldehyde
in phosphate buffer (pH 7.2) for 1 to 2 hr, followed
by postfixation with 1% buffered osmium tetroxide
(pH 7.4) for 1 hr, or (2) 1% buffered osmium tetrox
ide. After embedding in epon, sections ranging
in color from silver to pale gold were prepared
from LKB Ultrotome III using glass knives. The
sections were then double-stained with saturated
uranyl acetate and 0.4% lead citrate (pH 12.0) and
were examined with Hitachi electron microscope,

model HU-11B, operated at 75 kv.
Table 10.2.1 summarizes the number of direct

and indirect plaque-forming cells (PFC) scored
four days after the irradiation. It can be seen

Table 10.2.1. Specific Antibody Producers (PFC) Recovered from Chambers Four Days
After Exposure to 10,000 ra

Mean ± 1 standard error

Group
PFC/Chamber

Direct Indirect

Total Nucleated

Cells Per

Chamber

xlOD

Negative control6 108 +14 22 ± 5 2.28 ±0.36

Positive unirradiated 23,325 ±5,806 327,325 ± 73,887 2.68 ±0.42

control

Irradiated with 10,000 r 10,434 ±2,343 142,290+34,158 0.45+0.08

3X ray given six days after culture.

6Negative control: primed spleen cells + isologous mouse RBC.

PFC per 10 Cells

Direct Indirect

59 ±13 13 ±4

7,265 ±2,029 126,868 ± 29,164

24,203 ±4,317 315,485 ±39,215



that exposure of six-day cultures to 10,000 r re
sulted in only twofold reduction in the number
of specific antibody producers per chamber. How
ever, it was found that the frequency of PFC in

irradiated cultures (PFC per 106 cells) was three
times higher than that of the unirradiated controls.
In fact, three out of ten nucleated cells were

found to be specific antibody producers in these
irradiated cultures in contrast to one out of ten

in the unirradiated control. Autoradiographic
studies revealed that a significant number of
immature plasma cells were still capable of in
corporating 3H-thymidine as late as eight days
after the irradiation. However, these thymidine-
incorporating cells did not generate more immuno
competent progenies, as they were shown to
degenerate during or after metaphase. Electron
microscopic studies showed that in most cases
fully developed endoplasmic reticulum associated

with numerous ribosomes and Golgi complexes of
fully differentiated mature plasma cells remained
intact, whereas alteration of nuclear structure

was fairly pronounced (Figs. 10.2.1 and 10.2.2).

(FA.
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When the cells were fixed with osmic acid alone,
irradiated cells harvested four days after irradia
tion showed ruptured plasma membranes, which
were only occasionally seen in the unirradiated
cells. Apparently irradiation caused some change

in the membrane which was magnified during fixa
tion with osmic acid, because this was not shown

clearly in cells fixed with combined glutaralde-
hyde and osmic acid. Current studies involve in
corporation of 3H-labeled amino acids by these
antibody-forming cells by utilizing electron micro
scopic autoradiography.
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PHOTO 91313

Fig. 10.2.1. A Part of the Golgi Complex (G) of Mature Plasma Cells Four Days After Exposure to 10,000 r.

Note also apparently normal mitochondria (M) and endoplasmic reticulum associated with ribosomes (rER). 35,000x.
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Fig. 10.2.2. A Part of the Nucleus Manifesting Alteration of Nuclear Envelope (Arrow). 24,300x.

10.3 THE ENUMERATION OF ANTIBODY-

FORMING CELLS IN LYMPHOID TISSUE

FOLLOWING ANTIGEN STIMULATION

Glenda C. Webb E. H. Perkins

The method of detecting individual hemolytic
antibody-producing cells directly and indirectly2
has made it possible to assess more simply anti
body production at the cellular level. Therefore,
it would seem desirable to assess the relative

contribution of the various lymphoid tissues in a
given immune response, because information of
this nature is necessary to understand regulation
of antibody production. With this objective in
mind, the number of direct and indirect hemolytic
plaque-forming cells (PFC) was assessed for the
spleen, lymph nodes (cervical, axillary, brachial,
renal, mesenteric, inguinal, lumbar, and caudal),
thymus, bone marrow, peritoneal fluid, and blood
of mice at various intervals after primary and

secondary antigen sheep red blood cell injection.
Excellent time-dependent splenic PFC response

profiles were obtained for both direct and indirect
PFC following an intravenous injection of 109
sheep erythrocytes (Fig. 10.3.1). Only a few

direct or indirect PFC were found in other lymph

oid tissues. The data clearly show that, although
the spleen constitutes only approximately one-
third of the total lymphoid tissue mass in mice, it
contributes over 99% of the hemolytic antibody-
forming cells. Although not all organs and lymph
oid tissue were tested (that is, Peyer's patches,

deep mediastinal lymph nodes, and lungs were not
tested), it would seem that the tissues tested
were representative samples of lymphoid tissue,
and one would therefore not expect to find numer

ous plaque-forming cells in other sites. If this
reasoning is valid, then one must conclude that
the spleen is the major and only significant site
of antibody synthesis following intravenous in
jection of sheep erythrocytes in the mouse.
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Fig. 10.3.1. Primary and Secondary Response Pro

file of Hemolytic Antibody-Producing Cells of the

Spleen.

10.4 GROWTH AND DIFFERENTIATION OF

MURINE MYELOMA CELLS IN

DIFFUSION CHAMBER CULTURE

Dona C. Hooper J. F. Albright

12

In studying those cytokinetic parameters in
volved in the growth and differentiation of neo
plastic tissues, it has been difficult to distinguish
which changes in the tumor cell population are due
to interaction with host cells and which are the

property of the tumor cells themselves. We wish
to study the properties of a tumor cell population
separated from interactions with host cells, yet
having free exchange with the circulation. To do
this, we have cultured transplantable murine
myelomas in diffusion chambers (porosity 0.22 /i)
implanted in host mice. We have compared mye
loma tumors producing Bence-Jones and yG
globulins.

Studies of tumor cells recovered at various times

after initiation of culture have yielded the follow
ing information:

1. Chamber cultures of cells derived from solid

tumors secreting Bence-Jones or yG globulins
were compared. In each case, the cell number
recovered showed an initial decline, followed

by a rapid rise to a level higher than the
inoculum size, and a subsequent plateau.
The initial rate of cell loss was characteristic

of the tumor. The doubling time from day 2 to
day 4 of culture was 48 hr for both types of
cells over the range of 2.5 to 50 x 106 cells/
ml. The plateau level was directly related to
the size of the initial inoculum.

2. The invasiveness of tumor cells subcultured

from chambers was studied. During rapid
growth in chambers the cells were most active
as measured by the number of cells required to
provoke a tumor. Cells from cultures in the
plateau phase were distinctly less active in

provoking tumors.

3. Circulating factors in immune animals do not
substantially alter the course of growth in
chambers, although they are known to suppress
tumor growth when the cells are inoculated
subcutaneously.

4. The proliferative capacity of cells dissociated
from solid tumors has been examined by evalu
ating the proportion of "stem" cells. The
minimum number of cells required to give rise
to 105 or more progeny was determined. For
the two different tumors studied, this number

was substantially different.

5. The relation between the minimum number of

cells which would grow in chambers and the
minimum number required to give rise to tumors

was also investigated. For tumor MPC 47, as
few as five cells can give rise to a colony
when isolated in a chamber; 105 cells of this
tumor are needed to produce a new tumor upon

subcutaneous injection.

These experiments show clearly that the host
environment complicates the analysis of intrinsic
factors that regulate growth of a tumor. If myeloma
cells derived from solid tumors are physically re
stricted and protected from host cell interaction,
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there is apparent "control" of their growth. We
intend to pursue this line of research in order to
assess more clearly this apparent "differentiation"
of a tumor in the special condition of diffusion
chamber culture. These studies will provide data
that should be significant in resolving questions
concerning progenitor cells and cytodifferentiation
of tumors as well as methods for alteration of

inhibition of tumor growth.

10.5 A LOW-MOLECULAR-WEIGHT ANTIBODY

R. A. Brown J. M. Ellis

In the process of developing red blood cell
stroma as a sensitive immunoabsorbent for de

tecting broad classes of antibodies during the
early immune response, a low-molecular-weight
antibody has been detected in mouse sera. An
attempt has been made to characterize this ma
terial and to do the necessary control experiments.

The low-molecular-weight antibody is an a2
globulin with sedimentation coefficient of 4S and
a molecular weight of approximately 50,000. It
appears to consist of one chain similar to an H
chain. It probably does not agglutinate red blood
cells. The binding constant for the antigen is
small; the antibody can be lost by extensive
washing.

4S antibodies against homologous as well as
heterologous, but not isologous, stroma are found
in normal mice. There is a small increase in the

level of the 4S antibody three days after injection
of antigen. A large specific increase in the level
of the 4S antibody can be obtained by transferring
primed spleen cells into an irradiated recipient
without antigen. If the recovered 4S antibody is
concentrated by lyophilization, a small amount
can be reabsorbed specifically.

Although other investigators have detected the
presence of low-molecular-weight antibodies1 in
sera, it does not appear likely that we are de
scribing the same phenomenon. The 4S antibody
could be a preexisting recognition factor.
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10.6 TOXIC FACTORS IN THE SPLEENS OF

AGING MICE AND PROLONGATION OF
LIFE BY SPLENECTOMY

J. F. Albright Julia W. Deitchman
Takashi Makinodan

In aging mice the steady decline in immunologi
cal capacity results primarily from depletion of
antigen-stimulable progenitor cells capable of
producing antibody-synthesizing progeny.J This
fact, coupled with the observation that the mean
life-span is considerably less when mice are
reared in an environment rich in infectious organ

isms, implicates the failure of the immune system
as a contributor to senescence and death. There
fore, it seems reasonable that immunologic re
plenishment might significantly prolong life. Pre
liminary straightforward attempts have been only
moderately successful owing to several compli
cating problems. The major one of these is that
the spleens of aging animals become progressively
imbued with toxic factors, as will be illustrated

in this report.
Mice (BC F strain) were reared under con

trolled conditions until they were ~75 weeks
old. At this time they were exposed to 850 r x
radiation and injected intravenously with 106 bone
marrow cells from 14-week-old syngeneic donors.
In addition, some groups of mice received varying
numbers of dispersed spleen cells from syngeneic
donors that were either 14, 112, or 137 weeks old.
Shown in Fig. 10.6.1a is the fact that the survival
time of recipient mice was inversely related to
the age of the mice that served as spleen cell
donors. As few as 5 x 103 cells taken from 112-
week-old donors reduced survival time by 50% as
compared with animals that received cells from
14-week-old donors (comparing times of 50%
survival). The survival time of mice that received
cells from 137-week-old donors was reduced by
92%. These results suggested that splenectomy
of aging mice might prolong survival. Figure
10.6.16 shows that this is so. The experiment

was performed upon mice that were ^100 weeks
old. One group was splenectomized; a second
group was surgically manipulated but the spleen
left in situ; the third group was untreated. Sple
nectomy resulted in an 18% increase in overall
life-span (time of 50% survival). Or, viewed in
another way, it nearly doubled the remaining time
of survival of the population of mice beyond 100
weeks of age. Surgical insult that did not include
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Fig. 10.6.1a. Survival of BCjFj Mice When Treated
at 75 Weeks of Age with 850 r X Radiation, 106 Bone
Marrow Cells from Syngeneic 14-Week-0ld Donors, and

Spleen Cells from Syngeneic Donors of Different Ages.

removal of the spleen significantly reduced re
maining time of survival.

There are good theoretical reasons for believing
that repopulation of mice with suitable progenitor
cells — particularly those that will effect im

munological replenishment —should result in
extended life expectancy. However, it is likely
that several technical barriers will be faced be

fore such an objective can be reached. The re
moval of the barrier that has been discussed here

appears reasonably easy in that removal of the
spleen at an optimum age should remove the
principal source of the toxic factors. Further

100 0«^
ORNL-DWG 68-3851

100 110 120 130 140 150 160 170

AGE (weeks)

Fig. 10.6.lo. Survival of BCjF, Mice at ^100 Weeks
of Age.

analysis of the factors may result in methods for
inhibiting or delaying their appearance.
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10.7 ASSESSMENT OF HEMOLYTIC PLAQUE-

FORMING CELLS IN MILLIPORE

DIFFUSION CHAMBERS

D. L. Groves

Bussard and Anderson1 have shown that plaque-
forming cells (PFC) can be recovered from Milli-
pore diffusion chambers containing mouse spleen
cells undergoing a primary immune response.
The number of PFC demonstrated, however, was
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quite small. This problem of low yield was in
vestigated from two standpoints: the method of
recovery of cells from chambers and the possible
"toxic" effect of chambers on culturing efficiency.

Recovery of PFC from chambers is made difficult
by the formation of a clot which retains the ma
jority of the cells. Since others2 had demonstrated
the usefulness of pronase in dissolving the clot,
this enzyme was employed in attempting to in
crease the number of recoverable PFC.

The length of time which PFC could remain in
0.5% pronase at room temperature was first de
termined because of their sensitivity to this
enzyme. It was found that inactivation of PFC
commenced in about 7 min. Due to this rapid
inactivation of PFC by pronase, means of quench
ing the enzymatic activity were needed. Dilution
of the pronase-treated cell suspension in cold 10%
bovine serum albumin was found satisfactory.

Attempts to improve the culturing efficiency of
chambers involved pretreatment of chambers by
soaking them in 1 or 10% isologous mouse serum
or 30% ethanol. Only pretreatment with 10% serum
for about 24 hr had a significant effect, resulting
in over a threefold increase in the number of PFC
recovered as compared with untreated chambers.
A marginally significant increase in the total
number of nucleated cells recoverable was also

found. Suspension of the cell inoculum in 10%
serum and using untreated chambers would not
supplant pretreatment of the chambers.

By employing pretreated chambers and recovering
cells through the use of pronase, it was possible
to obtain ^103 PFC per 106 nucleated cells re
covered at the peak of the response with an input
of 107 normal spleen cells. The magnitude of
this primary response is comparable with that
seen in the intact mouse.

With improved culturing efficiency and methods
for removing cells from chambers, it is now pos
sible to conduct experiments involving the accu
rate enumeration of antibody (hemolysin)-producing
cells in Millipore diffusion chambers. Studies of
a primary immune response initiating from a single
progenitor cell in a chamber are now plausible in
that it should be relatively easy to detect the
antibody-synthesizing progeny of these individual
cells.
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10.8 THE REGULATION OF

ANTIBODY PRODUCTION

D. C. Vann

The classical antibody-response profile ex
hibits a plateau phase in which the amount of
circulating antibodies remains nearly constant
over a period of time. This level of circulating
antibodies may be regulated by homeostatic mecha
nisms operating on antibody-producing cells at one
or more of the following levels: (1) antibody
synthesis, (2) secretion of intracellular anti
bodies, and (3) the antibody-producing cell popu
lation. It is possible that this regulation is
effected by direct negative feedback from the
level of circulating antibodies. This present

study has measured the effect of high levels of
specific antibodies supplied by host animals
on the antibody-synthesizing activity of spleen
cells cultured with antigen in Millipore diffusion
chambers.

Millipore diffusion chambers initially containing
2 x 10 7 spleen cells from mice primed with sheep
red blood cell (SRBC) and 2 x 106 or 2 x 105 SRBC
were recovered from host animals at various times

after implantation and incubated in vitro in the
presence of 14C-leucine to measure the rate of
appearance of newly synthesized antibodies as
described previously.1 To assess the effect of
high levels of host antibodies to SRBC on the
initiation of the antibody response in these
chambers, experimental hosts had received 850 r
followed by injection of 108 primed spleen cells
and 109 SRBC seven days earlier. These animals

had hemagglutinating antibody titers of approxi
mately 21S at this time. Control animals had high
antibody titers to rat RBC or were normal sub-
lethally irradiated mice. It was found that the
chambers in control animals mounted a vigorous

antibody response three to four days after im
plantation which continued for more than 14 days.
Chambers implanted in animals with preexisting
high levels of antibodies to SRBC failed to
initiate an antibody response. To determine the
effect of increased antibody levels on plateau-

phase antibody production, diffusion chamber
cultures were initiated in normal animals, and



7 to 13 days after implantation these chambers
were transferred to high-antibody hosts as de
scribed above. Sham transfer of chambers in

normal animals served as controls. When assayed

for production of new antibodies one or two days
after transfer.experimental chambers synthesized
antibodies at the same rate as control chambers,

although the host antibodies raised the serologi
cally determined antibody levels in the chambers
to approximately 20 times the normal level. The
antibodies synthesized in both groups were of the
7S type.

The techniques described here have enabled

the direct assessment of the rate of antibody
production by spleen cells under conditions in
which the level of free antibodies can be varied.

By these means it has been possible to demon
strate that high levels of preexisting antibodies
inhibit the initiation of a secondary immune re
sponse. It has not been possible to demonstrate
rapid inhibition of an ongoing antibody response
by raising antibody levels 20-fold above their
normal levels. Therefore, under these conditions

antibody levels do not appear to regulate the

synthesis or secretion of new 7S antibodies by
fully differentiated antibody-forming cells. It is
possible that the action of the exogenous anti
bodies on the initiation of the immune response
was through combining with the SRBC antigenic
sites and thereby blocking their immunogenic

action.
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10.9 EVIDENCE FOR SYNTHESIS OF LOW-

MOLECULAR-WEIGHT INCOMPLETE ANTI

BODY BY SPLEEN CELLS OF AGED MICE

Takashi Makinodan

R. A. Brown

E. H. Perkins

W. J. Peterson
J. M. Ellis
Shirley C. Tipton

Previous serological studies1 revealed that the
antibody-forming capacity of aged mice is ^10%

of that of young adult mice. The defect at the
cellular level was due primarily to a decrease in
the number of antigen-sensitive progenitor cells.
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The capacity of antibody-forming cells also
seemed to be altered to the extent that 7S anti

body formation was more severely curtailed than
19S antibody formation, so far as the biologically
active complete antibody is concerned. Forma
tion of the biologically less active incomplete
antibody was not assessed in these studies.
Therefore, there is the possibility that, unlike
antibody-forming cells of the young adult, they
may be defective additionally, in that they may
be synthesizing a significant amount of incomplete
antibody. The present study was undertaken to
determine the capacity of spleen cells of the aged
to synthesize complete and incomplete antibodies.

Primary and secondary antibody-forming capaci
ties of spleen cells of male and female BC F
mice ranging in age from 27 to 42 months were
studied by injecting intravenously 109 sheep or
rat red blood cells (RBC). At various intervals

from 1 to 14 days thereafter, the spleens were
removed, weighed, and assessed for antibody
formation. This was done by dicing the spleen
into 2- to 3-mm pieces and culturing them in
vitro for 4 hr in the presence of 14C-leucine. The
culture fluid was then dialyzed exhaustively and
absorbed with an excess of RBC stroma, which
served as our immunoabsorbent. The antibody

was then eluted off the stroma at acid pH, neutra
lized, and centrifuged through a sucrose density
gradient, and the various fractions were analyzed
for isotopically labeled antibody. When sheep
RBC was used as an antigen, V to V of the spleen
was assessed for the presence of direct and in
direct plaque (hemolysin-type complete antibody)
forming cells according to the method of Jerne2
and Wortis. 3

Based on in vitro antibody synthesis, the find
ings were as follows: (1) Spleen cells of the aged
responded to antigen stimulation more slowly than
those of the young adult; that is, the maximum
activity occurred two weeks after antigen in
jection in contrast to one week. (2) Most of the
antibody synthesized was low-molecular-weight
4S type, which is not synthesized normally at the
height of response by spleen cells of the young
adult. This type of antibody can be classified
as incomplete antibody, because it cannot be
detected by the usual serological methods (ag
glutination, hemolysis, etc.). (3) At the height
of response the primary antibody-forming activity
was comparable with that of the young adult, and
the secondary antibody-forming activity was
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V. th of that of the young adult. Based on the
number of hemolytic plaque-forming cells, the
kinetics of primary response was comparable with
that of the young adult; that is, the maximum
response occurred within a week after antigen
stimulation. However, the response was only
l/ th of that of the young adult. The secondary
response differed in that the maximum response
occurred ten days after antigen injection, but the
response was only V th of that of the young
adult.

The results show that antigen-stimulated spleen
cells of the aged cannot generate sufficient num
bers of cells synthesizing hemolysin-type com
plete antibody. This agrees with our earlier ob
servation based on assessment of agglutinin-type
complete antibody formation. However, the most
significant finding is that antibody-forming cells
of the aged are abnormal in that they synthesize
more of the 4S type of incomplete antibody than
the young adult. It is possible that 4S antibody
may lack the F fragment. If so, this would be
evidence in support of the theory that the H
chain of immunoglobulins is made up of two pep
tide chains, each under the control of independent

genes.
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10.10 FURTHER CHARACTERIZATION OF A

CELL TRANSFER SYSTEM FOR THE STUDY

OF ANTIGEN-SENSITIVE PROGENITOR CELLS

M. J. Bosma1 E. H. Perkins
Takashi Makinodan

One of the better methods to assess the relation

ship between the relative number of antigen-
stimulated progenitor cells and serum antibody
output is to inject intravenously a mixture of a
known number of dispersed lymphoid cells and an
optimum dose of antigen into heavily x-irradiated
syngeneic, and therefore immunologically unre

sponsive, recipients and then determine time-
dependent serum antibody titers (cell transfer or
in vivo culture method). However, this method of
assay is subject to reservation, because infused
progenitor cells can clone in different tissues of
the host, and it is conceivable that the kinetics
of antigen-stimulated cellular changes can vary
according to the local microenvironment of the
tissue in which the progenitor cells are cloned.
Hence, it would seem desirable to assess serum
antibody output by cells cloning only in the
spleen, which is one of the more favorable coloniz
ing sites when lymphoid cells are transferred in
travenously. A series of cell transfer studies was

therefore carried out to determine (1) what frac
tion of the time-dependent serum hemagglutinin
content is due to immunocompetent cells cloned
in the spleen, (2) what fraction of the total
progenitor cells transferred cloned in the spleen,
and (3) whether the number of hemolytic plaque-
forming cells (PFC) generated per antigen-
stimulated progenitor cell is dependent upon the
dose of lymphoid cells transferred.

This was done by first assessing the relative
response of recipient mice splenectomized and
sham splenectomized 1 hr to two days after
transfer of dispersed primed and nonprimed spleen
cells. This measures the serum response of cells
cloned in sites other than the spleen. The per
centage of the total serum antibody response by
progenitor cells cloned in the spleen and non-
splenic sites was deduced from the altered re
sponse profiles. In this way we found that about
90% of the antibodies in the serum during the first

week after cell transfer are synthesized by pro
genitors which cloned in the spleen. This con
clusion was substantiated by the results of the
following experimental approach. Irradiated re
cipient mice with exteriorized lead-shielded
spleens were given additional irradiation (800 r)
5 to 6 hr after spleen cell transfer. Mice were
then bled at various intervals and serum hemagglu

tinin titers determined. The results showed that

the hemagglutinating antibody response profile
curve of the spleen-shielded mice was comparable
with the sham control group which did not receive

additional irradiation.

Having obtained this information, we determined
the fraction of injected immunocompetent cells
which cloned in the spleen. This was done by
the well-known serial spleen cell transfer scheme.
The relative number of immunocompetent cells
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was assessed both in terms of the antibody were transferred, the number of plaque-forming
synthesized and the number of antibody-synthesiz- cells generated per antigen-sensitive progenitor
ing cells in the spleen. The results showed that cell was sharply reduced,
about 10% of the injected progenitors cloned in
the spleen. We then demonstrated that the number
of PFC generated per antigen-stimulated progeni
tor cell cloned in the spleen was constant only
when the number ofspleen cells transferred was The Institute for Cancer Research, 7701 Bur-
greater than 12.5 x 106. When fewer spleen cells holme Ave"' Philadelphia, Pa.
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11.1 CONTROL OF CELL DIVISION

IN E. COLI FILAMENTS

W. D. Fisher

F. W. Shull, Jr.

H. I. Adler1

Amikam Cohen !

The bacterium Escherichia coli AB 1899 NM is a

potentially useful organism for studying the con
trol of cytokinesis. Ultraviolet or ionizing radi
ation induces the formation of long multinucleate

filaments which lyse without cell division or the
formation of macroscopic colonies.2 Cross septa-
tion in these filaments can be induced by a variety
of chemical and physical agents, including cell ex
tracts;3 thus a study of the effects of these agents
may provide information on the control of cell di
vision in E. coli.

We have reported that cell-free extracts of E.
coli induce cross septation in 1899 NM filaments.
The extracts can be fractionated by centrifugation

into a heat-labile particulate fraction and a heat-
stable dialyzable fraction. 2 The soluble fraction
alone did not induce cross septation but was re
quired for maximal activity with the particulate
fraction. We have further characterized the par
ticulate fraction. Differential and sucrose gradient
centrifugation indicate that the particulate fraction
sediments at about 100 S. The active material can

Molecular Physiology (11.1)

W. D. Fisher F. W. Shull, Jr.

be recovered from CsCl density gradients at a den
sity of approximately 1.2. Currently we are analyz
ing the active materials chemically and by electron
microscopy. The sensitivity of the material to en
zymatic digestion is also being tested.

A number of chemical compounds have division-
promoting activities. The most effective agents
are sulfhydryl compounds such as glutathione and
mercaptoethanol, which are active at 10-4 to 10~3
M. Other substances such as pantoyl lactone, ace
tate, and propionate are active but only at much
higher concentrations, 10-2 to 10_1 M.

The bacterium E. coli 1899 NM has distinct ad

vantages for cell division studies. It is easily
assayed by colony counts, since the induction of
cell division leads to a macroscopic colony. Fur
ther growth is clearly dissociated from cytokinesis.
During filament formation the overall growth2 and
macromolecular synthesis proceed at a rate com
parable with normally dividing cells. It may be
possible, therefore, to study cytokinesis uncom
plicated by growth.

The significance of materials in cell extracts
for the control of cell division is still unclear.

However, the observation that a particulate frac
tion which can be isolated as a discrete fraction

on sucrose density gradients justifies further ef-
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forts to characterize and identify the fraction and References
its possible role in cytokinesis.
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12.1 SURVIVAL OF SUPERCOOLED YEAST

Peter Mazur R. H. Miller

As mentioned in the last Biology Division re

port, 1even when yeast cells are cooled slowly
enough to preclude intracellular freezing, 50% of
the cells are still killed below -30°C. Some pos

sible causes of death are the lowered temperature
itself, the dehydration and concentration of solutes
produced by ice formation, and interactions of sol
ute concentration and reduced temperature. 2

It is difficult to unravel the effects of these fac

tors because a partially frozen solution has only
one degree of freedom at constant pressure. Speci
fying the temperature, for example, determines the
solute concentration and vice versa. However, this
restriction is removed in supercooled solutions,
and the present study is concerned with determin
ing the effects of temperature and solute concen
tration on the survival of supercooled suspensions

of yeast.
Cells of Saccharomyces cerevisiae were sus

pended in triple-distilled water or in 0.16 to 5 m
NaCl solutions. Before use, the suspending media
were filtered through 0.22-zz Millipore filters, and
all glassware used to handle the cells and solu

R. H. Miller

Steven Henikoff6
Margaret Kasschau
Jan Schmidt

tions was carefully rinsed in filtered triple-dis
tilled water. With these precautions and by using
small volumes (0.02 ml) of a dilute cell suspen
sion (10 s to 106 per ml), more than half of the
cells in water could be supercooled to —18 to
-20°C, and samples of cells in the NaCl solutions
to -25°C or lower.

The usual procedure was to supercool the sus
pensions to -18 to -25°C for 10 to 180 min, warm
them at defined rates, and compare the cell sur
vival with that of frozen cells or cells that had

remained at room temperature.

Cells suspended in pure water or in 2 m NaCl
were not at all injured by being supercooled slowly
or rapidly to -19°C for periods of time up to 2 hr.
Survivals were 100% relative to room-temperature

controls (Fig. 12.1.1).

The survivals of cells that froze at -20°C were
much lower, but paradoxically they were higher
(15%) for cells frozen in 2 m NaCl than for cells
frozen in pure water (1%).

When cells were suspended in 3 to 5 m salt solu
tions, survival dropped rapidly with time even at
room temperature. However, rapid supercooling
of the suspensions to -25°C produced additional
injury (Fig. 12.1.1).
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Cells supercooled to —25°C in 5 m NaCl were
more injured than cells frozen in 2 m NaCl to
-20° C, even though the concentration of NaCl
in the unfrozen portion of the solution is about
5 m at -20°C. (The survivals were 0.03 and 15%
respectively.)

The rapid drop in survival of cells held in con
centrated salt solutions at room temperature (Fig.
12.1.1) made it difficult to evaluate the contribution

of the lowered temperatures. Accordingly, the fol
lowing experiment was performed. The cells were
suspended in 0.16 m NaCl at room temperature
(which is innocuous). The suspensions were then
cooled to —3°C and a sufficient volume of 5 m

NaCl at -3°C added to reduce the freezing point
of the suspension to —3°C (the resulting concen
tration being 0.88 m). The suspension was then

cooled to -6°C and sufficient 5 m NaCl at -6°C

added to lower the freezing point to —6°C (the
resulting concentration being 1.73 m). This step
wise cooling and addition of concentrated NaCl
was continued until the samples had cooled to
-18°C (still unfrozen). After 10 min at -18°C,
the samples were warmed and simultaneously
diluted back to 0.16 m NaCl. Parallel samples
of cells in 0.16 m NaCl were caused to freeze

at -3°C, then cooled in the same bath to -18°C,

and finally thawed rapidly. In other words, the
frozen samples underwent a smooth and progres
sive increase in salt concentration as cooling
progressed. The unfrozen samples underwent a
stepwise decrease in temperature and concomitant
increase in concentration. The results of two

experiments to date were surprising. The sur
vival of the frozen cells was two to five times

higher than that of the cooled but unfrozen cells.

The cause of the difference is unknown, but
additional experiments have shown that it is not
due to differences in the concentration of cells

at the end of cooling.

The results for cells in water and 2 M NaCl indi

cate clearly that yeast cells are not susceptible to
"thermal" shock (injury associated with rapid
chilling) and, therefore, that thermal shock per se
is not a factor in freezing injury. Brandts3 has
shown that the extent and rate of denaturation of

proteins increase at temperatures below 0°C be
cause of the anomalous thermal properties of hy
drophobic bonds. Such denaturation apparently
does not occur in 2 hr at —20°C in yeast in water
or in 2 m NaCl, or else it is reversible or irrele
vant to viability.

The interpretation of the findings for cells in
concentrated NaCl is still unclear, especially the
finding that cells in concentrated salt solutions
are less damaged by freezing than by being cooled
in the liquid state.
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12.2 NUCLEATION OF SUPERCOOLED

SOLUTIONS OF NATIVE

AND DENATURED MACROMOLECULES

Peter Mazur R. H. Miller

A number of investigators1-2 have suggested
that the water of hydration around native macro
molecules is ordered and perhaps "icelike." This
view is a matter of controversy, but even if not true
there are strong reasons to believe that the non-
polar side chains of denatured proteins are sur
rounded by ordered water. So also may be the
bases of denatured DNA. The reason for this be
lief is that hydrophobic interactions are thought to
be responsible for 50 to 100% of the force stabiliz
ing the native conformation of proteins,3,4 and are
believed by some5 to be important contributors to
the stability of DNA. Unlike most chemical bonds,
the favorable free energy of the hydrophobic inter
action comes not from a favorable enthalpy but from
a favorable positive entropy change in the surround
ing water structure associated with the transfer of
a nonpolar side chain from water to the interior of
the protein. The positive entropy reflects a de
crease in the order of water structure. Conversely,
the denatured protein is believed to have its non-
polar groups sticking into water, and the entropy
decrease associated with this reaction is due to
the formation of icelike structures around the non-

polar residues.

If macromolecules possess "icelike" hydration
sheaths, and if these sheaths are sufficiently large
and similar to normal ice, they ought to be able to
nucleate supercooled water at higher temperatures
than would otherwise be the case. The present
work is concerned with testing this idea. Pre
liminary experiments to date have been concerned
with the ability of native and denatured solutions
of DNA to nucleate supercooled water. Control
experiments have been performed with silver io
dide.

A solution of 0.7 M NaCl was prepared and fil
tered through a 0.22-tr Millipore filter. Calf thymus
DNA was added to a final concentration of 1 mg/ml.
For an experiment, a 100-fold dilution was made
using freshly triple-distilled water, and 0.02-ml
quantities were transferred to small tubes. Half
the tubes were heated to 90°C for 5 min and cooled

in an ice bath to denature the DNA. The tubes,

along with control tubes containing 0.02 ml of
0.007 MNaCl, were placed in a special ethanol-
water bath and cooled at l°C/min. The tempera

ture at which each tube froze was noted, the tem
perature being measured with a quartz thermometer.
All glassware was rinsed with the freshly triple-
distilled water.

Silver iodide solutions were prepared by mixing
together equal amounts of 0.01 MAgN03 and 0.01
MNal. The resulting solution was diluted to 10-4,
10-5, 10-6, 10"7, and 10"8 Musing 10"s M
AgNO as diluent to maintain the solution near
its isoelectric point, and 0.02-ml quantities were
transferred to supercooling tubes.

The mean freezing temperatures of the silver io
dide solutions were -6.1, -9.5, -9.7, -12.7, and
-13.4°C for the 10-4, 10~5, lO"6, 10"7, and
10~8 Mconcentrations respectively. The water
control froze at -23.6°C. The mean freezing point
of the 0.007 M salt solution is -21.4°C so far.
The means for the native and denatured DNA are

-20.5 and -21.0°C.

Although the results with the DNA and salt solu
tions are not as yet complete and have not as yet
been subjected to statistical analysis, they indi
cate that there is little or no influence of either
native or denatured DNA on the extent of super

cooling of dilute salt solutions. This would sug
gest that if there are icelike layers around DNA
either they are very small (the nucleating ability
of an ice crystal is proportional to its size) or
they do not have the same structure as ice itself.
The lack of effect from DNA contrasts with the
clear nucleating ability of the dilute silver iodide
solutions.
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12.3 EFFECT OF FREEZING

ON THE SENSITIVITY OF CELLS

TO TOXIC CHEMICALS

Steven Henikoff Peter Mazur

S. P. Leibo

The use of a number of agents in cancer chemo
therapy is ruled out because concentrations high
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enough to kill malignant tissue are also high enough

to damage the host. An alternative approach to
cancer therapy is cryosurgery. It involves destruc
tion of malignant tissue by freezing it by means of
a liquid-nitrogen-cooled probe placed within the
tissue. The problem is that cells at the margin
of the frozen tissue are likely to survive because

the cooling velocity is not sufficiently high and
the temperatures are not sufficiently low. 1 It
seemed possible that the two approaches could
be used to complement each other. The concen
tration of solutes in the unfrozen portion of a
partly frozen solution is a function of temperature
alone and is independent of the initial concen
tration. For example, the equilibrium concentra

tion of sodium chloride in the unfrozen portion of
a solution at -10°C is 2.64 M. This means that

if a 0.16 M solution is frozen to —10°C, the con

centration of sodium chloride will increase 16

times. So also will the concentration of any other
solutes present in the solution. This suggested
the possibility that cells could be placed at nor
mal temperatures in a solution of a toxin suffi

ciently dilute to be innocuous, and then killed by
being frozen to say —10°C, at which temperature
they would have been subjected to a 16-fold in
crease in toxin concentration. Supporting the
feasibility of this idea are a number of reports
of chemical reaction rates being increased in
partly frozen solutions,2-4 presumably because
of the mass action consequences of increased
concentration. The idea was tested using yeast
and human red blood cells and a variety of cell
toxins. However, no significant effect was noted,

a fact that has bearing on current theories of cell

damage from freezing.

To be effective in this approach, the toxins

should be sufficiently soluble at reduced tempera

ture so that they do not precipitate out of solution

before lethal concentrations are reached. Also,

the dose-response curve should be sufficiently

abrupt so that the increase in concentration pro

duced by freezing will result in going from an

innocuous concentration to a lethal one. A num

ber of chemicals were screened in accordance

with these requirements and the following selected
for freezing studies: crystal violet, mercuric chlo

ride, sodium hypochlorite, formaldehyde, phenol,
lithium iodide, cupric chloride, sodium cyanide,
lithium fluoride, cyclohexanone, iodoacetic acid,

sodium azide, 2,4-dinitrophenol, methanol, hydro

chloric acid, sodium hydroxide, Roccal, and cetyl-

ethylammonium bromide (CTAB).

Cells were suspended in 0.16 M concentrations
of NaCl containing nonlethal concentrations of the

toxin. They were then subjected to two freezing
treatments.

1. Samples containing various concentrations of
yeast cells were placed in the wells of multi-
compartmented plastic boxes, and 2% agar was
added. The box and its contents were then

cooled to —10°C at about l°C/min, thawed and
incubated at 30°C, and the number of colonies
in each compartment was determined.

2. Samples were mixed with 15% gelatin and
poured into flat-bottomed petri dishes. One
end of a 1-in. copper probe was then inserted
into the center of the petri dish, and the other

end of the probe was placed in liquid nitrogen.
The dish was cooled until the circle of frozen

gelatin had expanded to within about 1 cm of

the edge of the dish. The temperatures along
a radius were monitored with thermocouples,
and ranged from —60°C near the surface of the
probe to 0°C at the margin of the circle of ice.
The dish was then allowed to warm and thaw.

Small plugs of gelatin at different distances
along a radius were removed, dissolved in
buffer, and assayed for survival. The assay
for yeast survival was the standard dilution
plate technique. The assay for red cell re
covery was a colorimetric estimate of released
hemoglobin.

No significant change in survival due to the
presence of the toxic agents could be detected.

There were suggestions of an increased lethality
in a couple of cases, but the effect, if real, was
marginal.

One of the current dogmas in cryobiology is that
much of the lethality of freezing is due to the con
centration of solutes by freezing. Our preliminary

results are at variance with this idea, since freez

ing suspensions to temperatures at which the con

centration of known toxins should have been in

creased to lethal levels did not produce increased

lethality. The simplest hypothesis to account for

the lack of effect would be that the reduction in

reaction rate from the drop in temperature more than

compensated for any increase in concentration pro

duced by freezing. Other hypotheses are possible.

For example, if the toxic effect were reversible, it
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might be reversed when the toxin became diluted
after thawing.

It still remains possible, of course, that an en
hanced lethal effect can be demonstrated in other

mammalian cells or with other toxins.
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12.4 FREEZING OF BACTERIOPHAGE T4B

S. P. Leibo Peter Mazur

We previously suggested that the inactivation

of bacteriophage T4B by freezing and thawing
may result from a competition for water of hydra
tion between the phage and salts, or from an in
compatibility between the structure of water
ordered by the salt and that ordered by the phage.1
Making use of observations previously presented
in preliminary form,1 the hypothesis has been sub
stantiated.

Phage T4B is stable when suspended in and
subsequently diluted from concentrated solutions
of eight salts; but it is inactivated simply by sus
pension in concentrated solutions of seven dif
ferent salts: NaBr, NaC104, Nal, LiCl, MgCl2,
CaCl,, and BaCl2. The inactivation does not
appear to be related to salt concentration itself,
ionic strength, osmotic pressure of the solution,
or the individual ions in solution. But a corre

lation seems to hold when survival of the phage
is plotted as a function of the water activity of
the solution. Although the absolute value at
which the phage is inactivated differs for different
salts, in every case examined the inactivation oc
curs between a water activity of 0.75 and 0.95.
Moreover, when phage survival is plotted in this
way, the differences between salts suggest an
ordering for effectiveness of both cations and
anions to inactivate phage. The order follows the
classical Hofmeister series. It was also deter

mined that the inactivation of T4B in concentrated

salt solutions does not result from osmotic shock,

since the osmotic-shock-resistant mutant T4Bos

behaves exactly like the shock-sensitive form.
To test the hypothesis of freezing damage in

T4B, we suspended the phage in 1.0 mMgCl2.
The phage is stable in that salt at 1 m concen
tration, but is inactivated at higher concentra
tions of the salt at 25° C. The concentration of

salt solutions is fixed at subzero temperatures

and is independent of the initial concentration.
We then cooled the phage to various subzero tem
peratures above the eutectic point of MgCl2, that
is, —33.5°C. From the phase diagram of MgCl2,
one can determine the salt concentration and there

fore the water activity in these partially frozen
solutions. The results in Fig. 12.4.1 show that
the survival of T4B in MgCl 2 as a function of sub
zero temperature agrees well with the survival of
the phage plotted as a function of MgCl concen-
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tration at 25°C. (The results are presented in

terms of salt concentration rather than water ac

tivity in this case to avoid the necessity for cor
rection of water activity as a function of subzero
temperatures.) In other words, phage T4B is in
activated at 25°C as the salt concentration in

creases, and the inactivation of T4B at subzero

temperatures seems to result from the same in
crease in salt concentration as water is removed

as ice. We believe that these data provide strong
support for our hypothesis of freezing damage in
bacteriophage T4B.
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12.5 OBSERVATIONS ON os MUTANTS

OF BACTERIOPHAGE T4

S. P. Leibo

Edouard Kellenberger1
Peter Mazur

C. M. Steinberg2

Wild-type strains of bacteriophage T4 are sensi
tive to osmotic shock when rapidly diluted. 3 Mu
tants resistant to osmotic shock (os) have been
isolated.4 All attempts to determine the chemical
basis of osmotic shock resistance, however, have

been unsuccessful. 5

Using gel electrophoresis we have also attempted
such a determination. This work was part of a con
tinuing effort to determine the mechanisms by which
the normal phage head is assembled. 6 We hoped
that demonstration of a chemical difference be

tween os and wild-type phage capsids would help
to identify the product of another gene whose func
tion is known to be essential for the production of
normal phage heads. Unfortunately, we were not
able to find such a difference.

The experiments were of three types: genetic,
physical, and chemical. We prepared high-titer
stocks of phages T4B and T4D in the presence of
5-bromodeoxyuridine, a potent mutagen. By means
of three successive osmotic shocks, we obtained

six independent isolates of both T4Bos and T4Dos.
All further work was done with only one os mutant

of each strain.

Mixed infections of E. coli with different ratios

of T4D and T4Dos demonstrated that the yield of

phages that are phenotypically os is directly pro
portional to the input ratio. Furthermore, when the
phage yield was subjected to osmotic shock, the
fraction of genotypically resistant phage did not
change. This demonstrates phenotypic mixing for
the os system. We then attempted to determine
whether the os mutation is located within one of

the known T4 genes by performing mixed infec
tions of a restrictive bacterial host with T4Dos

and each of five different amber mutants. The

function of the genes defined by these am muta
tions is known to be essential for normal phage
head production. The rationale of these experi
ments was that, if the os mutation is located on
any of the genes possessing an amber mutation,
only os phages would be produced in the restric
tive host. Preliminary results indicate that the
os mutation is located on gene 24. As part of
these experiments we also isolated a T4Dos am24
double mutant.

