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Am. Midland Naturalist 76, 309-24 

(1966) 



AUTHOR(S) 

Cho, Nakwon, H. P. 

Barringer, J. W. 

Amburgey, G. B. 

Cline, N. G. Anderson, 

L. L. McCauley, R. H. 

Stevens, and W. M. 

Swartout 

Cline, G. B., C. E. 

Nunley, and N. G. 

Anderson 

Congdon, C. C 

Congdon, C. C (editor) 

Cook, J. S., and 

Jane K. Setlow 

Davidson, Douglas 

Day, J. W., and 

Rhoda F. Grell 

de Serres, F. J. 

Dolin, M. I. 

Ehling, U. H. 
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TITLE OF ARTICLE 

Problems in biocontainment 

Improved continuous flow centrifugation with 

banding 

Foreword and Comment on Cover 

Foreword and Comment on Cover 

Foreword and Comment on Cover 

Abstracts presented at the Bone Marrow 

Transplantation and Radiation Recovery 

Conference, held December 2 and 3, 1965, 

San Francisco, California (and two 

contributed papers) 

Abstracts presented at the Discussion Meet­

ing on Bone Marrow Transplantation and 

Chemical Radiation Protection, held April 

12, 1966, Atlantic City, New Jersey (and 

con tribu ted paper) 

Some of the abstracts presented at the Con­

ference on Germinal Centers of Lymphatic 

Tissue, held June 22-24, 1966, at the 

University of Bern, Bern, Switzerland (and 

two contributed papers) 

Photoreactivating enzyme in the sea urchin 

egg 

The onset of mitosis and DNA synthesis in 

roots of germinating beans 

Radiation-induced nondisjunction and loss of 

chromosomes in Drosophila melanogaster 

females II. Effects of exchange and struc­

tural heterozygosity 

PUBLICATION 

Pp. 485-502 in The Development of 

Zonal Centrifuges and Ancillary Sys­

tems for Tissue Fractionation and 

Analysis (ed. by N. G. Anderson), 

Natl. Cancer [nst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 

Nature 212, 487-89 (1966) 

ExptI. Hematol. 9, iii-vi (1966) 

Exptl. Hematol. 10, iii-vi (1966) 

ExptI. Hematol. 11 , iii- vi (1966) 

Exptl. Hematol. 9, Biology Division, 

Oak Ridge National Laboratory 

Exptl. Hematol. 10, Biology Division, 

Oak Ridge National Laboratory 

ExptI. Hematol. 11, Biology Division, 

Oak Ridge National Laboratory 

Biochem. Biophys. Res. Commun. 24, 

285-89 (1966) 

Am. J. Botany 53, 491-95 (1966) 

Mutation Res. 3, 503-9 (1966) 

Carbon dioxide stimulation of the ad-3 mutants Mutation Res. 3, 420-25 (1966) 

of Neurospora crassa 

NADH peroxidase 

Dominant mutations affecting the skeleton in 

offspring of x-irradiated male mice 

Pp. 171-82 in Flavins and Flavopro­

teins, Proceedings of a Symposium 

Held in Amsterdam, The Netherlands, 

June 10-15,1965, ed. by E. C. 

Slater, Elsevier, Amsterdam, 1966 

Genetics 54, 1381-89 (1966) 



AUTHOR(S) 

Eisenberg, Sara, 

and Tuneo Yamada 

EI-Aaser, A. A., 

E . Reid, E. Klucis, 

P. Alexander, J. T. 

Lett, and Jacqueline 

Smith 

Fisher, W. D., and 

R. E. Canning 

Foard, D. E., and 

A. H. Haber 

Foreman, C. W. 

Goodman, Joan Wright, 

and H. B. Wheeler 

Grant, W. C. 

Green, J. G. 

Green, J. G., 

C. E. Nunley, and 

N. G. Anderson 

Grell, Rhoda F. 