Previous work had demonstrated that T4Bos has

a higher density than that of T4B when centrifuged
in CsCl gradients. 3 We have now found a similar
relationship between T4Dos and T4D. Moreover,
these four phages can be ordered in terms of in
creasing density in CsCl: T4D > T4B > T4Dos >

T4Bos.

Using the disk electrophoresis procedure of
Kellenberger, 6 we examined the banding patterns
of the ghosts of phages T4B, T4Bos, T4D, and
T4Dos. Under all conditions (CH3COOH or NaOH
degradation; electrophoresis at either pH 5 or pH
8), the electropherograms of these four phages

were identical. Thus the molecular basis of os

motic shock resistance in T4 phage remains un
known.

Portions of this work were performed while S. P.
Leibo was at the Institute of Molecular Biology,

University of Geneva, Geneva, Switzerland.
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13.1 CHEMICAL PROTECTION

D. G. Doherty Margaret A. Turner
Frances E. Hacker

The radiation LD method has proven to be a
valuable one for the quantitative assessment of
activity of chemical protective agents. However,
little use of this procedure has been made in the
recovery from radiation damage using bone marrow
therapy. Various estimates of the number of marrow
cells required for recovery from a given radiation
dose have been made, but no systematic cell dose
vs radiation dose response study has been reported.
This study was undertaken to establish an optimal
cell dose for supralethal radiation doses, to de
termine whether there was any significant second
ary mortality by 90 days, and to examine the effects
of large cell doses on intestinal recovery. Male
and female (C57BL/Cum x C3H/Anf Cum)FJ mice
10 to 12 weeks old were exposed in groups of ten
to x-ray dosages in 75-r increments from 600 to
1650 r at a dose rate of 150 to 170 r/min. Syn
geneic nucleated marrow cell suspensions were
prepared from 6- to 10-week-old mice, and appro
priate dilutions were made and injected intra
venously via the tail vein one day after radiation.
The mice were housed five per pan, and the mor
tality was recorded for 90 days. The 7-, 30-, and

90-day LD values were calculated by a probit
analysis of the mortality data.

Since there was no significant difference in
response between the males and females, the
results were pooled for all experiments. The LD
values obtained are presented in Table 13.1.1.
It can be readily seen that a very small number of
cells, for example, 2.5 x 104, has a significant
effect on survival of the mice. There is a rapid

rise in LD with increasing cell dose up to

2 x 10s cells, which yield an increment of 467 r.
Increasing the cell dose 1000-fold over this value
produces a further increase of only 230 r. There
thus seems to be a biphasic response, and in both
phases the effect observed is proportional to the
log of the number of cells administered. This
response suggests that there is a relatively effi
cient seeding of the marrow with low cell doses
and, over 1200 r, an inefficient and perhaps
abscopal effect on intestinal damage in the mice.
If the LD is taken as a measure of intestinal

damage, it can be seen from Table 13.1.1 that low
cell doses have little effect but that doses of

5 x 106 cells and larger significantly raise the
LD value. The 90-day LDSQ was only slightly
lower than the 30-day value at all cell and radia
tion doses. Even at low cell doses there was no

indication of secondary disease or a late wave of

201
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Table 13.1.1. LD5Q /-, LDrg/30, and LDj-Q/gg Values for Various Nucleated Cell Doses

Total Number

Cell Dose
of Mice

0 1000

2.5 x 104 850

5 x 104 448

1 xlO5 459

2 x 105 800

5 x 10s 330

2 x 106 220

5 x 106 190

1 x 107 220

5 x 107 596

1 xlO8 270

2 x 108 40

LD
50/7

LD
50/30

LD
50/90

mortality, as has been previously reported. These
results suggest that an optimum bone marrow cell
dose for survival at high radiation doses is 5 x 106
cells.

The search for more effective and less toxic

chemicals to protect against radiation damage has
continued, and some 40 compounds of various
types have been synthesized and tested. How
ever, none of them has been as active as the

well-known protective agents, and even in combi
nation they have not offered any significant im
provement.

13.2 STUDIES ON THE SUBSTRATE

SPECIFICITY OF PEPSIN

D. G. Doherty Jesse James
Margaret A. Turner

Previous studies on the specificity and kinetics
of pepsin-catalyzed reactions using synthetic
substrates have employed /V-acetyl-, /V-carbo-
benzoxy-, histidyl-, or /V-glycyl di- or tripeptides
or their ester derivatives as substrates. Further

more, it was recently reported that the Michaelis
constants for acetyl- and carbobenzoxy-L-phenyl-
alanyl-L-phenylalanine differed considerably.
This finding suggested that /V-acyl groups other
than amino acid residues may have an appreciable

effect on the binding and kinetic parameters as

1320 753 ±6 753 ±6

820 ±12 810 ±10

853 ±11 822 ±10

1275 1043 ±11 995 ±12

1300 1220 ±15 1175 ±18

1360 1271 ±12 1220 ±10

1340 1279 ±32 1233 ±25

1430 1402 ±26 1329 ±20

1410 1364 ±46 1308 ±43

1500 1400 ±28 1365 ±27

1500 1440 ±40 1365 ±35

1450 ±35 1380 ±40

certain dipeptide derivatives. To explore this
hypothesis, we have synthesized and tested a
series of derivatives of L-phenylalanyl-L-phenyl-
alanine, X-L-Phe-L-PheCOY, in which X corre
sponds to benzoyl-, formyl-, isonicotinoyl,
nicotinoyl-, or picolinoyl-, and Y corresponds to

-OH, -NHNH2, or -OC2H5. In addition, further
modifications of various peptide-like compounds
were synthesized and tested.

The rates of enzymic hydrolysis of isonicotinoyl-,
nicotinoyl-, and picolinoyl-L-phenylalanyl-L-
phenylalanine ethyl ester differed markedly, indi
cating that the position of the heterocyclic nitro
gen has an appreciable effect on the susceptibility
to pepsin hydrolysis. A kinetics study of hydroly
sis of nicotinoyl- and isonicotinoyl-L-phenylalanyl-
L-phenylalanine ethyl ester resulted in the fol
lowing constants: K = (1.84 ±0.06) x 10-4 Af,
k3 = (13.6 ±0.8) min"1 and Km = 2.78 x 10~4 M,
k = 8.93 min-1. These data clearly indicate
that the position of the heterocyclic nitrogen does
indeed affect the kinetic parameters.

Table 13.2.1 presents hydrolysis data for our
most rapidly cleaved substrates. It is apparent
from these data that there is a striking difference
in the kinetic parameters of picolinoyl dipeptide
ester as compared with nicotinoyl or isonicotinoyl
dipeptide ester. The corresponding free acids
and hydrazides were cleaved at a reduced rate.
In addition, of the four diastereoisomers of

nicotinoyl-L-phenylalanyl-L-phenylalanine ethyl
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Table 13.2.1. Hydrolysis Data for X-L-Phe-L-Phe

CO.C2HC Series

PH
[s]0x 104 [E] X106 VQx 106

(M) (M) (Af/min)

F ormy 1 3.80 1.50 3.21 (0.76)a

Nicotinoyl 3.80 1.50 3.21 (11.23);

18.80

Isonicotinoyl 3.80 1.50 3.21 10.02

Picolinoyl 3.80 1.50 3.21 (0.86)

These measurements were conducted in the presence
of 4% methanol.

ester, only the L-L isomer was hydrolyzed. We
have also synthesized and tested the following com

pounds which were not hydrolyzed by the enzyme:
acetyl-j8-cyclohexylalanyl-L-phenylalanine,
acetyldehydrophenylalanyl-L-phenylalanine, nico-
tinoyl-L-phenylalanyl-phenylserine, nicotinoyl-L-
phenylalanyl-/3-phenylethyl amide, and phenyl-
propionyl-L-phenylalanine ethyl ester.

It is of interest to note that increased suscepti
bility to pepsin hydrolysis is obtained only when
the N-acy\ group carries a positive charge in an
aromatic ring system. In addition, conversion of
one phenyl ring to cyclohexyl, for example, acetyl-
cyclohexyl-L-alanyl-L-phenylalanine, yields a
peptide resistant to pepsin attack. The rigid
steric requirements, as well as the lack of hy
drolysis of nicotinoyl-L-phenylalanyl-phenylethyl
amide, indicate that there must be binding between
the enzyme and substrate at three points on both
sides of the susceptible bond.
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14.1 LOW (MEDIUM) LEVEL EXPERIMENT

All Members of Pathology-Physiology Section

The primary objective of this experiment is to
determine the dose-response relation for radiation-
induced carcinogenesis and life shortening under
conditions of low-level irradiation in the mouse.

It is also the aim of the experiment to obtain cor
relative data on the biochemical, physiological,
microbiological, and morphological changes as
sociated with late somatic effects of radiation

and aging.

Previous progress reports have described the
protocol of the experiment, the controlled environ

ment in which experimental mice will be main

tained, methods for detecting changes in the
selected indigenous bacteria of the mouse intes
tine, the continuous absence of conventional

mouse viruses, preliminary results with respect

to longevity and incidence of leukemia, and a
method for electromechanically recording and
retrieving breeding data and preexperimental
information for each mouse.

Results of preliminary studies were sufficiently
definitive by August 1967 to verify that the
protocol, procedures, and facilities for the ex
periment were satisfactory. Hence, irradiation of
mice for the main experiment was begun at that
time and has continued since then. Each week

120 mice in 15 cages, including unirradiated
controls, are added to the experiment according to
the plan shown in Table 14.1.1. The total number
of mice to be set up has been reduced from about
40,000 of each sex to a total of 15,000 females

alone, owing to fiscal limitations. This has
involved, in addition to the omission of males,

omission of groups exposed at low intensities
and increase in the lowest radiation dose to be

tested from 5 rads to 10 rads. During the past
year, computer programs for storing, retrieving,
and analyzing pathology and hematology data
have been developed to complement those used
for handling mouse ancestry, production, treatment,
and life-history data. A small number of experi
mental mice has already died or been sacrificed,
but data on pathologic effects in these animals are
too few to warrant reporting at this time.
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Table 14.1.1. Revised Radiation Dose

Schedule for the Low (Medium)

Level Experiment

Dose
Total Number Number of Mice

(rads)
of Mice To

Be Irradiated

Irradiated

Each Week6

0 4000 c 32

10 3000 24

25 1000 8

50 1000 8

100 1000 8

150 1000 8

300 4000c 32

Total 15,000 120

Whole-body Cs gamma rays, ^50 rads/min.

Mice set up in groups of eight per cage.

Number includes mice for serial sacrifice (only
^500 mice will be killed, but ~4000 need to be
set up to provide survivors for sacrifice at intervals
up to age of 30 months; the remaining ~3500 will
die naturally and are thus comparable with the
mice of all other groups).

14.2 PRELIMINARY OBSERVATIONS

ON THE MODIFICATION OF LATE SOMATIC

EFFECTS OF RADIATION BY HYPOXIA

E. B. Darden, Jr.

M. L. Davis

M. C. Jernigan

K. W. Christenberry

G. E. Cosgrove

J. W. Conklin

Reducing the tissue oxygen concentration during
irradiation has been shown to decrease suscepti
bility to a variety of early radiation effects, but
less is known about its influence on susceptibility
to induction of late somatic changes. We, therefore,
have studied the influence of hypoxia on suscepti
bility to late pathological effects, particularly the

induction of leukemias, other neoplasms, lens
opacities, and life shortening. For this purpose,

irradiation was carried out in a hypoxic atmosphere
of 5% oxygen in helium, in a control atmosphere of
21% oxygen in helium, and in air. Helium was
chosen for the inert component of the hypoxic gas
mixture on the basis of the successful use of a

similar mixture by Russell and colleagues some
years ago in mice.

Prior to each radiation exposure of mice in the
gas chamber, we routinely allowed at least 15 min
for bringing down the oxygen concentration and
replacing the air with the proper mixture. Irradia

tion was not begun until the 0 level had stabilized

for an additional minute. This procedure was

adopted after preliminary experiments had shown
that the oxygen tension in vivo (as measured by a

pO needle electrode inserted intraperitoneally)
responded more or less linearly in less than a
minute to changes in the ambient oxygen concentra
tion and that at the 5% O level, which was the
approximate threshold for survival, the p02 equil
ibrated at <10% of the normal value (~60 mm Hg).
In orientation studies, we found that hypoxia in
creased the LD 50/30 for ten-week-old RF females

to 1200—1300 r, or about double the value in air,
while 30-day survival was increased from zero to
-^90% at the 900-r level. For the main study, 13
replicate groups of mice received a single 300-
kvp x-ray exposure at 90 r/min inside a Lucite
flow-through gas chamber. An oxygen electrode

inside the chamber monitored the ambient 02 level
continuously. After irradiation, mice in the various

groups were examined periodically with a slit lamp
for lens changes, and blood samples were taken

periodically from the tail vein for hematological

studies. At death, necropsies were performed, and

histological specimens examined as needed.

With more than half of the 1371 30-day survivors

dead in all groups, the data indicate that life

shortening was substantially reduced in the hypoxia-

treated groups, more than twice as high a dose

being required to induce a given response in

hypoxia as in air (Fig. 14.2.1). A small but con

sistent difference between the two nonhypoxic sets

of mice in life shortening was also seen, suggest

ing that helium caused a slight increase in lon

gevity. Preliminary results on the induction of

leukemia and lens opacities, on the other hand,

suggest that hypoxia had a smaller effect, if any,

on the production of these diseases, but quantitative

comparisons must await further analysis of micro

scopic, hematologic, and other data.

Reference

!W. L. Russell, H. C. Kile, Jr., and Liane B.
Russell, Generics 36, 574 (1951).



207

300

250

200

150

o

ORNL-DWG 68-3855

»

1

//
y •(

• AIR

o 21% 02 + He
5% 02 + He

150 300 450 600

EXPOSURE (r)

900

Fig. 14.2.1. Life Shortening in Relation to Dose, as

Influenced by Hypoxia.

14.3 EVOLUTION OF CHROMOSOME

ABERRATIONS IN RADIATION-INDUCED

AND PASSAGED MOUSE

GRANULOCYTIC LEUKEMIA

Niel Wald1
A. C. Upton

S. Pan1

R. C. Brown

A consistent secondary-constriction marker and

an extra chromosome were described in RF mice

developing chronic granulocytic leukemia after
inoculation with the 21st to 27th serial passages
of cellular or cell-free material from a post-x-

irradiated leukemic primary mouse, or the 7th
passage from a neutron-irradiated one.2 Changes
on further serial passages included the alternative
appearance of a metacentric marker with no extra
chromosome and finally no marker as the clinico-
pathological nature of the originally chronic
leukemia became increasingly acute. To examine
this evolution further, cytogenetic and clinico-
pathologic studies were performed on new primary
post-x-irradiated leukemic mice and on the post-
inoculation leukemic animals of successfully

passaged lines.
Forty-one new primary granulocytic leukemic

mice were acceptable for analysis. Twenty had a
major or minor (5 to 10%) mode of cells with 41

chromosomes, ten a mode of 39, and eight had
both. Fifteen had additional minute fragments,
and nineteen showed gaps or breaks. Marker
chromosomes of the secondary-constriction type
were found in five, metacentric type in four, and
giant type in four mice. Material from a primary
with 41 chromosomes and a secondary-constriction
marker has now undergone 13 successive passages.
A modal transition from 41 through a 39/41 bimodal
stage to a consistent 39 chromosome mode in the
later passages, with successive modification and
loss of the marker, was observed.

The results of these studies indicate that

karyotypes of postirradiation primary chronic
granulocytic leukemia in mice may present variable
modal numbers and chromosome markers, which

may be unstable on serial passage. These findings
contrast with the rather consistent marker chromo

some (phi chromosome) found in chronic granulo
cytic leukemia in man. Studies under way, in
cluding larger numbers of animals, will better
define karyotype alterations in primary irradiation
granulocytic leukemia in mice and the chromosome
mode and marker transitions observed.

References

'University of Pittsburgh, Pittsburgh, Pa.
2Niel Wald et al., Science 143, 810 (1964).

14.4 RESPONSIVENESS OF LEUKEMIC CELLS

TO GROWTH-REGULATING FACTORS

A. C. Upton Lou C. Satterfield

This experiment is part of a study aimed at
exploring the extent to which leukocytosis-
promoting factors may increase susceptibility to
induction of granulocytic leukemia by irradiation,
chemicals, or viruses and may stimulate the growth
of leukemic cells of the granulocytopoietic series.
The leukocytosis-promoting agent used in this work
was a serially transplanted, slowly growing BALB/c
mouse myoepithelioma,1 which characteristically
elicits marked granulocytosis in the blood of host
animals. The effects of this neoplasm on the

growth of a serially transplanted granulocytic
leukemia which originated in an irradiated RFM/Un
mouse are reported in the following.

The growth of transplanted granulocytic leukemia
cells was appreciably accelerated in the presence
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Fig. 14.4.1. Time Required for Spleen Enlargement

and Death from Transplanted Leukemia, as Influenced

by the Presence of Grafted Myoepithelioma. The re

cipients were young adult (BALB/c X RFM)F^ mice.
Shaded symbols denote data for cumulative mortality

from leukemia; open symbols denote data for spleen

enlargement. 0= Recipients grafted simultaneously

with myoepithelioma subcutaneously and 10 leukemia

cells intravenously (20 mice). A. = Recipients grafted
intravenously with 10 leukemia cells alone (19 mice).

• = Recipients grafted subcutaneously with myoepi

thelioma alone (25 mice).

of the myoepithelioma, as judged by the time re
quired for the leukemia cells to cause splenomegaly
and death in syngeneic recipients (Fig. 14.4.1). In
contrast, the myoepithelioma had no such effect on
the growth of syngeneic lymphoma cells trans
planted into similar recipients. These results
imply that the growth-stimulating effects of the
myoepithelioma resulted from its leukocytosis-
promoting action, possibly via leukopoietin, rather
than from any nonspecific impairment of host
resistance. This interpretation remains to be
verified, however, by more-direct analysis of
effects on the rate of proliferation of the leukemic
cells themselves. Such experiments, with the use
of tritiated thymidine labeling of mitoses as a means
for measuring the duration of the cell cycle, are in
progress.

Reference

xThe authors are grateful to Thelma Dunn of the
National Cancer Institute for kindly supplying this

tumor.

14.5 HEMOPOIESIS IN IRRADIATED RFM MICE

AS STUDIED BY THE SPLEEN COLONY ASSAY

V. K. Jenkins A. C. Upton
T. T. Odell, Jr.

A technique widely used for studying hemopoi
esis is derived from the observation of Till and

McCulloch that normal hemopoietic tissue includes
cells capable of rapid colonization in the spleens
of irradiated recipient mice.i Another technique
for obtaining a quantitative measure of the pro
liferative capacity of marrow is to evaluate the
colonies developing from endogenous stem cells

in spleens of mice exposed to sublethal irradia
tion. This report concerns the relative proportions
of spleen colonies of different hematologic types
produced in RFM mice by these two techniques.

Spleens of RFM mice exposed to 400—500 r and
killed six to eight days later had a high proportion
of myelocytic colonies and relatively few erythro
poietic colonies (Fig. 14.5.1). The total numbers
of colonies and the number of each histologic type
decreased with increasing radiation dose, a result
consistent with the expectation that increasing
irradiation would kill increasing numbers of the
hemopoietic stem cells from which the colonies
were derived. The proportions of endogenous

colonies were time dependent: the numbers of
myelocytic colonies decreased between six and
nine days after irradiation, whereas numbers of
erythropoietic colonies did not change with time.
Mice exposed to 750 r of x rays, injected with
syngeneic bone marrow, and killed six to nine
days later had spleen colonies which were pre
dominantly erythropoietic and undifferentiated
(Fig. 14.5.1). The numbers of colonies were
approximately a linear function of the numbers of
exogenous marrow cells injected, one colony being
produced by 2 x 104 exogenous cells. The numbers
of spleen colonies remained fairly constant over
the four-day period studied, and the relative propor
tions of different types of colonies were consistent
with those reported for other strains of mice.

The reason for the differences between the

endogenous and exogenous systems in the relative

proportions of colonies of different cytologic types
is not known. One possibility is that the mech
anisms that control some or all types of hemopoi
esis are damaged by irradiation, with the result
that the growth and differentiation of colony-
forming cells may be different in mice exposed to
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lethal levels of radiation than in those exposed to
sublethal doses. Another possible explanation
is that the transplanted stem cells are damaged by
handling or the endogenous cells by irradiation,
with the result that the proportions of cells remain
ing viable and their ability to differentiate may be
impaired differentially in the two situations.

Other investigators have reported that mice of
strains other than RFM have endogenous spleen

colonies with a high proportion (~75%) of erythro
poietic and a low (0 to 9%) proportion of granu

lopoietic types.2 One possible explanation for
this difference in proportions of colony types
between RFM mice and mice of most other strains

is that extramedullary myelopoiesis is greater in

RFM mice than in mice of the other strains.

References

:J. E. Till and E. A. McCulloch, Radiation Res.
14, 213-22 (1961).

2J. L. Curry, J. J. Trentin, and N. Wolf, /. Exptl.
Med. 125, 703-20(1966).

14.6 EFFECT OF ESTRADIOL

ON HEMOPOIESIS IN RFM MICE

V. K. Jenkins A. C. Upton
T. T. Odell, Jr.

In RFM mice the effect of estradiol treatment on

repopulation of spleen and bone marrow by endog
enous hemopoietic cells or exogenous bone marrow
cells was studied by scoring numbers and cyto
logic types of colonies and/or measurement of
125IUdR (DNA synthesis) and 59Fe (erythro
poiesis) uptake by spleen and bone marrow.

Endogenous hemopoietic spleen colonies
developing in mice of both sexes were predom
inantly of the myelocytic type six to seven days
after 425 to 475 r of x irradiation. The total num

ber of endogenous colonies decreased with time

after irradiation, owing principally to a decrease
in the numbers of myelocytic colonies. Estradiol
treatment drastically reduced the number of
myelocytic colonies (Table 14.6.1) and cor
respondingly increased the numbers of colonies
of undifferentiated and erythropoietic types.
Isotope uptake data confirmed the estradiol-

induced increase in erythropoiesis. Estradiol
treatment also prevented the time-dependent

decrease in total colony numbers, probably by
increasing the relative numbers of undifferentiated
and erythropoietic colonies and decreasing the
relative number of myelocytic colonies from the
start.

The spleen colonies in lethally irradiated mice
injected with 1 x 105 syngeneic marrow cells were
predominantly of the erythropoietic and undiffer
entiated (70 to 80%) types, with less than 10%
being of the myelocytic type. Estradiol treatment
had no appreciable effect on the number or types
of these exogenously derived colonies or on the
uptake of 125IUdR or 59Fe by the spleen during
the six- to nine-day period. Estradiol treatment
of bone marrow donors, however, resulted in a

significant decrease in numbers of CFU in their

marrow and in the ability of their marrow to promote
radioactive isotope uptake in recipient mice.

The data imply that estradiol treatment reduces
the numbers of stem cells in the marrow cavity and
that it depresses myelopoiesis and increases
erythropoiesis in the spleen of the sublethally

irradiated mouse. The mechanism of action of

estradiol on hemopoietic cells has not been
clarified. Although estradiol may indirectly force
CFU from the marrow cavity by stimulating
endosteal bone formation, a direct effect of the

hormone upon the stem cells is also suggested.

14.7 INFLUENCE OF AGE ON HEMOPOIETIC

REPOPULATION OF THE SPLEEN AFTER

WHOLE-BODY IRRADIATION IN RFM MICE

M. L. Davis A. C. Upton

G. E. Cosgrove

This study was undertaken to investigate the
mechanism of previously observed age-related
variations in the susceptibility of mice to induction
of leukemia by irradiation. To approach this ques
tion, we examined the influence of animal age on
recovery of hemopoietic cells after irradiation, as
judged by the cytologic pattern of repopulation of
the spleen.

Female RFM mice were exposed at 2 to 17
months of age to 750 r whole-body x radiation,
after which they were promptly injected with 104
to 106 isologous nucleated bone marrow cells from
14-week-old donors. Six days later they were
sacrificed and their spleens removed for histologic
examination. The numbers and types of hemopoietic
colonies observable microscopically in a midline
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Table 14.6.1. Comparison of Mean Numbers of Colonies per Spleen in Sublethally Irradiated Mice Treated

with Sesame Oil and Estradiol8

Number of

Mean Numbers of Colonies

Day

Killed

Sex
Total Undifferentiated Erythropoietic Myelocytic

Sesame Oil Estradiol Sesame Oil Estradiol Sesame Oil Estradiol Sesame Oil Estradiol

6 F (41) (27) 20 20 1

M (21) (10) 23 20 1

7 F (35) (36) 14 21 2

M (H)(9) 10 17 1

8 F (15) (21) 9 17 1

M (18)(15) 6 13 1

9 F (36)(16) 11 19 2

M (33) (15) 7 14 1

10 11 1

8 11 2

10 5

6 4

10 4

6 2

12 3 <1

8 2 <1

Mice were eight weeks old at time of irradiation.

The first number in parentheses indicates sesame-oil-treated mice and the second indicates estradiol-treated mice. The mice were given
three to five intramuscular injections of estradiol (33 fig in 0.1 ml of sesame oil) or vehicle, beginning within 24 hr after irradiation and
continuing every other day until the animal was killed.

Mean numbers of colonies were rounded off to nearest whole number.
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section of each spleen were then analyzed in rela
tion to the age of the recipient. The results of
this analysis showed little change with age except
in the numbers of megakaryocytic colonies; these
increased by an order of magnitude as the age of
the recipient increased from 30 to 75 weeks;
however, a comparable splenic megakaryocytosis
was observed in a few similarly irradiated old
mice, even in the absence of injected marrow
cells. Hence it must be assumed that the mega
karyocytes in the old mice may have been derived
from host cells, as well as donor cells, although
the extent to which they were of host, as opposed
to donor, origin remains to be determined.

The megakaryocytosis in the spleens of aged
irradiated mice points to an age-related change in
the growth and differentiation of hemopoietic cells,
which may be of significance in relation to homeo
stasis, leukemogenesis, and senescence. This
possibility deserves to be explored further and is
the basis for additional studies which are in

progress.

14.8 X-RAY AND X-RAY-PLUS-URETHANE

INDUCTION OF "LEUKEMOGENIC" ACTIVITY

IN TISSUES OF MICE: ELECTRON

MICROSCOPIC STUDIES

Vincenzo Covelli R. C. Brown

R. L. Tyndall

Haran-Ghera has reported a prompt appearance of
leukemogenic activity in cell-free thymus—bone-
marrow homogenates of C57BL mice soon after
four weekly doses of x rays, or four weekly doses
of x rays and urethane. Maximum leukemogenic
activity, measured by injecting homogenates into
intrarenal thymus grafts in isologous thymectomized

irradiated mice, occurred in homogenates prepared
from animals ten days after the last radiation dose.
She postulated that x rays "activated or released"
a leukemogenic substance, but she did not examine
the homogenates for the presence of virus particles.
In order to elucidate further whether virus-like

agents might be released by x rays plus urethane,
we performed qualitative ultrastructural examina
tions of cell-free homogenates and tissues of
C57BL and RFM/U mice treated with x rays alone
or x rays and urethane according to the methods of
Haran-Ghera.l As positive controls for the presence
of virus particles, Rauscher-virus-injected newborn
BALB/c mice were also examined.

Thin-sectioned Epon-embedded preparations of
glutaraldehyde-fixed, osmium-post-fixed thymus,
bone marrow, and splenic tissues and cell-free

pellets prepared from homogenates of either pooled
thymus—bone-marrow tissues or pooled spleen
tissues were examined with an HU 11B Hitachi

electron microscope. The specimens were
stained with uranyl acetate and lead citrate. The
cell-free pellets were prepared by ultracentrifuga-
tion (48,000 x g for 30 min) of the supernatant1
of homogenates of tissues pooled from 2 to 18
mice. An indefinable number of virus-like particles
were found in cell-free pellet preparations from all
groups of animals, whether treated mice or controls.
The virus-like particles were round, contained a
variably electron-dense nucleoid and well-defined
outer unit-like membrane, and had a diameter of

800 to 1000 A —all consistent with the morphology
of "murine leukemia viruses." On the other hand,
no virus-like particles were found in the tissues of
any control group, whereas in tissues of animals
injected with Rauscher virus they were easily
found in all three organs examined, and in one
C57BL x-ray-plus-urethane-treated mouse, a few
virus-like particles were found in sections of the
thymus.

The presence of virus-like particles in the treated
groups is consistent with Haran-Ghera's hypothesis
of virus "release" but does not verify it. The
presence of virus-like particles is not unexpected

in untreated mice, since similar particles have

been found by others in untreated mice of other
strains.2 That the tissue sections of C57BL and

RFM/U mice contained few, if any, virus-like
particles, whereas the Rauscher-virus-injected
mice contained many particles, indicates the

existence of a quantitative difference in numbers
of contained virus-like particles, which was not

reflected in the results we obtained on examination

of pellets from tissue homogenates; however, our
technique did not allow quantitation, due to non-
random distribution of particles within a pellet,
most of the particles being at the top of the
pellet. Future experiments to quantitate the
occurrence of virus-like particles in treated and
untreated groups would help clarify the meaning
of virus "activation." It would also be of

interest to see the cell distribution of viruses

after different types of "activation" and in dif
ferent mouse strains.

References

N. Haran-Ghera, Intern. J. Cancer 1, 81—87
(1966).

2F. E. Leaders et al., Intern. J. Cancer 2,
365-69 (1967).
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14.9 ULTRASTRUCTURAL STUDIES OF A

HIGH-MORTALITY LAPINE ENTERITIS

R. C. Brown C. B. Richter1

M. D. Bloomer

Enteric disease associated with high mortality
is common in wild rabbits brought into the lab
oratory environment. The disease has seriously
interfered with attempts to conduct experimental
studies using wild rabbits in many different lab
oratories, including the Oak Ridge National Lab
oratory, where studies using Shope papilloma
virus are being conducted. Such a lapine enteritis
causes up to 50% mortality in wild Kansas cot
tontail rabbits imported into the Oak Ridge National
Laboratory. Most of the mortality occurs during
the first two weeks of confinement. The disease

begins with diarrhea, and death usually occurs
within 12 to 24 hr later. Most of the animals die

with spasticity, but some die in a "shocklike"
state. The significant pathology, as observed by
Richter, is a severe enteritis involving the cecum
and colon, with less intense involvement of the

terminal ileum. It is characterized by marked
cecal dilatation, bowel edema and congestion,

epithelial cell necrosis and exfoliation, and
marked epithelial cell regenerative response.
Characteristically, small focal gastric mucosal
ulcerations occur, but no significant generalized
necroses or gastritis is found. The etiology,
pathogenesis, and means of preventing this disease
have not been discovered despite extensive at
tempts to incriminate an infectious agent. In the
hope of better understanding the disease, we have
made comparative studies of the ultrastructure of
the intestinal tract of clinically diseased animals
and clinically well rabbits.

Ultras tructural changes were seen in the diseased
bowel of the clinically sick wild rabbits that con
firm structural changes seen by light microscopy.
The major cellular pathology in the cecum, colon,
and ileum consisted of nonspecific vacuolation
and necrosis of epithelial cells, which was, in the
less advanced disease, almost always confined to
the cells of the macrovilli and not the gland cells

or crypt epithelial cells; in the more advanced
cases necrotic vacuolated epithelial cells were
sloughed from the macrovilli and crypts into the
bowel lumen, with only a few glands remaining
intact. A variable degree of cellular edema was
present in all layers of the bowel. Mitochondrial

degeneration was present in some villous epithelial
cells which showed no other detectable degenera

tive changes. Sparsity and shortening of micro
villi of some of the epithelial cells was observed.
The cecum and colon, as noted by light microscopy,
showed the most pronounced pathology.

The clinically sick wild rabbits showed the
presence of numerous virus-like particles on the
surface of the epithelium of the intestine, within
some cells of the necrotic gastric lesions, and
within some epithelial cells lining the intestine.
The virus-like particles were most numerous on
the epithelial cell surface (on or between micro
villi) of the cecum and colon and less numerous
on the epithelial surface of the ileum, in the lumens
of glands, and in the intestinal crypts. Conglomera
tions of particles were present in the mucus in the
intestinal lumen but not on the surface of the

gastric epithelium nor in the gastric mucus. The
intracellular virus-like particles were usually
within membrane-bound vesicles resembling lyso-

somes, but in necrotic cells they were found free
in the cytoplasm. In the punctate gastric lesions,
necrotic cells contained particles within cell
cytoplasm, within mitochondria, and within
membrane-bound vesicles. No particles were

found budding from cell membranes. The site of
particle production has not been definitely iden
tified. The virus-like particles varied in diameter
from 500 to 700 A and were rounded in profile. A
single variably dense nucleoid, about 350 A in
diameter, was present in about 25% of the particles
on the intestinal epithelial surface and in usually
more than half of the intravesicular and intracyto-

plasmic particles. The outer membrane of these
particles had a trilaminar structure like that of the
unit membrane. Since the virus-like particles

were similar in size to the intracystic vesicles of

multivesicular bodies, considerable care was

needed to differentiate these when the intra

vesicular particles were without nucleoids.

Negative stain preparations of cecal surface
material showed rounded 600- to 800-A-diam

particles with no evidence of capsomeres. The
outer double membrane was easily delineated in
most particles. A small percentage of particles

had solid core not penetrated by stain, which was
interpreted as representing the nucleoid. Most
particles were penetrated by variable amounts of
stain centrally, but rather uniformly, and the

central area was usually less dense than the
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narrow zone between the apparent nucleoid and
particle outer membrane.

The significance of these virus-like particles
is uncertain since they were also found, although
usually in fewer numbers, on the intestine epithelial
cell surface of all the clinically well rabbits.
Rarely, intravesicular particles were also found
in intestinal and gastric epithelial cells of the
clinically well rabbits; however, no cellular or
tissue lesions were observed in these animals.

Studies are presently under way to elucidate the
nature and significance of these virus-like particles.

Refe

Mammalian Recovery section.

14.10 CYTOGENETIC STUDIES OF

HEMOPHILIA-LIKE DISEASE OF SWINE1

R. C. Brown

C. N. Cornell2

K. W. Cole

K. M. Brinkhous3

A hemophilia-like disease occurs in swine,
which is characterized by a low plasma anti
hemophilic factor, prolonged coagulation time,
prolonged bleeding time, and a recessive mode of
inheritance. Serum and plasma transfusion ex
periments suggest that the disease is similar to
von Willebrand's disease (vascular hemophilia)
in man. Prolonged bleeding time, lack of sex-
linked inheritance, and results of serum and

plasma transfusion studies distinguish it from the
classical hemophilia described in man and in
dogs. Cytogenetic studies on swine with this
hemophilia-like disease seemed pertinent in
order to establish whether the disease was as

sociated with an abnormality of karyotype.
The karyotypes of male and female hemophilic-

like swine were compared with karyotypes of
normal swine. The chromosome preparations were
made from phytohemaglutinin-stimulated blood
leukocytes and also from bone marrow cell cultures.
The hemophi lie-like swine had karyotypes con
sisting of 38 chromosomes, the morphology of
which was indistinguishable from normal. These
findings suggest that hemophilia-like disease in
swine, like classical hemophilia in man and dogs,
is probably due to a point mutation or to a sub-
microscopic chromosomal aberration and not to a
microscopically detectable chromosomal change.
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14.11 THE DEVELOPMENT OF A RELIABLE

GRAM STAIN FOR BACTERIA IN TISSUE

SECTIONS1

R. C. Brown Howard C. Hopps^

The identification of bacteria in tissue sections

is often of crucial importance in establishing the
etiology of specific lesions, because there is no
opportunity to apply conventional bacteriologic
methods in arriving at a diagnosis. Difficulties
with present bacterial stains have led to frequent
use of a battery of them, with much expenditure
of time and energy and, usually, with less than
satisfactory results. We decided that the best
approach to development of a reliable tissue Gram
stain was first to evaluate some of the presently
best known tissue Gram stains, and then to pro
ceed to modify these, if possible, to achieve a
consistently reliable procedure.

Brown-Brenn,3 MacCallum-Goodpasture,3 and
Humberstone4 tissue Gram stain methods were

evaluated, using experimentally induced "standard"
tissue lesions (skin lesions in mice) containing
E. coli and Staphylococcus albus. The effects of
varied types of fixatives (10% formalin, sodium
acetate or sodium phosphate buffered, Formol-
Zenker's fluid, Bouin's solution, and 2.5% glutaral-
dehyde, phosphate buffered) and duration of fixa
tion (1 day or 60 days), types of paraffin (Bioloid
and Paraplast), and section thickness (4 or 6 fi)
were studied. Evaluation showed that the two

principal difficulties with these stains were: (1)
failure to stain Gram-negative bacteria and (2)
failure to differentiate Gram-negative bacteria from
background (stained) tissue.

Through systematic variations of reagents and
procedures and by carefully controlled manipula
tions involving the processing and evaluation of
numerous slides, we were able to develop a Gram
staining method that clearly and consistently dif
ferentiates Gram-negative and Gram-positive
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bacteria in tissue sections. This method, which

was achieved by significantly modifying Humber-
stone's Gram stain procedure,4 uses the following
solutions: (1) aqueous crystal violet, 1% solution;
(2) Gram's iodine; (3) Cellosolve (ethylene glycol
monoethyl ether); (4) aqueous basic fuchsin, 0.5%
solution; (5) Gallego's differentiator: distilled
water, 50 ml; 40% formaldehyde, 1 ml; glacial
acetic acid, 0. 5 ml; and (6) aqueous tartrazine,
1.5% solution. The method is as follows: (1)

Remove wax from paraffin sections with xylene,
and bring sections through graded alcohols to
distilled water; (2) stain in 1% aqueous crystal
violet for 2 min; (3) rinse in distilled water; (4)
mordant in Gram's iodine for 5 min; (5) rinse in
distilled water; (6) differentiate in Cellosolve
until blue color no longer streams away from the
section (approximately 5 to 10 sec); (7) quickly
wash with distilled water; (8) stain in basic
fuchsin for 5 min; (9) wash in distilled water;
(10) differentiate and "fix" basic fuchsin in
Gallego's differentiator for 5 min; (11) wash
thoroughly in distilled water; (12) blot lightly,
only to remove excess water (not to dryness);
(13) apply 1.5% aqueous tartrazine, and immediately
blot away excess, but not to dryness; (14) quickly
pass the slide through three changes of Cellosolve
(six quick dips each); (15) pass through three
changes of xylene, approximately ten quick dips
each; the slide can then remain in the last xylene
until convenient to mount; (16) mount in Permount.
Steps 6, 7, 13, and 14 are critical in regard to
timing. Preferably, all stains and solutions are
applied to the slide in a horizontal position, ex
cept for steps 6, 14, and 15, in which case the
slide is dipped into the solutions contained in
Coplin jars.

This stain works satisfactorily on tissues fixed
in 10% formalin (sodium phosphate or sodium
acetate buffered), glutaraldehyde (2.5% in phosphate
buffer), and Formol-Zenker's fluid. It does nor
work well on Bouin's fixed tissues. The method

has been successfully used to demonstrate many
different types of bacteria in tissue sections de
rived from human lesions, including Staphylococcus
albus, Hemophilus influenza, Pasturella pestis,
Pseudomonas pseudomallei, Mycobacterium leprae,
and Mycobacterium tuberculosis.
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14.12 GENERATION CYCLE OF RAT
MEGAKARYOCYTES

T. T. Odell, Jr. C. W. Jackson
Rebecca S. Reiter

To gain additional understanding of the matura
tion process of megakaryocytes we investigated
the time parameters of their generation (endore-
duplication) cycle, using the technique of determin
ing the percentage of labeled mitotic figures at
intervals after a single injection of tritiated thy
midine, a specific DNA precursor. In addition,
changes in the rate of synthesis of DNA on a per
cell basis during the course of the synthesis
period were studied by counting the number of
grains over each labeled mitotic megakaryocyte
at intervals after injection.

Bone marrow smears were examined at 12 time
periods between 30 min and 12 hr after injection
of 3H-thymidine. A total of 1065 mitotic mega
karyocytes were included in the study, and no
evidence of cytokinesis was seen in any mega
karyocytes. All mitotic megakaryocytes without
differentiation into ploidy classes were included.
Thirty minutes after injection none of the mitotic
megakaryocytes was labeled, indicating that the
cells that were labeled late in the period of DNA
synthesis (S) had not yet passed through thepost
synthetic, premitotic period, Gr Forty-two per
cent were labeled at 1 hr and 100% at 2 hr. The
labeling index remained at 100% through the
seventh hour but dropped to 82% at 8 hr and 36%
at 9 hr. After 10 hr the labeling index began to
rise again. The duration of a complete generation
cycle, determined by finding the length of time
between the 50% labeling points on the first and
second ascending curves, was 9.3 hr, and DNA
synthesis time was 7.6 hr based on the difference
in time between the 50% labeling points on the
ascending and descending limbs of the labeling
index curve. The relatively rectilinear nature
of the labeling index curve indicated that the
cycle does not vary greatly among megakaryocytes
of different ploidy classes.
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Since the number of grains per cell is a rough
measure of the relative amount of 3H-thymidine
incorporated, the changing mean grain counts over
megakaryocytes during the course of the S period
indicate a changing rate of synthesis per cell.

The results indicated that the DNA synthetic rate
rises to a peak between the fourth and the fifth
hour after the beginning of S and falls rapidly
during about the fifth to the seventh hour.

14.13 ANALYSIS OF MICROSPECTRO-

PHOTOMETRIC MEASUREMENTS OF

DNA OF MEGAKARYOCYTES

D. G. Gosslee1 T. T. Odell, Jr.
C. W. Jackson

Three methods for estimating the proportion of
megakaryocytes in each of several DNA (ploidy)
classes were compared in the previous progress
report. Of the three, the maximum likelihood method
was preferred because it gave the best estimates
with the fewest restrictions; for example, it was
not necessary to assume a doubling of DNA in

successive ploidy classes. Nevertheless, in an
attempt to understand the causes of the large
variability in quantity of DNA among megakaryocytes

assigned to the various ploidy classes, additional
analyses of microspectrophotometric measurements

of DNA in rat megakaryocytes were done. Various
subpopulations were analyzed, and the results were
compared.

Multiple measurements made on a set of mega
karyocytes showed that the variation among cells
of a ploidy class was about three times that among
repeated measurements on the same megakaryocyte,
indicating that variability in measurements on any
particular cell contributed relatively little to the
total amount of variation. In addition, variability
in amount of DNA among cells of various ploidy
classes was similar whether or not the popula
tions included megakaryocytes in the process of
synthesizing DNA. Other studies have shown that
only about 7% of the total recognizable mega
karyocyte population is in DNA synthesis at any
one time. The presence of megakaryocytes in DNA
synthesis does not appear therefore to add greatly
to the variability. On the other hand, comparison
of sets of megakaryocytes of the same ploidy
classes but having different nuclear conforma
tions did reveal differences in mean DNA values.

For example, the mean DNA values of naked nuclei,
the final megakaryocyte stage in the marrow, were
consistently lower than those of megakaryocytes
in mitosis. It is readily apparent upon viewing
these nuclei through the microscope that the
spatial distribution of DNA is quite different.
Although the two-wavelength method of micro-
spectrophotometry used in these studies greatly
reduces the distributional error, the variability in
relative density and depth (path length) of DNA
within megakaryocyte nuclei is rather large and
probably makes an appreciable contribution to the
variability of DNA within ploidy classes observed
in these studies. The failure of mean DNA values

of successive ploidy classes to have exactly
twice the mean value of the preceding class also
implicates a measurement error due to DNA distri
bution.

Because of the several possible sources of
variability mentioned here it does not seem
reasonable to suggest an inconstancy of DNA
among megakaryocytes as the explanation of the
varying values of DNA within ploidy classes.
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14.14 SIZE DISTRIBUTION OF BLOOD

PLATELETS AND ERYTHROCYTES

FOR 74 DAYS AFTER X IRRADIATION

T. T. Odell, Jr. R. S. Reiter
C. W. Jackson

The damaging effects of whole-body radiation
on the hemopoietic system are well documented.
Exposure to relatively large doses produces a
severe aplasia of the marrow within a few days,
and a consequent reduction in peripheral blood
cells. In recovering animals, the age compositions

of the circulating populations of cells change
when newly formed cells enter the circulation be

cause of increases in the proportions of young
cells. Since it has previously been shown that
young blood platelets and erythrocytes are larger
than older ones, some aspects of the dynamics of
recovery of the hemopoietic system from radia

tion can be investigated by studying changes in
the size distribution of populations of peripheral
blood cells.
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Rats were exposed to approximately an LD5Q
of x rays (950 r), and three to four were killed at
frequent intervals up to 74 days for examination
of platelet and erythrocyte number and size dis
tribution, as well as megakaryocyte number in the
marrow and reticulocyte count in the blood. (Cell
size distribution was determined with a Coulter

detector combined with a 400-channel analyzer.)
There was essentially no measurable change in
the size distribution of the platelet population
during the first week after exposure to radiation,
when the number of cells in the peripheral blood
was declining. On the 11th day after radiation,
the next time when there was a sufficient number

of platelets present to obtain a sample, the average
size (mean channel) had more than tripled, indicat
ing a population of large, young platelets. Be
tween the 11th and 16th days the average size
dropped rapidly toward normal but then remained a
little above normal until the 35th day, at which
time the peripheral platelet count also returned to
the control range. The size distribution of the
red cell population remained essentially unchanged
until the 21st day, when there was a shift from a
single-peak curve to a markedly bimodal curve,
indicating the appearance of a distinct second
population with a larger average size. The
simultaneous increase in the reticulocyte count

to about ten times the control level indicated that

the second peak of cell size corresponded to
reticulocytes. As the reticulocyte number de
clined during the next ten days, there was a con
current return to a unimodal curve of size distribu

tion of erythrocytes, although the modal channel
of the single peak was somewhat greater than that
of controls for an additional week.

Measurements of the size distributions of platelet

and erythrocyte populations indicate that at least
35 to 40 days are required for the kinetics of produc
tion of these cells to approach normal after ex
posure of the hosts to 950 r of whole-body radia
tion.

14.15 INFLUENCE OF MICROBIAL FLORA

AND X RADIATION ON RETICULAR

NEOPLASMS OF RFM MICE

H. E. Walburg, Jr. G. E. Cosgrove

The influence of microbial flora on radiation-

induced myeloid leukemia has been reported
previously.1 This report deals with the influence

of microbial flora on the development of thymic
and nonthymic lymphomas, which are character
istically increased in incidence following x irradia
tion of RFM mice, and on reticulum-cell sarcoma,
a spontaneous reticular neoplasm common in un
treated mice of many strains, including the RFM.
The relationship of myeloid leukemia to the other
reticular neoplasms was also studied.

The following groups of male and female RFM
mice, unirradiated or exposed to 300 r whole-body
x rays at five to six weeks of age, were studied:
(1) germfree (GF); (2) conventional (CONV); (3)
conventionalized (CONVZ), which were transferred
from an environment containing only bacteria of a
limited number of genera to the conventional en
vironment at time of irradiation.

The incidence of reticular neoplasms and mean
age of death of these mice are shown in Table
14.15.1. X irradiation increased the incidence of

thymic and nonthymic lymphoma in all three groups,
to a greater extent in females than in males, with
GF mice showing a greater incidence than either
CONV or CONVZ mice. On the other hand, while

irradiation increased the incidence of myeloid
leukemia in CONV and CONVZ mice it failed to

induce the disease in GF mice.

Irradiated mice in all groups had a lower incidence
of reticulum-cell sarcoma than did their unirradiated

counterparts. Furthermore, irradiated and unir
radiated GF mice had a lower incidence of this

disease than did their CONV and CONVZ counter

parts, despite longer survival in the GF mice and
hence greater numbers at risk to this late-occurring
disease.

It is noteworthy that although GF mi ce had a
higher incidence of radiation-induced lymphoma and
a lower incidence of radiation-induced myeloid

leukemia there was no difference in the combined

incidence of these two diseases, suggesting that
the microbial flora altered the type of radiation-
induced reticular neoplasm but not the total in
cidence. On the other hand, the microflora did
influence the incidence of reticulum-cell sarcoma.

Further studies are under way to clarify the rela
tionship of microbial flora to the pathogenesis of
reticular neoplasms.
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Table 14.15.1. Incidence of Reticular Neoplasms and Mean Age at Death of Irradiated and
Unirradiated RFM Germfree, Conventional, and Conventionalized Mice

X-Ray

Sex
Microbial

Status

Number

of Mice

All Causes

(MAD ±SE)a

Myeloid Leukemia Lymphoma
Reti.

Cell S

culum

arcoma

Dose

(r)
Incidence

(%)
MAD ±SEa

Incidence

(%)
MAD ±SEa

Incidence

(%)
MAD ±SEa

0 9 GF 65 758 ±25 0 12 680 ± 68 35 798 ±31

CONV 113 630 ± 15 0 7 594 ± 80 59 678 ± 13

cf GF 55 817 ±16 0 4 830 ± 22 37 826 ± 27

CONV 99 583 ± 16 1 5 574 ±43 55 664 ±12

300 ? GF 98 417 ±19 0 63 318 ± 15 5 517 ±55

CONV 91 350 ±16 7 313 ±64 58 284 ± 13 16 530 ±40

CONVZ 122 334 ± 11 7 352 ±23 61 280 ± 10 18 431 ±32

cf GF 82 583 ± 29 1 41 367 ± 38 21 696 ±30

CONV 99 476 +19 13 375 ±34 27 305 ± 19 39 608 ± 17

CONVZ 117 435 ±16 20 408 ± 26 25 304 ± 23 24 574 ± 24

Mean age at death ± standard error.

14.16 FOREIGN SPLEEN REACTION IN

SUBLETHALLY X-IRRADIATED

GERMFREE F, HYBRID MICE

H. E. Walburg, Jr. G. E. Cosgrove

The pathology of the graft-vs-host (GVH) reac
tion has been well characterized, but the role of
secondary infection in the pathogenesis of this
disease has not been resolved. Early experiments
with germfree mice have resulted in further con

fusion because of a failure to quantitate the
severity of the lesions. These experiments were
carried out to help clarify the role of the microbial
flora in the GVH reaction and to compare quanti
tatively the immunological reaction in germfree and

conventional mice.

C3RF (C3H 9 x RFMd*) and RFC3 (RFM 9 x C3HcT)
Fj hybrid mice were exposed to sublethal amounts
of x radiation and within 2 hr injected intra
peritoneally with spleen cells from one of the
parent strains. The mice were observed daily for
death, and at various times after treatment, hemo
poietic organs of the survivors were examined

microscopically for characteristic lesions of the

GVH reaction. The severity of the reaction was
altered by varying the x-ray exposure and the
number of parental spleen cells injected. In addi
tion to x-ray exposure and number of parental spleen
cells, recipient age influenced both survival and
the development of histopathology. When recip
ient age was constant, the survival of mice re

ceiving various lethal combinations of x-ray
exposure and parental spleen cell dose was
similar in germfree and conventional environ

ments, and the reaction severity as measured by
grading resultant lymph node granuloma was
identical in germfree and conventional mice.

When sublethal combinations of x-ray exposure
and parental spleen cell dose were used, no dif
ference in severity of the lesions in the lymph
nodes of germfree and conventional mice was de
tected.

These results show that spleen cells from germ
free parents are as capable of producing a GVH
reaction in germfree irradiated F hybrid recipients
as are conventional cells in a conventional recipient

and that the microbial flora plays little or no role
in development of the pathology of the GVH reac
tion.
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14.17 125I-LABELED IODODEOXYURIDINE
INCORPORATION AS A MEASURE OF

HEMOPOIETIC RECOVERY IN

X-IRRADIATED MICE

H. E. Walburg, Jr. Edna I. Mynatt
E. A. Wulfsberg

Hemopoietic recovery following x irradiation has
been studied most frequently by analysis of hemo
poietic elements in the peripheral circulation and
by use of radioactive-labeled metabolites to de
termine cell production. Common radioisotopes
used are tritiated thymidine, which accurately
depicts DNA synthesis but requires laborious
techniques, and 59Fe, which indirectly measures
only one component of hemopoiesis, erythrocyte

500
ORNL -DWG 68-3858

1 1 1 t 1
• SPLEEN ,25IUdR I1

UPTAKE / 774
* SPLEEN 59Fe J

UPTAKE

400
_ o SPLEEN WEIGHT

» SPLEEN RED PULP

CELLUL ARITY

OFCONTROL
OJ

o
o

— —-i-

\ \
H

LlI

E 200
Q_

100

t

/•

•
!

n.

^•. ^X ^T

0 4 8 12 16 20 24 28 32 36

TIME AFTER y-IRRADIATION WITH 500 r (days)

Fig. 14.17.1. Repopulation in the Spleen of Female

CF No. 1 Mice After Whole-Body Exposure to 500 r

x rays.

• • spleen ,25IUdR uptake
A A spleen Fe uptake

O O spleen weight

• r spleen red pump cellularity

production. The thymidine analog 125iododeoxyuri-
dine (125IUdR), which is a specific DNA precursor,
can be used to assay cellular proliferation in vivo
by scintillation counting of the I2SI gamma rays
emitted from newly synthesized DNA. In this
study, organ uptake of 125IUdR was compared with
59Fe incorporation, organ weight, organ cellularity,
and appearance of mature hemopoietic elements in
the peripheral circulation to assess hemopoietic
recovery.

Hemopoietic recovery of the spleen, bone marrow,
mesenteric lymph node, and thymus was studied at
various times after exposure to 300 or 500 r of x rays
in 12-week-old male or female CF No. 1 mice by
measuring organ uptake of,125IUdR. Bone marrow
incorporation of 12SIUdR was severely depressed
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immediately after x irradiation but then increased
rapidly and reached the level of unirradiated con
trols by the end of the first week. In the spleen,
however, 125IUdR uptake was depressed for al
most two weeks, with values higher than those of
the unirradiated controls occurring in the third
week (Fig. 14.17.1). Spleen S9Fe incorporation,
weight, and red pulp cellularity showed similar
patterns of recovery. The thymus showed an early
recovery similar to that seen in the bone marrow

(Fig. 14.17.2), with 125IUdR uptake rising above
control values in the second week after irradiation

but followed by a second depression occurring dur
ing the third and fourth weeks. Recovery in the
mesenteric lymph node (Fig. 14.17.2) was similar
to that in the thymus and bone marrow. Repopula
tion of the peripheral circulation with leukocytes
did not begin until the second week, when thymus,
bone marrow, and mesenteric lymph node activity
were at a maximum.

These results are consistent with the thesis

that organ incorporation of 12SIUdR is an accurate
measure of hemopoietic recovery following x irradia
tion. Using this technique, the relationship of
each of the hemopoietic organs to the others dur
ing repopulation after x irradiation is being studied.

14.18 CONCERNING THE SPECIFICITY OF

TUMOR INHIBITION RESULTING FROM

IMMUNIZATION WITH RAUSCHER

LEUKEMIA VIRUS VACCINE

R. L. Tyndall J. A. Otten
N. K. Clapp

We have previously described a transformed
growth pattern in an established BALB/c mouse
cell culture (JLS V5) infected with the Rauscher
leukemia virus (RLV). Such cells are highly
tumorigenie when injected into newborn BALB/c
mice and produce transplantable myxofibrosarcomas
infected with leukemia virus. The corresponding
uninfected control cells (JLS V6) are much less
tumorigenic and on inoculation produce transplant
able spindle-cell sarcomas free of infectious
leukemia virus. Moreover, newborn mice of mothers
immunized with RLV vaccine (formalized cell-free

extract of leukemic spleen tissue from RLV-in-
fected BALB/c mice) are resistant to challenge
with transplantable myxofibrosarcoma cells,
whereas control mice of mothers immunized with

extracts of normal BALB/c spleen tissue are not
resistant to tumor challenge. The present study

Table 14.18.1. Specificity of the Tumor Inhibition Resulting from Immunization

with Rauscher Leukemia Virus Vaccine

No. Tumor-

Tumorigenic Challenge

(Cells or Chemical)3
Vaccine P ositive Animals

No. Injected

;/ Percent Tumor Type

Myxofibrosarcoma Rauscher leukemia virus 0/54 0

Control 45/54 83 Myxofibrosarcoma

Spindle cell sarcoma Rauscher leukemia virus 7/7 100 Spindle cell sarcoma

Control 28/28 100 Spindle cell sarcoma

Spindle cell sarcoma plus Rauscher leukemia virus

irradiated myxo

fibrosarcoma

Control

Diethy lnitro samine Rauscher leukemia virus

Control

23/23

8/8

18/23b

20/236

DEN given orally in drinking water.

Number of tumor-bearing animals/number of survivors histologically examined.

For further details see companion report in this publication.

100 Spindle cell sarcoma

100 Spindle cell sarcoma

87 Multiple typesc

78 Multiple types0
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was undertaken to analyze further the specificity
of tumor inhibition by immunization with RLV vac

cine.

In one series of experiments, groups of newborn
mice of mothers immunized with either RLV vac

cine or control vaccine (vaccine prepared from
normal BALB/c spleen tissue) were challenged
with either transplantable spindle-cell sarcoma
(originating from uninfected JLS V6 cells) or
myxofibrosarcoma cells (originating from RLV-
infected JLS V5 cells). Another group of mice
passively immunized with either RLV or control
vaccine and challenged with spindle-cell sarcomas
were also concurrently challenged with irradiated
(10,000 r) myxofibrosarcoma cells as a source of
leukemia virus, to determine if concurrent infec
tion with virus would alter their response to tumor
challenge. In another series of experiments adult
BALB/c mice immunized with either RLV vaccine

or control vaccine were then given diethylnitrosa
mine (DEN) in the drinking water daily for 21
weeks (survivors received an average cumulative
dose of 871 mg of DEN per kilogram body weight).
As seen in Table 14.18.1, immunization of mice

with RLV vaccine afforded complete protection
against myxofibrosarcoma challenge but afforded
no protection against spindle-cell sarcomas or
tumors induced by DEN.

The inability of immunization with RLV vaccine
to protect mice against tumor induction by DEN
and, in particular, against challenge with spindle-
cell sarcomas, with or without added leukemia
virus, indicates specificity in the protective ef
fect of such immunization against the myxofibro
sarcoma. This suggests the presence of a hitherto
unrecognized transplantation antigen common to
both leukemic spleen cells and the myxofibro
sarcoma cells. The induction of this antigenic

specificity may be indicative of an additional
property applicable in the classification of the
murine leukemia viruses. Studies are presently
under way to determine if this antigen isRLV-
induced protein or is RLV protein per se.

14.19 FURTHER PURIFICATION OF MOUSE

PLASMA ERYTHROPOIETIN AND THE

EFFECT OF ITS PRESENCE ON

PLASMA ESTERASE ISOENZYMES

R. C. Allen D. J. Moore

J. W. Fisher1

High-resolution analytical and preparative flat
bed discontinuous electrophoresis in acrylamide

gel has demonstrated that erythropoietin is as
sociated with the band 6 cholinesterase isoenzyme

in mice made anemic by phenylhydrazine treat
ment. Further, the relative specific activity of
this isoenzyme is markedly decreased as erythro
poietin levels increase in both phenylhydrazine-
induced anemia and in mice made hypoxic in sili

cone membrane chambers. Upon cessation of
either treatment the relative activity returns to

normal levels. This might suggest that the band 6
cholinesterase is simply acting as a carrier with
erythropoietin saturating the active esterase sites.
The present efforts to purify band 6 were aimed
at exploring this possibility.

As demonstrated by schlieren optical patterns
of primary flat-bed discontinuous electrophoretic
separations of mouse plasma, band 6 has been
separated into six individual components, three
of which have esterase activity. Biological assay
of these individual proteins has shown that two
bands, tentatively designated as 6c and 6d, have
erythropoietin activity. Band 6d is an esterase,
while band 6c is not.

Thus, there appear to be two distinct electro
phoretic species of erythropoietin present in the
plasma of mice made anemic by phenylhydrazine
treatment. To ascertain whether bands 6c and 6d

are carriers, these bands are being separated from
both phenylhydrazine-treated and normal mice and
examined further. In addition, the roles of the band

7 and band 12 esterase isoenzymes, which also
show marked changes in relative activity during
erythropoietin production in the mouse, are being
analyzed similarly.

Reference
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14.20 ERYTHROPOIETIN INHIBITOR IN KIDNEY

EXTRACTS AND PLASMA FROM ANEMIC

UREMIC HUMAN SUBJECTS

J. W. Fisher1 F. E. Hatch1
B. L. Roh1 R. C. Allen

B. J. Kelley1

The pathogenesis of the erythroid failure in the
anemia of chronic renal insufficiency has been
postulated to be due to diminished erythropoietin
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(ESF) production and/or the toxic effects of the
metabolic products of uremia. We have previously
demonstrated an ESF inhibitor in rat kidney
homogenates. In the present studies the con
centrations of ESF inhibitor in the soluble cyto

plasmic fractions of kidneys from two patients
with chronic glomerulonephritis and two normal
humans were compared.

Inhibitor levels in nephritic kidneys (amount
necessary to produce 50% inhibition of 0.2 unit
ESF determined by 59Fe incorporation in RBC of
polycythemic mice) were approximately 16 times
greater than that in normal kidneys. Uremic plasma
completely blocked ESF (1 ml plasma per 0.2 unit
per mouse), whereas normal plasma accentuated
ESF. Daily injections (seven days) of nephritic
kidney homogenates into normal mice produced de
creases in hematocrit and 59Fe incorporation by
RBC. Protein pherograms (flatbed discontinuous
electrophoresis) on the nephritic kidney soluble
fractions, when compared with those from normal
kidney fractions, revealed a marked increase in
the albumin region, the appearance of an addi
tional band in the region adjacent to the albumin
fraction, a decrease in an esterase positive
protein (band 11), and a decrease in an a-1-
globulin that migrated similarly to plasma ESF.

These preliminary data indicate that the kidneys
and plasma from patients with anemia or uremia
have elevated levels of an ESF inhibitor and sup

port the hypothesis that anemia of chronic renal
insufficiency is probably due to an increase in
ESF inhibitor and a decrease in available ESF.
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14.21 POSSIBLE USE OF ENZYME MARKERS TO
FOLLOW THE GENETIC STABILITY OF DONOR

AND HOST CELLS IN MOUSE RADIATION

CHIMERAS

R. C. Hard, Jr.1 R. C. Allen

An esterase enzyme marker (Es 2b) present in
sublines of a new mouse strain, RF/A1 , and ab
sent in another, RF/A1-, has been shown to be

suitable for use as a genetic tracer.

Injection of lethally x-irradiated RF/A1- mice
with RF/A1 spleen cells resulted in consistent
appearance of the donor-specific esterase in the
spleen and nodes of the recipients. This indicates
genetic stability of donor hematopoietic cells, in
conformity with the results of other studies. When
chimeric plasmas and livers were studied, a few
also showed Es 2b to be present. On the basis
of our previous work suggesting that circulating
cells may transfer nuclear material on the chromo
somal level to rapidly replicating parenchymal
cells, the explanation of these results we favor is
that new genetic information was added to small

numbers of host cells which could then direct the

formation of the specific esterase enzyme.
In addition to providing a new test for chimerism,

the Es 2b system has demonstrated several ad
vantages of enzyme marker systems. Such systems

can be applied to a variety of cellular and humoral
materials. Where the enzyme is not membrane-
related, it can be used to supplement antigenic
markers. Furthermore, enzyme markers can be
quantitated accurately and reproducibly with

densitometers. As sensitive reflections of genetic
activity, such markers may be used to study
whether or not genetic material can be added and
deleted from cells in vivo. It is hoped that the
development of this and other cell- and strain-
specific phenotypic markers will accelerate progress
in immunogenetic research.
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15.1 SEQUENTIAL CHANGES

IN THE SEDIMENTATION PROFILE

OF RNA SYNTHESIZED DURING

TISSUE TRANSFORMATION

D. H. Reese Egidio Puccia
Tuneo Yamada

In an effort to study the mechanism involved in
transformation of newt iris into lens in Wolffian

lens regeneration, we have accumulated autoradio
graphic data related to RNA synthesis.1-2 These
data are admittedly insufficient for assessing the
role of transcription in the tissue transformation.
A biochemical approach to the problem has been
badly needed. However, the minute quantity of
tissue available has resisted application of con
ventional biochemical methods. In the present
study the difficulty is overcome to a certain ex

tent by labeling tissue in vitro and applying the
sucrose density gradient method to a mixture of
labeled regenerate RNA and nonlabeled carrier

RNA. Information concerning the type of RNA
synthesized at various stages of tissue trans
formation is beginning to be accumulated. Eval
uation of the data together with autoradiographic
data enables us to make some conclusions on the

pattern of RNA synthesis characteristic to each
developmental phase of regenerate cells.

The lens regenerates of adult Triturus viridescens
at various stages were surgically isolated in a
slightly modified Wolff-Quimby amphibian culture
medium adjusted to pH 7.4, to which 2 /zc/ml of
14C (U)-uridine was added. Culturing was per
formed on a rocker platform at 25°C for 2 or 5 hr

in a C02 incubator. In the series of cold phenol
extraction, the following procedures were used:
After termination of culture, the regenerates were
thoroughly washed and slowly homogenized in 0.01
MTris-HCl buffer pH 7.4 containing 0.14 MNaCl,
0.01 MKC1, 0.0015 MMgCl2, 1% SDS, and 200 /zg
PVS/ml. The homogenate was extracted with 80%
aqueous phenol at 4°C after-added with the carrier

223
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RNA from rat liver. After centrifugation, the aque
ous layer was removed and Vx 0 final volume of 20%
potassium acetate pH 5.2 was added, and the RNA
was precipitated with 2 volume of 95% ethanol. In
the series of hot phenol extraction, the homogeni-
zation medium consisted of 0.02 M potassium ace
tate, 0.28 MLiCl, 1% SVS, and 200 /zg PYS/ml.
After addition of carrier RNA, the homogenate was
shaken at 60° C for 10 min with an equal volume
of phenol. RNA samples were layered over 5 to
20 or 10 to 40% sucrose density gradient at pH
7.35.

In the main series of experiments reported here,
5 hr labeling was followed by cold phenol extrac
tion. The primary purpose of the series was to ob
tain information on rRNA synthesis. For prelim

inary identification of rRNA's, 28 S and 18 S peaks
of carrier RNA were used as measures. Since those

two S values are attained by newly synthesized
rRNA molecules after a process of conversion, it
was pertinent in these experiments to allow a suf
ficient time for the conversion to proceed. On the
basis of autoradiographic data2 on the time needed
for spreading of RNA radioactivity from the nucleus
to the cytoplasm in newt lens regenerate cells, 5 hr
incubation at 25°C appeared to be adequate. The
proposal was justified by the observation that the
cell population which gave rise to distinct 28 S
and 18 S peaks of radioactivity after 5 hr of incu
bation failed to show such peaks when incubated
only for 2 hr.

The sedimentation profile of radioactivity after
5 hr labeling and cold phenol extraction showed the
following changes in the course of tissue transfor
mation. In the normal dorsal iris which furnishes

the cell material for the new lens, incorporation of
the labeled precursor into 28 S and 18 S regions is
insignificant. In the four-day dorsal iris, in which
cells are still heavily pigmented but are already
activated to replication, the incorporation into two
peaks becomes definite. The most prominent in
corporation into those two areas occurs in the 15-
day regenerates, in which a large number of cells
are depigmented, arranged in the lens vesicle, and
mostly in the phase of active proliferation. In the
23- and 62-day regenerates, in which morphological
specificity of lens tissue has been established and
the lens epithelium containing replicating cells and
the fiber area containing nonreplicating cells have

been segregated, 28 S and 18 S areas show promi
nent peaks of radioactivity. The fact that the re
moval of the lens epithelium from the regenerating

lens before incubation almost completely sup

presses incorporation into these two peaks indi
cates that lens epithelial cells are responsible
for synthesis of rRNA at these stages.

Besides the above-discussed peaks at 28 S,
18 S, and 4 to 5 S areas, a number of smaller peaks
can be distinguished in the radioactivity curve of
the series after cold phenol extraction. Some of
them appear to be stage specific. For instance,
the 15-day or later series indicate a peak around
the 25 S area, which is lacking in the four-day as
well as zero-day series. The difference in sedi
mentation profiles of radioactivity between 4- and
15-day series is pronounced when extraction was
done with hot phenol. Interpretation of these ob
servations needs further studies.

The peak in the 4 to 5 S region is present in all
series described above. It increases strongly from
the 0-day to 4-day series and attains the largest
amount at 15-day series and slightly declines later.
Even the lens without epithelium shows incorpora

tion in this area. We do not have data to decide

how much of the incorporation is due to terminal
addition to tRNA. An answer is expected from a
study of actinomycin effects on incorporation now
being conducted.

The obtained data together with available back
ground information3,4 indicate that lens removal
strongly enhances rRNA synthesis in the iris epi
thelial cells within four days after lens removal.
A high level of rRNA synthesis is maintained by
the cells in the depigmentation and multiplication
phases, but is terminated when the cells enter the
fiber differentiation phase. In other words, en
hanced rRNA synthesis temporally coincides with
cell replication activated in this system and also
with the sensitivity toward actinomycin treatment.
The data reported also suggest that another type
of sequential changes in the RNA profile occurs
as the cells pass from the phase of dedifferenti-
ation to the phase of metaplastic redifferentiation.
The nature of such changes will be the object of
further studies.
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15.2 CULTURE OF IRIS CELLS

FROM TRITURUS VIRIDESCENS

D. H. Reese

The first conspicuous morphological event in
Wolffian lens regeneration is a depigmentation of
the dorsal pupillary iris margin. Previous in vitro
studies on Wolffian lens regeneration have shown
that this event does not take place when the iris
is put into tissue culture :'2 even if it is cultured
in the presence of neural retina, 3 which is the
hypothesized "inducer" of lens regeneration. How
ever, depigmentation and lens regeneration will
take place in vitro if the iris is maintained within
the ocular environment. 2 There are obviously some
subtle conditions necessary for the initiation of
lens regeneration, which till now have not been
reproduced in vitro outside the ocular environment.
We have now found that depigmentation can be in
duced in the normal iris by trypsinization of the
iris and subsequent culture of the dissociated
cells.

Using sterile procedures throughout, the dorsal
half of 29 irises was removed from the adult newt

Triturus viridescens and dissociated at 25°C in

5 ml 0.25% trypsin solution made up in half-strength
calcium- and magnesium-free phosphate-buffered
saline (Dulbecco). Cells were harvested at 15-
min intervals and centrifuged at 300 x g for 5 min.
The cells were then resuspended in 4 ml amphibian
adjusted Leibovitz L-15 culture medium with 10%
fetal calf serum and cultured at 23 to 24°C in small

plastic culture flasks. While all four harvestings
produced enough cells for starting cultures, the
second harvesting produced the best culture. The
others were maintained for a time and then dis

carded.

Cells attached quickly and began to depigment
in a way which is characteristic of in vivo lens
regeneration but different from that of other mel
anin-containing cells in culture so far studied.
Melanin-containing cells from other tissues lose

their melanin when put into culture by a dilution
process due to cell division.4 The newt iris cells,
however, actively expel melanin; for a period of
one to two weeks after setting up the cultures,

free melanin granules were evident in the cultures
and were poured off several times a week. These
cells, now completely depigmented with the ex
ception of a very small number which have either
retained or have synthesized new melanin, have
been kept in culture for four months and have been
subcultured seven times. Cultures have been suc

cessfully divided up to 1 : 20 but are normally di
vided 1 : 5. Although no data are available yet on
the kinetics of mitosis of these cells, the number

of mitotic figures is very high in new subcultures
but decreases drastically when a monolayer con
dition is approached. It should be added that the
normal iris of the adult newt is nondividing. Thus

it is evident that activation of cell replication and
depigmentation which characterize Wolffian lens

regeneration can be induced in the normal iris of

adult newts by putting the tissue in cell culture.

Experiments are planned to see if cloning of pig
mented iris cells leads to the same result, and if

these cells can be influenced by neural retina to

synthesize lens proteins in vitro.
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15.3 LOCALIZATION OF LABELED

ACTINOMYCIN D IN DIFFERENTIATING

LENS REGENERATE CELLS

Tuneo Yamada Marion E. Roesel

In our earlier study 1 concerning the effect of
actinomycin D on morphogenesis in the newt lens
regenerating system, the cells in the multiplication

phase were strongly affected and inhibited in de
velopment, while the cells in the early part of fiber
differentiation phase were not affected and pro
ceeded in development. One of the questions
raised was whether this differential effect was due

to difference in penetration of the antibiotic into
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cells in different phases of differentiation or due
to difference in inherent properties of cells in
various phases. To approach this problem, an

autoradiographic study of the distribution of triti
ated actinomycin D in lens regenerate cells in
various phases was carried out.

The lens regenerates of stages VI to IX of adult
Triturus viridescens were surgically isolated, cul
tured in a modified Wolff-Quimby medium contain
ing 0.5 tic/ml of 3H-actinomycin D (3.8 curies/mil-
limole) for 2 hr at 25°C in a C02 incubator, and
studied in autoradiographic sections.

In all types of regenerate cells, silver grains
are preferentially localized over nuclei. When
the average grain counts per cell of different cell
types are compared, the cells in active depigmen
tation (18.62), immediately after depigmentation
(18.18), in the lens epithelium (19.42), and in the
early phase of fiber differentiation (20.44) show
similar values. This implies that the differential

effects of actinomycin on development of repli
cating depigmented cells and that of cells in the
early phase of fiber differentiation reported ear
lier1 are not due to differential penetration of
actinomycin into nuclei of these cell types. On
the other hand, the cells in the middle phase of
fiber differentiation have very low average counts
(6.26). In the regenerating lens the last type of
cells are located in the interior of a tissue com

plex 100 to 300 fi in diameter. Thus it appeared
possible that low counts of those cells are due to
slow diffusion of actinomycin through the over
lying tissue. However, observations of fragmented
regenerate lens show that the nuclei of such cells
take up significantly less radioactivity even when
they are situated close to the tissue surface. This
seems to suggest that the ability of nuclei to bind
actinomycin is reduced during fiber differentiation.
That extensive ultrastructural changes occur in

the nuclei during this phase has been already re
ported. 2 In the above discussion it is assumed
that the present technique detects actinomycin
bound to cell structures.
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15.4 AVAILABILITY OF INTRAPERITONEALLY

INJECTED TRITIATED THYMIDINE

FOR LABELING LENS REGENERATE CELLS

TRANSPLANTED IN THE NEWT

OPTIC CHAMBER

Tuneo Yamada Marion E. Roesel

Injection of tritiated thymidine has been exten
sively used in the newt for studying cell replica

tion, which plays a decisive role in transformation
of the iris into lens. These studies are based on

the assumption that the time interval during which
the injected labeled precursor is available for
labeling cells in the adult newt is relatively short.
The assumption appeared justified by the data on
the radioactivity of the serum and on the average
grain counts of labeled cells subsequent to injec

tion of the labeled precursor. Those data show
the availability time to be from 1 to 3 hr. How
ever, some papers suggest an extremely long avail
ability time of injected tritiated thymidine, extend
ing to more than one day in the adult newt and frog.
The present work is designed to determine the time
interval during which the DNA-synthesizing cells
in the newt optic chamber are labeled after intra
peritoneal injection of tritiated thymidine.

The method consists in grafting nonlabeled lens
regenerate tissue of adult Triturus viridescens
into the optic chamber of another animal 0 to 24 hr
after intraperitoneal injection of 1 rtc of tritiated
thymidine per gram of body weight, and in studying

labeling of cells in the proliferating zone of the
grafted lens regenerate by autoradiography. The
average grain count per labeled cell and the label
ing frequency of cells in the proliferating zone of
the lens regenerate, which was grafted after dif
ferent time intervals after injection, were studied.

This method gives information on availability of
extracellular labeled precursor at a given time,
but not on that of labeled precursor present in the
intracellular pool.

In the 0- and 1-hr series all grafts indicated
labeled cells. The average grain counts of labeled
cells decreased sharply from 0 to 1 hr. In the 3-hr
series two-thirds of cases showed no labeled cells,

while one-third showed labeled cells with very low
average grain counts. No labeled cells were de
tected in all grafts studied in the 4-hr and subse
quent series. We conclude that tritiated thymidine

remains available for cellular DNA synthesis in

the optic chamber until ca. 3 hr and becomes un-
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available before 4 hr from the time of intraperi
toneal injection under our experimental conditions.

15.5 HISTOLOGICAL AND CYTOLOGICAL

PATTERNS OF INCORPORATION

OF TRITIATED URIDINE INTO LENS

REGENERATES CULTURED IN VITRO

Tuneo Yamada Marion E. Roesel

In application of the sucrose density gradient
method to a study of the sedimentation profile
of RNA synthesized at various stages of Wolffian
lens regeneration,1 two technical questions were
raised which had to be answered before making
any serious attempt along this line. One of the
questions was whether or not the culture tech
nique used for labeling regenerate RNA with 14C-
uridine affects the in vivo pattern of incorporation
of the precursor into RNA. Since application of
biochemical methods to RNA of lens regenerates
labeled in vivo is not technically feasible, the
only way to check this point is to use autoradiog
raphy. The second question is concerned with
the iris stroma, which does not participate in
lens regeneration but had to be included in the
culture of lens regenerates during the labeling
period in 0-, 4-, and 15-day series. We have to
know to what extent the stroma contributes to

radioactivity in RNA in the total tissue under our
experimental condition. The present experiments
are designed to answer these questions with auto
radiography.

Four- and fifteen-day lens regenerates with ac
companying stroma were isolated from adult Tri
turus viridescens according to the technique used
in the above-cited experiment1 and cultured in the
same medium. After a 1-hr stay in the medium con
taining 2.5 itc/ml of 3H-uridine, a portion of the
explants were fixed, and the rest of the explants
were transferred, after washing, into the same
culture medium without the labeled precursor,
cultured for 5 hr, and fixed. Other culture con

ditions were the same as in the cited experiments.
The tissues were fixed in acetic acid—ethanol mix

ture and embedded in paraffin or methacrylate.
Paraffin sections 5 /r thick or methacrylate sec
tions 0.5 n thick were covered with liquid emulsion
NTB 3 (Kodak).

The distribution of silver grains over the nucleus
and cytoplasm in the series of 1-hr pulse and that
of 1-hr pulse followed by 5-hr chase in the 4- and

15-day series was studied and compared with the
corresponding series of autoradiographs of lens
regenerates labeled in vivo. 2'3 No difference
could be detected in the distribution pattern of
silver grains within the cell and its change in time
between in vitro and in vivo series. However, in

the in vitro series a small fraction (less than 5%)
of iris epithelial cells indicate no silver grains
at all. These negative cells often contain necrotic
nuclei and are interpreted as cells damaged by sur
gical operation.

By counting silver grains over the lens regen
erate proper and those over the iris stroma in
cluding blood cells, an estimate of radioactivity
in stroma compared with total radioactivity was
made. The data indicate that the percentage of
stroma grains in the total grains was 1.6 for the
4-day series and 0.9 for the 15-day series. Calcu
lation shows that in the 0-day series the same
percentage should be 5 to 7%. It is concluded that
the radioactivity in the stroma does not signifi
cantly affect the sedimentation profile of the 4-
and 15-day series but may affect that of the 0-day
series. All data obtained in this report have been
considered in interpretation of results in the above-
cited experiments. *
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15.6 IMMUNOFLUORESCENCE STUDIES

ON THE LENS-SPECIFIC PROTEINS

IN AMPHIBIAN LENS DEVELOPMENT

D. S. McDevitt Isaura Meza

Various physicochemical criteria have enabled
workers to recognize today in the vertebrate lens
three groups of tissue-specific proteins: the clas
sical a, y8, and y crystallins. The synthesis of
y crystallins, that group of lens proteins lowest
in molecular weight and electrophoretic mobility,
has been implicated by several groups of workers
as the primary event in vertebrate lens fiber dif
ferentiation. 1-2 In the present investigation, the
lens-specific proteins, especially the y crystallins,
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were examined in the amphibian Rana pipiens dur
ing the lens induction and differentiation stages.
The lens proteins of this organism, separated ini
tially by ion exchange chromatography, 3 were
characterized immunologically and utilized as anti
gens in an immunofluorescence investigation of
their ontogeny and localization in lens develop
ment.

The supernatant of a whole-lens homogenate
obtained from adult R. pipiens lenses was frac
tionated on a DEAE-cellulose column. The y
crystallin fraction so produced was further puri
fied by gel filtration on a Sephadex G-100 column.
The antigens to be employed, total lens protein
and the isolated y crystallins, were tested for
immunological specificity using immunodiffusion
and Immunoelectrophoresis techniques.

The crude globulin fraction of several antisera

to these antigens was conjugated with the fluo
rescent dye fluorescein isothiocyanate ("direct"
technique), or used in conjunction with a goat
antirabbit y globulin ("indirect" or "sandwich"
technique) to detect the presence and localization
of the homologous antigen in the lenses of embry
onic R. pipiens. Such specific reagents were ap
plied to 3-rt paraffin sections through the head

region of Shumway stages 16 (neural tube) to 25
(operculum complete), which had been fixed in
either cold Carnoy's fixative or cold 95% ethanol
and further processed at 5°C. The substitution
of conjugated or unconjugated nonimmune rabbit
y globulin for the specific antibody was used as
a control.

The initial y crystallin antigen isolated by DEAE-
cellulose chromatography cross-reacted with other
lens protein fractions when tested immunoelec-

trophoretically against an anti-total lens protein
antibody. Because of this indication of incomplete
separation of the crystallins, the above y crystallin
fraction was rechromatographed on Sephadex G-100,
resulting in a more purified y crystallin fraction.
Used as an antigen, it produced a specific anti-y
crystallin antibody suitable for use as a specific
marker in the immunofluorescence detection of y
crystallins.

The results obtained indicate that y crystallins
are first discernible at Shumway stage 20 in a few
prospective primary lens fiber cells, which are
located in the internal layer of the lens vesicle.
The fluorescence due to the presence of y crystal
lins in the fiber area increases until stage 25.
The external layer of the lens vesicle and the lens

epithelium appear to lack any specific staining for
y crystallins throughout this period. At stage 25,
the lens epithelium begins to exhibit a weakly
positive immunofluorescence for y crystallins,
while the cells in the fiber area exhibit the same

immunofluorescence very strongly.
When sections of embryonic lenses are treated

with an anti-total lens protein antibody, fluores
cence is first visible at stage 20, as with the anti-y
crystallin antibody. However, in the immediately
following developmental stages, the external layer
of the lens vesicle and, later, the lens epithelium
exhibit the immunofluorescence reaction as well

as the fiber area. It should be noted that at no

time did application of either the anti-total lens
protein or anti-y crystallin antibodies result in
fluorescence in any eye tissue prior to stage 20,
the lens vesicle stage.

Thus in this organism the appearance of y crys
tallins is indicative of lens fiber differentiation,

as has been reported in the regenerating urodelan
lens1 and bovine mammalian lens.2 Moreover,
these results lend credence to the concept that
the lens-specific proteins are synthesized after
the inductive interaction of the optic cup and over
lying ectoderm has occurred, that is, they are not
necessary prerequisites for the establishment of
lens rudiment and lens morphology, as earlier sug
gested by other workers.
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15.7 IMMUNO-ELECTRON MICROSCOPIC

STUDIES ON THE LOCALIZATION

OF y CRYSTALLINS IN AMPHIBIAN
LENS CELLS

Rolf Nothiger D. S. McDevitt
Isaura Meza

When a lens is formed, either during regeneration
or embryonic development, its cells undergo a se
quence of well-defined changes. The final event
is the production of lens fibers and their main pro-
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teins, the crystallins, notably y crystallins.x At
tempts are being made to study the intracellular
localization of these proteins. We are reporting
here our progress made in developing an immuno-
electron microscopic technique.

Nakane and Pierce 2 recently reported on the use
fulness of horseradish peroxidase as a label for
antibodies. This enzyme offers certain advantages
over the "classical" marker, ferritin: its smaller
molecular weight (44,000 as compared with ca.
700,000) should allow better penetration into the
cells; and its reaction product is visible in the
light microscope as well as in the electron micro
scope.

Among several fixatives tried, 4% buffered form
aldehyde best preserved antigenic specificity as
well as ultrastructural details, as judged by im
munofluorescence and electron microscopy. Lenses

of Rana pipiens embryos, fixed in formaldehyde and
embedded in paraffin or Epon, served as a test sys
tem. The indirect technique was used, with anti
bodies specific against R. pipiens y crystallins
as the intermediate layer.

Peroxidase was conjugated to goat anti-rabbit
globulins with p,p -difluoro-rr^m'-dinitrodiphenyl
sulfone as a coupling agent. The bulk of unreacted
free peroxidase was removed from the crude con
jugate in 50% saturated (NH4)2S04. The precipi
tate was redissolved in phosphate-buffered saline
and passed through a Bio-Gel P-300 column. We
were able to separate satisfactorily the conjugated
antibodies from the other components of the reaction
mixture. Four peaks were obtained representing in
the order of decreasing molecular weight: "de
natured" proteins, conjugated globulins, uncon
jugated globulins, and remaining free peroxidase
respectively. Agar-immunodiffusion tests revealed
cross reaction with rabbit gamma globulins as the
antigen in the second and third peak. If the same
fractions were applied to paraffin sections of R.
pipiens lenses, specific staining was found among
the fractions of the second peak only. These frac
tions were subsequently pooled, absorbed three
times with mouse tissue powder, dialyzed vs H20,
and lyophilized. Specific staining occurred only
in cells in the fiber differentiating phase, but not
in the lens epithelial cells. These results con
firm the findings of McDevitt and Meza,3 who used
fluorescent antibodies and the direct technique.

As was expected, the penetration of the anti
bodies into the cells proved to be a very difficult
technical problem. So far the problem has not been

solved. Fragments of R. pipiens lenses which had
been fixed, frozen, and thawed were floated in anti
body solution without evidence of penetration.
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15.8 PREPARATION OF SPECIFIC ANTIBODIES

AGAINST y CRYSTALLINS OF THE NEWT
TRITURUS VIRIDESCENS

D. S. McDevitt Rolf Nothiger

Takata et al.1 applied fluorescent antibodies
which were specific for Triturus lens y crystallins
to regenerating lenses of Triturus viridescens.
They detected y crystallins in the cytoplasm as
well as in the nuclei of differentiating fiber cells.
In contrast to this, no immunofluorescence was ob
served in nuclei of Rana pipiens embryonic lenses
with R. pipiens anti-y crystallin or anti-whole lens
protein antibodies (McDevitt and Meza). 2 These
antibodies also fail to stain nuclei of young Tri
turus regenerates. Only in advanced primary fiber
cells could we detect some nuclei with specific
staining. The difference between Takata's and
our results is not easily understood, nor was it
expected, since anti-y crystallin of R. pipiens
cross-reacts with Triturus whole lens proteins

and y crystallins (agar immunodiffusion). It there
fore became desirable to obtain specific antibodies
against Triturus y crystallins in order to compare
their reaction with that of R. pipiens anti-y crys

tallins.

Five hundred lenses of Triturus viridescens

were homogenized in 0.005 Mphosphate buffer,
and from this a total of 218 mg of soluble proteins
were obtained. Two hundred milligrams in 9.2 ml
of buffer were fractionated on a DEAE-cellulose

column using an NaH2P04-Na2HP04-NaCl buffer
system, pH 7.0 to 5.7. Details of the method are
given by McDevitt.3 The chromatographic pattern
obtained is shown in Fig. 15.8.1. For comparison
(dashed line) a proportionally reduced profile of
R. pipiens lenses is shown so that the two y crys
tallin peaks coincide. Compared with R. pipiens
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Fig. 15.8.1. Chromatographic Pattern of Adult

Triturus viridescens (Solid Line) and Rana pipiens

(Dashed Line) Whole Lens Proteins, Fractionated on

10 g of DEAE-Cellulose. The elution pattern for

Rana pipiens has been proportionally reduced so that

the two gamma-crystallin peaks coincide. Ten-

milliliter aliquots were collected, (a) Gamma crystal

lins, (6 and c) beta crystallins, (d, e, and f) alpha
crystal! ins.

lens, Triturus lens contains relatively more y
crystallins, which are considered to be the primi
tive lens proteins. In this respect Triturus is
phylogenetically closer to the teleosts, which
have y crystallins as their predominant lens pro
tein. Birds, on the other hand, have little or no
y crystallin (Maisel and Goodman).4

The y crystallins in fractions 8 to 25 were pre
cipitated with 80% saturated (NH4)2S04, redis-
solved in 0.05 M Tris-HCl buffer, pH 7.2, centri
fuged, and passed through a Sephadex G-100 column
for further purification of these fractions. The y
crystallins with a molecular weight of ca. 20,000
were eluted last. Eleven fractions from this peak
with a total volume of 33 ml were dialyzed vs H O
and lyophilized. About 15 mg of purified y crys
tallins were harvested.

For the production of specific antibodies, a rab
bit was injected subcutaneously with 4 to 5 mg of
y crystallins in complete Freund's adjuvant (1 :1).
A second identical injection was given three weeks
later. Eighteen days after the second injection 1.5
ml of blood was taken and the serum used for im-

munological tests. In agar-immunodiffusion anal
yses 10 pi of serum could detect 0.1 /zg of the
homologous antigen. Further tests to confirm the
purity and specificity of this antibody are in prog
ress.
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15.9 STUDIES ON TERMINAL CELL

DIFFERENTIATION IN CHICK LENS.

I. ANALYSIS OF NUCLEAR DEGENERATION,
PLOIDY, AND DNA LOSS

S. P. Modak Stella W. Perdue:

R. F. Kimball1

It has been known for a long time that during the
later part of development of chick lens, cell nuclei
degenerate and finally disappear from the lens fiber
area. However, no detailed study is yet available
pertaining to the temporal sequence of nuclear de
generation and the consequent changes in the DNA
content. Since the loss of nuclear structure and

function should be the consequence of entrance
of cells in the last phase of cell differentiation,
such a study is warranted.

Chick embryonic lenses of 4 to 20 days of de
velopment and post-embryonic lenses of 0 to 10
days of age were fixed in Carnoy (6:3:1) and
serially sectioned at 5 p. thickness. At least four
lenses of each stage were treated in this manner.
Sections were stained in Mayer's hemalum and

mounted subsequently in Canada balsam. A few
sections were also stained by Feulgen reaction.

Chick lenses of various ages (4, 6, 13, and 16
days embryonic stage and 0 and 10 days post-
embryonic age) were dissected out in cold Tyrode
solution. From each lens, lens epithelium and
lens fiber area were microsurgically isolated. In
the older lenses an area intermediate to the lens

epithelium and the lens fibers was similarly iso
lated. The isolates were squashed on separate
slides and placed on Dry Ice to remove the cover
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slip. Preparations were fixed in cold Carnoy.
After the removal of the fixative, preparations
were subjected to hydrolysis in 1 N HC1 for 8 min
at 60°C and subsequently stained with Schiff's
reagent for 60 min, followed by treatment in meta-
bisulfite baths. Stained preparations were par
tially dehydrated and then air-dried. In some
cases, smears of adult chicken sperm were ap
plied adjacent to the lens epithelium squashes
before the fixation of the latter and then treated

as above.

Slides were mounted in refractive index oil in

order to reduce loss of light by nonspecific scat
tering. The amounts of Feulgen-positive material
in individual intact nuclei were measured by the
single-wavelength method on the Zeiss USMP I
microspectrophotometer at 559 m/z.

It was found that first indications of nuclear

degeneration become apparent at about nine days
of embryogenesis. This is indicated by the ap
pearance of nuclei with condensed chromatin in
the center of the lens fiber area. During the ear

lier phase of pycnosis, nuclei show very hetero
geneous staining characteristics. Later on, the

chromatin clumps into a rounded, dense, heavily
staining structure. Progressively, the dense
pycnotic nucleus decreases in size and in staining
intensity, finally disappearing completely. At
about 13 days of development, massive pycnotic
changes are visible in the nuclei in the center of
the lens fibers. At 15 days, one already finds a
small central area completely devoid of nuclei.
At 17 days, the centrally located region, devoid
of nuclei, accounts for almost one-fifth of the

maximum horizontal diameter of the fixed lens.

Rapidly the wave of pycnosis extends peripherally.
In a 0- to 1-day post-embryonic lens, one-third of
the central fiber area lacks nuclei. Study of
Feulgen-stained sections revealed an identical
picture to those stained with hemalum.

The relative amounts of Feulgen-positive ma
terial from the lens epithelial nuclei and sperms
were calculated. The comparison of relative
amount of DNA from these two cell types revealed
that all lens nuclei fall between the diploid and
tetraploid category. We did not find any indication
of high-ploidy elements in the lens. The same ob
servation was also true for lens fiber nuclei of

lenses of four to six days of development. In the

older lenses, very few lens fiber nuclei showed
relative DNA amounts higher than the diploid con
tent. Most of the nuclei contained DNA which was

either equivalent to or less than the diploid amount.
A remarkable correlation was obtained by compari
son of photographs of individual nuclei and their
DNA content. All pycnotic nuclei showed decreas
ing amounts of DNA. The smallest measurable
amount of Feulgen-positive material in few pycnotic
nuclei was as low as one-tenth of the normal dip
loid complement.

Modak et al. 2 have shown that DNA synthesis
and mitotic activity begin to decrease at an earlier
stage of embryonic lens development, in the pros
pective lens fiber area. From their results and
those presented here, one can calculate the short
est interval between the entrance of cells in the

terminal cell cycle and final pycnosis of cell nu
clei, which amounts to approximately 6 V days.
Remarkable series of events follow during this
period. These consist of the production of a
stable messenger RNA (Reeder and Bell3), ap
pearance and intense synthesis of lens-specific
proteins (Ikeda and Zwaan4), and, finally, decay
of rRNA beginning at about eight days of embry
onic lens development (Zapisek5). It is of in
terest that the synthesis of the rapidly turning
over RNA begins to decrease sharply, just a day
before the appearance of pycnotic nuclei.

Our present work clearly shows absence of any
high-ploidy elements in the lens population, con
trary to the contention of Kvinkhidz, 6 who reported
that there are a variety of high-ploidy elements in
the chick lens, the highest being equivalent to 32
times the haploid value.

The results reported here clearly demonstrate
a progressive loss of DNA from nuclei undergoing
pycnosis or degenerative changes. It is conceiv
able that DNA may be lost from these nuclei either
by extrusion of entire or parts of chromosomes or
by in situ breakdown of DNA. Due to the absence
of mitosis and the condensation of the chromatin,

it is impossible to study the former possibility.
We have undertaken investigation of the latter
possibility. Some of the experiments conducted
in this direction are presented in the next com
munication.
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15.10 STUDIES ON TERMINAL CELL

DIFFERENTIATION IN CHICK LENS.

II. ANALYSIS OF PRIMING ABILITY AND

DENATURABILITY OF DNA FROM VARIOUS

CELL POPULATIONS OF DIFFERENTIATING

LENS USING CALF THYMUS DNA POLYMERASE

S. P. Modak R. C. von Borstel1

F. J. Bollum2

DNA polymerase from calf thymus requires single-
stranded DNA as a primer for DNA synthesis. Von
Borstel, Prescott, and Bollum3 have demonstrated
that nucleotides are incorporated into the newly
synthesized DNA polymer in fixed Euplotes, HeLa

cells, Nitella, and mouse blood if the cells were

fixed at low pH or allowed to undergo acid denatur
ation prior to treatment with DNA polymerase. In
other words, this method would permit detection
of any single-stranded DNA in fixed cell prepara
tion. We have previously shown (Modak et al. 4)
that during the terminal differentiation phase, lens
fiber cell nuclei undergo pycnotic changes and
lose DNA. If DNA is lost by an active breakdown
in situ, then at least two possibilities arise,
namely, that DNA is broken down into double-
stranded pieces or that it first becomes single
stranded and then is broken down to smaller single-

stranded pieces. In any event, with von Borstel,
Prescott, and Bollum's method3 we have decided
to investigate the changes in DNA molecule dur
ing the pycnosis. We have also extended the
above method to paraffin sections of fixed tissue
for the first time.

One-and-one-half-week-old post-embryonic chick
lenses were fixed in cold 70% ethanol, embedded

in paraffin, and sectioned. Individual sections
were mounted on cover slips and then deparaf-
finized. Similarly, adult chicken blood smears
were prepared on cover slips and fixed in cold
70% ethanol. Both chicken blood smears and

chick lens sections were divided into several

groups. Half of the preparations of each tissue
were treated with 0.1 tV HC1 for 30 min at room

temperature in order to denature DNA. Both acid-

denatured and undenatured cells were incubated

with enzyme reaction mixture. A few slides of
each group were incubated in the reaction mixture
without enzyme, to serve as controls. Enzyme
reaction mixture contained dATP-3H, dCTP, dTTP,
dGTP, Mg2+, KPi2+, and DNA polymerase. Trace
quantities of mercaptoethanol and Versene were
also present in the reaction mixture. At the end
of treatment, slides were treated in ice-cold 5%

TCA in order to remove the acid-soluble radio

activity. After thorough removal of TCA, prepara
tions were coated with liquid emulsion NTB-3 and
exposed in dark for two weeks. Autoradiographs
were developed in D-19 developer and subsequently
counterstained in Mayer's hemalum and mounted in
Canada balsam.

Examination of autoradiographs revealed that
there did not take place any incorporation of
tritium-labeled nucleotides in nuclei of either

blood or lens tissue that were fixed in 70% ethanol

only. On the other hand, when these cell prepara
tions were treated with HC1 prior to the enzyme
reaction, DNA polymerase from calf thymus cata
lyzed a net amount of DNA in both lens and blood
nuclei, as indicated by incorporation of radioac
tivity into the TCA-insoluble component. From
these results it is concluded that in both chick

lens and adult chicken blood nuclei there is no

single-stranded DNA present and that paraffin-
embedding procedure did not provoke any denatur
ation of DNA from lens cell nuclei.

Despite identical acid treatment, various lens
cell population demonstrated striking differences
in their ability to incorporate radioactivity. Pyc
notic nuclei showed highest incorporation of TCA-
insoluble radioactivity. To demonstrate these
differences we have analyzed various lens cell
populations for the frequency of labeling and for
their ability to incorporate radioactivity as meas
ured by number of grains per nucleus, as well as
grains per unit nuclear area. Figure 15.10.1 shows
frequency of labeling in lens cell nuclei and also
gives a graphic representation of percentages of
labeled nuclei as measured by number of grains
over them in the autoradiographs. Clearly, pycnotic
nuclei in either phase (pycnosis I or II) have sig
nificantly larger proportions of nuclei showing
higher grain count than either of lens fiber, annular
pad, or lens epithelial cell nuclei. Even within
the pycnotic population, nuclei in more advanced
stages of pycnosis (pycnosis II) show relatively
larger grain-count distribution than those in less
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Fig. 15.10.1. Extent of H-dNTPs Incorporation in Acid-Denatured Nuclei of Chicken Lens Using Calf-Thymus

DNA Polymerase.

advanced stages (pycnosis I). Our data on grains
per unit area indicate that much larger differences

exist between pycnotic and nonpycnotic nuclei
regarding their ability to incorporate 3H-dNTP's
with DNA polymerase after acid denaturation. In
the light of much smaller amounts of DNA in the
pycnotic nuclei as compared with the nonpycnotic
population (Modak, Perdue, and Kimball4), these
results are more significant. In any event, these

results have one or more of the following impli
cations: (1) nonpycnotic nuclei contain large
molecules of DNA which on acid denaturation

would present a relatively smaller number of start
ing points for DNA replication, (2) nonpycnotic
nuclei incorporate smaller amounts of radioactivity
due to the relative inhibition of strand separation
by histone backbone, (3) DNA in pycnotic nuclei

may be composed of a large number of small double-
stranded pieces which on denaturation would pro
vide additional sites for the initiation of DNA syn
thesis, thus incorporating larger radioactivity, and
(4) histone backbone itself may be progressively
lost during pycnosis, thus rendering DNA more
susceptible to acid denaturation.

Considering that all nuclei underwent identical
treatment and that relative DNA amounts decrease

rapidly during pycnosis, breakdown of DNA as
double-stranded pieces during pycnosis seems to
us the most plausible explanation for our results.
However, the role of histones cannot be neglected.

In any event there must take place significant
physical changes in the state of DNA during pyc
nosis. However, these changes do not lead to de
naturation of DNA as single-stranded pieces.
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We are presently testing the effect of heat and
alkali denaturation on the incorporation of deoxy-
ribonucleoside triphosphates using DNA poly
merase in fixed preparations of lens cell nuclei.

The important findings of this communication
are summarized as follows:

1. As far as the resolution of this method per
mits, there is no observable priming activity
in the DNA of normal or pycnotic nuclei of
chicken lens to calf thymus DNA polymerase.
Thus DNA does not become single stranded
during the pycnosis.

2. This technique can be successfully applied
to paraffin sections.

3. DNA from the fixed pycnotic nuclei of lens
fiber area are the most sensitive to acid de

naturation.

4. Comparing the approximate relative DNA con
tent per nucleus, the higher incorporation of
radioactivity with DNA polymerase strongly
suggests breakdown of DNA as double-stranded
pieces during pycnosis. If this is true, then
this method may prove to be a useful tool for
detecting a very small proportion of cell nu
clei that are undergoing DNA breakdown in a
large population of normal cells, which is not
always feasible by available biochemical
methods.
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15.11 STUDIES ON TERMINAL CELL DIFFER

ENTIATION IN CHICK LENS. III. ANALYSIS

OF THE PRIMING ABILITY OF DNA FROM

VARIOUS LENS CELL POPULATIONS USING

MICROCOCCUS RNA POLYMERASE

S. P. Modak R. C. von Borstel1
F. J. Bollum2

Von Borstel, Modak, and Bollum3,4 have shown
that alcohol-fixed cell nuclei from chicken blood

and other cell preparations are able to incorporate
tritium-labeled ribonucleotide triphosphates into

newly synthesized RNA using RNA polymerase
from Micrococcus lysodeikticus. It was clearly
demonstrated that RNA synthesized using unde-

natured blood cell nuclear DNA as primer was
loosely bound and readily digestible by RNase.
On the other hand, RNA synthesized using acid-
denatured DNA as template was much more RNase
resistant, indicating the formation of a complex of
RNA and DNA. Thus, on the basis of RNase

sensitivity of the newly synthesized RNA, one can
characterize the nature of DNA molecule.

One-and-one-half-week-old chicken lenses were

fixed in cold 70% ethanol and embedded in paraffin.
Individual sections were mounted on cover slips
and deparaffinized. Sections were divided in two
groups: one was treated with 0.1 N HCl for 30 min
at room temperature to denature DNA and the
other one was left untreated. Both denatured and

undenatured sections were incubated in RNA

polymerase enzyme reaction mixture, with or with
out the enzyme. Some sections were also treated

with DNA polymerase. The composition of RNA
polymerase enzyme reaction mixture is indicated

in Table 15.11.1.

Sections were thoroughly washed in cold 5% TCA
after the enzyme reaction, coated with liquid
emulsion NTB-3, and exposed for three to five

Table 15.11.1. Incorporation of H-NTP's Using

Micrococcus RNA Polymerase

Enzyme reaction mixture:

UTP-3H (2.3 curies/millimole; 1 mc/ml) 0.3 ml
CTP-3H (1.26 curies/millimole; 1 mc/ml) 0.3 ml
ATP (4 mM) 0.3 ml

GTP (4 mM) 0.3 ml

MnCl2 (4 mM) 0.3 ml
Tris-HCl (pH 7.4, to make a final con- 0.3 ml

centration of 0.05 M)

Spermidine (0.8 mM) 0.3 ml

Total volume adjusted to 3.2 5 ml with distilled water.

Removed 0.36 ml for control experiment.

To the remaining reaction mixture, add 0.7 ml of RNA

polymerase; total volume, 3.59 ml.

Furnish 3 0 of enzyme reaction mixture with or without

enzyme to each cell preparation
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weeks in dark and subsequently developed counter-
stained in hemalum.

It was found that all cell nuclei, regardless of
their previous treatment, incorporated radioactivity

into TCA-insoluble component in the presence of
RNA polymerase in the reaction mixture. In the
undenatured preparations, all cell nuclei incorpo
rated a small amount of nucleoside triphosphates
into the newly synthesized RNA. But this RNA
was easily digestible by RNase. Important quali
tative and quantitative differences in the amount
and nature of the incorporated radioactivity exist
among various acid-denatured lens cell populations.
Acid-denatured epithelial cell nuclei incorporated
the smallest amount of isotope with the enzyme.
On the other hand, nuclei in the annular pad and

the nonpycnotic lens fiber nuclei showed a rela
tively larger incorporation, a part of which was
RNase resistant. Heavy incorporation of RNA
precursors was observed in the pycnotic nuclei
which was four to five times higher than other
lens nuclei. Most of this radioactivity was RNase
resistant. Experiments using DNA polymerase
gave results which are exact replicas of those
described previously (Modak, von Borstel, and

Bollum5).

Since RNA catalyzed by micrococcal RNA
polymerase using double-stranded DNA as tem
plate is loosely bound and easily removable by
RNase treatment, we have to conclude that there

is no detectable amount of single-stranded DNA
molecules in the normal or pycnotic nuclei of the

differentiating lens.
Lack of significant increase in RNA synthesis

by acid-denatured epithelial cell nuclei in the
presence of the enzyme points either to their
ability to renature DNA or resistance toward acid
treatment that we have employed. This result
supports the findings reported earlier with DNA
polymerase. In spite of DNA loss during pycnosis
(Modak, Perdue, and Kimball6), DNA of pycnotic
nuclei once again suggests the presence of small

TCA-insoluble pieces of DNA. The evidence
lends support to the probable breakdown of DNA

as double-stranded pieces during nuclear degenera
tion or pycnosis. Undoubtedly, the evidence points

to the physical changes in the nature of DNA
during pycnosis. We are in the process of study
ing the breakdown of DNA by alkaline sucrose
density gradient centrifugation, the nucleohistone
content of lens nuclei, and, finally, the nature and
characterization of DNA-degrading enzymes.
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15.12 OBSERVATIONS ON ISOLATED COM

PONENTS OF AMPHIBIAN OOCYTE NUCLEOLI

0. L. Miller, Jr. Barbara R. Beatty

A major role for the nucleolus in ribosome

biogenesis is now biochemically well documented.
However, precise correlation between the known

metabolic steps and nucleolar fine structure is
lacking. This question is being approached
through the study of isolated components of nu
cleoli from amphibian oocytes.

Mature oocytes of amphibians contain stored
ribosomes that are used in protein synthesis during
the early stages of embryogenesis. During the
growth of this type of oocyte, synthesis of the
large 40 to 45s RNA precursor of the 28s and 18s
cytoplasmic rRNA's occurs in the hundreds of
extrachromosomal nucleoli present in the oocyte
nucleus. These nucleoli vary considerably in
size, but in thin sections each exhibits a dense

fibrous core surrounded by a granular cortex.

The core and cortex components can be sepa

rated and dispersed to varying degrees by isola
tion into several types of media. Electron micros
copy of nucleolar cores isolated from T. viridescens
oocytes into dilute saline demonstrates that each

core contains a thin circular fiber. Such circles

are disintegrated by DNase, but no breakage occurs
with RNase or proteases. The diameter of the
thinnest stretches of the fibers suggests that the
continuity of the circles is maintained by a single
Watson-Crick DNA molecule.

Circles from the larger nucleoli generally are
too entangled for accurate contour measurements,
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but they appear to be several centimeters long. Of
the four smaller circles measured, two were ap
proximately 175 p. and two near 350 p. in circum
ference. DNA-RNA hybridization studies show

that ^0.05% of the haploid genone of T. viri
descens (45 x 10-12 g of DNA) is complementary
to rRNA. 1 The removal of all the rRNA cistrons

by a single deletion indicates that these occur
within the genome in a single polycistronic
cluster.2 Since only half of the large RNA pre
cursor molecule is utilized in the formation of

one each of the 28s and 18s rRNA's and the re

maining half apparently degraded,3 the polycis
tronic stretch coding for the large precursor mole
cule should be twice the length of the portion of

the genome hybridizing with rRNA. For T. viri
descens this would amount to about 1 V cm (or
^3333 large precursor molecule cistrons) if the
cluster is contained in a single W-C DNA molecule.

If the axes of the circles isolated from the

nucleolar cores are continuous DNA molecules

and, like lampbrush chromosome loops, can be
stretched up to three times their length before
breakage occurs, the smallest circles observed
could accommodate only 120 cistrons for the
large precursor molecule. On the other hand, the
larger circles presumably would accommodate at
least 10 to 20 times this.

The synthesis of the DNA present in the extra
chromosomal nucleoli occurs at the pachytene
stage of the oocyte following the replication of
the chromosomal DNA.4 The way in which the
nucleolar DNA is replicated and separated from
the chromosomes is unknown at present. The

observations reported here, however, suggest that
the mechanism must give rise to' polycistronic
clusters both larger and smaller than the nucleolar
locus in the genome itself.

Observations on amphibian lampbrush chromo
somes suggest that each lateral loop consists of a
polycistronic gene being read as a single unit by
RNA polymerases,5 which results in extremely
long RNP fibrils and indicates a further breakdown
into molecules of smaller sizes. There is a

question whether synthesis of the large 40 to 45s
precursor of 28s and 18s cytoplasmic rRNA's in
the amphibian oocyte nucleolus proceeds in a
similar manner or if the precursor molecule is

instead produced in single units.

When nucleoli of Xenopus laevis oocytes are

isolated in 0.1 M potassium chloride and trans
ferred to 10~4 Mmagnesium acetate, the cortices

disperse, allowing the DNA of the cores to un
wind with the RNP matrix remaining attached.
Electron microscopy of these cores reveals that
their axes exhibit periodicity of the attached
matrix material, which can best be observed when
the DNA axes are stretched (Fig. 15.12.1).

Labeling experiments indicate that the 45s rRNA
precursor molecule is synthesized in the nucleolar
cores in association with nucleolar DNA and is

subsequently transferred to the nucleolar cortex.6,7
From other studies it is known that the large 45s
rRNA precursor molecule is 4.5 fi long.3 In
stretched nucleolar core axes there is a periodicity
of alternating matrix-free and matrix-coated DNP
areas. Each stretch consisting of one bare region

plus one coated region is 6.07 fi in length, the
bare region being 2.33 /z and the coated region
3.74 /z. It is probable that the DNA axes are not
stretched to capacity and that the 3.74-zt coated
area is 4.5 p. long, suggesting that this is the area
of the nucleolar DNA axis which codes for the

large 45s rRNA precursor molecule.
The stretched matrix fibrils seen on the DNA

axis are all significantly shorter (less than 2 zz)
than the 4.5-/z length of the 45s molecule (Fig.
15.12.2). If these fibers are the 45s precursor
molecules, this suggests that they are read off in
single 45s stretches rather than as a polycistronic
series of connected 45s molecules.

Electron microscopy of thin sections of amphibian
oocyte nucleoli has shown the cortex areas of the
nucleoli to be apparently composed of free granules
similar in size to the large ribosomal subunit. How
ever, when nucleoli of Xenopus laevis are isolated
in 0.1 Mpotassium chloride, transferred to 0.5%
formalin plus 10~4 M magnesium acetate, and then
centrifuged onto E.M. grids, electron microscopy
reveals that the partially dispersed cortices are
composed of fibrous networks including granules
associated with the probable RNP fibers (Fig.
15.12.3).

A membranous component in nucleoli of Triturus
oocytes was reported previously.8 This component
has now been detected in oocytes from four more
amphibian genera (Bufo, Rana, Xenopus, and
Ambystoma) and thus appears to be a universal
component in such oocyte nucleoli. The com

ponent is located within each nucleolus at the
core-cortex interface close to the nuclear envelope
and usually remains attached to the DNA-contain-

ing portion of the core during isolation. Nega

tively stained, the component appears limited by
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Fig. 15.12.1. Stretched DNP Fiber from Nucleolar

Core of Xenopus laevis Oocyte Exhibiting Periodicity

of Attached Matrix Material. 10,500x.
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Fig. 15.12.2. Stretched Matrix Fibers Located on

Nucleolar Core Axis (Arrows) of Xenopus laevis

Oocyte. 21,400x.

a 70- to 100-A-thick membrane. It occurs either

as a spherical vesicle near 1 ^ in diameter, as
several smaller vesicles, or as a narrow tubule up
to 25 fi long. Autoradiography of isolated cores
shows that RNA synthesis is not restricted to the

region of the membranous component but occurs
simultaneously at many sites on the core. The
role of this component in nucleolar metabolism
and the question of its presence in nucleoli of
other cell types remain undetermined.
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Fig. 15.12.3. Dispersed Nucleolar Cortex of Iso

lated Xenopus laevis Oocyte Exposing Fibrous Net

work with Associated Granules. 21,400x.
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15.13 SYNAPTINEMAL COMPLEXES IN

MEIOTIC CHROMOSOMES

George Gassner III

The hypothesis that synaptinemal complexes

(S.C.'s) are present only in chiasmatic meiocytes
has been supported primarily by Meyer. : Observed
with the light microscope, primary meiocytes of
Panorpa nuptialis G., a North American mecop-

teran, appear achiasmatic in the male and chias
matic in the female. Electron micrographs of
transverse thin sections reveal that S.C.'s similar

in ultrastructure occur in primary meiotic nuclei

of both sexes.

Studies by other workers have resulted in the
concept that the bipartite feature of the lateral
elements of the S.C. represent chromatid separa
tion. The findings of the present investigation
support the interpretation that this bipartite
feature is allied to homolog rather than chromatid
separation. A model is proposed for the plane of
homolog separation which differs from previous
interpretations by 90°. In this model the plane of
homolog separation corresponds to the plane which
bisects each lateral element. Lateral elements

become increasingly more bipartite until complete
separation is accomplished. During this separa
tion, the distance between the lateral elements

remains relatively constant in the S.C.'s of P.
nuptialis and in S.C.'s of all other organisms in
which they have been observed.
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15.14 ASPECTS OF VITELLOGENESIS IN

THE SOUTH AFRICAN CLAWED TOAD,
XENOPUS LAEVIS

R. A. Wallace D. W. Jared
Diana Rudack

Vitellogenesis in oviparous vertebrates em

braces a number of integrated physiological and
developmental phenomena, many of which serve as
excellent models for biological processes in
general. Xenopus laevis lends itself particularly
well to experimental manipulations, and thus we

undertook a study of several aspects of vitello
genesis in this animal.

Serum Lipophosphoprotein Synthesis by Vitel-
logenic Females and Estrogen-Treated Males. —
Female toads, given 1000 units of human chorionic
gonadotropin, ovulated within 24 hr and began to
synthesize a lipophosphoprotein which appeared,

but did not accumulate, in the serum (physiological
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half-life = two days). The period of synthesis
lasted about 30 days, after which mature oocytes
were once again observed in the ovary. Male
toads, given a single dose of 0.1 to 1.0 mg estra-

diol-17/3, also immediately began to synthesize
the same lipophosphoprotein. The rate of maxi
mum synthesis and the length of time it took for
the maximum to be reached were directly propor
tional to the amount of estrogen administered. The
serum lipophosphoprotein in male toads, however,
had a physiological half-life of 40 days, and in
extreme cases the accumulated material accounted

for more than half of the total serum protein.

Females given gonadotropin and subsequently
ovariectomized produced a serum lipophospho
protein with a physiological half-life similar to
that of males, presumably because the serum pro
tein is the precursor for the yolk of the developing
ovary and, as is the case for the estrogen-treated
male, has no place to go.

Characterization of the Serum Lipophosphopro
tein. —The serum protein elaborated by the vitel-
logenic female or estrogen-treated male can be
readily isolated in a stable form by chromatography
of the serum on TEAE-cellulose. Preliminary
measurements indicated that it contains 13% lipid
and 1.4% protein phosphorus and has a molecular
weight of 4.7 x 105. After butanol extraction or
treatment with lipase, phosvitin (the minor yolk
protein component of the egg) could be recovered
along with an insoluble protein. The latter
hypothetically is vitellin, which, in its conjugated
form as lipovitellin, is the major component of
yolk. Further characterization is in progress in
order to definitely define the insoluble component
of the serum lipophosphoprotein and the molecular
conversions which the latter may undergo during

its specific uptake by the developing oocyte and
conversion into the crystalline protein yolk

platelet.

The Site of Phosvitin Synthesis. —Since phos
vitin can be assayed by very specific means and
is a component common to egg yolk protein and
the serum lipophosphoprotein, we decided to de

termine its site of synthesis. These experiments
involved the culture of various tissues together
with an elementary precursor (14C-Na2C03), fol
lowed by analysis for labeled phosvitin in the
culture medium. The results indicated that only
the liver derived from vitellogenic females or
estrogen-treated males synthesizes and releases
phosvitin into the external medium. All other

tissues, including the liver from untreated animals
and the vitellogenic ovary, were inactive. Re
cently, newly synthesized serum lipophosphopro
tein has also been identified in the medium for

estrogen-treated male liver cultures. Based on
these indications, we are attempting now to de
fine the optimum conditions for liver culture so
that the hepatic synthesis of lipophosphoprotein
and its hormonal control may be studied effec

tively in vitro.

15.15 CYTOLOGIC AND HISTOCHEMICAL OB

SERVATIONS OF OOCYTE MATURATION IN

THE ANNELID ENCHYTRAEUS ALBIDUS

J. N. Dumont

In a continuing study of the cytologic changes
in developing oocytes, representatives of various
animal phyla are being investigated from a cyto
logic point of view. The goal of these comparative
investigations is to ascertain basic mechanisms
underlying the acquisition of yolk. The present
report describes the results from studies of the
developing oocytes of the annelid Enchytraeus
albidus, the common white worm.

The animals were reared in the laboratory at

15°C. Only mature animals, as judged by the
presence of large oocytes in the body cavity, were
used in this study. Tissues for electron micros
copy were fixed in glutaraldehyde-osmium, de
hydrated, infiltrated, and embedded in Epon in the
usual manner. Enzymatic digestions of thin sec
tions for electron microscopic examination were

carried out according to the methods of Monneron
and Bernhard.1 For light microscopy, tissues were
fixed with Carnoy's or Bouin's fixatives or in
neutral buffered formalin. Various stains, includ

ing mercury—bromophenol blue, Heidenhains hema
toxylin, Sudan Black B, and PAS, were employed.
Lipid extractions with chloroform:methanol (1:1)
were done following fixation but prior to embedding.

Some tissue was exposed to an electron-opaque
marker (horseradish peroxidase) in order to follow
the uptake of material by micropinocytosis. Horse
radish peroxidase was applied either (1) by injec
tion into the animal or (2) in medium used for

incubation of tissue slices. The results in both

cases were identical.

The ovaries of Enchytraeus reveal some pre
viously undescribed anatomical features. Syn-
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chronously developing oocytes are arranged in

packets of eight. All are attached via cytoplasmic
bridges to a small central cytoplasmic mass. The
cell membrane of the bridges is modified by the
presence of a dense material along its inner sur
face. The cytoplasmic bridge is retained until
near the final stages of vitellogenesis, when it
breaks and the oocytes float free in the body
cavity. Cytoplasmic continuity between all the
oocytes of the packet undoubtedly plays a role in
keeping development synchronous within the packet
of cells.

The ooplasm of the early oocyte is characterized
by the presence of many ribosomes (polysomes),
a few cistemae of smooth and rough endoplasmic

reticulum, small Golgi complexes, and mitochondria.
These organelles are accumulated at the apical
end of the cell opposite the cytoplasmic bridge.

Many of the mitochondria of oocytes in early
stages of differentiation present unique profiles.
Although small, they are constricted for some dis
tance along their long axis and thus appear dumb
bell-shaped. In addition, many of the dumbbell-
shaped mitochondria are curved into a crescent

shape. Since the number of mitochondria increases
during oocyte development, it is possible that
these configurations represent stages of mito

chondrial division.

As the oocyte matures, the first sign of vitello
genic activity is the appearance of lipid droplets
scattered throughout the ooplasm. Electron micro

scopic examination of oocytes at this time reveals,
in addition to the lipid droplets, an increase in

the quantity of smooth endoplasmic reticulum, many
large scattered mitochondria, and an increase in
the number and size of the Golgi complexes. Also
appearing in the ooplasm near the Golgi complexes
are small dense bodies which represent the initial
accumulations of yolk. As these yolk bodies
mature, they come to consist of two distinct parts:
(1) relatively dense spherical bodies (core bodies)
which are surrounded by (2) a much more electron-
dense matrix. The entire yolk body is bounded by
a unit membrane. The number of core bodies with

in a single yolk body varies — the largest yolk
bodies may contain up to six core bodies.

Observations regarding the origin of yolk indi
cate that a portion of the yolk is formed by the
oocyte and involves synthesis and/or packaging
by the Golgi complexes. Similar observations
have been made regarding the origin of yolk in the
oocytes of Limulus.2 Micropinocytotic activity

increases gradually throughout vitellogenesis.

The micropinocytotic vesicles fuse in the periph
eral ooplasm with developing yolk bodies which
may or may not contain core bodies. The density
of the material derived from micropinocytosis
resembles the matrix. That extraoocytic material
is incorporated by micropinocytosis has been
demonstrated by following the uptake of horse
radish peroxidase. Electron microscopic analysis
shows that peroxidase accumulates in the matrix

of the developing yolk bodies; however, it has
never been found in the core bodies. Thus,

material incorporated by micropinocytosis is de
posited in the matrix of the yolk body.

Regarding histochemical procedures, staining
with Sudan Black revealed the presence of lipid

in the matrix but not in the core bodies. PAS

staining indicated a strong reaction in the matrix
but only a weak reaction in the core bodies. How
ever, lipid extraction abolished both the Sudan
Black staining and the PAS-positive reaction in

the matrix but did not abolish the PAS-positive

reaction in the core bodies. Mercury—bromophenol
blue reveals a strong reaction for proteins in the
core bodies and a weak reaction in the matrix.

Enzymatic digestions of thin sections show that
the core bodies are removed by a-amylase and
pepsin. Although the matrix appears somewhat
degraded after this treatment, it nevertheless re
mains even after 12 hr of incubation. Pronase, on

the other hand, removes the matrix without de

grading the core bodies. Hyaluronidase is in
effective in removing either component. These
enzymatic procedures were further confirmed by

digestions using paraffin-sectioned material.
Electron microscopic examination of tissue ex
tracted with chloroform:methanol shows that a

portion of the matrix is removed. What remain after
extraction are filamentous strands of material,
which probably represent the protein moiety of the
matrix. Lipid extraction does not affect the core
bodies.

The evidence obtained in this study suggests
that the core bodies are relatively rich in carbo
hydrates and the matrix in lipid. Peroxidase
tracer studies indicate that at least part of the
matrix is derived from extraoocytic sources and
incorporated into the oocyte by micropinocytosis.
The carbohydrate-rich core bodies, on the other
hand, may be synthesized and/or packaged by the
Golgi complexes of the oocyte. During vitello
genesis yolk from both sources is combined to
form the mature yolk body.
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15.16 THE ORIGIN AND FORMATION OF

CORTICAL GRANULES IN THE OOCYTES OF

AMPHIOXUS, BRANCHIOSTOMA CARIBAEUM

J. N. Dumont

The importance of cortical granules lies in their
ability to form a nearly impervious coat over the
surface of the egg during and immediately follow
ing fertilization. In amphioxus the cortical granules
of mature eggs are aligned in a layer approxi
mately 5 tz deep, just beneath the oolemma. The
cortical granules give a weak positive reaction
for polysaccharides and proteins when stained by
the PAS procedure and mercury— bromophenol blue
respectively. Preparations stained with Alcian
Blue, however, show an intense positive stain

ing reaction in the cortical granules, which indi
cates the presence of acid mucopolysaccharides.
In younger oocytes small acid mucopolysaccharide
deposits are found scattered throughout the
ooplasm. These deposits enlarge and migrate to
the periphery of the cell during maturation and
contribute to the formation of the cortical

granules.

Electron micrographs of young oocytes reveal
small Golgi elements consisting of stacks of about
five lamellae scattered throughout the ooplasm.

During maturation these organelles enlarge, and
those lamellae located at the concave surface of

the Golgi begin to dilate either distally or along
their entire lengths. As a result relatively large
vacuolar structures, many of which contain a very
fine particulate material, are formed. These sub
sequently fuse with others and migrate to the
periphery of the oocyte, where they become the
cortical granules of the mature egg. It has been
reported that cortical granule formation in amphioxus
is related to micropinocytotic activity of the
oocyte.x However, information obtained from this
study indicates that the cortical granules take
their origin from the Golgi complexes and that
their formation is unrelated to micropinocytosis.
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15.17 CYTOLOGIC CHANGES ASSOCIATED

WITH SPERMIOGENESIS IN

RHYNCHOSCIARA SP.

J. N. Dumont Ronald Eckhardt1
Ellen Mattingly1

The sciarid fly Rhynchosciara sp. has within the
past few years become an important and useful
organism for cytogenetic studies. Of particular
interest in this laboratory are certain changes
that occur during spermiogenesis, especially those
related to the mitochondria and the "limited"

chromosome. Rhynchosciara is especially suited
for these developmental studies, since larvae of
each group develop synchronously.

By 30 days after the larvae hatch, DNA syn
thesis in the spermatogonia ceases. However,
scattered throughout the testes are large polytene
cells which do continue to synthesize DNA. Elec

tron micrographs show that cytoplasmic processes
of these large polytene cells ramify into many of
the interstices between adjacent spermatogonia.
Close associations between these large cells and

the spermatogonia or spermatids similar to that
found between Sertoli cells and spermatids, as,
for example, in the mammals, have not been ob

served.

Well-defined cytoplasmic bridges provide con
tinuity between as many as four neighboring
spermatogonia. These interconnections are un
doubtedly related to the high degree of develop

mental synchrony found among groups of cells in
the testes.

After DNA synthesis ceases and mitosis is com
pleted, spermatogonial nuclei revert to the inter
phase appearance, and small "granules" appear
in the cytoplasm. These increase in size and
number during the period between the end of

mitotic divisions and the beginning of meiosis.
Electron microscope examination of cells during
this phase reveals that the "granules" are mito
chondria which contain a large droplet of material
in their matrices. By four days after hatching, the
mitochondria are all located in a circumnuclear

position and under phase-contrast optics appear
refractile. Beginning with spermatid elongation,
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these organelles fuse. In the mature sperm the
material is located within one large mitochondrion
and lies in a mass which occupies a tract along
the entire length of the spermatozoon. In the
spermatheca of the female the spermatozoa shed
this material. Its function remains obscure.

Histochemically, the "granules" give a positive
Janus Green B reaction, a test that is character
istic of mitochondria. They are negative for

lipid, do not stain with Feulgen, and give a weak
polysaccharide-positive reaction. They also

stain intensely with protein stains and with

pyronine Y; the latter reaction is not changed by
prior extraction with RNase.

During the time following mitosis and when the
cytoplasmic "granules" are accumulating, the
limited chromosome becomes pronounced adjacent
to the nuclear membrane. Accumulations of a

finely granular electron-dense material are seen
around the periphery of this chromosome. The

nature of this material is now being investigated.

Reference

1Cytology and Genetics section.

15.18 ISOLATION OF HEMOCYANIN FROM

HEMOLYMPH OF CALLINECTES SAPIDUS

Marilyn S. Kerr

Hemocyanin, the copper-containing respiratory
pigment of many Arthropoda and Mollusca, has
been a favorite protein for chemical, physical,
and serological studies since Ericksson-Quensel
and Svedberg first calculated the molecular
weights of different types of hemocyanin from
sedimentation data. x Hemocyanin (HCy) is not
contained in cells but is a plasma protein, and

generally, in most studies of the HCy molecule,

it has been assumed to be the major constituent
if not the only plasma protein present in the
hemolymph. It is distressing to question the re
sults of otherwise excellent studies, but one

wonders, when the above assumption has been
made, if investigators were studying only HCy.

Little has been published concerning the hemo
lymph proteins, except HCy, of molluscan forms.
This might be unique if, in its collective sera,
HCy is the only protein present. The serum pro
teins in crustaceans and in Limulus polyphemus

vary quantitatively and qualitatively. In the blue
crab, Callinectes sapidus, HCy is always present
in the hemolymph and, in some individuals, may
constitute as much as 97% of the serum protein;
in other individuals, it may be only one of at

least five (possibly more) constituents and may
constitute as little as 45% of the total serum

protein. This report outlines a simple method for
isolating HCy from hemolymph serum of the blue
crab.

DEAE-cellulose (120 to 200 mesh) was processed
and packed essentially as described by Peterson
and Sober2 and Wallace. The chromatographic
procedure, including washing of the columns,
gradient apparatus, and flow rate, is that developed
by Wallace. 3 A 29 x 1.9 cm column was equili
brated with 0.05 M ammonium bicarbonate, pH 7.8.
A concave gradient of sodium chloride and mag
nesium chloride was used to separate the proteins.

The first two bottles contained 0.05 MNH4HC03
and the third bottle contained 0.05 MNH4HC03,
0.5 MNaCl, and 2.0 mM MgCl,,. Ammonium bi
carbonate was used to facilitate concentration of

the low-molecular-weight, protein-like material
eluted from the column in the initial void volume.

The relatively low pH and the presence of Mg2 +
prevent dissociation of the HCy; 2.0 mM Mg2+ is
essential to avoid precipitation of the HCy during
concentration of the protein after elution from the
column.

Figure 15.18.1 shows a tracing of the optical
density (280 m/z) recorded during the separation
of proteins in an undialyzed 1.5-ml sample of
adult female Callinectes sapidus serum. The
gradient used had a total volume of 900 ml.

The protein-like material eluted from the column

in the void volume can be removed by dialysis of
the hemolymph sample against 0.05 M NH HCO
prior to chromatography. More of this material is
present in serum than in plasma from the same

blue crab. This fact and other preliminary obser
vations indicate that this material, apparently
released by the hemocytes, may be involved in
clotting of hemolymph. The proteins eluted by
the gradient, represented in Fig. 15.18.1 as
groups 1, 2, and 3, were concentrated by vacuum
ultrafiltration,3 dialyzed against phosphate buffer
containing 2 mM MgCl2, pH 7.4, and analyzed by
starch gel electrophoresis and immunodiffusion.
The protein represented by the first peak is most
striking in its quantitative variation among indi
vidual sera. This protein binds 59Fe and is
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Fig. 15.18.1. DEAE-Cellulose Chromatography of Hemolymph Serum from the Blue Crab.

associated with amylase activity (these two
properties have been inseparable in all protein-
separatory techniques tried to date), but nothing
specific can be said about its function. The
protein represented by the second peak is a copper-
bearing protein called "slow hemocyanin" by
Manwell and Baker4 and found to be present only
in sera from females, but not all females (Horn
and Kerr, unpublished). It does not appear to
dissociate with increasing pH, and nothing is
known about its oxygen-combining properties
other than that it, like HCy, acts as a peroxidase

in staining reactions after electrophoresis in
starch gel or acrylamide. The third peak repre
sents HCy. This is easily distinguished by the
blue color of the column effluent. The copper:
protein ratio is approximately 0.2:100. The
protein dissociates into characteristic subunits
when the pH is increased or during electrophoresis
in borate buffers.

This chromatographic technique is not recom
mended for the separation of all hemolymph serum
proteins. Several different buffer systems have
failed to elute a serum lipovitellin from DEAE-
cellulose. The method described above may be
useful to other investigators who wish to prepare
hemocyanin.
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15.19 INCORPORATION OF LEUCINE INTO

HEMOCYANIN DURING SHORT-TERM ORGAN

CULTURE OF HEMOCYTES AND HEPATO-

PANCREAS FROM THE BLUE CRAB

Marilyn S. Kerr

In an earlier attempt to label a serum lipoprotein
as a means of determining whether or not it is a

precursor to lipovitellin, female blue crabs were
fed or injected with L-leucine-l-3H or L-leucine-
1- 4C. Although no lipoprotein was present in any
of the sera from these crabs, all of the other serum
proteins appeared to be labeled within 6 to 10 hr
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after administration of the radioactive leucine.

Autoradiography of tissues from these animals
failed to reveal any specificity in localization.
For this reason, it was decided to use organ cul
ture techniques and to try to analyze proteins re

leased into the culture medium.

Blue crabs were anesthetized by placing them in
ice until reflex actions in response to touch dis
appeared. A periopod was washed in 95% ethanol
and cut off near the base. Hemolymph was allowed

to drip freely into gently swirling tissue media.
Tissues (hepatopancreas, ovary, heart, and leg
muscle) were excised, placed immediately in
sterile phosphate-buffered saline, minced, washed

in three changes of the buffered saline, blotted
with filter paper, and placed in the incubation
media. Three different media, obtained from

Grand Island Biological Company, Grand Island,
New York, have been used for the incubation of

these tissues: phosphate-buffered saline (IX) and
minimum essential medium (without leucine) with
Earle's salts (both designed for the culture of
mammalian tissues), and Grace's insect T.C.
medium. All media contained 1.0 mAf sodium

pyruvate and L-leucine-1- 4C (10 ^zc/ml).
Tissues and hemolymph from the same animals
were cultured in all three media.

Sampling at intervals during incubation at room
temperature (20 ± 0.5°C) showed that the rates of
14C incorporation into total protein were extremely
variable. Incorporation in Grace's insect T.C.
medium was slight. Tissues incubated in mini

mum essential medium showed the greatest in
corporation. After incubation, the hemocytes and

tissue fragments were removed by centrifugation.
A 1.0-ml aliquot of each supernatant solution was
mixed with 1.0 ml of hemolymph serum and
chromatographed on DEAE-cellulose. Analyses
of fractions resulting from chromatography of
media in which hemocytes or hepatopancreas had
been cultured revealed labeled hemocyanin.

The possibility that hemocyanin is synthesized
in both the hemocytes and the hepatopancreas

seems remote. The results obtained with hepato
pancreas tissue might be explained by failure to
remove all of the hemocytes before placing it in
the incubation media. Morphologically, the
hepatopancreas is complex, consisting of minute
finger-like projections closely packed together,
creating folds in which hemocytes might be trapped.

After the initial experiment using whole hemo
lymph resulted in labeled hemocyanin, control
studies in succeeding experiments included the
culture of serum in the same manner as the other

tissues. No radioactivity was incorporated into
the protein. Therefore, if the incorporation of
leucine into hemocyanin by whole hemolymph
cultures is merely an exchange of leucine in the
hemocyanin for leucine-l-14C of the culture
medium, the hemocytes must play an integral role
in this turnover. A definitive experiment would
be incubation of hemocytes alone. Attempts to

isolate these cells intact have been somewhat

less than successful. Hemocytes are involved
in hemolymph clotting (the mechanisms of which
are unknown in crustaceans), and the clotting
time of crustacean hemolymph is instantaneous
when compared with that of mammalian blood.
The best means found yet to inhibit clotting is to
draw hemolymph into a syringe containing con
centrated EDTA to a volume having a minimal
EDTA concentration of 0.6%. The clotting re
action can be retarded by chilling the crab be
fore bleeding and by collecting the hemolymph in
a previously chilled plastic centrifuge tube. In
either case, after gentle centrifugation to bring
down the cells, the hemocytes tend to clump and

stick to the bottom of the centrifuge tube. At
tempts to collect the cells on Millipore filters
have resulted in no greater success so far. The
cells are disrupted when they hit the filter, re
sulting in coagulation to the extent that the diluted
serum proteins cannot be pulled through the filter.

Future work will be directed toward isolation of

the hemocytes and investigation of their synthetic
capacities.
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16.1 THE SYNTHESIS OF LENS PROTEINS BY

EPITHELIAL CELLS IN TISSUE CULTURE

John Papaconstantinou J. W. Carr

Epithelial cells from embryonic calf and adult
lenses have now been successfully maintained in
continuous culture for a period of two years. One
of the questions we have been concerned with is
the degree of stability of these cells in culture
with respect to their ability to synthesize the tis

sue-specific lens protein (a-, /S-, and y-crystallins).
Experiments have been carried out to determine
whether a-, f3-, and y-crystallins are synthesized
by cells in primary culture, 9th subculture (90
days), 14th subculture (140 days), 25th subculture

(250 days), and 44th subculture (440 days). At the
end of each culture period, the cells were washed
with Hank's salts and were incubated for 6 hr in a

medium containing 3H-amino acids in Hank's salts
and 30% calf serum. After the incubation period
the cells were again washed and removed from the
glass surface by dispersing with viocase. The
dispersed cells were packed down by centrifuga
tion and resuspended in a homogenate of calf lens
fiber cells which had been labeled with I4C-amino

acids. Thus the fiber cell homogenate contained
14C-labeled a-, /3-, and y-crystallins, which were
used as carrier proteins for the 3H-labeled proteins
of the cultured cells. The cells were homogenized
in 0.005 Msodium phosphate buffer, pH 7, and
dialyzed exhaustively against the same buffer.

The a-, /?-, and y-crystallins were fractionated
on DEAE columns. Each fraction was analyzed
for optical density at 280 m/z to identify the crys
tallins as they were eluted from the column. These
fractions were also analyzed for 14C and 3H by a
double-labeled counting procedure using a liquid
scintillation counter. The 14C counts could,
therefore, be used to detect the radioactive pro
teins synthesized by fiber cells, and the 3H counts
could be used to detect the proteins synthesized by
the cells in tissue culture. In these experiments

special attention was given to the elution proper
ties of the 14C- and 3H-labeled proteins to deter
mine whether or not these counts were superim

posed as they were eluted from the column. In
order to determine any slight variation in elution
properties, a gradient elution system was used in
these experiments. The results of this experiment
showed that: (1) the lens cells in tissue culture

synthesize a-, /3-, and y-crystallins, (2) there was
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no difference between the 14C and 3H peaks, and
(3) in all cases both : 4C- and 3H-labeled peaks
followed the optical density pattern (280 mzt).
(Similar results were obtained when a stepwise
elution system was used.)

The Synthesis of a-, /?-, and y-Crystallins by
Cells in Tissue Culture. — In all of the cultures

studied, the DEAE-cellulose fractionation proce
dure indicated that a-, /3-, and y-crystallin syn
thesis is actively going on. There did not appear
to be any significant differences in the chroma
tographic properties of the crystallins from calf
fiber cells and from the cultured epithelial cells.

a-Crystallin Synthesis. —One of the interesting
changes that did occur during the continued cultur
ing of epithelial cells is the increase in synthesis
of the a-crystallins. Fractionation of the a-crys-
tallins into their five distinct proteins showed that
the synthesis of a-crystallins /, g, h, and i is much
greater than the increase seen in a-crystallin peak
e.] Since the a-crystallins differ from each other
with respect to their quantitative content of specific
subunits, this preferential stimulation of protein
synthesis may be due to an increase in synthesis
of specific subunits. The rate of synthesis of
these subunits from noncultured and cultured epi
thelial cells is now being studied.

Antiserum to the purified a-crystallins was pre
pared, and each of the cultures was further ana
lyzed by immunofluorescent techniques. There

was a strong fluorescence in all of these cultures.

Thus a-crystallins are synthesized by 44th sub
culture cells which have been in culture for 440

days.
^-Crystallin Synthesis. —The synthesis of r3-

crystallins was also studied by the chromatographic

and immunofluorescent techniques. Again, all cells
up to the 44th subculture showed a strong immuno
fluorescent response, indicating that the proteins
are present in these cells. In addition, the pro
teins from cultured cells showed similar chroma

tographic properties (DEAE-cellulose) to the ^3-
crystallins from fiber cells. There did not,
however, appear to be a corresponding increase in
/S-crystallin synthesis as was seen with the a-
crystallin.

y-Crystallin Synthesis. —In the intact calf and
adult lens, y-crystallin synthesis is specifically
found in the region of cellular elongation and in
the fiber cells. The immunofluorescent data in

this series of experiments show that there is a
large amount of y-crystallins present throughout
the cultured epithelial cells of primary explants.

Furthermore, y-crystallin fluorescence can be seen
in all subsequent subcultures by the immunofluo
rescent procedure, and the fact that they are being
synthesized was indicated from the fractionation of
radioactive proteins from the cultured cells. Thus

the immunofluorescence data indicate that y-
crystallin synthesis can be induced in epithelial
cells when they are removed from the lens and
placed in culture. Since there are several y-
crystallins making up this group of proteins, ex
periments were carried out to determine whether
all of these crystallins as seen in lens fiber cell
synthesis are synthesized by the cells in tissue
culture. To carry out these experiments the y-
crystallins were isolated from the other proteins

on a DEAE column at pH 7. The eluted y-crystal
lins were precipitated down with ammonium sulfate
and redissolved in 0.01 M Tris, pH 10. A DEAE
column was also equilibrated with 0.01 M Tris, pH
10, and the column was charged with the y-crystal
lins. The individual y-crystallins were then eluted
from the column by the stepwise addition of Tris HCl
buffers in the following concentrations: (1) 0.02 M,
pH 9; (2) 0.04 M, pH 8.6; (3) 0.06 M, pH 8.2; (4) 0.08
M, pH 7.6; (5) 0.1 M, pH 7.2. Using this elution sys

tem the y-crystallins can be resolved into five
peaks. Each fraction was analyzed for : 4C and
3H proteins. Again it was found that the 14C and
3H peaks completely overlapped, and both 14C and
3H peaks coincided with the optical density peaks.
These data indicate, therefore, that the cells in

culture can synthesize y-crystallins similar to
those found in the fiber cells.

This extensive series of experiments strongly

indicates that cultured lens epithelial cells are
extremely stable in that they maintain the ability
to synthesize crystallin proteins after extensive
subculturing. In this respect it should also be
pointed out that these cells do not lose their
morphological characteristics throughout this
culture period; that is, they retain the morphologi
cal characteristics of the epithelial cell. Since
the epithelial cells initiate the synthesis of y-

crystallins very soon after they are placed in

culture, these observations indicate that y-crys

tallin synthesis in the lens is regulated so that it

occurs only in the region of cellular elongation

and in fiber cells. When these cells are placed in

culture, this regulation is released. Further

studies on the mechanism of "induction" of y-
crystallin synthesis in culture are now being car

ried out.
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16.2 THE REGULATION OF RIBOSOMAL RNA

SYNTHESIS IN BOVINE LENS EPITHELIAL

CELLS AND FIBER CELLS

John Papaconstantinou Emilia M. Julku

In a continuation of our studies on the stabiliza

tion of mRNA during fiber cell differentiation and
in the adult epithelial cells, experiments have been
carried out to determine the nature of rapidly turn
ing over RNA in these cells. One of the main

objectives of these studies is to determine the
properties of ribosomal RNA synthesis and the
mechanisms of ribosomal assembly in cells which
have undergone terminal cellular differentiation,

such as the fiber cell, and in adult epithelial cells
which are in an extended stationary or G phase of
the cell cycle. Both of these cell types show simi
lar properties in that they carry out protein synthe
sis on stable templates,1,2 but they differ from
each other in that the fiber cell has lost the ability
to replicate, whereas the epithelial cell can be in
duced to go into division. Thus the properties of
ribosomal RNA synthesis and degradation in the
cells having stable templates (epithelial cells in a
stationary phase) and rapidly turning over templates
(dividing epithelial cells) have been studied. In
these experiments lenses were labeled with either

guanidine or uridine to follow overall RNA synthe
sis and with t1 4CH3]-methionine to follow the
synthesis of ribosomal precursor RNA, as well as
the formation of 28s and 18s ribosomal RNA com

ponents. The epithelial and fiber cells were sepa
rated at the end of each experiment, and each cell
type was phenol-extracted. The RNA was frac
tionated on sucrose density gradients, methylated
albumin kieselguhr (MAK), or acrylamide gel
electrophoresis to follow the pathway of synthesis
and degradiation of ribosomal RNA. In all experi
ments reported, the lenses were pulse-labeled for
3 hr with RNA precursors and chased for 3 hr with
actinomycin D.

Analysis of pulse-labeled RNA by sucrose density
gradients showed major radioactive peaks in the
45s, 30s, 20s, and 7 to 10s regions. The radioac
tive methyl groups from methionine were found to

follow the 45s and 30s regions closely. In no case
could we find significant radioactivity coincident
with the 28s and 18s ribosomal RNA peaks. There
were also regions of radioactivity greater than 50s
detected by short-term gradient centrifugation.
These regions did not show any methylation, in
dicating that they are not ribosomal. Thus by fol
lowing the incorporation of methyl groups, we were
able to locate the ribosomal precursor RNA's in
both sucrose gradients and MAK columns.

In an attempt to determine the amount of rapidly
turning over RNA going into the assembly of the
ribosome, that is, into 28s and 18s, all RNA syn
thesis was stopped by the addition of actinomycin
D to the incubation medium after a 3-hr incubation

with the radioactive precursors. An analysis of
the epithelial cell RNA chased with actinomycin D
showed that only a negligible amount of the methyl
ated 45s and 30s RNA appeared in the 28s and 18s
RNA. Similar observations were made with the

fiber cell RNA analyses. These data indicate that
although 45s and 30s RNA are synthesized (espe
cially by the epithelial cells) this RNA was not
being incorporated into the ribosome. Our data
indicate that the regulation of ribosomal assembly
does not involve the cessation of rRNA synthesis
and that one possible site of regulation may be the
inhibition of formation of 28s and 18s. Under these

conditions the ribosomal RNA precursors, that is,
45s to 30s are synthesized and the 30s is degraded
instead of being incorporated in the ribosome.

Since the epithelial cells can be induced to
divide by placing the lenses into organ culture,
similar experiments as those described above were
carried out with epithelial cells from cultured
lenses. These analyses showed that there was an
overall increase in RNA synthesis after three days
in culture. In addition, after treatment with actino
mycin D, it was found that the majority of the
radioactive RNA was chased into the 28s and 18s

RNA. This was also observed with the radioac

tive methyl groups. From these experiments we
conclude that nonstationary cells can complete
the processing of ribosomal RNA, which is
ultimately found in the assembled ribosome as 28s
and 18s species. Thus a major difference between
the epithelial cells in a stationary phase and those
undergoing replication lies in the ability of the
dividing cells to produce 28s and 18s RNA. It
appears, therefore, that a major regulatory step in
ribosomal assembly is the reactions involving the

conversion of 30s RNA to 28s and 18s RNA. Ex-
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periments are now being carried out to determine
the mechanism for the regulation of 28s and 18s
RNA formation.
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16.3 AN INCREASE IN THE COMPLEXITY OF

a-CRYSTALLINS DURING LENS CELL

DIFFERENTIATION

Winifred G. Palmer John Papaconstantinou

Preliminary studies of the changes in crystal
lin proteins occurring during lens development
have indicated that the a-crystallins of fetal, calf,

and adult lenses differ in their chromatographic
properties when fractionated on DEAE-cellulose.
However, the a-crystallins isolated from lenses

of different stages of development are immuno-
chemically identical. The chromatographic dif
ferences between them can now be correlated to

the changes in the subunit content of the protein.
The procedures for isolation of a-crystallins and

subsequent fractionation into their subunits have
been reported elsewhere.1 Chromatography of
adult cortex a-crystallin by DEAE-cellulose in
the presence of 7 M urea fractionates the protein
into seven subunits. To facilitate comparisons
between the proteins of different age lenses, the
subunit peaks from the columns have been divided
into three groups; region I contains subunits 1 and
2, region II contains subunits 3 through 6, and
region III contains subunit 7.

It can be seen in Table 16.3.1 that there are

significant differences in the subunit composition
of the a-crystallins extracted from lens cortices
at the three different stages of development. Sub-
units 1, 2, 3, and 4 are present in all of the a-
crystallins studied. Subunit 7 is present in very
small amounts in the fetal and calf fiber cells.

There is a large increase in the amount of this
subunit in the adult cortex a-crystallin. The

presence of only small amounts of subunit 7 in
the adult epithelium may indicate that the forma
tion of this polypeptide chain is associated with

Table 16.3.1. The Subunit Composition of the

a-Crystallins from Lenses at Different

Stages of Development

Age

Percent of Each Sub-

unit Region in Total

Protein

I II in

4-Month embryo cortex 57 39.6 3.4

4/-Month embryo cortex 43.4 52.1 4.4

Calf cortex 22.6 73.8 3.5

Adult cortex 18.2 63.5 18.3

Adult nucleus 28.9 64.2 6.9

Adult epithelium 26.4 63.9 9.7

fibrogenesis in the adult lens. Further differences
between the subunit compositions of fetal and
adult a-crystallins are found in subunit peak 5
(region II), which is entirely absent from the fetal
protein and apparently is not synthesized until
after birth. These data indicate that the develop
ment of the lens is accompanied by an increase in
the complexity of a-crystallins. The relative rates
of synthesis of the various subunits also change
during development.

Experiments are now being carried out to com
pare the half-lives of the messenger RNA's re
sponsible for the synthesis of the different sub-
units. Preliminary experiments indicate that the
half-lives vary considerably between the subunits.

Reference

XW. G. Palmer and J. Papaconstantinou, Bio
chemistry 7, 243 (1968).

16.4 AN IMMUNOFLUORESCENT ANALYSIS OF

THE DISTRIBUTION OF a-CRYSTALLINS IN

EMBRYONIC AND ADULT BOVINE

LENS CELLS

R. E. Shore Winifred G. Palmer

John Papaconstantinou

As a result of our recent studies on the immuno

chemical, biochemical, and physicochemical anal-



>

249

yses of the a-crystallins of the bovine lens, we

have been able to prepare a specific antiserum to
one of the five a-crystallins.1 This specific
antiserum was used to study the distribution of
a-crystallins in fetal and adult lens epithelial and
fiber cells through the use of immunofluorescent
techniques. It is the purpose of this project to
determine whether the distribution of the a-crystal
lins is altered during the growth of the lens and
to establish cytological evidence for the regula
tion of synthesis of this group of structural pro

teins. The immunofluorescent analyses have

shown that early in gestation a-crystallins are

evenly distributed throughout the central, peripheral,

and equatorial regions of the epithelial cell layer.

Strong fluorescence was also seen in the fiber

cells of these lenses.

At the end of the first half of the gestation
period (160 days), a-crystallin is no longer found
throughout the entire epithelium. In the central
epithelial region of lenses from late fetuses, the
intensity of fluorescence decreases markedly,
while a significant amount of fluorescence can
still be detected in the epithelial cells of the
peripheral region and in the fiber cells. In adult
lenses the epithelial cells of the entire central
region are devoid of fluorescence. This loss of
fluorescence extends to the peripheral region just
anterior to the equator, where the process of
cellular elongation or fibrogenesis is initiated.
These immunofluorescent analyses indicate, there

fore, that there is a continued loss of detectable

a-crystallin, starting from the cells of the central
region and extending progressively to the cells
of the peripheral region.

An interesting difference between the intra
cellular distribution of the a-crystallins and the
/3- and y-crystallins in epithelial and fiber cells
has also been found. Initial studies with the /3-
and y-crystallins have shown that these proteins
are present in the nuclei of elongating cells and
fiber cells. With respect to the a-crystallins, no

fluorescence could be detected in any nuclei at

all ages studied. Thus the a-crystallins are
specifically localized in the cytoplasm of epithelial
cells and fiber cells, whereas the /3- and y-crystal
lins can ultimately be localized throughout the
cytoplasm and nucleus of these cells.

In addition to the fluorescent analyses described
above, a series of sections from fetal and adult

lenses were examined by dark-field illumination.
Under these conditions the granularity of the cyto
plasm can easily be seen. The dark-field illumi
nation pictures of the embryonic cells show a high
degree of granularity throughout the entire epithe
lial cell layer. Similar photographs of the epithe
lial cells in adult lenses show that there is a

significant loss of granularity in the central region
cells. A comparison of the fluorescent and dark-
field sections has shown that the cells which have

lost their granularity are also the ones which
cease to show fluorescence. Furthermore, in the

peripheral region of the adult epithelial cells,
there is an increase in granularity, and it is in
this region that the fluorescence is retained.
These data indicate that the a-crystallins may be
associated with these cytoplasmic granules and
that the loss of fluorescence may be due to the
complete breakdown of a-crystallins when the
granules are lost. Similar preliminary experiments
in which conjugated antibody to y-crystallins has
been used show that y-crystallin fluorescence
also follows the granularity of the cell. Thus the
y-crystallins may also be associated with these
granules. These observations indicate that the
structural proteins of the lens, that is, a-, /3-, and
y-crystallins, may be complexed within the cyto
plasm as granules and further indicate the existence
of a highly organized structure in the cytoplasm.

Finally, we conclude from these studies that
the regulation of synthesis and degradation of
the a-crystallins in the epithelial cells may be a
function of the age of the cells and possibly of
their mitotic activity. We suggest the latter, that
is, mitotic activity, because of the well-known
phenomenon that the epithelial cells of adult
vertebrate lenses are in an extended G (station

ary) phase and will only go into mitosis by physi
cal or chemical stimulation. Thus although these
cells have not lost their ability to divide, the
mitotic index of the adult epithelial cells is
negligible, and they are in this extended Gx phase
indefinitely. Further experiments on the regula
tion of synthesis and degradation of the a-crystal
lins in stationary and dividing epithelial cells are
now in progress.
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16.5 THE STABILIZATION OF PROTEIN-

SYNTHESIZING TEMPLATES IN BOVINE LENS

J. A. Stewart John Papaconstantinou

We have previously shown that the stabilization

of mRNA is a process occurring in the lens during
(1) the differentiation of the epithelial cell to fiber
cells and (2) in the adult epithelial cells, when
the mitotic index is negligible and the cells have
entered a stationary or extended Gj phase of the
cell cycle. Since the adult lens epithelial cells

have not lost their ability to divide, experiments
were carried out to determine whether the stabiliza

tion of mRNA could be reversed when these cells

are stimulated to reenter the S, G , and M phases
of the cell cycle. It has been shown in other lab
oratories that the epithelial cells can be stimulated
to divide when the lens is placed in organ culture.
Under these conditions the epithelial cells of
rabbit and rat lenses enter into synchronous divi
sion. It was felt that this technique might be ap
plied to adult bovine lenses to determine whether
the stability of mRNA in these cells could be re
versed. (The stability of mRNA was determined
by the ability of actinomycin D to inhibit total
protein synthesis in the complete absence of RNA
synthesis.) Adult lenses were placed in organ
culture for various periods, removed, and incubated
with 3H-thymidine for 4 hr. During the first 24 hr
of culture, no change in DNA synthesis occurs;
after 40 hr in culture, there is a 25-fold increase

in DNA synthesis; and after 64 hr there is a 60-
fold increase in DNA synthesis. RNA and protein
synthesis also remain at the low noncultured
levels during the first 20 to 24 hr of culture and
increase markedly after 40 hr of culture.

Using actinomycin D to detect the presence of
stable templates during organ culture, it was
found that proteins were synthesized on stable
templates during the 24- and 40-hr culture periods.
After 64 hr in organ culture, a significant inhibi
tion of protein synthesis occurs. These data
indicate that the stabilization of protein-synthesiz
ing templates can be reversed in the lens epithelial
cell and that this reversal may occur when these
cells are induced to reenter the cell cycle.

Experiments have now been initiated to study
the mechanism and chemical basis for the stabiliza

tion of mRNA. We have observed that in lens

cells having stable templates there is always a
decrease in protein synthesis as compared with
that seen in cells where template turnover is

rapid.ll2 In view of this it was thought that
stabilization of mRNA might be directly associated
with the decrease in protein synthesis. Experi
ments were carried out to determine whether

similar differences in the rate of protein synthesis
seen in vivo could be shown in an in vitro protein-
synthesizing system. Polysomes from adult
epithelial cells and adult fiber cells were isolated

and tested for their ability to support protein
synthesis in vitro. It was found that polysomes
from fiber cells (which contain stable templates)
have a much lower incorporating capability than
those from epithelial cells. When both systems
were presented with polyuridylic acid as a mes
senger RNA, the ribosomes from fiber cells still
did not attain the level of protein synthesis ex
hibited by epithelial cell polysomes. Single ribo
somes from epithelial and fiber cell polysomal
preparations were isolated by sucrose density
gradient centrifugation. The single ribosomes
were also tested for their ability to incorporate
phenylalanine in the presence of poly U. The
results were identical to those described above;

that is, there is a very significant difference in

the rate of incorporation of amino acids into protein
in the presence of the epithelial cell and fiber
cell ribosomes. These experiments demonstrate
that during or immediately after lens cell dif

ferentiation the ribosomes are modified in such a

manner that their efficiency in protein synthesis
is decreased. The ribosomes, therefore, may con

tain the component or components responsible for
the stabilization of mRNA. We are currently in the

process of determining whether there are modifi
cations in either the protein or RNA components
of these ribosomes which might account for the
decrease in protein-synthetic capacity.
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16.6 STUDIES ON RIBOSOMAL DEGRADATION

IN LENS CELLS

W. F. Zapisek John Papaconstantinou

Electron microscopic studies of the internal

structure of the lens cell have indicated that there
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is a considerable loss of polysomes and ribosomes
in the fiber cell.1-4 Similar observations have

been made for the reticulocyte.5-7 Through the
use of methylated albumin kieselguhr (MAK)
columns, we have been able to show that there is
a very marked decrease in the amount of ribosomal
RNA (rRNA) extractable from fiber cells when

compared with that extracted from the epithelial
cells. These observations also indicate that

there is a decrease in the ribosomal population

of the lens fiber cell and are in agreement, there
fore, with those of the electron microscopist.

These experiments have been carried out with
both chick and bovine lenses. Studies are being

carried out to determine the mechanism of break

down of the ribosomes.

By comparing the MAK column patterns from
epithelial and fiber cells, it can be seen that
there is a sharp decrease in ribosomal RNA and
an "apparent" increase in the transfer RNA (tRNA).
One explanation for this may be that upon degrada
tion the rRNA may form low-molecular-weight
products which have chromatographic properties
on MAK columns similar to tRNA. Another ex

planation may be that rRNA breaks down com
pletely, resulting in an increase in the ratio of
tRNA to rRNA. Experiments were carried out to
test the homogeneity of tRNA as it is prepared from
MAK columns.

In one series of experiments attempts were made
to separate a 14C-aminoacyl-tRNA fraction from a
nonchargeable soluble RNA. Lenses were in
cubated in the presence of a complete mixture of
14C-amino acids. The RNA was extracted under

acid conditions to retain the aminoacyl-tRNA link
age. This RNA was then fractionated by DEAE
chromatography and by prolonged sucrose density
gradient centrifugation. In both cases, the optical
density at 260 mtz and the 14C-labeled material
formed superimposable peaks.

Further analyses were carried out with cesium
sulfate equilibrium density gradient centrifugation.
A uniform peak having a density of 1.68 g/cc was
formed. Analysis of this RNA on acrylamide disk
electrophoresis showed a single broad band. Thus
by all criteria the soluble RNA from chick lens
fiber cells appears to be tRNA and not contaminated
by rRNA breakdown products.

Experiments have been initiated to determine
whether there are rRNA breakdown products as
sociated with another RNA fraction. In these ex

periments, both epithelial and fiber cells were
subjected to differential centrifugation, and the
supernatant and pellet fractions were treated
separately by phenol extraction. The RNA ex
tracted from these fractions was placed on acryla
mide disk electrophoresis, which excludes 28s and
18s RNA. From the epithelial cell preparation it
was found that the supernatant fraction contained
large RNA species having a molecular weight of
approximately 3 to 4 x 105. The pellet contained
RNA species having a molecular weight of ap
proximately 4 to 5 x 104. Since these particles in
the pellet could be sedimerited by high-speed
centrifugation, it is possible that they were ini
tially bound to protein which was stripped off by
the phenol extraction.

In the fiber cells, only a very small amount of
RNA (exclusive of tRNA) was found in the super
natant fraction. The pellet contained low-molecular-
weight species of RNA similar to those observed
in the epithelial cells. Again, it is possible that
these small molecules could be sedimented be

cause they were bound to protein. These pre
liminary data indicate that rRNA may be degraded
in situ as RNP particles. Attempts to isolate
these particles are now in progress. In addition,
experiments are being carried out to further study
the mechanism of breakdown of the ribosomes in

the lens fiber cell.
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17.1 ISOACCE PTING tRNA'S IN MOUSE

PLASMA CELL TUMORS

Wen-Kuang Yang G. David Novelli

In previous reports1,2 we described the methods
for preparing tRNA's and aminoacyl-tRNA syn
thetases from mouse plasma cell tumor tissue and
demonstrated a complete profile of isoaccepting

tRNA's for the 20 amino acids by using the re-
versed-phase column chromatography of Weiss and
Kelmers.3 The multiplicity of isoaccepting
tRNA's for all the amino acids, except tryptophan,
in the plasma cell tumor consisting of monoclonal
cells was experimentally shown not to be due to
artifacts. The biochemical and biological meaning
of these isoaccepting tRNA's has been under our
investigation. To examine whether isoaccepting
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tRNA's may be involved in the synthesis of
myeloma immunoglobulins, comparisons of various
aminoacyl tRNA's from different mouse plasma
cell tumors have been performed by cochroma-

tography on the reversed-phase Freon column.

Results and Discussion. - MOPC 31B and MOPC

31C. —MOPC 3 IB produces unbalanced amounts
of subunits L and H chains of immunoglobulin G
and excretes Bence-Jones protein. MOPC 31C pro
duces the same but complete myeloma immuno
globulin. Lysyl, leucyl, aspartyl, histidyl, and
methionyl tRNA's were compared in these two
tissues. Nearly identical patterns of these amino
acyl tRNA's were found except methionyl tRNA's,
which showed a slight difference in the relative
quantity of the three isoaccepting species de
tected by chromatography.

Myeloma Immunoglobulin A Producer (MPC 62)4
and Immunoglobulin G Producers (MPC 47 and
MOPC 31C). —Among the various aminoacyl-tRNA's

analyzed, seryl-tRNA's showed the largest dif
ferences in these two kinds of plasma cell tumors.

The first of the four main peaks of seryl-tRNA is
prominent in IgG producers but minor in the IgA
producer; while seryl-tRNAIV is major in the IgA
tumor but nearly absent in IgG tumors. The
changes of these seryl-tRNA's were not due to
(1) enzyme preparations used, (2) subcellular dis
tribution of seryl-tRNA's, (3) lack of a pCpCpA
terminus of certain of the tRNA's, or (4) modifi

cation during tRNA preparation. The four seryl-
tRNA's showed no difference in their enzyme
specificity, in the stability of the ester linkage
with serine, or in the chromatographic location of
the seryl-oligonucleotides obtained from a T
ribonuclease digest. Preliminary results of bind
ing studies using various copolyribonucleotides

showed that the four species of seryl-tRNA's
recognized different genetic codes. These results
established that plasma cell tumors with different
functions of protein synthesis may have different
patterns of certain isoaccepting tRNA's. With
isolated polysomes and supernatant enzyme prepa
rations devoid of tRNA, serine incorporation into

protein appeared to be supported equally well by
the heterologous tRNA as by the homologous
tRNA from these plasma cell tumors. However,
whether this difference in seryl-tRNA's is directly

related to the formation of different myeloma im

munoglobulins or is a response to the requirement
for the translation of different genetic messages
remains to be determined.
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17.2 TRANSFER RNA's DURING DEVELOP

MENT IN ARTEMIA SALINA

J. C. Bagshaw F. J. Finamore1
G. David Novelli

The brine shrimp, Artemia salina, provides a
developing system amenable to biochemical
studies. The encysted blastulae, which are a
normal stage in the life cycle, constitute a re
liable reference point, and they develop uniformly
and almost synchronously to nauplii (the larval
form). tRNA and crude aminoacyl tRNA synthetases
have been prepared from both cysts and nauplii.
Aminoacyl tRNA's labeled with 14C or 3H are
fractionated by Freon reversed-phase chromatogra
phy, which gives good separation of different
tRNA's accepting the same amino acid. Thus by
cochromatography of, for example, cyst 14C-
leucyl-tRNA and nauplius 3H-leucyl-tRNA, a direct
comparison can be made of leucine tRNA's present
at two different stages of development. Results
to date show alterations during development in the

relative proportions of the different leucine-
accepting tRNA's. The same is true for arginine
and alanine tRNA's. Phenylalanine and threonine
tRNA's, on the other hand, appear to be identical
in the cyst and the nauplius. The work is present
ly being extended to include other amino acids.

Reference

developmental Biochemistry section.



254

17.3 PROTEIN SYNTHESIS OF

ISOLATED POLYSOMES

Peter Pfuderer Donna G. Shaffer

In vitro incorporation studies have failed to show

a good correspondence between gross concentra
tion of polysomal peaks and endogenous amino
acid incorporation. The usual polyribosomes seen
and identified in the analytical ultracentrifuge or
the sucrose density gradient are not very active
in endogenous (no added messenger RNA) amino
acid incorporation. These E. coli polyribosomes
have been characterized by sedimentation coeffi
cients of 30S and 50S for the subunits; 69S for
the monomer; and 102S, 129S, and 152S for the

dimer, trimer, and tetramer respectively. The
endogenous activity in these polysome prepara
tions occurs at sedimentation values of approxi
mately 85S, 120S, and 160S, where there are no
discernible peaks. If the previously mentioned
polysomes were true polysomes, that is, if the
ribosomes were held together by messenger RNA
and were not simply aggregated monomers, we
would have expected activity peaks at 102S, 129S,
and 152S, where the dimer, trimer, and tetramer

were. The monomer peak at 69S probably would
not respond in this assay if it were a ribosome
end product from polysomes, as is currently be

lieved.

A polysome of 85S has now been produced by
breaking the E. coli at higher pressures in the
French press. Under these conditions very few
polysomes are produced, and the 85S particle is
the predominant peak. If this particle is composed
of equal numbers of 30S and 50S subunits, as has
been reported in the literature, it is quite possible
that both the 85S and 102S particles consist of
two ribosomes, the former held together by a
strand of messenger RNA and the latter a mag
nesium aggregate. This assumption would fit the
incorporation data and also some evidence in the
literature which indicates that the 102S particle
is a magnesium dimer and that the 85S particle

consists of equal amounts of 30S and 50S sub-
units. It should be mentioned that the usual poly
somes which are inactive in the endogenous

assay are quite active when additional messenger
RNA is added to the assay mixture.

17.4 HYDROLYSIS OF OLIGORIBO-

NUCLEOTIDES BY AN ENZYME FRACTION

FROM ESCHERICHIA COLI1

Audrey L. Stevens S. K. Niyogi2

Certain in vivo studies suggest that messenger

RNA is degraded from the 5 '-termini. No ribo-
nuclease previously described degrades RNA from
the 5 '-end, and none previously described from
E. coli hydrolyzes short oligoribonucleotides to
yield 5 '-nucleotides. In a search for another
ribonuclease that might be involved in the degra
dation of messenger RNA, it was found that pApA
was hydrolyzed to 5 '-AMP by crude extracts of
E. coli.

An enzyme was purified tenfold from crude
alumina-ground extracts of E. coli on the basis of
its rate of hydrolysis of pApA. It rapidly hy
drolyzes adenine- and uracil-containing oligoribo
nucleotides with a 5 '-phosphomonoester end
group or with no phosphomonoester end group. In
all cases, 5 '-nucleotides and nucleosides are the

products. Its rate of hydrolysis of oligoribonu
cleotides with a 3 '-phosphomonoester end group
or of oligodeoxyribonucleotides with a 5'-end
group is only 10% of the former compounds. The
hydrolysis of polynucleotides has not yet been
studied because of contamination of the enzyme

fraction with RNase II. Further purification of
the enzyme fraction is in progress. With the more
purified enzyme, studies on its mode of hydrolysis
will be carried out.
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17.5 STUDIES OF COMPLEXES OF RNA

POLYMERASE FROM E. COLI WITH

POLYRIBONUCLEOTIDES

Audrey L. Stevens

DNA-dependent RNA polymerase from E. coli
binds readily to DNA and polyribonucleotides.
The complexes of the enzyme and polynucleotides
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can be isolated by sucrose density gradient cen
trifugation. Using small polyribonucleotides —
poly A, poly C, poly U, poly AU, and tRNA —
different features of the binding reaction have been
investigated.

At low ionic strength and in the presence of
divalent cation, two complexes of enzyme and
polyribonucleotide having sedimentation values of
approximately 15s and 21s are detectable by
sucrose density gradient centrifugation. The 15s
complex is the main component. In the absence
of divalent cation, only a 13s complex is formed.
A study of the effect of increasing NH CI concen
trations on the sedimentation properties and on
the stability of the complexes shows that a 13s
complex is also formed at higher salt concentra
tions (0.1 M). The poly A—enzyme complex is
most sensitive to increased ionic strength, being

dissociated completely by 0.2 M NH CI. The
poly U—enzyme and tRNA—enzyme are the most
stable complexes, being dissociated by 0.4 M
NH CI. Studies of competition between each of
the synthetic polyribonucleotides and tRNA for
enzyme suggest that the order of reactivity of the
polyribonucleotides is as follows: poly A = tRNA <
poly AU = poly C < poly U.

17.6 PILOT PLANT ACTIVITIES

Mary V. Long E. F. Phares

During the past year we ran some 73 fermenta
tions for five groups in the Biology Division, the
Macromolecular Separations Program, the Chemis
try Division of ORNL, and visiting investigators
from the University of Tennessee, the University
of Georgia, Marquette University, Rosary Hill
College, and the Ames Research Laboratory.
These varied in size from 26 liters to 400 liters

in continuous fermentation for the Macromolecular

Separations Program. The kinds of organisms
grown were: various strains of E. coli, Clostridium
pasteurianum, Aerobacter aerogenes, Photobac-
terium phosphoreum, Thiobacillus neopolitanus,
Thiobacillus thiopasus, Desulfovibrio desulfuri-
cans, and Desulfovibrio gigas. One interesting

run involved the production of 750 g (dry weight)
of the fungus Galerina marginata for the neutron
diffraction crystallography of amanita toxin by
Dr. Carroll Johnson of the Chemistry Division.
This was of interest since the cultural conditions

for the optimum growth of this organism had not

been previously determined and since it had not
been grown on a large scale previously. In trial
runs we worked out growth conditions that gave a
good yield of toxin and finally were able to obtain
good growth on a 225-liter scale.

In general it has been our experience that when
ever a visiting investigator brings his own orga
nism to be grown in our fermentor, we could work
out conditions with our equipment to give from
10- to 40-fold increases in the particular product
being sought. We are convinced that most in
vestigators working with microorganisms do not
take the effort to determine optimum conditions

for scaling up a fermentation. We know from ex
perience that a simple direct scale-up is not
usually successful, but that all variables need to
be reexamined under the new conditions.

17.7 THE INTERACTION OF PHENYLALANYL-

RNA SYNTHETASE AND tRNAPhe

M. P. Stulberg S.A.Fairfield1
T. W. Martin, Jr. K. R. Isham

J. W. Longworth 2

Continued studies on the interaction of highly
purified Phe-RNA synthetase and tRNAphe3 have
been hampered by unavailability of pure tRNA and
the need for further instrumentation. Nevertheless,

observed properties of substrate-enzyme binding
have added to our understanding of fluorescence

data concerning the interaction.
Protection of synthetase activity against heat

inactivation by either ATP or tRNA has been ob
served. This phenomenon is usually interpreted as
protection due to binding of the substrates by the
enzyme. Protection by ATP is reversed by Mg2
ions, and protection by tRNAphe occurs in the
absence of phenylalanyl-tRNA formation. Evident
ly nonacylated tRNAphe alone can bind to the
enzyme. Previous data3 indicated that fluores
cence quenching of the enzyme (tRNAphe-synthe-
tase interaction) occurred only in the presence of
a net reaction. The combined observations sug

gest that the quenching phenomenon is quite spe
cific and due to the formation of a ternary complex
of phenylalanyl adenylate, synthetase, and
tRNAphe, accompanied by a conformational change
of the protein. On the other hand, the binary com
plex of synthetase and tRNAphe (demonstrated by
protection against heat inactivation) is probably
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only a partially specific binding, not detected by
fluorescence quenching, and thereby without an
accompanying change in protein conformation. The
recent acquisition of circular dichroism instrumen
tation may allow us to observe the predicted con
formational changes upon specific conditions of
synthetase-tRNA interaction.

The almost uniquely large molecular weight of
the synthetase (180,000), compared with other
aminoacyl-RNA synthetases, suggested the like
lihood of a subunit or polymeric protein. How
ever, all studies on the dissociation of the enzyme
by known inhibitors and classical protein-disso
ciating agents have not demonstrated dissociation
into subunits or monomers. We have therefore

tentatively assumed that a dissociation-type con
trol mechanism does not operate in the phenyl
alanine activating system.
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17.8 STUDIES ON MULTIPLE tRNAHls IN
HISTIDINE-REPRESSED SYSTEMS FROM

BACILLUS SUBTILIS

M. P. Stulberg K. R. Isham
Audrey L. Stevens

Several observations in the literature indicate an

association of specific tRNA's with the initial
event in repression of amino acid—biosynthetic
enzymes by the corresponding amino acid. The
histidine-biosynthetic enzymes in Bacillus subtilis
are repressed when the organism is grown in the
presence of histidine and derepressed when grown
on histidinol (the immediate precursor to histidine).

The superior resolving capability of Freon reversed-
phase chromatography1 (RPC-2) has allowed us to
examine the pattern of tRNA'sHls for possible
differences under conditions of repression-derepres-
sion.

Preliminary results indicate that three species
of tRNAHis are distinguishable after RPC-2 of

extracted, purified tRNA. The three species differ
in proportion when tRNA from repressed cells is
compared with that from derepressed cells. Pres
ently we are examining whether these differences
can be associated with the repression phenomena
and whether they can be attributed to intercon-
versions of existing species of tRNAHls.
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17.9 ISOENZYMES: THEIR REGULATION

AND GENETIC CONTROL

K. Bruce Jacobson J. A. Knopp1
J. B. Murphy

We have chosen to study alcohol dehydrogenase
of Drosophila because (1) it exists in at least five
electrophoretic forms2 and (2) all these forms are
under the control of a single gene. 3 Our aim is to
explain the means by which these various forms
of the one enzyme arise.

The alcohol dehydrogenase has been purified to
a homogeneous state using standard procedures.

Let us designate the five electrophoretic forms
as ADH1( ADH2, ADH3, ADH4, and ADH5 in order
of decreasing electrophoretic mobility. We have
learned how to convert one form to another. For

conversion of ADHj-ADH4 to ADHS, the naturally
occurring mixture is adsorbed to DEAE-cellulose.
After several hours the enzyme consists only of
ADH and may be recovered in high yield (90%).
For conversion of ADH5 to ADH and ADHj, the
enzyme is simply incubated with NAD or NADH;
ADH disappears and ADH, appears, then a little
later ADH also appears, and, finally, the only
form present is ADH,. These two experiments are
consistent with the notion that the various forms of

alcohol dehydrogenase result from firm binding of
NAD to the protein. There are approximately four

NAD per ADH in ADHj and <0.2 NAD per ADH
in ADH s.

The process by which NAD and NADH interact
with ADH is being examined. On adding NADH
to ADH a strong fluorescence with a maximum at
430 m/z results that is about 30 times the fluores
cence of the separate components. On titrating

ADHS with NADH, this 30-fold enhancement of
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fluorescence is seen until there are equivalent

molar amounts of NADH and ADH5. Then less
enhancement is seen until there are 6 NADH per

ADH, and a last complex of 13 NADH per ADH
accounts for a lesser enhancement yet. After that
point no enhancement occurs on adding additional
NADH. These complexes that form are reversible
and thus are not able in themselves to explain the

conversion of ADH to ADH because the enzyme
retains the mobility characteristic of ADHS. How
ever, they may prove to be the first step in the
conversion process, and we intend to continue
the application of fluorescence technics in this
study.
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17.10 E. COLI VALINE tRNA SYNTHETASE:

PURIFICATION

P. 0. Ritter K. Bruce Jacobson

It has been reported that both a phenylalanine
tRNA synthetase from Neurospora crassa and a
valine tRNA synthetase from E. coli can catalyze
the charging of tRNAVal (E. coli).1 The Neuro
spora enzyme catalyzes the transfer of phenylala
nine to the tRNAVal (E. coli).2 The purified
enzymes, together with purified tRNAVaI, will be

used to study the synthetase recognition site(s) on
the tRNA molecule.3 Initial studies will involve

an examination of the effects of various modifica

tions of the tRNA molecule on the kinetics of the

two enzyme reactions.

The E. coli valine tRNA synthetase has been
partially purified with the use of the following
procedure. E. coli B cells are passed through a
Gaulin press, and the resultant mixture is cen

trifuged. Most of the nucleic acids are removed
from the supernatant with streptomycin sulfate;
then a 50 to 65% ammonium sulfate cut is col

lected. The enzyme solution obtained from the
ammonium sulfate fractionation is heated in the

presence of ATP, valine, and Mg2 , and the non-
precipitated protein is passed through a DEAE-
cellulose column. The enzyme is further purified
by chromatography on a hydroxylapatite column
followed by rechromatography on a DEAE-cellulose
column. Cellulose acetate membrane electro

phoresis at pH 8.5 indicates that the enzyme re
moved from the second DEAE-cellulose column

contains only one minor contaminant (estimated to
represent less than 10% of the total protein).
Ammonium sulfate fractionation or further chroma

tography will be used in an attempt to obtain a
homogeneous enzyme preparation.
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18.1 tRNA STRUCTURE AND FUNCTION

Mayo Uziel
H. G. Gassen

A. Jeannine Bandy
Chongkun Koh

Because of the biological function of tRNA, one
is not surprised to observe structural elements
common to all tRNA's and independent of biologi
cal source, as for example the unique composi

tional units GTWCG,1 CCA, 2 and the C • G initi
ating base pair. 3 The observations of marked
compositional differences among tRNA prepara
tions, for example, the number and distribution
of methylated bases in yeast and E. coli, sug
gest special roles for these compounds, but such
have not yet become clear.

We have been investigating the sequence of
tRNAphe from E. coli B (Molecular Separations
Program preparations 9-200-V, 13-104, 13-105,
13-41, and 13-83). To permit facile comparison
of the various preparations with only small amounts
of the tRNA at hand, we have developed highly re
producible mapping techniques. The complete hy-
drolysates may be analyzed by quantitative anion
exchange chromatography in conjunction with quan
titative nucleoside analysis,4 so that both the
position and yield of each oligonucleotide may be
accurately determined. We have isolated 27 oligo

nucleotides in greater than 85% yield by chromato
graphic separation after exhaustive hydrolysis with
either pancreatic RNase A (E.C. 2.7.7.16) or RNase
Tj (E.C. 2.7.7.26). In addition to the 27 major
fragments, a number of oligonucleotides have been
isolated in lower, variable yields depending upon
the preparation and extent of activity loss during
storage.

Because there are relatively few rare bases that
can serve as positional markers in tRNAphe (pseu-
douridine, ribothymidine, 4-thiouridine, dihydro-
uridine, and 7-methylguanosine are present), the
reconstruction of the full sequence is complicated.
Hence, we have begun to degrade the tRNA in se
quential fashion, beginning at the adenosine termi

nus. s We have been able to carry this procedure
through 15 cycles on preparation 13-105 (50% ac
tive tRNAphe) in order to obtain the sequence
-CGAGUCCGGGCACCA. This sequence is com

pletely consistent with an overlap of five of the
oligonucleotides previously isolated in greater
than 85% yield. We are continuing the sequential
degradation with a more highly purified sample of
tRNAphe.

Two unusual structural features of our tRNAphe

have emerged and may be compared with the pub
lished sequence for tRNAphe (yeast), even though

258
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our entire sequence is not completed. First, the
virtual absence of the common N-methylated bases
from the oligonucleotides isolated from E. coli
tRNAphe is in clear contrast to the composition
of the several yeast tRNA's (including yeast
tRNAphe) and rules out any special universal
role for TV-methylated bases in tRNA function.
However, the presence of 7-methylguanosine in
tRNAphe from both sources and its absence from

the other yeast tRNA's so far sequenced suggests
that this group may be involved in a function pe
culiar to all tRNAphe's.

Second, and probably of broader significance,
is the following observation: The sequence

- GAAAWCCCCG - is the only oligonucleotide
isolated that contains acceptable anticodons for
phenylalanine. This sequence contains the two
anticodons permitted by the wobble hypothesis,
arranged in overlapping fashion (GAAA). It is
not possible at this time to eliminate the AAA
sequence as a contributor to the anticodon func
tion. This gives rise to the speculation that ei
ther of the anticodon triplets may be used (one at
a time) by a simple conformational shift in the
messenger RNA or the tRNA, so as to permit the
codon to associate with AAA instead of GAA.

Such a conformational shift leading to utilization

of the other anticodon appears sterically possible.
Fuller and Hodgson,6 from the yeast tRNA data,1
have constructed a model for the anticodon loop
and conclude that three overlapping triplet posi
tions (a quintet) in the anticodon region are ac
cessible to the messenger codon, two of these
having a much higher probability of interaction in
the tRNA-messenger-ribosome complex. The two
probable sets are in the same relative position
as the GAAA sequence in our tRNAphe (E. coli),
thus giving more weight to the thought that either
anticodon may be used.

An analysis of the trinucleotide-dependent bind
ing of tRNASer (yeast)7 to ribosomes indicates a
possible extension of this concept. There is an
anomalous dependence upon AGU and AGC tri
nucleotides that may arise from the utilization of
a triplet other than the accepted anticodon triplet.
Examination of the tRNASer structures (there are
two) reveals the triplets UCU and UUU located
in a loop supported by a five-base-pair helical
region, strategically located between the GT*PCG
and H2U region very close to the normal position
for the accepted anticodon region. A conforma
tional shift similar to that described above may

allow trinucleotides to associate with the triplets
in this loop and thus bring about the binding of
aminoacyl-tRNA to ribosomes that is actually ob
served.

At present this speculation can be entertained
only for the trinucleotide-dependent binding experi
ments and may not occur when all components for
protein synthesis, including a bona fide messenger
RNA, are present. However, there are as yet no
grounds for excluding the trinucleotide-dependent
binding results as abnormal or artifactual.
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18.2 A SPECIFIC CLEAVAGE OF tRNA CHAINS

Mayo Uziel

A recurring problem in nucleic acid structure
determination is the preparation of large fragments
for the final stage of sequence reconstruction. The
ideal way to cleave the chain selectively is to ex
ploit a single sensitive residue. Such a residue
is present in tRNAphe and can be treated in a
highly selective fashion.

7-Methylguanosine may be depurinated at neutral
pH by heating in an aqueous solution (see step A
in diagram below). The resulting polymer can then
be separated into two fragments by either /3 elimi
nation or oxidative hydrolysis of the phosphate
ester. Quantitative analysis of the end groups
(fragment a) formed after procedure I (periodate
oxidation) shows an equivalence to the amount of
7-methylguanine released by heat. Over 90% of
the 7-methylguanosine either in the RNA chain or
as the free nucleoside is depurinated. Chroma
tography of the final products (a and b) indicates
that fragmentation of the E. coli tRNA chains does
occur.
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18.3 ON THE USE OF TLC AND TLE IN THE

SEPARATION AND CHARACTERIZATION

OF OLIGONUCLEOTIDES

H. G. Gassen

We have developed thin-layer electrophoresis

(TLE) and thin-layer chromatography (TLC) into
a sensitive and rapid method for the separation of

the oligonucleotides obtained from enzymatic hy-

drolysates of RNA. TLE alone or combined in a
two-dimensional system with TLC was applied in
two different ways: (1) Oligonucleotide mixtures,

obtained from column separation or from enzymatic

digests of larger oligonucleotides, were resolved

by TLE, thus avoiding a second column separation.

(2) Enzymatic hydrolysates of RNA were mapped
using TLE followed by TLC. TLE was performed

in a locally constructed Markham-Smith electro

phoresis apparatus adapted for precoated plastic

foils, whereas TLC utilized commercially avail

able equipment. As little as 2 to 5 nanomoles of

material may be applied to the layer and detected

after separation. A typical separation uses 1000

to 1300 v for 30 to 45 min in 0.1 MHCOONH4/
HCOOH, pH 2.45, although other pH's may be

used. If the mixture is too complex, it may be

followed by chromatography in the second dimen

sion on the same plate in ^-butanol—formate buffer

or another solvent.

The substances located by uv were eluted with
0.2 ml H,0 and analyzed, after hydrolysis to the
nucleoside level, with the nucleoside analyzer.
The recovery drops from ~95% for the mono- and
dinucleotides to about 70% for penta- and hexa-
nucleotides. Longer oligonucleotides cannot be

resolved by this technique. However, the method
has a number of advantages, especially its 10- to
20-fold increased sensitivity compared with paper.
The spots are distinct, about 0.5 cm in diameter,
and about 0.01 ODU can be detected. They can

be eluted with 0.2 ml H20, and the solutions are
nearly salt free. The Re and Rf values are helpful
in the identification of the oligonucleotides. If
the size of an oligonucleotide is known, its charge
at given pH can be calculated from the Re value.

18.4 THE PROPERTIES

OF PYRIMIDINE DISULFIDES

B. C. Pal

The recent discovery of 4-thiouridylic acid in
the soluble E. coli RNA1 indicates the possible
existence of —S —S— bonds in nucleic acids.2,3

A study of the properties of the disulfide of 4-
thiouridylate is essential if the existence of the
disulfide linkage in nucleic acids is to be demon
strated and its behavior understood. With this

object in mind, we have synthesized the methyl
analog (II) of 4-thiouridine disulfide as a model
compound by the method of Fox ef al.4
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The compound II crystallizes slowly from cold
water as long needles (mp 227° d.). An x-ray crys-
tallographic study of these crystals has been un
dertaken by Dr. Ralph Einstein. Analysis calcu
lated for C10H10O2N4S2: C, 42.54; H, 3.57; N,
19.85; S, 22.71. Found: C, 42.57; H, 3.55; N,
20.04; S, 22.90.

As expected, the uv absorption spectra of II at
pH's 2, 7, and 12 are similar to those of 4-thio-
uridine disulfide. Both the compounds have been
found to be unstable in alkali, liberating the 4-thio
monomer (I) and an unidentified compound, as re
ported previously for the natural (1-ribosyl) de
rivative by Uziel2 and Lipsett. 3 From this ob
servation, it appears that the alkaline cleavage
to yield an unidentified product is common to both
the natural material and our methyl analog (II) and
thus does not directly involve the ribosyl moieties
of the former. Preliminary experiments indicate
that our unknown compound hydrolyzes in dilute
acid to 1-methyluracil and l-methyl-4-thiouracil
(I). The isolation and characterization of the un
known compound and a study of other properties
of the —S-S— bond in 4-thiouracil disulfides are

in progress.
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18.5 STRUCTURAL SIMILARITIES

IN TRANSFER RNA's

Mayo Uziel
J. X. Khym

Chongkun Koh
A. Jeannine Bandy

N

Me

Transfer RNA's are cofactors for the activation

and transfer of amino acids to peptide linkages in
protein synthesis. Because of their common func
tion, they should contain common structural ele
ments, and these should be reflected in sequence
similarities.

Of the various tRNA molecules of known se

quence, several such features are evident from
the base distribution, one of which is the initia

tion of the terminal double-helical region by a

base pair at position 5 from the adenosine termi
nus. Other features are the presence of 75 moles
0f _ T - W- C - G - for each 100 moles of mixed

tRNA from both E. coli B and yeast1 and of a
terminal pG (90 per 100, with pA, pU, and pC in
the remaining 10). 2

Using stepwise degradation, 3 we have found that
about 65% of the total number of chains in com

mercial tRNA or 80% of the tRNA chains of E.

coli B tRNA contain cytidine in position 5 (Table
18.5.1). This is in good agreement with both the
amount of terminal pG and observations by others4
on the pyrimidine content of the fifth position of
tRNA. Similar data have been obtained for yeast

tRNA. Thus GC is the usual initiating base pair

in tRNA.

The finding of C at position 5 in such large
amounts provides additional evidence for a tRNA
structural property largely (80%) independent of
the biological source and of the particular amino
acid specificity of a tRNA molecule.
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Table 18.5.1. Sequential Degradation of E. coli tRNA

with lO^ and Amine-Catalyzed Base Elimination

Cycle U G A C
Total

Base6

Total

pb
i

Percent

ca,c

1 5 d 81 d 86

2 2 d d 85 87 170

3 d 7 16 64 87 85 94

4 5 20 40 21 86 88 33

5 2 15 15 53 85 90 80

6 3 23 23 37 86 84 50

86 nanomoles of RNA were used for this experiment
(terminal adenosine content; see c below for tRNA con
tent).

Corrected for mechanical losses.

cUsing Zamir's data on T*PCG content and those of
Preiss and Berg on CCA content5 for mixed E. coli
tRNA, there should be about 68 nanomoles of tRNA in
this preparation.

Quantity was too low to measure.
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18.6 PURIFICATION OF tRNA

B. C. Pal

Liquid-Liquid Extraction of Phe-tRNAptle. - The
effect of variation of salt concentration in the aque
ous phase on the distribution coefficients of tRNA
and Phe-tRNAphe, using an organic phase of 0.5
MAdogen 464 in Freon-214 and 14C-labeled Phe-
tRNA, has been studied. The K values have been

calculated on the basis of 0Do<;„ values (for the
tRNA), ignoring the contribution of Phe-tRNA. The
results indicate that Phe-tRNAphe can be enriched

eightfold by a single extraction in this system
using the aqueous phase 0.26 M NaCl, 0.01 M ace
tate buffer, pH 4.6, and 0.01 MMgCl2. In the ab
sence of measurements of uncharged tRNAphe, no
statement can be made as to the influence of the

attached Phe residue on the extractability of this
species. From similar although not identical re
sults obtained by others (at X-10) on tRNAphe,
it appears that the charged and uncharged species
have similar extraction coefficients.
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19.1 BIOCHEMICAL ANALYSIS OF NATURALLY

REJOINED SECTIONS OF DNA STRANDS

OF BACTERIOPHAGE T5

R. K. Fujimura Elliot Volkin

There are at least two ways in which nucleo
tide incorporation into DNA can occur. One is
sequential incorporation from one end during the
replication process, and the other is end-to-end
joining of preexisting polynucleotides. The
present study is on the molecules formed by the
second process, the process very likely involved
in recombination and repair processes of DNA.
The evidence in the literature for the involvement

of a short stretch of newly incorporated oligo
nucleotide in such a process is indirect. The
present work was initiated to get direct evidence
that the formation of such oligonucleotides is in

volved in the rejoining process.
The experiments showed that there is formation

of phosphodiester bonds between preexisting DNA

strands and newly incorporated nucleotides in the
absence of DNA replication. The system used was
the bacteriophage DNA in T5-infected E. coli. In
order to ensure that the nucleotides are not in

corporated into newly replicated DNA, a tempera
ture-sensitive DNA polymerase mutant T5ts53 was
used at a high temperature. Furthermore, bacteria
were grown in a medium containing bromodeoxy-
uridine so that newly replicated T5 DNA, as well
as E. coli DNA, are denser than infecting parental

T5 DNA.

The experiments and results were briefly as
follows: E. coli F growing in bromodeoxyuridine-
containing medium was transferred to a 43°C bath
just before infection and infected with purified
32P-labeled T5ts53 at moiety 5. Bacteria were
harvested 30 min after infection. DNA was ex

tracted by a method using lysozyme, pronase, SDS,
and hot phenol. Usually 80 to 100% of phage DNA
was extracted by this method as acid-insoluble
fraction. Sucrose density gradient analysis of ex
tracted DNA showed some fragmentation. How-
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ever, the degree of fragmentation differs from ex

periment to experiment, and it did not seem to
have an effect on the final result. Thus, it was

caused most likely during the extraction.

The extracted DNA was purified by CsCl density
gradient centrifugation, followed by alkaline di

gestion. The sample was then divided into two
fractions and hydrolyzed enzymically, one to 5'
nucleotides and another to 3 ' nucleotides. From

each fraction, bromodeoxyuridylic acid was isolated
in the presence of the corresponding 3H-dBrUMP
as markers by means of Dowex 1 Cl— chromatography.
The 32P-labeled dBrUMP should form only at the
joints; thus, it was small in quantity with respect

to other nucleotides and could not be detected

just by Dowex 1 chromatography. The samples
under the 3H-dBrUMP region were pooled, con
centrated, and further purified by two-step paper
electrophoresis —first at pH 2.7 and then at pH
9.3. The results after the electrophoresis in pH

2000
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5 BrdUMP

3 BrdUMP

9.3 are shown in Fig. 19.1.1. As can be seen,
there was no 32P activity under 3H-5'-dBrUMP.
However, 32P activity that is almost exactly
superimposable with 3H-3'-dBrUMP was present.
The identity of the peaks was further confirmed
by treatment of the samples from Dowex 1 with
venom 5' nucleotidase and alkaline phosphatase.
The 5' nucleotidase degraded 3H-5 -dBrUMP to
nucleosides but did not attack 3H-3'-dBrUMP or

the 32P activity superimposed on it. However,
alkaline phosphatase did degrade both 3H- and
32P-labeled substances. Thus, they could only
be 3'-dBrUMP. The identity of the slower mov
ing 32P peak is unknown, but it is not dUMP
and is not sensitive to alkaline phosphatase.

These results are consistent with the following
model of end-to-end joining of the preexisting
strands.

1. The DNA strands are broken, leaving P at the
5'position of deoxyribose.

17540
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e
o
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10 20
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Fig. 19.1.1. Electrophoresis of BrdUMP's.
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1. New 5 ' nucleotides are incorporated into these
gaps, joining two preexisting DNA strands.

If such a rejoined DNA is digested to 5' and 3'
nucleotides as was done in the present work, 32P
label from a polynucleotide is transferred only to
3'position of newly incorporated nucleotides;
thus only 3-dBrUMP will be 32P labeled. On the
basis of the fraction of 32P obtained as 3'-dBrUMP,
it can be calculated that the number of such nu

cleotides is about 25 per molecule. Assuming 50%
of T is substituted by dBrUr, the number of joints
per molecule is about 200. Thus this is too large
a number to be just a repair of preexisting natural
nicks in T5 DNA.

There may be two other possible explanations:

1. It could be degradation and reincorporation of
nucleotides from parental DNA. This is un
likely because there was no extensive degrada
tion, and the result was independent of degree
of the fragmentation of DNA extracted. Also,
there is no DNA replication in control experi
ments until about 90 min after the infection,

even at 30°C.

2. It could be by the replication of DNA near the
initiation site, and such a site may be covalently
linked to parental DNA. This is unlikely be
cause there are too many joints per molecule
to be at initiating point(s) of replication.

However, the reverse experiment, that is, dBrUr-
phage infection of bacteria in 32P medium, is in
progress, and the 32P incorporation into joint sec
tions is being analyzed.

19.2 PURIFICATION OF BACTERIOPHAGE

T2 mRNA

W. S. Riggsby Elliot Volkin

RNA isolated from a culture of E. coli infected

with T2 phage and grown in the presence of 32P04
and tritiated ribonucleosides was fractionated on

a nitrocellulose (NC) column. The column con
tained 15 mg of T2 DNA bound to 10 g of prepared
nitrocellulose powder; RNA was incubated with a
slurry of powder at 66°C for 18 hr, then placed on
a jacketed column at 60°C. After collection of
the effluent and washing of the column with 6XSSC
to remove unbound RNA, the hybridized RNA was
eluted with water. In a typical experiment, 5.7 mg

of RNA with a specific activity of 2. 3 x 103 counts
min-1 p-g"1 was incubated with the DNA-NC com
plex. The effluent, containing 4.3 mg, had a
specific activity of 8.0 x 102 counts min-1 fig-1,
while the first water fraction contained 0.24 mg
and had a specific activity of 2.2 x 10 counts
min-1 fig-1. The 6XSSC fractions and the subse
quent water fractions had specific activities simi
lar to the respective fractions given above. By
incubating and elution of several portions of RNA
on the same column, we have prepared approxi
mately 1 mg of the heavily labeled RNA. While
this preparation may contain other types of RNA,
its ability to hybridize with T2 DNA suggests that
it is principally T2 messenger RNA. We are now
attempting to characterize the primary structure of
the purified mRNA(s).

19.3 COMPETITION IN DNA-RNA

HYBRIDIZATION EXPERIMENTS

W. S. Riggsby Virginia Merriam1

Unlabeled RNA competes with labeled RNA for
binding sites on homologous DNA immobilized on
nitrocellulose disks. In principle, these experi
ments can be carried out in two ways: (1) simul
taneous incubation, in which the labeled RNA and
competing unlabeled RNA are added to the DNA-
loaded disks simultaneously; and (2) preincuba
tion, in which the disks are first exposed to un
labeled RNA, washed, and then exposed to labeled
RNA.

Formal analysis of the kinetics of the hybridiza
tion reaction leads to the prediction that method 2
should be the preferred method. It has been used
successfully for hybridization of viral RNA ' but
was reported to have failed in a mammalian sys
tem.4

We investigated this question in both mammalian
and phage systems. In the mammalian system, we
observed competition by means of the preincuba
tion technique when we used a large concentration
of labeled RNA with respect to DNA (100 to 1). In
agreement with the literature, we did not observe
competition when we used an RNA concentration

far below the saturation level (2 to 1). In the

phage system, we observed competition at all the
RNA concentrations used; in these experiments

the ratio of labeled RNA to DNA ranged from 0.044
to 92.5.
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19.4 THE STABILITY OF OLIGOADENYLATE-

POLYURIDYLATE COMPLEXES AS

MEASURED BY THERMAL

CHROMATOGRAPHY1

S. K. Niyogi

At the present time there are two convenient
ways to test the stability of polynucleotide com
plexes: (1) stability to ribonuclease, a procedure
useful for ribonucleotides; and (2) stability to in
creased temperature ("melting")- The first pro
cedure can be used with tracer levels of labeled

ribonucleotides, whereas the second, which in
volves measuring changes in absorbance vs tem
perature, requires large amounts of polynucleotide.
A simple method has been worked out, based on
thermal chromatography, of measuring the "melt
ing" temperature of tracer amounts of polynucleo
tide complexes.

The experiments involve labeled oligo A's con
taining either a terminal or no terminal phosphate.
These compounds are allowed to interact with
poly U of much greater length. Each complex of
oligo A—poly U was retained on a small hydrox-
ylapatite column that retains the poly U at all
temperatures of the melting experiment but can re
tain the oligo A only if it is complexed with the
poly U. As the temperature is gradually raised,
each oligo A— poly U complex "melts," where
upon the labeled oligo A is released from the
column and assayed. When the amount of oligo A
eluted per degree centrigrade is plotted against
temperature, a sharp peak, similar to a chroma
tographic peak, is seen centered around the melt
ing temperature, Tm. The temperature of release
(Tm) of the oligonucleotide is an indication of the
stability of the oligo A—poly U complex. The Tm
is directly proportional to the chain length of the
oligo A and is increased in the presence of Mg
ion. An oligo A with a 5'-phosphate end group

forms the most stable complex with poly U; re
moval of the 5-phosphate lowers its melting tem
perature. The presence of a 2'- or 3 '-phosphate
terminal group reduces the stability even further,
especially for (Ap), and (Ap)3. It is interesting
that these findings are in agreement with those of
McLaughlin et al.2 and Rottman and Nirenberg3
on the binding of oligonucleotides to polynucleo
tides on ribosomes but are in contrast with the

results of Lipsett er al.4 on binding to polynucleo
tides in solution. Perhaps the hydroxylapatite
crystal surface mimics the ribosome by providing a
similar pattern of interacting groups that stabilize
the polynucleotide duplex. Like the ribosomes,2
the hydroxylapatite has a stabilizing effect on
these complexes, as indicated by higher Tm's
than in solution.

When the reciprocal of the melting temperature,
1/Tm, is plotted against 1/N (the reciprocal of
the oligo A chain length), the points can be fitted
by a straight line extrapolating to a point on the
ordinate that corresponds to about 77° at "infinite'

chain length in the presence of Mg2 and to about
63—66° (depending on the presence or position of
the terminal phosphate) in the absence of Mg2 .
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19.5 STUDIES ON THE ROLE OF CHAIN

LENGTH AND BASE COMPOSITION

IN THE SPECIFIC ASSOCIATION

OF RIBOOLIGONUCLEOTIDES

WITH DENATURED DNA

S. K. Niyogi

RNA made in vitro on a DNA (T2, T4, T3, or
T7) template is degraded with nucleases and
fractionated according to chain length. Previous
studies1 from this laboratory have shown that a
chain length of ten or more ribonucleotides is
required to form a ribonuclease-resistant com-
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plex with denatured DNA, even under optimum con
ditions. The shortest oligomers capable of com-
plexing with denatured DNA do so with a high
degree of species specificity. For example, T7-
produced oligonucleotides complex with T7 and
T3 DNA but not with T2 or T4 DNA. Similarly,

T2-produced oligonucleotides complex with T2
and T4 but not with T3 or T7 DNA. Homology is

known to be greater between two "odds " or two
"evens" than between an "odd" and an "even"

phage DNA.
The ratio (A + U)/(G + C) of T3 and T7 oligomers

(8-mers to 16-mers) ranged from 0.89 to 1.13, whereas
that of T2 and T4 oligomers ranged from 1.80 to
1.94. The annealing of these oligomers was studied
at different temperatures. In both cases (T odd and
T even) a detectable complex can be seen with 10-
mers with a three- to fourfold improvement with 11-
mers. As expected, the temperature for optimum
complex formation is directly proportional to the
chain length of the oligonucleotides for both the
T-odd and T-even cases. However, the optimum

temperatures for the T-odd oligomers are con
siderably higher than those for the T-even ones
of the same size. This is evidently a reflection
of the higher G + C contents of the T-odd oligomers.
Furthermore, in the case of the T-odd oligomers,
upon passing from 11-mers to 12-mers there is a
great enhancement of complex formation. A
similar shift in the extent of complex formation is
observed with the T-even oligomers; however, this
occurs in passing from 12-mers to 13- and 14-mers.
This shift in stability at a higher chain length
for the T-even oligomers is probably due to the
lower G + C content of these oligomers as com

pared with the T-odd ones.
The stability of homologous oligoribonucleotide—

denatured DNA complexes on nitrocellulose filters
has been studied by "thermal chromatography."2
The "melting" temperature increases with the
chain length of the oligonucleotide, and T3 and
T7 oligonucleotides melt at temperatures higher
than T2 and T4 oligonucleotides of the same
chain lengths. This is evidently due to the dif
ference in base composition; the T-odd oligomers
have a substantially higher G + C content than the
T-even oligomers.
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19.6 THE GENETIC TRANSLATIONAL

APPARATUS OF MITOCHONDRIA

W. E. Barnett

L. S. Dure III1

J. L. Epler
Diane J. Goins

Transfer RNA's, aminoacyl-RNA synthetases,
and ribosomal RNA's, macromolecules known to

be involved in genetic translation, have been
isolated from Neurospora mitochondria and char
acterized. The following observations have been
made:

1. Mitochondria contain a complete set of tRNA's,
and the three mitochondrial tRNA's which have

been examined in detail (those for leucine,

alanine, and phenylalanine) are uniquely as
sociated with the mitochondria and distinct

from their counterparts found in the cytoplasm.
2. Mitochondria contain a full complement of

aminoacyl-RNA synthetases, and those ex
amined closely were found to be different from
the cytoplasmic synthetases in chromatographic
properties, in tRNA specificity in acylation,
and in being associated exclusively with the
mitochondria.

3. Ribosomal RNA's from both Neurospora mito
chondria and cytoplasm have been characterized
by sucrose density gradient centrifugation. The
S values for cytoplasmic rRNA's were calculated
to be 16 and 25.6, whereas the light and heavy
rRNA components isolated from mitochondria
were 16 and 23 S respectively. Thus the sedi
mentation behavior of mitochondrial rRNA's is

different from that of cytoplasmic rRNA's but
similar to that of rRNA's of bacterial origin.

The concept which arises from these observa
tions (and reports from other laboratories) is that
the complete sequence of transcriptional and trans-
lational events occurs within mitochondria and

that the macromolecules involved are unique to

this organelle and distinct from those found in and
used by the cytoplasm.
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19.7 CODING PROPERTIES OF NEUROSPORA

MITOCHONDRIAL AND CYTOPLASMIC

TRANSFER RNA's

J. L. Epler
Diane J. Goins

W. E. Barnett

R. A. Dolbeer

Fractionation of whole-cell Neurospora tRNA by
countercurrent distribution has resolved multiple
leucine tRNA's. Similarly, Escherichia coli con
tains multiple acceptors for leucine.

In the bacterial system, observations on code

word recognition of leucyl-tRNA's have pointed
to the occurrence of two types: (1) tRNA's coded
by CUX, where the 3' position X may be A, G, C,
or U, and (2) a tRNA coded by UUX, where X may

be G or A. Another of the leucyl-tRNA's of E. coli
responds, ambiguously, to poly U, especially at
high magnesium levels. In Neurospora, separate
leucyl-tRNA's respond preferentially to polymers

containing the above codons.
We have recently shown that Neurospora con

tains tRNA's and synthetases uniquely associated
with the mitochondria as well as those found in

the cytoplasm. Utilizing these mitochondrial and
cytoplasmic tRNA's and enzymes, we have ob
served that mitochondrial leucyl-tRNA responds

only to UC-containing polymers in ribosomal bind
ing, while cytoplasmic leucyl-tRNA's respond to
UC-, UG-, and (ambiguously) to U-containing poly
mers.

Countercurrent distribution of mitochondrial tRNA

has resolved the leucine species as a single peak
partitioning at the position of leucine II of whole-

cell tRNA. Similarly, the mitochondrial phenyl
alanine tRNA corresponds only to phenylalanine
I of whole-cell tRNA and is specifically charged
by the mitochondrial synthetase. Both phenyl
alanine I and II show a coding to poly U and U-
containing polymers.

A detailed examination of the coding properties

of mitochondrial tRNA's is in progress.

19.8 DNA SYNTHESIS IN ARTEMIA SALINA

C. G. Mead

The enzymatic mechanism responsible for the in
vivo synthesis of DNA in Artemia salina has not
been demonstrated in vitro. The classical type

of DNA polymerase is not demonstrable in ex
tracts of nauplii even at times when DNA synthesis
is occurring at a maximum rate in vivo. There ap
pears to be no inhibitor present in these extracts,
since E. coli DNA polymerase is unaffected when
added to the extracts.

The possibility is being examined that the
enzyme responsible for DNA synthesis in Artemia
salina utilizes substrates other than the normal

deoxynucleoside triphosphates. Finamore has
shown a direct relationship in vivo between the
utilization of P1,P4-diguanosine 5'-tetraphosphate
and the increase in DNA adenine. A highly
labeled compound has been isolated from acid-
soluble extracts of nauplii grown in seawater sup
plemented with 32P04 that has some properties
expected of an intermediate in the conversion of
P1,P4-diguanosine 5'-tetraphosphate to an adenine
derivative. Its chromatographic behavior on both
DEAE and Dowex 1 Cl— columns is that expected
of a dinucleoside tetraphosphate. The absorption
spectrum of this compound is not characteristic
of either a guanine-containing compound or an
adenine-containing compound but is intermediate.
Identification of this compound is currently in

progress.

19.9 NUCLEOTIDE SEQUENCE ANALYSES

J. X. Khym Mayo Uziel1

Recently we have shown that the cetyltri

methylammonium (CTA) cation can be used ef
fectively (as a precipitant for polyribonucleotides)
to ease the manipulations involved in the cyclic
stepwise degradation procedure that was de
signed to determine the sequence of nucleotides
in RNA. Details are given elsewhere.2,3

The -CpCpA terminus of tRNA (F. coli) was
repeatedly determined to check the reproducibility
of the CTA method. The amounts of base found

at each cycle in these experiments are shown in
Table 19.9.1. Once the reliability of the method
had been established, it was used in sequence

studies of tRNA from both E. coli and yeast (see
report given in the Nucleic Acid Chemistry group).

The lower limit in terms of the size of oligo
nucleotides that are quantitatively precipitated by
CTA is apparently a polymer that is approximately
15 nucleotides in length. This was determined by
solubility studies of CTA in the presence of oli-
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Table 19.9.1. Precision of Sequence Method in

Determining the -CpCpA Terminus of tRNA

Cycle Base Nianomoles Range

1 A 890 870-920

2 C 910 820-920

3 C 900 870-930

"About 930 absorbancy units of tRNA were used in
each single determination. Alkaline hydrolysis of start
ing material yielded 930 nanomoles of adenosine per 930
absorbancy units taken for analysis.

bNumbers represent average nanomoles found for six
determinations.

gonucleotides of varying length that were isolated
from Takadiastase RNase digests of ribosomal
RNA (rRNA). The solubility, in the presence of

CTA, of the higher molecular weight polymers such
as rRNA and TMV is also being investigated.

Initial sequence studies were carried out on a
1-micromole scale (i.e., the release of 1 micro-
mole of terminal base per cycle). Later experi
ments showed that sequences of polyribonucleo
tides could be determined conveniently at the 0.1-
micromole level. Studies are now in progress to

determine whether the CTA procedure can be used
for sequence work in which 0.01 micromole of
base is released in each cycle of the degradation

procedure.
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20.1 ROLE OF P\P4-DIGUANOSINE
5 -TETRAPHOSPHATE IN THE SYNTHESIS

OF DNA BY ARTEMIA SALINA

F. J. Finamore Rose P. Feldman

The nucleotide pool of newly hatched nauplii of
the brine shrimp Artemia salina contains large
quantities of guanine derivatives, particularly
diguanosine tetraphosphate, but only small amounts
of adenine compounds. These larvae are unable
to synthesize purines de novo, and as a consequence
they convert guanine to adenine as it is required by
the organism. Furthermore we recently reported1
that diguanosine tetraphosphate most probably
serves as the major source of the adenine
derivatives.

In an effort to gain some insight into the mech
anism by which guanine derivatives are converted
to adenine compounds by the nauplii, we exposed

the larvae to 14C-labeled purine mononucleotides
and determined the specific activities of the acid-
soluble purines and the nucleic acid purines. We
observed that when 14C-GMP is used it is con

verted to adenine nucleotides as well as guanine
nucleotides, but, more significantly, the labeled
guanine of the nucleotide pool serves as a pre
cursor of nucleic acid guanine, whereas the
adenine nucleotides derived from labeled guanine
are not efficient precursors of nucleic acid

adenine. This observation suggests that another
unlabeled source of adenine is the major precursor
of nucleic acid adenine. Use of 14C-AMP and

14C-IMP as precursors confirmed this conclusion.
Thus the proposed unlabeled precursor of nucleic
acid adenine must not mix with the acid-soluble

pool of adenine to any great extent but is somehow

compartmentalized. If diguanosine tetraphosphate
serves as a source of adenine, as our previous

results indicate, then it probably functions as
the principal source of nucleic acid adenine and
only secondarily as a source of acid-soluble
adenine nucleotides.

To determine if the utilization of diguanosine
tetraphosphate is linked to DNA synthesis in the

nauplii, we exposed the larvae to 14C-AMP and
5-fluorodeoxyuridine to inhibit DNA synthesis.
We observed that the drug prevents a net increase
in DNA adenine and strongly inhibits incorporation

of 14C-AMP into DNA while permitting incorpora
tion of the isotope into RNA. An investigation of
changes occurring in the nucleotide pool of control
nauplii and nauplii treated with 5-fluorodeoxyuridine
revealed that inhibition of DNA synthesis prevents

utilization of diguanosine tetraphosphate and the
net increase in ATP. However, the turnover of

adenine in ATP is unaffected by the drug. This

observation suggests once again that diguanosine

tetraphosphate serves only as a secondary source

of acid-soluble adenine, but now it appears that
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its principal function is to supply adenine directly
for DNA synthesis, not RNA synthesis.
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20.2 AN INVESTIGATION OF TREHALASE

ACTIVITY IN ARTEMIA SALINA

R. D. Ewing

Dormant encysted embryos of the brine shrimp
Artemia salina contain large amounts of the non-

reducing disaccharide trehalose, which is used
as an energy source for development of the embryo
to the point of excystation. During this period,
trehalose is rapidly degraded, with a concurrent
synthesis of glycogen and glycerol. The rate of
trehalose degradation has been found to be
dependent upon the oxygen concentration of the
medium, suggesting that the enzyme trehalase,
which catalyzes trehalose hydrolysis, possesses
regulatory properties. An investigation of trehalase
activity in extracts of encysted embryos is now in
progress. Optimal conditions for trehalose
hydrolysis are presently being studied with the
ultimate goal of examining possibilities of regula
tion by nucleotides.
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21.1 HORMONAL REGULATION OF TYROSINE

TRANSAMINASE IN FETAL RAT LIVER

IN ORGAN CULTURE

W. D. Wicks

As discussed previously, although rat liver
tyrosine-a-ketoglutarate transaminase is readily
induced by hydrocortisone in adult rats, this en
zyme is resistant to modification by the steroid
in fetuses in utero.1 Fetal rat liver has been

placed in organ culture so that studies on the

hormonal regulation of tyrosine transaminase can
be carried out in an environment free of repres
sors of its synthesis presumed to operate during
gestation.

As reported previously, hydrocortisone at 10-6 M
had no effect on fresh explants of term fetal liver,
but after 12 hr in culture a detectable increase in

tyrosine transaminase activity was observed.1 As

the time in culture increased, this effect became

progressively greater until by 48 hr the activity
of the transaminase was four- to eightfold higher
than that in control explants. If explants were
cultured for 42 hr before hormone was added,

only a brief lag was noted before enzyme activity
increased, and the maximum induction (four- to

eightfold) was achieved within 6 to 8 hr. These
results are consistent with the conclusion that

repressors of transaminase synthesis are present
in fresh fetal liver which are presumably degraded
during the early period in culture. Attempts to
block steroid-mediated induction by extracts of

fetal tissues have met with only partial success.
Extracts of placenta do have a limited ability to
prevent induction, but more experiments are re
quired to assess the significance of this effect.

Although hydrocortisone has no detectable effect
on either protein or RNA synthesis in the organ
culture system, transaminase induction is abol-
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ished by both cycloheximide and actinomycin D.
Pulse labeling of tyrosine transaminase with
high specific activity 14C-leucine, as detected
by selective immunochemical precipitation,
showed that hydrocortisone increased the rate of
transaminase synthesis threefold. These results
demonstrate that an increase in the de novo syn
thesis of transaminase protein is responsible for
the glucocorticoid-mediated elevation in enzyme
activity in this system, as has been shown to be
the case in adult rats in vivo.2

In the course of analyzing the specificity of
hormonal induction of tyrosine transaminase in
the organ culture system, it was found that some
other hormones were effective inducers. Among

various steroids tested, only the glucocorticoids
were active, but the protein hormones glucagon
and insulin each caused a limited induction of

the enzyme, similar to observations in vivo.3
Since these two hormones normally operate
by opposing mechanisms, the possibility had to
be considered that they induce the transaminase
by different mechanisms. Because glucagon is
a well-known stimulator of cyclic AMP formation
in liver, it was of interest to test the ability of
both cyclic AMP and epinephrine, an activator of
hepatic adenyl cyclase, to induce the enzyme.
Both substances proved to be as effective in
ducers as glucagon. Neither compound was ef
fective when added directly to homogenates, in
dicating that activation of the transaminase was
not involved. Cycloheximide completely abol
ished induction by these agents, implying that
synthesis of new enzyme protein is responsible
for their effect on transaminase activity. Di-

chloroisoproterenol, an inhibitor of the effects
of epinephrine on cyclic AMP formation, com
pletely abolished induction by the catecholamine
but had no effect on that by hydrocortisone.

These results support the conclusion that epi
nephrine induces tyrosine transaminase by way
of cyclic AMP and suggest further that the latter
substance induces by a mechanism distinct from
that operative with hydrocortisone. Since glucagon
also stimulates cyclic AMP formation in liver, it
seems reasonable to conclude that it induces by
way of the cyclic nucleotide as well. Since
insulin is known to lower the hepatic level of
cyclic AMP it would seem that insulin may induce
the transaminase by yet another mechanism. Cur
rent experiments are aimed at directly investiga
ting this possibility.
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21.2 HORMONE EFFECTS ON HYBRIDIZABLE

RNA FROM RAT LIVER

Claudio Pellegrino F. T. Kenney

As detailed in other reports from this group, a
variety of hormones change the rate of synthesis
of the enzyme tyrosine transaminase in rat liver.
At least two discrete induction mechanisms are

now recognized, one of which is sensitive to hy
drocortisone and the other to either of the poly
peptide hormones insulin and glucagon. Drews
and Brawerman have reported1 that hydrocortisone
treatment is associated with a qualitative change

in the fraction of nuclear RNA that hybridizes with
DNA; this fraction presumably contains the mRNA
for transaminase synthesis. We are attempting to
determine if the same change is detectable after
treatment with insulin or glucagon. If such a
change is found, it would indicate that there
exist two mechanisms for promoting mRNA syn
thesis, but a negative result would suggest that
the protein-hormone-mediated induction proceeds
via a mechanism not involving stimulated mRNA
synthesis. A great many problems were encoun
tered in developing the hybridization technique
to the point where competition experiments could
be performed in a fashion that we consider to be
meaningful. As this exploratory phase is now
nearly complete, the hormone studies will be done
soon as a joint venture with the Department of
General Pathology of the University of Siena,
Italy.
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21.3 HORMONAL CONTROL OF TYROSINE

TRANSAMINASE IN ISOLATED,
PERFUSED RAT LIVER

C. B. Hager G. R. Holloway F. T. Kenney

The rate of synthesis of hepatic tyrosine trans
aminase can be altered by the administration of
any of several hormones to adrenalectomized rats.

Hydrocortisone, insulin, or glucagon induces
tyrosine transaminase, whereas treatment with

growth hormone selectively represses this en
zyme.1 However, the in vivo approach is com
plicated by the fact that it is impossible to de
termine if an observed induction or repression
occurs as a result of direct participation of the
administered hormone at the tissue level. Con

sequently, the effect of each of the hormones
known to alter the rate of tyrosine transaminase
in vivo was studied in the isolated, perfused rat

liver using the techniques of Miller et al.2,3
Hydrocortisone, insulin, and glucagon were

found to increase tyrosine transaminase syn
thesis by direct action on the liver. A similar
effect of hydrocortisone in the isolated, perfused
rat liver has been previously reported.4,5 How
ever, repression by growth hormone is not ob
served in this system. Preliminary experiments
indicate that growth hormone effects the release

of some extrahepatic factor into the circulation,
which in turn acts directly at the tissue level.

Induction of rat liver tyrosine transaminase
apparently involves two separate mechanisms,
both sensitive to actinomycin. The induction

elicited by hydrocortisone continues for as long
as the steroid is present in the perfusion medium.
On the other hand, the elevated synthesis of
tyrosine transaminase initiated by either pan
creatic hormone ceases after 2 to 3 hr despite
continuous hormonal infusion into the medium.

These results support in vivo studies demon

strating additivity when hydrocortisone is ad
ministered with glucagon or insulin.6

Glucagon has been demonstrated to elevate
the level of cyclic 3 ',5 -AMP in liver prepara
tions.7 Therefore, the possibility of this
nucleotide being involved as an intermediate in
the induction of tyrosine transaminase is cur
rently being investigated. Addition of the di-
butyryl derivative of cyclic AMP elicits a slight
increase in the activity of this enzyme that is
kinetically similar to the response of either in
sulin or glucagon. However, the significance of
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this result is questionable since the maximum in

crease observed is not markedly different from
that found in several control experiments. Epi
nephrine, which increases the level of cyclic
AMP in the liver,7 has not been used effectively
because its vasoconstrictive effect prevents suf
ficient blood flow through the liver. However,

both epinephrine and cyclic AMP are effective
inducers of tyrosine transaminase in cultured
explants of fetal rat liver.8 Isoproterenol, an
analog of epinephrine devoid of any vasocon
strictor activity, and theophylline, a potent in
hibitor of the hepatic diesterase which inacti

vates cyclic AMP, are now being utilized in

these studies.
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21.4 HORMONAL CONTROL OF RNA

TRANSPORT

C. B. Hager F. T. Kenney

In vivo addition experiments1 and studies car
ried out using isolated, perfused rat livers2 have
implicated at least two distinct mechanisms for
the hormonal induction of rat liver tyrosine trans
aminase. The hydrocortisone-induced synthesis
of this enzyme is maintained by the steroid2-4
and presumably results from a shift in the spec
trum of messenger RNA synthesis.5 However,
induction of tyrosine transaminase by either
glucagon or insulin ceases after 2.5 to 3 hr,
despite the presence of either protein hormone.2
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Such a response may involve an alteration in the
permeability of the nuclear membrane facilitating
the transport of transaminase messenger. Assum
ing the existence of a messenger RNA pool in the
nucleus, the induced synthesis of tyrosine trans
aminase would depend upon the lifetime of the
stored messenger and not upon the presence of
the inducers. Such a mechanism for induction by
insulin and glucagon and for repression of tyrosine
transaminase by growth hormone is currently being
investigated.

The experimental procedure is designed to de
termine the effect of insulin, glucagon, and growth
hormone upon the appearance in the cytoplasm of
mRNA prelabeled in the nucleus with 3H-orotic
acid. The extent and time course of labeling of
the 45 S particle, which is thought to be the
transport form of mRNA,6 and of polysomes are
being studied. Preliminary experiments have been
concerned with the resolution of these entities by
density gradient centrifugation.
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21.5 STIMULATION OF LIVER RIBONUCLEIC

ACID SYNTHESIS BY ESTROGEN

J. L. Wittliff F. T. Kenney R. A. Wallace1

For several years our laboratory has been in
terested in the effects of hormones on ribonucleic

acid and protein synthesis. Induction of hepatic
enzyme synthesis due to hydrocortisone is pre
ceded by an increase in the rate of synthesis of
three types of RNA:2 (1) ribosomal precursor
RNA, (2) DNA-like RNA, and (3) transfer RNA.
This general effect on RNA synthesis after hor
monal induction provides little opportunity for
investigation of the mechanism of hormone action.
However, Wallace and coworkers3 have shown
recently that administration of estrogen to male
toads (Xenopus laevis) induces the formation of a

serum lipophosphoprotein (SLPP), presumably
synthesized in the liver. This lipoprotein com
plex may represent as much as one-half of the
total serum protein when induction is maximal.
Although estrogen may alter the levels of other
liver constituents, the induction of a single

species (SLPP) to such a concentration would
appear to provide an ideal system for investiga
tions of the mechanism of hormone action on the

RNA level. Presently we are examining the
labeling of the various types of RNA after estrogen
treatment to determine the nature of the hormonal

effect.
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22. Microbiology

Electron Transport Mechanisms in
Microorganisms

S. F. Carson'

M. I. Dolin

Dual assignments

22.1 KINETICS OF MALIC-LACTIC

TRANSHYDROGENASE

M. I. Dolin

Malic-lactic transhydrogenase1 catalyzes di
rect hydrogen transfer in the following reaction:
malate + pyruvate ^—ilactate + oxalacetate. The
steady-state kinetic behavior of the enzyme has
been investigated in both directions, and rate

equations describing the forward and reverse re
actions have been derived. A consistent set of

kinetic parameters has been obtained since (1) the
theoretical rate equations for the forward and re
verse reactions match the experimental data over
a 100- to 200-fold range of substrate concentration
and (2) the parameters for the forward and reverse
reactions yield the equilibrium constant of the

chemical reaction.

In a given direction, in the steady state, each
substrate forms an abortive complex with the

enzyme, and each product is an inhibitor of each
substrate. This leads to 12 inhibition constants,

8 attributable to product inhibition and 4 to sub
strate inhibition. All inhibition constants have

been evaluated, along with the other coefficients
of the rate equations. It has been found that the

dissociation constant for the abortive complex
with pyruvate is the same as the dissociation
constant for one of the two detectable spectral

changes found on titration of the enzyme (E.DPNH)
with pyruvate. In addition, the spectral change
under consideration is one which is consistent

with the formation of an unreactive enzyme—
pyridine nucleotide—pyruvate complex.

In conjunction with other information, the steady-
state kinetic data lead to the conclusion that the

enzyme enters and leaves each catalytic cycle as
a binary complex with a substrate molecule.
Three general types of such a mechanism, all
consistent with the empirical rate equation, can

be written. For one particular type, it can be
shown that the product terms of the rate equation
yield the eight experimentally observed product
inhibition constants. A more precise definition of
the mechanism will require information concerning

the distribution of enzyme species in the steady
state.
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23.1 LIGHT RETARDATION OF FUNCTIONAL

AND ULTRASTRUCTURAL CHLOROPLAST

DETERIORATION AND ITS INDEPENDENCE

FROM PHOTOSYNTHESIS

A. H. Haber

Paula J. Thompson
Patricia L. Walne

L. L. Triplett

It is common knowledge that leaves are greener
in the light than in the dark and that in most higher
plants light is necessary for the formation of the
photosynthetic apparatus. The work described in
this report was begun to see to what extent, if any,

light could control the photosynthetic capacity of
leaves by also controlling functional and ultra-
structural aspects of senescence of chloroplasts
already formed. Such a study of chloroplast and
chlorophyll degradation is made feasible by use
of aminotriazole, a chemical which prevents

chlorophyll synthesis and normal chloroplast forma
tion even in the light.J

Aminotriazole treatments were found which per

mitted wheat leaf growth without permitting any
detectable chlorophyll synthesis, as shown by the
complete absence of any chlorophyll peak in ace
tone extracts of those portions of the leaf formed

subsequently. In one experiment, described below,
we also used electron microscopy to confirm the

absence of chloroplast formation. Subsequent
experiments were performed with excised apical
portions of green leaves incubated with appro
priate concentrations of aminotriazole either in
darkness or under white light (Gro-Lux bulbs) of
various intensities and photoperiods. The leaf
sections were analyzed for chlorophyll content
for periods of from two to eight days after excision.
During this time the decline in chlorophyll con
tent, identical with chlorophyll decay since
chlorophyll synthesis was absent, was less in
light than in darkness. Better chlorophyll reten
tion in the light was accompanied by a greater
capacity for light-dependent 14C fixation from
labeled bicarbonate relative to controls that had

been in darkness. When photosynthetic fixation
could occur in the light, there was an optimal

light exposure for the effect on chlorophyll re
tention. When photosynthesis was prevented by
the photosynthetic poison DCMU, however, the
effect showed light saturation, and continuous
high light intensities were more effective than in
the absence of DCMU. These findings suggest

that products of photosynthesis accelerate chloro-
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plast deterioration and can counteract a non-
photosynthetic effect of light itself at high inten
sities. This suggestion is corroborated by ex
periments involving application of carbohydrate
either in light or in darkness. An electron micro
scope study showed that under saturating light
intensities and with photosynthesis prevented by
DCMU, the ultrastructural disintegration of the
chloroplasts was much slower in light than in
darkness. There was no ultrastructural evidence

for chloroplast formation in these experiments, as
expected, since aminotriazole was also present.
Under continuous illumination, light saturation

for the effect was at about 2400 ergs cm-2 sec-1,
and some effect was detected with only 9 ergs

— 2 — 1
cm sec .

A light requirement for chloroplast formation is
well known. Our results indicate that light has a

dual control in maintaining the green status of the

plant by exerting also a second effect: retarda
tion of senescence of chloroplasts already present.
Just as the light effect on chlorophyll formation
does not require photosynthesis,2 our results show
that the light effect on retarding senescence of
chloroplasts already present also does not require
functional photosynthesis.
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23.2 CANCELING ERRORS IN THE QUANTITA

TIVE DETERMINATION OF

a-AMYLASE ACTIVITY

A. H. Haber L. L. Triplett

Stimulated interest in amylases followed recent

demonstrations that de novo synthesis of a-amylase
is triggered by gibberellin.l A method often used
for determining the activity (effective concentra
tion) of a-amylase depends upon its capacity to
hydrolyze a-l,4-glucosidic bonds with a conse
quent decreased capacity of starch to form a blue
color with iodine. Applications of this method
have been based on a-amylase activity being pro
portional to the decrease in starch-iodine ab

sorbancy and inversely proportional to reaction
time.1-6 This report indicates, however, that
under conditions in which starch-iodine absor

bancy is initially proportional to starch concen
tration in the absence of any enzyme action, sub
sequent decreases in absorbancy resulting from
a-amylase action are not proportional to enzyme
concentration and reaction time. We also discuss

(1) a possible explanation for the previous find
ings that decreases in starch-iodine absorbancy
seem proportional to a-amylase concentration and
reaction time and (2) suggestions for quantita
tively determining a-amylase activity by starch-
iodine absorbancy changes despite these diffi
culties.

We find that for any given level of iodine rea
gent, absorbancy at 620 nm is proportional to low
starch concentrations only. Proportionality at
higher starch concentrations appears to be pre
vented by depletion of the iodine reagent. Studies
described in the next paragraph were performed
using starch and iodine reagent so that absor
bancy decreased linearly with starch dilution.

When a given concentration of highly purified
and crystallized a-amylase was incubated with
the soluble starch, the absorbancy decreased

nonlinearly with increasing time, enzyme con
centration, and product of reaction time and
enzyme concentration. The observed decrease in
absorbancy is proportionately greater for smaller
than for larger values of the product of enzyme
concentration and reaction time. Consequently,
there is no true constant of proportionality; that
is, the change in absorbancy is not proportional
to enzyme concentration and reaction time.
Despite this conclusion, for any given absorbancy
change enzyme concentration and reaction time
are still inversely proportional to each other.
The nonconstancy of absorbancy change per unit
of the product of enzyme concentration and re
action time could readily be explained by assum

ing that the color yield of starch-iodine complex
per unit length of starch molecule decreases with
decreasing chain length, as has been suggested.7

The question remains, why have others found
that absorbancy changes seem proportional to
enzyme concentration and reaction time? One
explanation might be that initial starch concen
trations were so great that, apart from any enzyme
action, dilution produced the less than propor
tionate decreases in absorbancy described in the
first paragraph of this section. Thus the absolute



value of the absorbancy change per unit decrease
in starch concentration would be a monotonically
increasing function of the decrease in starch con
centration. In the absence of this error, however,

as already stated, the presumed constant of pro
portionality relating absorbancy change to the
product of enzyme concentration and reaction
time is a monotonically decreasing function of
the product of reaction time and enzyme concen
tration. Consequently, the two disporportionate
aspects of absorbancy change tend to cancel each
other out.

These results indicate that changes in starch-
iodine absorbancy are not quantitative measures

of the progress of a-amylase hydrolysis of glu-
cosidic bonds. Since truly quantitative determina

tions should not depend upon canceling errors,
quantitative assay should not be based upon the
magnitude of the absorbancy change but upon the
constant product of enzyme concentration and re
action time to produce a given absorbancy change.
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23.3 IMMEDIATE AND DELAYED EFFECTS OF

LETHAL DOSES OF GAMMA RADIATION ON

ASPECTS OF PHOTOSYNTHESIS AND ON

ULTRASTRUCTURE OF CHLOROPLASTS

AND OTHER ORGANELLES

P. L. Walne

A. H. Haber

W. A. Arnold1
J. R. Azzi1

We have shown that a 1-megarad acute lethal
dose of gamma irradiation given to green wheat
leaf tissue produces no immediate effect on
chloroplast ultrastructure and actually suppresses
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greatly the normal disintegration of chloroplasts
in darkness.2,3 The work described in this report
was undertaken, using methods described earlier,2
to answer the following questions: (1) Except for
the slower time scale, does the sequence of
events observed in ultrastructural disintegration
of chloroplasts in darkness after 1 megarad re
semble the sequence observed in non-gamma-
irradiated controls? (2) Is there an optimal dose
for preservation of chloroplast ultrastructure?
(3) To what extent are the radiation effects on
chloroplast ultrastructure accompanied by radia
tion effects on aspects of function in and close
to the photosynthetic pigment system? (4) Are
the immediate and delayed effects on chloroplasts
paralleled by similar effects on ultrastructure of
other cellular organelles? Also discussed is the
possible relevance of these findings to pigment
localization by electron microscope studies.

The answer to the first question in the preceding
paragraph appears to be yes. (A description of
the events in ultrastructural disintegration of
chloroplasts in non-gamma-irradiated controls in
darkness is given in the earlier report. 2)

In our experiments 1 megarad appears to be at
or near an optimal dose for preservation of chloro
plast ultrastructure. Doses too far below 1 mega
rad are sublethal and permit normal chloroplast
disintegration; doses too far above 1 megarad,
for example, 2 megarads, produce immediate chloro
plast damage, even when the irradiation is per
formed at 0°C in darkness.

The 1-megarad dose, which retards ultrastruc
tural disintegration of chloroplasts in darkness
during four days after irradiation, also preserves
their capacity to emit "glow curves"4 after
illumination with white light at -196°C. After
2 megarads the glow curves appear normal when
assayed immediately after irradiation but are com
pletely abolished after four days in darkness.
Their capacity to emit delayed light normally was
prevented immediately after 1 megarad. A flattened
decay curve with abolished fast decay components
was found. Such a curve is also found in Chlorella

treated with the photosynthetic poisons DCMU,
CMU, and orthophenanthroline5 and in our green
wheat leaf tissue treated with DCMU. The glow-

curve results suggest that the "optimal dose"
(1 megarad) that preserves chloroplast ultra-
structure also preserves the capacity to put
energy from absorbed light into electron traps in
the photosynthetic pigment system exclusive of
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subsequent enzyme reactions. This capacity is
lost within a few days after the higher radiation
dose (2 megarads) that itself produces very early
structural damage observable by electron micros
copy. The effects of these different lethal doses
on chloroplast ultrastructure and on the function
ing of the photosynthetic pigment system ex

clusive of enzyme reactions are thus correlated.
By contrast, the delayed-light results indicate
that even the dose that preserves ultrastructure

very quickly prevents normal energy storage in
the photosynthetic system coupled to the enzymatic
reactions of electron transport.6

The absence of immediate detectable effects

from 1 megarad, the reduction in rate of disinte
gration after 1 megarad relative to that in non-
gamma-irradiated controls, and the presence of
immediate structural damage after 2 megarads,
which three ultrastructural effects we find in

chloroplasts, we find also in the plasma mem
brane, tonoplast, dictyosomes, endoplasmic
reticulum, mitochondria, nucleus, and ribosomes.

The 1-megarad-induced prevention of normal
chloroplast disintegration in darkness contrasts
with the 1-megarad-induced acceleration of de
struction of chlorophyll that occurs with illumina

tion. 3 Physiological and ultrastructural work is
in progress to study this photodestruction itself,
so as to permit a somewhat direct indication of
pigment localization within the chloroplast. Pre
liminary results indicate that the ultrastructural
sequence of events that accompanies photode
struction of chloroplasts after the 1-megarad dose

appears to be qualitatively different from the se

quence of events that occurs during normal chloro
plast disintegration in darkness or after 1 megarad
in darkness. Consequently, a characterization of
the locus of light action uncomplicated by either
normal or gamma-radiation-induced chloroplast
disintegration may be possible.
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23.4 INDUCED MITOTIC ACTIVITY AND

DISORGANIZED GROWTH IN RELATION

TO AUXIN-INDUCED TUMORS

D. E. Foard

A. H. Haber

Helen J. Luippold
Rhonda G. Farmer

Continuing our studies on the relation between

cell divisions and disorganized growth, we in
vestigated the effects of high concentrations of

auxin on parenchyma, the main tissue in which
plant tumors arise. Previously we have studied
the effects of high concentrations of auxin on
parenchyma from nonshoot structures of the wheat
embryo. This report concerns the induction by
auxins of (1) mitoses in parenchyma of the epiblast-
coleorhiza, a structure that normally grows without
mitoses, and (2) excessive, disorganized growth
of the cortical parenchyma of the coleoptile, a
shoot structure.

When unirradiated wheat grains are sown on
high concentrations (2 x 10-3, 10-3, or 10-4 M)
of the auxin indoleacetic acid (IAA), the epiblast-
coleorhiza, which is all parenchyma except for
a single layer of epidermis, grows in an excessive,
disorganized fashion. On the first day after sow
ing on the high auxin concentrations, a small
number of mitoses occur in the parenchyma of the
epiblast-coleorhiza. Mitoses increase in frequency
on the second day and reach a peak on the third
day after sowing. Mitotic activity is negligible
or absent by the fourth and fifth day after sowing.
Sections of the epiblast-coleorhiza reveal that
the mitotic activity is localized primarily in a
zone near the periphery. Kinetin in the presence
of auxin may enhance the mitotic activity, al
though kinetin without auxin does not induce such

activity by itself. This is the first demonstration
ever of mitosis occurring in the epiblast-coleorhiza
of any grass during germination. The inducibility
of mitotic activity in the epiblast-coleorihiza, in
addition to the previously demonstrated induci
bility of disorganized growth after normal growth
has ceased,! further strengthens the analogy to
tumor induction in plants.
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Treatment with the auxin naphthaleneacetic

acid (10-3 M) causes tumor-like growths in the
basal portion of the coleoptile of "gamma plant-
lets" (seedlings which grow without divisions
after exposure of the grain to gamma irradiation).
Sections of such coleoptiles reveal that the ex
cessive, disorganized growth occurs mainly in the

cortical parenchyma. The epidermis is affected
to a small degree; the vascular tissue shows no
histological disturbances. The tumor-like region
has histological features similar to those previous
ly described for the epiblast-coleorhiza and root
cortical parenchyma of IAA-treated gamma plant-
lets. 2 Thus the induction of tumor-like growth
has been demonstrated for a shoot part of wheat
seedlings growing without divisions and now in
cludes structures which normally grow with many

(root), few (coleoptile), and no (epiblast-coleorhiza)
cell divisions.

The finding of auxin-induced tumor-like growths
in the coleoptiles of gamma plantlets, but not of
seedlings from unirradiated grain, is similar to
our previous finding with roots.2 Perhaps the
inducibility in gamma plantlets might be explained
by an accelerated ontogeny resulting from mitotic
inhibition in those organs that normally would have
grown with cell divisions during germination. By
contrast, the epiblast-coleorhiza, inducible even
in seedlings from unirradiated grain, is near the
end of its ontogeny irrespective of irradiation.
Auxin inducibility of tumor-like growths in three
different structures of both gamma plantlets and

unirradiated seedlings may be summarized in the
following generalizations: (1) The inducibility
is not positively correlated with either mitotic
activity or irradiation and (2) the inducibility is
positively correlated with the proximity of an
organ to the end of its development.
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23.5 RADIATION-INDUCED CELL LETHALITY

AND SHOOT MERISTEM COLLAPSE IN THE

ABSENCE OF MITOSIS

D. E. Foard

A. H. Haber

Sarah A. Angel

Pat C. Kerr

The absence of cell lethality and meristem col
lapse in maize roots after high doses of ionizing
radiation to the seed has been attributed to the

masking of chromosomal damage by the radiation-
induced inhibition of cell division.* Thus far our
findings on gamma plantlets (wheat seedlings
growing without cell divisions after heavy gamma
irradiation of the grain) are consistent with this
idea.2,3,4 In order to test this idea further, we
have irradiated both growing gamma plantlets and
seedlings growing from unirradiated grain and
have studied them histologically. A previous re
port considered the root;4 the present report con
siders the shoot.

Seedlings from unirradiated grain and gamma
plantlets from grain given 800 kilorads were
irradiated when the coleoptile was about 3 mm

long with gamma-ray doses more than sufficient to
produce chromosome breakage. After shoot growth
had ceased, these plants were fixed and histo
logical sections were prepared. We also fixed
and prepared gamma plantlets and seedlings from
unirradiated grain, both sets of which received no
seedling irradiation. The results are as follows:
(1) 0 kilorad to dry seed; 0, 25, 50, or 100 kilorads
to seedling: In the plants that received neither
seed nor seedling irradiation, the stem apex and
leaf primordia have typically immature features
and many mitoses; new leaf primordia are initiated;
nuclear and cell divisions occur in the subapical

region of the stem. In the irradiated seedlings
the stem apex and leaf primordia are neither
necrotic nor collapsed, but have mature features,
especially vacuolate cells, and no evidence of
cell divisions; no new leaf primordia appear; the

subapical region of the stem consists of very
elongate cells. These plants look surprisingly
similar to gamma plantlets. (2) 800 kilorads to
dry seed; 0, 5, 10, 15, or 20 kilorads to seedling:
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The stem apex and leaf primordia are neither
necrotic nor collapsed, but have mature features,
especially vacuolate cells, and no evidence of
cell divisions. The subapical region of the stem
consists of elongate cells. Stems of gamma
plantlets reirradiated as seedlings do not become
as long as those of gamma plantlets not reirra
diated as seedlings. These results were found
in the same experiments in which reirradiation
stimulated gamma-plantlet leaf growth.5 (3) 800
kilorads to dry seed; 100 or 200 kilorads to seed
ling: The stem apex shows signs of incipient
necrosis and collapse; youngest leaf primordium
in all plants is necrotic, and outer cell layers are
collapsed; cells in the subapical portion of the
stem are vacuolate but are neither collapsed nor

elongate. (4) 800 kilorads to dry seed; 400, 500,
or 600 kilorads to seedling: The stem apex is

necrotic, and its peripheral cell layers are col
lapsed; youngest leaf primordium is collapsed;
the next youngest leaf primordium is necrotic and
partially collapsed; cells in the subapical portion
of the stem are vacuolate, but are neither collapsed

nor elongate.

Results in 1 above suggest that the histological

features observed in irradiated seedlings growing

from unirradiated grain are a consequence of the
inhibition of cell division. The results in 2 above

indicate that relatively low irradiations of gamma
plantlets affect stem growth without causing cell
lethality and meristem collapse. The results in
3 and 4 above indicate that, if the dose be high
enough, radiation-induced cell lethality and
meristem collapse can occur in the absence of
genie imbalance due to chromosomal aberrations
in dividing cells. A point of particular interest
here is that 100 kilorads seedling irradiation

appears to produce more shoot damage in a gamma

plantlet than in a seedling from unirradiated grain.
This observation is somewhat unexpected, based
on our previous observations of roots.4

The results in this and related previous re
ports2,3,4 indicate that the root is more radio
sensitive than the shoot after both seed and

seedling irradiation. After 100 kilorads of gamma
irradiation to seedlings from unirradiated grain,
the shoots subsequently look as if they were
gamma plantlets in two respects: the absence of
cell lethality and the presence of anatomic features

similar to gamma plantlets. Roots of such seed
lings, on the other hand, show cell lethality and
collapsed meristems, presumably from genie im

balance due to chromosome breakage in dividing
cells. For given doses of seedling irradiation,
the gamma-plantlet root appears more radiore
sistant, whereas the gamma-plantlet shoot appears
more radiosensitive than the corresponding struc
tures in seedlings from unirradiated grain. This

apparent paradox might be reconciled by the ob
servation that after irradiation of seedlings grow
ing from unirradiated grain, only shoots appear to
behave as they do in gamma plantlets; that is,
there is an apparent masking of chromosomal
damage by the radiation-induced inhibition of cell
division.
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23.6 USING COLCHICINE TO DETERMINE THE

NUMBER OF CELLS INITIALLY FORMING

A LATERAL ROOT PRIMORDIUM

D. H. O'Dell D. E. Foard

Rhonda G. Farmer

The question of how many cells are involved in
the initiation of an organ primordium is often diffi
cult to answer because the region of origin may
be diffuse and because accompanying cell divi

sions may obscure the originally participating
cells. The first difficulty may be overcome by
studying a primordium, for example, a lateral root
primordium, that regularly arises in a localized
region of a single cell layer. The second diffi
culty may be overcome by using an agent, for
example, colchicine, that prevents cell division
without simultaneously preventing initiation of
primordia.

In the lateral root primordia of seedlings from
embryos germinated on colchicine, pericyclic
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cells that normally would have divided instead
replicate their chromosomes without nuclear
division. Cells in the lateral root primordium

thus become "tagged" by their polyploid resti
tution nuclei. Therefore it is possible to count
directly from serial sections the number of parent-
root pericyclic cells involved in the initial forma
tion of a lateral root primordium. Thus far such
counts have been made for three cereals: wheat,

rye, and barley. In each case approximately 16
pericyclic cells are involved in the initial forma
tion of a lateral root primordium. This investi
gation is currently being extended to species in
other groups.

23.7 PHOTOSYNTHESIS

W. A. Arnold J. B. Davidson2
W. F. Bertsch1 J. R. Azzi

R. M. Pearlstein

We are studying the mechanism that the green
plant uses to convert the energy of light quanta
into chemical oxidizing and reducing power. De
layed light has been our main tool. During 1966
two experiments were made that justify this use
of delayed light. Dr. L. Jones, of the University
of Tennessee, spent the summer in Oak Ridge.
He showed that in completely relaxed plants two
absorption acts are required for the emission of
delayed light. At the same time Dr. W. Bertsch
was visiting the laboratory of Dr. R. Hill in
Cambridge. He, together with Dr. R. Hill and
Dr. Janet West, showed that in chloroplasts the
activation of noncyclic electron transport resulted
in an increased emission of delayed light at

1 msec.

Before these two experiments, few people had
doubts that delayed light production and photo
synthesis were competitive. It is clear that the
energy of one quantum cannot be used for both
delayed light emission and photosynthesis. It is
now clear that the energy of two quanta can, by
some kind of cooperation, do both.

Delayed Light Studies on Chloroplasts. - In
the early part of this year the Cambridge experi
ment was repeated a number of times in Oak Ridge.
The results are being published. In addition, we
also studied changes in the fluorescence intensity
of chloroplasts as noncyclic electron transport was
activated.

Energy Storage at Low Temperature. —Frozen
green plants are able to store energy, as is shown
by the reemission of light on heating the cells to
100°C. Five different kinds of light emission can

be seen. As the sample is heated from —196 to

100°C, four glow curves (a glow curve is a spike
of light emission at a certain temperature) and a
general low emission in the temperature range of
80 to 100°C are found. One of the glow curves
has the properties that are to be expected for the
first energy-storing step in photosynthesis:

1. The absorption cross section is more than 100
times that of a chlorophyll molecule, thus
agreeing with the size of the photosynthetic
unit.

2. Previous heating to 55°C for 5 min removes
the peak. This treatment is known to inacti

vate system II.

3. The mutants of Dr. Bishop show that this glow

curve is coming from system II.
4. DCMU, 3-(4-chlorophenyl)-l,l-dimethyl urea,

treatment makes this glow curve larger. DCMU
is believed to stop electron transfer.

5. With chloroplasts, ferricyanide is known to be
an electron acceptor for the Hill reaction.
Ferricyanide makes this glow curve smaller.

6. The activation energy for this glow curve
appears to be about 0.6 ev.

Decay Profile of Beta-Particle-Excited Fluores
cence of Chlorophyll in Green Plants. —Work
begun last year to determine the decay profile of
chlorophyll fluorescence in vivo is continuing.
We have determined that green leaves luminesce
under excitation by beta particles. The lumines
cence yield is at least 0.4 photon per incident

beta particle from a 147Pm source. The integral
luminescence spectrum excited by the beta parti

cles closely resembles the integral chlorophyll
fluorescence spectrum excited by blue light. The
luminescence yield of 0.4, together with reason
able assumptions, implies that the passage of
one beta particle through a leaf excites some 160
molecules of chlorophyll a. With these encourag
ing results, apparatus was constructed in the
Biology Division for use with a 90Sr source for
fast-timing studies. The apparatus and 90Sr
source were assembled at the Neutron Physics
Division, with whom we collaborated on the initial
development of the fast-timing electronics. Using
Cerenkov radiation from a thin piece of plastic
(instead of a leaf) as a test, we obtained a co
incidence resolving time of 0.7 nsec from the un-
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refined instrument. The instrument now will be

set up in the Biology Division. With some further
development work we expect to achieve a resolu
tion close to 0.1 nsec.

Exciton Trapping in Photosynthetic Units and
Related Systems. —During the past year new
theoretical studies of the exciton trapping problem
were initiated. In earlier studies3 only weak
energy transfer coupling between molecules was
considered. In the present studies we consider

strong coupling. The concept of a standing-wave
exciton is introduced.4 Exact solutions have so

far been obtained for the rate of trapping a standing-
wave exciton from a simple linear polymer with a
trap at one end. Surprisingly, we find that strong
coupling can lead to a slower rate of trapping in
such a polymer than weak coupling. On the other

hand, strong coupling may lead to faster trapping
than weak coupling in photosynthetic units. We
intend to continue these studies, and we hope to
coordinate them with our experiments on chloro

phyll fluorescence and delayed light.
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24.1 THE MOLECULAR DIVERSITY OF THE

PRIMARY PHOTOSYNTHETIC

CARBOXYLATION ENZYME

Louise E. Anderson G. B. Price, Jr.1
R. C. Fuller

In higher green plants "fraction I," a high-
molecular-weight compound with S20 of 18,
ribulose 1,5-diP carboxylase, and "holochrome,"
a chlorophyll-A—protein complex, have been shown
to be closely related or identical.

The purpose of the present experiments was to
ascertain whether or not "fraction I" or some

similar protein component with carboxylase activity
could be observed in extracts of the green alga

Euglena gracilis, an organism which contains
chloroplasts, and in extracts of the procaryotic
blue-green alga Anacystis nidulans. In addition,
a comparison was made of the properties of the
carboxylases of the photosynthetic bacteria
Rhodospirillum rubrum, Rhodopseudomonas
spheroides, Rhodopseudomonas palustris, and
Chromatium, organisms which contain ribulose
diphosphate carboxylase, but which do not have
the eucaryotic cell structure.

An 18S peak was observed in schlieren diagrams
of extracts of light-, but not in dark-grown Euglena.
The S values obtained for the ribulose 1,5-diP

carboxylases from Euglena, Anacystis, and
Chromatium ranged from 18 to 20 (see Table

Gertrude H. Brummett

Nicholas Rigopoulos
Opal K. York

24.1.1). In sharp contrast, two distinct and dif
ferent ribulose 1,5-diP carboxylases are found in
a third and possibly more primitive group of
photosynthetic bacteria, the Athiorhodaciae. The
carboxylases from R. palustris and R. spheroides
have S values of 12 and 14.5 (Table 24.1.1). It

is interesting that the dimers of 12 and 14.5S
proteins would have S values of 17 and 20. One
explanation of these data could be that the 18 to
21S enzyme found in higher plants, algae, and
Chromatium is a stable dimer of the carboxylase

found in Rhodopseudomonas. It is apparent, in

Table 24.1.1. S . Values for Ribulose 1,5-diP
rel

Carboxylases from Various Photosynthetic

Organisms

Organism S , Values
rel

Rhodospirillum rubrum 6.2

Rhodopseudomonas palustris 12

Rhodopseudomonas spheroides 14.5

Chromatium, strain D 18

Anacystis nidulans 19.5

Euglena gracilis 19

aValues, obtained as described in the text, are the
average of at least two determinations with extracts from
different cultures of cells.

285
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any case, that "fraction I" (or 18 to 20S ribulose
1,5-diP carboxylase) is not characteristic of all
photosynthetic organisms.

Neither an 18 to 20S fraction nor a 12 to 14.5S

fraction was found in extracts of Rhodospirillum
rubrum. The S . value, in contrast, of the ribulose

rel ' '

1,5-diP carboxylase from R. rubrum was 6.2 (Table
24.1.1). Clearly, this carboxylase is physically
distinct both from chloroplast "fraction I" and
from the carboxylase of R. spheroides and R.
palustris.

Although the complete details of the mechanism
of the primary photosynthetic C02 fixation reaction
from ribulose 1,5-diP and C02 to two moles of 3-
P-glyceric acid, catalyzed by ribulose 1,5-diP
carboxylase, are not currently known, one can
assume that the overall reaction is similar, if not

identical, in the multiplicity of organisms which
carry out photosynthesis. We are, therefore, faced
with a situation where the same or a very similar
reaction is catalyzed by an enzyme in at least
three quite different molecular forms. Additional
experiments are required to determine whether or
not the three carboxylases (6S, 13S, and 18S) are
indeed similar proteins or chemically unrelated.

Reference
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24.2 PTERIDINES IN PHOTOSYNTHESIS

N. A. Nugent R. C. Fuller

The primary electron acceptor in photosynthesis
has not been clearly delineated. Ferrodoxin, up
until recently, was the compound with the lowest

biological potential (— 0.4 mv) to be implicated in
photosynthetic electron transport. However, the
primary photochemical act in system I of plants
and the single photochemical act in bacterial
systems can generate a low-potential reductant of
around —0.8 mv.

The tendency of 6-substituted unconjugated
pteridines similar to biopterin to increase in
amount parallel to chlorophyll in developing
photosynthetic systems, indicates a role for
pteridines in photosynthesis. This correlation
has been observed in photosynthetic bacteria,

algae, and higher plants. The association of
pteridines with the photochemical apparatus and
the low redox potentials (-0.700 to -1.200 v) of
these compounds suggest a role in electron trans
port that may be related to the production of a
low-potential reductant in system I in green plants

or to the single photochemical act in bacteria.
A specific inhibitor of pteridine utilization in

Tetrahymena and Crithidia, 4-phenoxy-2,6-diamino-
pyridine (PDAP) (Fig. 24.2.1), inhibited photo-
phosphorylation by chromatophore preparations and
C02 fixation by whole cells. The development of
the photosynthetic system of Rhodospirillum rubrum
was also inhibited by PDAP. This effect was re
versible by addition of a purified pteridine fraction
and also by addition of biopterin.

A secondary effect of PDAP was to inhibit
colored carotenoid synthesis. This effect was
not reversed by addition of pteridine. The effect
of PDAP on carotenoid synthesis was similar to
the action of diphenylamine in that the more
saturated phytoenes accumulate in place of the
normal carotenoids. The data suggest an inhibi

tion of the dehydrogenation of phytoene by
pteridine inhibitors.

Chemical analysis of the pteridines isolated
from these bacteria indicates that they are deriva
tives of 2-amino-4-hydroxy-6-(2 ',3'-dihydroxy-
propyl)pteridine biopterin. The role of these com
pounds in photosynthetic electron transport is
being further investigated.

ORNL-DWG 68-3863

X^N
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H

Fig. 24,2.1. 4-Phenoxy-2,6-diaminopyridine (PDAP).
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24.3 REGULATION OF ACTIVITY OF CALVIN

CYCLE ENZYMES IN RHODOSPIRILLUM

RUBRUM

Louise E. Anderson R. C. Fuller

Three reductive pentose phosphate pathway
enzymes, ribose 5-P isomerase, ribulose 5-P
kinase, and ribulose 1,5-diP carboxylase, catalyze
the formation of phosphoglyceric acid from ribose
5-P and CO in green plants and in photosynthetic
bacteria. In Rhodospirillum rubrum, high levels
of kinase and carboxylase activity are induced by
autotrophic growth conditions, whereas isomerase
levels remain relatively constant regardless of the
mode of growth.

The isomerase and carboxylase have been

purified from R. rubrum. The isomerase has a
molecular weight of 57,000. The K for ribose&_ ' m
5-P is 1.6 x 10 M. The isomerase reaction,

measured in the direction ribose 5-P to ribulose

5-P, is inhibited by citrate, ribulose 1,5-diP (but
not by ribose 5-P), phosphate, NAD, and AMP.
The carboxylase has a molecular weight of 120,000.
The K for ribulose 1,5-diP is 1.2 x 10-4 M; for
CO 2.3 x 10 M. The carboxylase is inhibited

by a 3-P-glyceric acid, citrate, and phosphate.
It is not inhibited by excess ribulose 1,5-diP or
by ribose 5-P.

The following reactions show the sites of inhibi
tions of various compounds:

ribose 5-P -
isomerase

—I >
C citrate

ribulose 1,5-diP

phosphate
NAD

AMP

inhibitors -<

kinase
ribulose 5-P >

carboxylase
-+-ribulose 1,5-diP ^3-P-glyceric
( 3-P-glyceric

inhibitors< citrate

I phosphate

These data indicate that ribose 5-P isomerase

plays a key role in the regulation of photosynthetic
CO metabolism in this organism. The control of
ribose 5-P isomerase activity, but not of ribulose
1,5-diP carboxylase activity, appears to be inti
mately linked to compounds involved in energy

metabolism (AMP and NAD). It is suggested that
light, through the formation of ATP and NADH,
is involved both directly and indirectly in the

operation and regulation of the reductive pentose

phosphate pathway.
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25.1 CHROMOSOME REPLICATION IN

ESCHERICHIA COLI

L. G. Caro Claire M. Berg1

It has been stated by Nagata and other in

vestigators that the integration of the sex factor
in the chromosome determines the direction and

origin of its replication in Hfr strains of E. coli.

The relative gene frequency in isogenic Hfr
strains of Escherichia coli K-12 was assayed by
transduction with the phage PI in order to evaluate
the influence of the integrated F factor on the
origin and direction of chromosome replication. It
is expected that genes located near the origin of
replication will give approximately twice as many
transducing particles as those located near the
end. Three Hfr strains, with different sites of

288
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integration of the F factor and different directions
of chromosome transfer in conjugation, were studied.
No significant differences in transduced gene
frequency were found in one-cycle lysates made
on exponential cultures of the strains. We labeled
the chromosomes of the same strains with a pulse
of 5-bromouracil and prepared PI lysates on the
cells thus labeled. Heavy transducing particles,
having picked up the labeled portion of the chromo
some, were separated by density gradient centrifuga
tion in CsCl and analyzed for the frequency of
transduction of various markers. In an exponential
culture it is expected that the position of the
replication point will show a preference for the
origin of replication. However, no difference in
transducing frequency for various markers is found
between the three strains.

We concluded that, in these strains, the

integrated F factor does not affect the origin or
the direction of chromosome replication.

In an effort to determine whether the origin of
chromosome replication is a stable genetic site,
cultures of E. coli K-12 thy- leu- were starved
for leucine and labeled with 5-bromouracil during
the last 20 min of residual DNA synthesis, during
the first 20 min after the amino acid was restored,

and during 15 min of exponential growth. Gene
frequency was analyzed in the hybrid-density
transducing particles found in a PI lysate made
on these cells just after labeling. The results
show a definite gradient of marker frequency run
ning in opposite directions for the first two types
of labeling, as compared with the control made on
an exponential culture. They show that, for several
Hfr strains derived from E. coli K-12 W1485, repli
cation stops in a region located between ade3 and
try and runs in a counterclockwise direction. Re
sults from the analysis of total lysates on cultures
lined up by amino acid starvation indicate that
the stopping point may correspond to the origin of
replication.

A different line of strains, derived from E. coli
K-12 CR-34, shows a different origin, located be
tween lys and metE and a clockwise direction of
replication.

We have, therefore, shown that, as had been
postulated, amino acid starvation stops chromo
some replication at a fixed site. It is likely that
this site is the origin of replication. It is stable
but may be strain specific. Further efforts will be
directed toward studying the properties of this

site and the control of chromosome and episome
replication.

Reference
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25.2 THE INCORPORATION OF 5-BROMOURACIL

IN THE CHROMOSOME OF

ESCHERICHIA COLI K12

L. G. Caro Claire M. Berg1
D. P. Allison

Much of our knowledge of DNA replication in
Escherichia coli comes from the strain 15T—. In

the course of our experiments we found some dif
ferences between K12 strains and 15T—. The

major difference, from our point of view, is the
existence in K12 of a fairly large thymine pool,
not exchangeable with exogenous thymine, the
complete exhaustion of which, by starvation, takes
almost one full generation time. This pool makes
short pulses of label very difficult to interpret, a
fact which must be kept in mind in the design of
experiments.

Many experiments on chromosome replication in
E. coli involve labeling with bromouracil. Ac
cordingly we have tried to see if BU affects the
pattern of DNA replication in the strains we use.
Unfortunately, experiments similar to those used
by Lark to demonstrate sequential replication of
the chromosome in 15T~ are made impossible by
the existence of the thymine pool mentioned

earlier. We had to resort to other types of experi

ments.

In one type we labeled two aliquots of an ex
ponential culture with either tritiated BU or tritiated
thymine. After 15 min we washed the culture by
filtration and placed it in cold thymine medium.
Samples were taken at zero, two, three, four, and

five generations of growth, and the distribution of
labeled DNA fragments in the progeny cells was
analyzed by autoradiography. The first segrega
tion between labeled and unlabeled cells occurs

at the third generation in both cultures.

The number of labeled cells after three, four,

and five generations of growth can be used to cal
culate the number of labeled pieces, presumably
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DNA strands, present after the pulse. The extrapola
tion indicates that there were four to five (on the

average) labeled strands per cell for both BU and
thymine labeling. The apparent size of the pieces
is similar for both labels; the segregation pattern
is identical. The simplest interpretation is that
BU has not disrupted the normal replication pat
tern and is, in fact, incorporated by the normal
growing point.

In another type of experiment we examined the

replication of individual genes. Exponential cul
tures of E. coli K12 were grown in 5-BU for about
one-fourth of a generation. The cells were then
infected with the generalized transducing phage PI
in light medium. The resulting lysate was placed
on a CsCl gradient, where the hybrid-density trans
ducing particles were separated from the light ones
by centrifugation. The transducing activities were

then assayed on a multiauxotrophic recipient.

The results show that all markers are replicated
to some extent. Since the efficiency of transduc
tion of the markers is diversely affected by BU
and other factors, the absolute amount of replica
tion cannot be determined. Essentially, however,
the results indicate a normal replication pattern.

The tentative conclusion is that, in our strains

of E. coli K12, BU is incorporated by the normal
replication point and does not induce any major
replication aberration. This is in contradistinction

to the recently published statement by Abe and
Tomizawa2 that BU induces a new round of replica
tion at the origin.
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25.3 EXCISION OF Adg PROPHAGE FROM THE
BACTERIAL CHROMOSOME

R. A. Weisberg

Adg's are a class of bacteriophage with the fol
lowing properties: (1) They are found in low fre
quency in lysates from induced A-lysogenic cells;
(2) they transduce the galactose (gal) operon of
Escherichia coli; (3) they do not form plaques be

cause they are missing certain vital phage genes;
and (4) the gal operon has replaced the missing
phage genes on the phage chromosome. It is gen
erally accepted that Adg's are formed by an ab
normal excision of A prophage from its site on the
bacterial chromosome, as shown in Fig. 25.3.1.
Once Adg's are formed, they are stable and can be
efficiently propagated with the aid of normal A,
which can supply the functions missing in the Adg.

The present work was initiated to test the follow
ing hypothesis: that the attachment site of A, which
is necessary for the insertion of the phage chromo
some into the proper site on the bacterial chromo
some, is homologous to a corresponding attach
ment site on the bacterial chromosome. If this

were true, it would follow that prophage A is sur
rounded by two attachment sites (see Fig. 25.3.1),
each of which is homologous to the other. Further
more, it follows that the Adg attachment site is
homologous both to the A attachment site and to
the Abio attachment site.

We have tentatively concluded that the A attach
ment site cannot be completely homologous to the
bacterial attachment site. Our evidence, which
follows, suggests that the Adg attachment site is
different from the A and Abio attachment sites:

1. Using the system described last year,1 we
have found that prophage Adg does not detach
normally (or perhaps not at all) from the bacterial
chromosome.

2. If a normal A prophage or a Abio prophage is
adjacent to the Adg prophage, efficient detachment
of the Adg prophage (with or without concurrent
detachment of the other prophage) can occur.

3. Our evidence indicates that this "help" pro
vided to a Adg by A or Abio is not due to a gene
product, necessary for detachment, which can be

formed by the two latter, but not by the former
phage, but rather to a structural, cis-acting con
tribution of the attachment site of the helping pro
phage. This evidence, which is not as yet con
clusive, consists of (1) the inability of Ab2,
missing part of the A attachment site, to help and
(2) evidence which suggests that, for a superin-
fecting A phage to help a Adg prophage, the super-
infecting phage must first become integrated as
prophage.
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Fig. 25.3.1. Part of the Chromosome of a Lysogenic Bacterium Showing a Normal Excision and Excision of
Adg and Abio. gal and bio are bacterial genes which can be excised with A; int, R, A, and h are A genes. The
straight line represents the bacterial and phage chromosomes. The zigzag lines represent the A attachment sites
as described by A. Campbell, Advan. Genet. 11, 101-37 (1962).

25.4 STUDY OF TRANSDUCTION BY PHAGE PI

Grete Kellenberger-Gujer

In phage PI lysates, particles are found which
contain exclusively bacterial DNA. This host
DNA can be transduced to adequate recipient cells
and is integrated in their chromosomes. Almost
every genetic marker of E. coli can be transferred
that way with a frequency varying between 10~
and 10-4 with respect to the infective PI particles
obtained from the same lysate. If one infects
bacteria grown for several generations in heavy
medium and transfers them to light medium for the
growth cycle of PI, one finds that the transducing
particles contain fully heavy DNA.i Therefore the
bacterial DNA picked up by the phage was already
present at the moment of infection and packed into
PI coats without multiplication.

Nothing is known about the sequence of events
leading to the encapsulation of DNA into a virus
particle, that is, the condensation of the originally
extended molecules from the phage DNA pool into
a particle of precise shape and size. The lack of
synchrony in phage formation and the difficulty of
isolating the viral DNA at different stages of matura
tion do not allow the detection of minor chemical

changes in the DNA to be encapsulated. An

eventual difference between the DNA of the un

infected cell and the DNA found in the transducing
particles, however, could be easily studied. Fur
thermore, the phenomenon of generalized transduc
tion is in itself certainly worth a more extensive
investigation.

A number of approaches were tried:
1. Attempts to isolate a mutant of PI with a

higher frequency of transduction have so far been
unsuccessful.

2. Complementation experiments were done be
tween PI and phage A to find if PI produces
enzymes promoting transduction or if the uptake
of bacterial DNA is linked (and restricted) to PI

structural proteins. No transducing Aparticles
were found after mixed infection under various con

ditions. However, a rather strong exclusion of PI
by A was observed. In spite of the fact that all
outcoming A phages were "modified" by PI (host-
specific modification of DNA), it is possible that
other functions of PI could not be expressed in
the mixed infection. The negative result of com
plementation may, therefore, have other explana
tions.

3. The effects of transduction of various types

of injury to the chromosome of the donor bacteria
were studied. Irradiation with x ray or uv over a

dose range giving from 100 to 10% survival reduced
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the transduction frequency progressively to about
10% of its original value, while PI multiplication
was only very slightly affected. Experiments now
in progress are expected to determine whether the

uptake of bacterial DNA by the phage, the transfer
to the recipient cell, or the integration of the

transduced fragment is the affected step. Uv'd
HCR~ donors, unable to excise thymine dimers,
yielded more transducing particles than HCR
bacteria treated with the same doses. Apparently
bacterial DNA undergoing repair is less suitable
for transduction than DNA carrying uv lesions. A
similar conclusion holds for x irradiation also: if

one allows the donor to start repair by incubation
for 40 min prior to PI infection, less transducing
particles are made than when it is infected im

mediately after irradiation.

Experiments with very low doses of x ray or uv
indicate that neither double-strand breaks nor

single-strand excisions promote transduction. This
conclusion is based on rough calculations using

the data of J. Setlow2 about the frequency of
lesions for a given dose of uv or x irradiation.

Surprisingly enough, a short treatment of the
donor bacteria with ultrasonic waves increased

the transduction frequency markedly.

We plan to extend these studies by testing the
influence on transduction of various growth or
starvation conditions and that of antibiotics or

chemicals suspected to act on DNA.
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25.5 SOME PROPERTIES OF ISOLATED

PROPLASTIDS FROM ETIOLATED MAIZE LEAVES

Ann B. Jacobson R. W. Williams

Crude plastid preparations from etiolated maize
leaves are contaminated with bacteria which come

PHOTO 91315

Fig. 25.5.1. An Electron Micrograph Showing a Section Through a Typical Isolated Proplastid from Etiolated

Maize Leaves. The organelle appears well preserved. The prolomellar body (PB) is tightly organized; ribosome-

like particles are apparent in the stroma (S). 26,000x.
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from the leaf surfaces of the plants from which the
organelles are isolated. In the past yearwehave
explored techniques for growing sterile plants and
have concluded that it is more practical to re
move bacteria from plastid preparations during the
isolation procedure by repeated low-speed differ
ential centrifugation. The level of contamination
in proplastid preparations has been reduced from 13
bacteria per 100 plastids in the initial homogenate
to an average level of 7 bacteria per 10 plastids
in the purified preparations. Because of our
recent success in obtaining proplastids which are
relatively free of bacterial contaminants, it has
been possible to begin experiments on their
synthetic properties after isolation.

The isolated proplastid preparations have also
been examined with the electron microscope for

morphological integrity. As seen in the accompany
ing electron micrograph (Fig. 25.5.1), the isolated
organelles are well preserved. The proplastids
have retained their outer membrane, ribosomes are

present in the stroma, and prolamellar body is well
preserved. These preparations should be quite
useful for further studies of proplastid development.

25.6 SEDIMENTATION PROPERTIES OF

RIBOSOMAL RNA FROM PROPLASTIDS OF MAIZE

Ann B. Jacobson R. W. Williams

In our previous report1 we described preliminary
results which showed that one component of the
ribosomal RNA isolated from proplastids of etiolated
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Fig. 25.6.1. A Comparison of Sedimentation Rate of Proplastid and Cytoplasmic RNA on Sucrose Gradients,

(a) Whole leaf RNA, (6) plastid RNA, (c) mixture of whole leaf and plastid RNA.
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maize leaves was different than the ribosomal RNA

isolated from the cytoplasm of the same leaves.
During the past year this work has been elaborated.

We have employed sucrose gradients capable of
greater resolution, and it is now clear that both

the heavy and light ribosomal components of plastid
RNA sediment at rates different than the cyto
plasmic ribosomal RNA's. Approximate sedimenta
tion values have been obtained by calibrating
gradients with ribosomal RNA from Escherichia
coli. We have obtained values of 15 and 23S for

plastid ribosomal RNA and 16 and 25S for cyto
plasmic ribosomal RNA. These differences are
illustrated in Fig. 25.6.1.

Since a unique set of ribosomal RNA's has been
identified within plastids, it seems logical that
plastid DNA must contain the genetic information
which codes for them. Therefore, isolated pro
plastids should be able to synthesize ribosomal

RNA when fed appropriate precursors. Experiments
to test this idea are currently under way and should
provide some insight into the genetic interaction

of nuclear and plastid DNA.
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25.7 THE SELECTIVE LOSS OF DNA

SATELLITES ON DEPROTEINIZATION

WITH PHENOL1

Dorothy M. Skinner

The DNA satellite, so-called "d(A-T)" of crabs,

is composed of more than 90% alternating deoxy-
adenylate and deoxythymidylate residues. It

makes up from 10 to 30% of the total DNA in the
tissues of various species of crabs in the genus
Cancer.2 The same "d(A-T)" satellite makes up
18% of the DNA in several tissues of the land crab

Gecarcinus lateralis. In Gecarcinus there is also

a second satellite DNA, rich in dC and dG residues,

which makes up 3% of the total DNA.

"d(A-T)" is totally lost from DNA isolated from
homogenates treated with phenol instead of iso-
amyl alcohohchloroform as the protein denaturant.
Furthermore, when highly purified DNA prepara

tions containing the three components are treated
with hot or cold phenol, both "d(A-T)" and the
d(G+ C)-rich satellites are lost.4 The physical
characteristics of these satellite DNA's which

make them susceptible to phenol are not known.

They do not seem to be: (1) molecular size, since
sonicated DNA preparations treated with phenol

lose all the satellites but retain all main band

DNA molecules, even though their average molec
ular size is smaller than the original size of the
satellites; (2) anion used in the extraction; (3)
duration or temperature of exposure to high salt
and sodium dodecyl sulfate; or (4) protein content,
since "d(A-T)" is lost from purified preparations
which have less than 1 fig of protein per 25 fig of
DNA.

References

Supported in part by USPHS Grant No. AM-06268.
2M. Smith, Biochem. Biophys. Res. Commun. 10,

67 (1963).

3D. M. Skinner, Proc. Natl. Acad. Sci. U.S. 58,
103 (1967).

4D. M. Skinner and L. L. Triplett, Biochem.
Biophys. Res. Commun. 28, 892 (1967).

25.8 STUDIES ON THE BIOLOGICAL

ROLE OF A DNA SATELLITE

Dorothy M. Skinner

Wallace and Bernsteil1 showed that the fraction

of DNA in Xenopus which is complementary to
ribosomal RNA (rRNA) is G + C-rich, having a
density in CsCl of 1.723. This density is the same
as that of the d(G + C)-rich satellite in Gecarcinus
lateralis DNA. Therefore we have compared the
hybridization of 32P-labeled rRNA from midgut
gland both with unfractionated DNA containing the
d(G + C)-rich satellite and with purified main band
DNA. We find that land crab rRNA is comple
mentary to 3.5 to 4.5% of the total DNA and 1.8%
of the main band DNA. The possibility that the

latter is due to contaminations of the main band

DNA with the d(G + C)-rich satellite has not yet
been ruled out. In any event, complementarity of
3 to 4% is more than ten times the amount of rRNA-

coding DNA found in adult vertebrates and is

possibly related to the fact that rRNA appears to

be synthesized in bursts at the onset of the pre-
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molt period2 and that a high redundancy of genes
coding for rRNA is needed to support this burst of
synthetic activity. If this hypothesis is correct, a
high fraction of DNA coding for rRNA should be
found in all those invertebrates whose ribosome-

and protein-synthesizing activity is restricted to a
brief fraction of their life cycle.
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25.9 DETERMINATION OF THE MOLECULAR

WEIGHT OF MITOCHONDRIAL DNA IN

PHYSARUM POLYCEPHALUM

R. A. McGrath R. W. Williams

The molecular weight of mitochondrial DNA from
the slime mold Physarum was determined as follows:
Cultures having been grown for several generations
in the presence of 3H-thymidine and mitochondria
were isolated, essentially by the procedure of T.
Evans.1 Samples of the 3H-labeled mitochondria
were then centrifuged in alkaline sucrose gradients
(5 to 20% sucrose at pH 12.0, 20°C, 3.0 hr at 30,000
rpm in an SW 39 rotor). Contents of centrifuge tubes
were collected as two-drop fractions on filter paper
disks. Disks were processed to remove acid-
soluble radioactivity, and the acid-insoluble frac
tion was detected by liquid scintillation counting.

Pieces of single-stranded DNA, isolated as out
lined above, have a molecular weight of approxi
mately 8 x 106 daltons. For comparative purposes
we have found, using similar methods, other molec
ular weights as follows: Slime mold (Physarum)
nuclear DNA, 4 x 107 daltons; E. coli DNA, 3 x 108
daltons; T-2 bacteriophage DNA, 6 x 10 daltons.

Mitochondria were biochemically active, follow

ing the isolation procedure, as evidenced by con
tinued succinic dehydrogenase activity, but we
have been unable as yet to rule out the possibility
that some degradation of DNA may have occurred
during isolation. For this reason, the molecular
weight given for mitochondrial DNA must be con
sidered as a minimum average value.
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25.10 USE OF CHEMICAL 3H-METHYLATION
IN THE DETERMINATION OF SEDIMENTATION

COEFFICIENTS OF DNA IN ALKALINE SUCROSE

J. S. Cook A. J. Zelnis

We have developed a method for determining, in
alkaline sucrose, the sedimentation coefficients of

large pieces of single-stranded DNA from organisms
whose DNA cannot be readily labeled in vivo. The
method is based on the alkaline sucrose gradient
technique of McGrath and Williams,1 in which cells
or cell organelles are introduced into a thin layer
of 0.5 to 1.0 N NaOH overlaying an alkaline sucrose
gradient (5 to 20% sucrose, pH 12). After appro
priate time has been allowed for lysis of the bio
logical material, the single-stranded DNA is cen
trifuged, collected, and analyzed for acid-insoluble
radioactivity.

Our extension of the method has been to overlay
the NaOH layer, containing lysed cells or organelles,
with 3H-dimethyl sulfate dissolved in benzene. The
benzene is necessary, since otherwise the dimethyl

sulfate (p = 1.332) sinks to the bottom of the gra
dient. As the benzene (bp = 80°C) is evaporated
by a gentle air stream, the dimethyl sulfate (bp =
188°C) goes into the aqueous phase, where, under

the prevailing alkaline conditions, the DNA is

methylated and so 3H-labeled. Since other tri
chloroacetic acid-insoluble molecules are also

methylated, considerable TCA-insoluble radio

activity may be found at the top of such gradients.

Nevertheless, the DNA molecules are of such a

relatively large size that they may be readily

separated from other methylated components. In

control experiments with 14C-labeled T4 bacterio
phage, there was no evidence that under these con

ditions the 3H-methylation affected the sedimenta

tion properties of the DNA.

The method appears suitable for determination
of sedimentation coefficients of DNA from

Neurospora, higher plants, and other organisms or
organelles in which the DNA is not readily labeled
in vivo.
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25.11 PHOTOREACTIVATION AND PHOTO

REACTIVATING ENZYME IN

EUKARYOTIC CELLS

J. S. Cook Janet R. McGrath

In our studies on the biology of photoreactiva

tion and the cellular functions of photoreactivating

enzyme, we have investigated the distribution of

the enzyme activity in frog liver, a vertebrate tis

sue with a comparatively high level of such

activity.1 Enzyme activity was assayed by the
ability of extracts of cell fractions to photore-

activate, in vitro, uv-irradiated transforming DNA

from Hemophilus influenzae.2 We find that when
the cells are gently homogenized in sucrose-CaCl

Tris-buffered to pH 8.0, 80% of the total activity
is associated with the nuclear fraction and the re

maining 20% is in the soluble fraction. No activity
(i.e., less than 3% of the total) was detectable in
the mitochondria-rich fraction. The activity in the

nuclear fraction is very loosely bound and is lost

to the soluble fraction if the tissue is homogenized

in isotonic KC1. This fact led to our original

tentative conclusions, 3 derived from preliminary
experiments, that the activity was all in the
soluble fraction. It now appears, on the contrary,

that even the 20% of the total which we find in the

soluble fraction might in fact be released from nu

clei during preparation.

Although we were not able to demonstrate photo-
reactivating-enzyme activity in frog liver mito

chondria, there exist several biological systems

in which photoreactivation of mitochondrion-as

sociated functions has been described. In order to

investigate directly the chemical nature of the
phenomenon in such systems, in many of which

the usual radioactive labeling techniques are not

satisfactory, we are presently developing new

methods for labeling DNA photoproducts in DNA

isolated from cells after experimental treatment.
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25.12 THE EXISTENCE OF CYCLOBUTANE

PYRIMIDINE DIMERS IN DNA

R. B. Setlow W. L. Carrier

A recent paper1 questions the existence of
dimers in DNA after ultraviolet irradiation, be

cause the fraction of the total radioactivity in

dimers labeled with 3H-methyl thymine was found
to be about 30% less than the fraction of dimers

labeled with 2-14C-thymine. We have attempted
to repeat these observations but have not been
able to do so. Figure 25.12.1 shows one of a
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Fig. 25.12.1. The Photoproduct Section of a

Radiochromatogram of a Hydrolysate of an Irradiated

E. coli DNA Labeled with Both 3H- and 14C-Thymine.
The radioactivity under the peaks is the same for both

H and C. The barely perceptible difference in

chromatographic mobilities of H and C activities

is an isotope effect. The products at 7, 11, and 15 cm
A A

are UT, TT, and unknown respectively.
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series of five experiments on the irradiation in
vivo of DNA labeled with both 3H and 14C, using
doses from 200 to 4 x 104 ergs/mm2. We observed
that the 3H and 14C dimers had the same activity
±2% mean deviation. Wang et al. have made a
systematic error in their procedures for the simul
taneous counting of 3H and 14C in a scintillation
counter. All present evidence indicates that
dimers are not artifacts of preparative procedures
but do indeed exist in DNA.
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25.13 THE EXCISION OF PYRIMIDINE

DIMERS IN VIVO AND IN VITRO

R. B. Setlow W. L. Carrier

The ultraviolet irradiation of DNA in vivo or in

vitro usually results in the formation of cyclobutane-
type dimersbetween adjacent pyrimidine residues
in the polynucleotide chains. Because such dimers
(1) have biological consequences, (2) are stable
to acid hydrolysis, and (3) are easy to detect in
small numbers by radioactive labeling and chroma
tographic procedures, we have used dimers as
models in investigations of the repair of DNA. In
some strains of bacteria (usually uv sensitive)
the dimers remain in DNA; in others (usually uv
resistant) the dimers are removed selectively from
the bacterial DNA as parts of oligonucleotides.
The latter process, termed excision, is associated
in vivo with the well-coordinated steps of repair
replication and the rejoining of strand breaks that
result from excision. Obviously the biological ef
fectiveness of these processes depends on their
rates compared with DNA synthesis "around" a
lesion or past a strand break. We have investigated
three excision systems —E. coli, T4 phage, and
extracts of M. lysodeikticus.

In E. coli excision is inhibited by caffeine, the
acridine dyes, KCN, and the absence of a carbon
source, but not by thymine deprivation in thymine-
requiring strains or by chloramphenicol. Thus ex
cision is an energy-dependent process but does
not require normal DNA replication or protein
synthesis. During the excision of dimers relatively
few breaks per chromosome are observed, and if

the excision rate is inhibited the number of breaks

does not increase. The E. coli system does not

work on injected T4 DNA.
In cells infected with T4v phage the excision

activity is observed in both uv-sensitive and
-resistant cells. It acts soon after phage infection
on T4v, T4v~, and bacterial DNA. The activity
does not appear in starved cells or in cells in
fected in the presence of KCN or very large amounts
of chloramphenicol.

Extracts of M. lysodeikticus contain nuclease
activities that excise dimers from uv-irradiated

DNA without extensive degradation of the DNA.l
Excision requires the sequential action of two
components of the extract. 2 One of the nucleases
involved in the excision of dimers has been shown

to be an endonuclease specific for uv-damaged
DNA. One of the problems in its purification is
the measurement of its enzymic activity by simple
means. We are attempting to do this by using
small Sepharose columns to separate DNA (molec
ular weight > 106) from the polynucleotides (molec
ular weight ~ 10s) that result from endonucleolytic
attack on uv-irradiated DNA. If reaction mixtures

are run with 3H-labeled uv DNA and 14C-labeled
unirradiated DNA, the ratio of 3H to 14C in the
void volume gives a fast and reliable assay of the
uv-specific endonuclease activity.

References

1W. L. Carrier and R. B. Setlow, Biochim.
Biophys. Acta 129, 318 (1966).

2W. L. Carrier, J. R. McGrath, and R. B. Setlow,
Biol. Div. Semiann. Progr. Rept. Jan. 31, 1967,
ORNL-4100, p. 170.

25.14 PHOTOREACTIVATION IN VIVO OF THE

DNA OF T4 PHAGE

R. B. Setlow W. L. Carrier

Pyrimidine dimers of the cyclobutane type are

monomerized by photoreactivating (PR) enzyme
plus near-uv or visible light. Hence the fraction
of uv-induced biological damage that can be re
versed by photoreactivation (the PR sector) is a
measure of the fraction of biological damage that

arises from dimers. In practice the PR sector has
been taken to be the maximum fraction of damage



298

due to dimers because biological PR could arise
by indirect means. The PR sector for T4v— phage
is ~0.5. We tried to determine if all the dimers

were monomerized when the phages were maximally
photoreactivated.

T4v— phages (nonexcising) were labeled with
3H-thymine and irradiated with 265-nm radiation.
The phages were adsorbed at multiplicities of in
fection between 0.2 and 5 to E. coli B „ or B/r

s - o

and exposed to 405- or 365-nm radiation (for
photoreactivation) under conditions (starvation or
0.01 M KCN) in which there is no phage develop
ment or dimer excision. Samples were analyzed
for plaque-forming ability and dimers.

The dose reduction factors were the same for

both plaque formation and dimer destruction.
About 60% of the dimers in the phage DNA in
jected into host cells were nor monomerizable,
whereas, under similar conditions, over 80% of
the dimers induced in bacterial DNA were destroyed.
Thus dimers in phage DNA are not all equally ac
cessible to photoreactivating enzyme in vivo.

In our experiments the fraction of damage ascrib-
able to dimers in T4v— phage may be close to 1.0
rather than the value 0.5 derived from photore
activation of plaque-forming ability.
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25.15 PYRIMIDINE DIMERS IN PARAMECIUM DNA

Betsy M. Sutherland1 W. L. Carrier
R. B. Setlow

It has not been possible to evaluate the role of
pyrimidine dimers in uv-induced mutation in higher
organisms, since dimers and their fate and mutation
production have not been investigated in the same

eukaryote. Paramecium aurelia, a ciliate protozoan,
is known to be amenable to mutation studies. There

fore, we have used Paramecium as the subject of
three experimental series: the production of thy-
mine-containing dimers in the range of biological
doses, the fate of dimers in cells incubated in the

dark after irradiation, and the "loss of photore-

activability" of dimers with time after irradiation.
These experiments, together with data on photo
reactivation in Paramecium, support the hypothesis
that pyrimidine dimers in the DNA of P. aurelia
play an important role in induction of mutations by
ultraviolet radiation.

The paramecia were labeled with 3H-thymidine
by letting them feed on E. coli cells that had been
previously labeled with this DNA precursor.2 They
were then transferred to a uv-transparent salt solu
tion for irradiation with 2537-A radiation. After

irradiation the animals were returned to the normal

growth conditions and analyzed at various times
for thymine-containing pyrimidine dimers. Al
though bacteria were present in the labeling sys
tem, the photoproducts (dimers) were identified as
in Paramecium DNA on the basis of experiments
using autoradiography of labeled animals, cesium
chloride density gradients of extracted DNA, and
reirradiation of the photoproducts by 2390-A radia
tion.

Exposure of cells to 4000 ergs/mm2 of uv results
in the formation of pyrimidine dimers that contain
^0.25% of the thymine radioactivity in Paramecium
DNA. (This number is appreciably smaller than
is observed for DNA irradiated in vitro because

of the strong absorption of the incident radiation
by the cytoplasm.) The further irradiation of
these cells with black light destroys the dimers.3
This is the first demonstration of in vivo photo
reactivation of pyrimidine dimers in a eukaryote.
If uv-irradiated cells are incubated in the dark,

the dimer content of the DNA does not change for
about 6 hr, then decreases to 0 at about 21 hr.

The dimers do not appear in the small-molecular-
weight fraction of the cells and are probably ex
pelled into the medium.

These data may be compared with three series
of mutation experiments: First, both dimers and
mutations are produced in the same range of doses.
Second, photoreactivating light exposures of the
same order of magnitude reduce dimers and muta
tion to the level of the unirradiated controls.

Third, the removal of dimers from the DNA in the

dark could be a step in the repair of premutational
lesions.
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25.16 PHOTOREACTIVATION,
PHOTOPROTECTION, AND

PHOTOINACTIVATION OF INDUCED

FORMATION OF ENZYMES

IN ESCHERICHIA COLI B/r

P. A. Swenson

Ultraviolet (uv) radiations inhibit the induced
formation of /3-galactosidase and tryptophanase.
When the output from a G-E "black" lamp (main
emission at 365 nm) is used as photoreactivating
light, considerable photoreactivation of the uv-
inactivated /3-galactosidase system is obtained.
The photoreactivation effect is observed immedi
ately after induction. Photoreactivation is also
obtained using monochromatic radiation at 405 nm.
No photoreactivation of the system is obtained
with E. coli H/r, a strain which does not possess
a photoreactivating enzyme. These data show
that photoreactivation of /3-galactosidase involves
monomerization of pyrimidine dimers.

Photoprotection is a process which is tempera
ture independent. E. coli B/r cells were illumi
nated at 5°C for 20 min using the black lamp, and
control cells were stirred at 5°C. Both suspen
sions were then treated with uv at room tempera

ture, and marked photoprotection was obtained.
However, the uv-irradiated cells held at 5°C with

out black light formed /3-galactosidase at a much
higher initial rate than cells irradiated and in
duced before the holding treatment at 5°C. The

black lamp treatment alone at 5°C had only a
slight inhibitory effect, but holding the cells at
5°C without black light or uv had no stimulatory
or inhibitory effect.

Experiments were also carried out in which the
B/r cells were cooled quickly to 5°C, exposed
to uv radiations at that temperature, and then
warmed to 37°C and induced. This temperature
treatment gave the same protection to uv as did
the cooling of the cells for 20 min before uv was

given at room temperature. Neither of the cold
treatments would be expected to affect the con
figuration of DNA and cause a difference in the
numbers or types of uv photoproducts. A possible
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explanation is that the low temperature releases
the cell from catabolite repression. Catabolite
repression refers to the fact that the jS-galactosid-
ase system is more sensitive to uv when glycerol
is present than when absent.

Preliminary work has already shown that photo
reactivating treatment with the black light at room
temperature does not photoreactivate the trypto
phanase system immediately; incubation of the
cells for 30 min at 37°C produces a delayed photo
reactivation. The explanation is provided by the
results of an experiment showing that the black
lamp treatment alone inhibits tryptophanase for
mation by 80% for about 30 min. After this in
hibitory period, recovery occurs. Inhibition by
the black lamp treatment is also effective at 5°C,
indicating that a photochemical process not as
sociated with enzymatic reactions is involved in
this inhibition. The strong photoinactivation by
near-uv radiation of the tryptophanase-forming
system but not of the /3-galactosidase-forming
system indicates that action spectrum studies in
the near-uv region may help in the understanding
of the process of tryptophanase induction.

25.17 INHIBITION OF /3-GALACTOSIDASE
SYNTHESIS BY UV IN ESCHERICHIA COLI B

IN THE ABSENCE OF CATABOLITE

REPRESSION

P. A. Swenson

Formation of the induced enzyme /3-galactosid
ase in E. coli is known to be more sensitive to

uv when glycerol is present (conditions of catab
olite repression) than when glycerol is removed
from the medium prior to irradiation. Catabolite
repression might account for the fact that when
/3-galactosidase synthesis is partially inhibited
by uv in E. coli B _ (a radiation-sensitive strain)
the cells lose subsequently over a 90-min period
the ability to form the enzyme. Time-course

studies of /3-galactosidase formation have been
carried out using E. coli B _, and B/r (a radi
ation-resistant strain) in the presence and absence
of glycerol and with and without radiation. Con
current studies of DNA synthesis, growth, and
respiration were also made. Catabolite repression
has been ruled out as the cause of the progressive
loss of /3-galactosidase-forming ability in B__r
The data indicate that the loss is part of a process
in which all cellular synthesis is gradually un-
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coupled from respiration. These experiments show
the consequences of a small number of uv-induced
lesions in cells that do not have repair systems —
consequences that lead to the death of the cell.

25.18 THE PHYSIOLOGY OF UV-IRRADIATED

ESCHERICHIA COLI

Barbara A. Hamkalo P. A. Swenson

Growth and respiration become uncoupled in uv-
irradiated log-phase cultures of E. coli B _ a
strain unable to repair uv-damaged DNA in the dark.
In a strain with the ability to repair (E. coli B/r),
these processes remain closely coupled, except
at extremely high uv doses. At a dose of 400
ergs/mm2, respiration and growth responses of
B/r after uv vary with various carbon sources upon
which cells are grown and incubated after irradi
ation. Succinate- or glycerol-grown cells show
severe respiratory inhibition within 60 min that
persists for a dose-dependent period of time.
Acetate-grown cells show less severe inhibition,
pyruvate-grown cells show slight inhibition for a
dose-dependent period, and glucose-grown cells
show a lowering of the respiratory rate, beginning
immediately after uv, this rate never being se
verely inhibited.

The different responses with various carbon
sources indicate the existence of alternate met

abolic pathways that may respond differently to
radiation. Experiments in which the carbon source
is changed immediately after uv provide evidence
for the existence of such pathways. Cells grown
on glycerol, washed and irradiated in buffer, then
given pyruvate or glucose as energy sources do
not respond like cells grown on these substrates
(little respiratory inhibition). The cells do show
a response similar to cells that have been grown
and irradiated in glycerol medium (severe respira
tory inhibition for a time). We interpret these re
sults as evidence for the oxidation of glucose and
pyruvate after irradiation by pathways common to
glucose, pyruvate, and glycerol. The enzymes of
alternate pathways may be inducible only in the
presence of substrate. Since uv inhibits enzyme
induction,J such enzymes would not be present in
cells until DNA synthesis resumes and induci
bility is regained.

Pyruvate in the suspending medium at the time
of uv irradiation has been reported as an extremely
effective protective agent. 2 We have found that

pyruvate solutions at the concentrations reported
absorb uv radiation completely. Cells grown on
pyruvate but irradiated in buffer show the same
sensitivity to killing by uv as cells grown on glyc

erol.

In B/r, the severe inhibition of respiration of
glycerol-grown cells can be photoreactivated (PR)
with either black light (330 to 400 nm) or mono
chromatic light at 405 nm. The latter wavelength
is effective only in direct PR (monomerization of
pyrimidine dimers). We may also rule out indirect
PR because the inhibition cannot be photoreacti
vated in E. coli H/r, a radiation-resistant strain
which does not possess the photoreactivating en
zyme. Chemical measurements of total DNA, RNA,
and protein can be correlated with the respiratory
response of irradiated glycerol-grown cells. Im
mediately after a uv dose of 400 ergs/mm2, total
DNA is constant for ~1 hr, while there is con

siderable increase in total RNA and protein.
During the period of severe respiratory inhibition,
there is very little increase in total RNA and pro
tein, but DNA has begun to increase. Later, when
respiration resumes, RNA and protein synthesis
also resume.

The inhibition of DNA synthesis resulting from
uv-induced pyrimidine dimers in DNA probably re
sults in an unbalanced metabolic state in cells:

an accumulation of protein and RNA synthesized
during the period of DNA synthesis inhibition.
Metabolic controls maintaining constant quanti
tative relationships among these macromolecules
in unirradiated cells may function to reestablish
metabolic equilibrium in cells which possess the
ability to repair uv damage. The expression of
this control may vary with the oxidative pathway
utilized.

References

:G. W. Rushizky ef al., Biochim. Biophys. Acta
45, 70 (1960).

2J. L. Thompson, R. B. Mefferd, Jr., and Orville
Wyss, /. Bacteriol. 62, 39 (1951).

25.19 ATP LEVELS IN UV-IRRADIATED

ESCHERICHIA COLI B/r

Barbara A. Hamkalo P. A. Swenson

J. W. Longworth

DNA synthesis is inhibited in Escherichia coli
B/r immediately after 254-nm irradiation. Since
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this strain possesses the ability to repair uv-
induced lesions in DNA, DNA synthesis resumes
after a lag period. Four hundred ergs/mm2 in
duces a 60-min lag. If cells are grown and ir
radiated in glycerol medium, one observes severe
inhibition of respiration setting in at about 60 min
and persisting for about 150 min. Because ATP is
required for DNA synthesis, we were concerned
with the lack of oxidative activity and phosphory
lation while DNA synthesis was resuming.

In order to resolve this paradox, we have meas
ured total ATP in sonicated extracts of uv-irradi

ated E. coli B/r by the luciferin-luciferase assay.1
Within 30 min after uv, irradiated cells contain
three to four times the normal ATP per unit cell
mass. This excess value slowly drops to the un
irradiated control value. It has been reported that
x-irradiated E. coli leak increasing amounts of
ATP into the medium with time. 2 The amounts of
leakage in uv-irradiated cells depend on the en
ergy source being oxidized, but leakage doesn't
exceed ^20% under most conditions. Succinate-

grown cells are unique, since they leak up to 50%
of the ATP accumulated. The rapid accumulation
of ATP immediately after uv may be the result of
the inhibition of DNA synthesis. The ATP is
largely retained by the cells and would be avail
able both as a precursor of dATP and as an energy
source for polymerization when DNA synthesis re
sumes.
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25.20 EVIDENCE FOR TWO KINDS

OF BASE STACKING IN POLY rA

R. O. Rahn J. W. Longworth
R. I. Fox

We are interested in correlating the luminescence

properties of polynucleotides with observed con
formational changes in the polymer. Poly rA exists
in neutral buffer as a single-stranded stacked
helix whose emission properties are similar to
those of the free adenine bases. On the other

hand, poly dA has a red-shifted fluorescence and

quenched phosphorescence relative to the free
bases. Poly rA and poly dA are known to have
the same degree of stacking interaction, but their
optical rotary dispersion (ORD) patterns are vastly
different. Hence, the nature of the stacking in
these two polymers is not the same. We have
found that the nature of the stacking in poly rA
can be changed by the addition of equimolar
amounts of divalent metal ions, provided there is
a denaturant present such as ethylene glycol. The
resulting ORD patterns and luminescence spectra
of the poly-rA—metal-ion complex resemble very
strongly those obtained for poly dA.

Optical absorbance and ORD measurements
were made on poly rA either in neutral buffer or
in a 50% ethylene glycol-buffer mixture. The
glycol disrupted the base stacking, as judged by
the uv hyperchromism. There was also a decrease
in the optical rotation. Divalent metal ions such
as Ca2+ or Mg2+ restored base stacking but led to
an even further decrease in the optical rotation.
The resulting ORD pattern resembled that of poly
dA. Divalent metal ions in the absence of glycol

had no effect on the poly rA structure.
It has been proposed l that in poly rA the 2 '-OH

group is involved in hydrogen bonding with the
base. As a result the bases are less in parallel
than in poly dA, and the rotational strength is
greater than for poly dA, in accordance with ex
citon theory. The intramolecular hydrogen bonding
in poly rA is destroyed by glycol. Divalent metal
ions cause the bases to restack but presumably
in a more parallel fashion, like that found in poly
dA.
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25.21 AGGREGATION OF SINGLE-STRANDED

DNA WITH Mg2 +

R. 0. Rahn

It has been claimed1 that Mg2+ binds to de
natured DNA at temperatures above the melting
point in such a way that upon cooling the metal-
ion—DNA complex shows a strong red-shifted ab
sorption spectrum. Addition of Mg2 to denatured
DNA at room temperature does not cause any such
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Fig. 26.35.1. A Microautoradiogram of a Small Area of a Germinal Center from the Lymphatic Nodule of Mouse

Spleen Seven Days After the Injection of l-Labeled HGG. The electron micrograph shows part of a process

of an antigen-retaining reticular cell (ARCP) interdigitating with the villous processes of an immunoblast (IB).

Observe the convoluted channels, formed by the plasma-membrane infoldings in the reticular cell process.

Silver grains of the autoradiogram are located over the electron-dense material in the channels and never

clearly over the cytoplasmic islands (CI) containing polysomes or swollen mitochondria. Note the piece of

cytoplasm of a tingible body macrophage (TBM) without label and the numerous virus-like particles (circled) in the

plasma-membrane infoldings. Epon, uranyl acetate, and lead citrate. 14,700x.
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