Grell, Rhoda F., 

E. R. Mu~oz, and 

W. F. Kirschbaum 

Harris, W. W., 

N. G. Anderson, 

T. W. Bartlett, 

Elizabeth L. Rutenberg, 

L. L. McCauley, and 

R. M. Kniseley 
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TITLE OF ARTICLE 

A study of DNA synthesis during the trans­

formation of the iris into lens in the 

lentectomized newt 

Resolution of the components in the 

microsomal fraction of liver in the B-IV 

zonal centrifuge 

Isolation and characterization of rat 

macroglobulin 

Mitoses in thermodormant lettuce seeds with 

reference to histological location, local­

ized expansion, and seed storage 

Inheritance of multiple hemoglobins in 

Peromyscus 

Modification of poor growth of parental 

marrow cells in F 1 hybrid mice 

Effect of different fixatives on fine structure 

of the lymphocyte nucleus 

Automated carbohydrate analyzer: Experi­

mental prototype 

High-pressure column chromatography. I. 

Design of apparatus and separation of 

bases, nucleosides, and nucleotides 

The meiotic origin of temperature-induced 

crossovers in Drosophila melanogaster 

females 

PUBLICATION 

J. Exptl. Zool. 162, 353-67 (1966) 

Pp. 323-32 in The Development of 

Zonal Centrifuges and Ancillary Sys­

tems for Tissue Fractionation and 

Analysis (ed. by N. G. Anderson), 

Natl. Cancer Inst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 

Ibid., pp. 403-12 

Planta 71, 160-70 (1966) 

Genetics 54, 1007-12 (1966) 

Nature 211, 1420-21 (1966) 

Exptl. Hematol. 9, 82-86 (1966) 

Pp. 447-67 in The Development of 

Zonal Centrifuges and Ancillary Sys­

tems for Tissue Fractionation and 

Analysis (ed. by N. G. Anderson), 

Natl. Cancer Inst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 

Ibid., pp. 431-40 

Geneti c s 54, 411-21 (1966) 

Radiation-induced nondisjunction and loss of Mutation Res. 3, 494-502 (1966) 

chromosomes in Drosophila melanogaster 

females I. The effect of chromosome size 

Unusual particles in human plasma from 

leukemia and lymphosarcoma 

Pp. 389-94 in The Development of 

Zonal Centrifuges and Ancillary Sys­

tems for Tissue Fractionation and 

Analysis (ed. by N. G. Anderson), 

Natl. Cancer Inst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 

I 



AUTHOR(S) 

Hastings, J. R. B., 

J. H. Parish, K. S. 

Kirby, and E. Klucis 

Hollaender, Alexander, 

S. F. Carson, and 

J. L. Liverman 

Kamrin, Michael 

Kaufman, L. V., and 

K. Bruce Jacobson 

Khym, J. x. 

Kilbey, B. J., and 

F. J. de Serres 

Kimball, R. F., and 

Stella W. Perdue 

Kusama, Keiichi, 

D. M. Prescott, 

L. O. Froholm, and 

W. E. Cohn 

Lange, R. D., M. L. 

Simmons, and N. R. 

Dibelius 

Leibo, S. P., and 

Peter Mazur 

Makinodan, Takashi, and 

J. F. Albright 

Makinodan, Takashi, and 

W. J. Peterson 

Malling, H. V. 
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TITLE OF ARTICLE 

The use of the zonal ultracentrifuge to 

separate components of ribosomal RNA 

Biology Division Semiannual Progress Report 

for Period Ending July 31, 1966 

Changes in the capacity of algae to fluoresce 

during steady-state photosynthesis 

Use of lactate dehydrogenase as a marker in 

rat-mouse chimera studies 

Partition of transfer ribonucleic acid between 

aqueous salt solutions and trichlorotri­

fluoroethane containing a quaternary amine 

Quantitative and qualitative aspects of 

photoreacti vation of premutational ultra­

violet damage at the ad-3 loci of Neurospora 

crassa 

Comparison of mutagenesiS by X-rays and 

triethylene melamine in Paramecium, with 

emphasis on the role of mitosis 

The formation and metabolic interchanges of 

pseudouridine in Tetrahymena pyriformis 

Polycythemic mice produced by hypoxia in 

silicone rubber membrane enclosures: A 

new technique 

Effect of osmotic shock and low salt concen­

tration on survival and density of bacterio­

ophages T4B and T4Bo
1 

Proliferative and differentiative manifesta­

tations of cellular immune potential 

Further studies on the secondary antibody­

forming potential of juvenile, young adult, 

adult, and aged mice 

Secondary antibody-forming potential of mice 

in relation to age - its significance to 

senescence 

Hydroxylamine as a mutagenic agent for 

Neurospora crassa 

Methods for the identification of genetic 

alterations by specific revertibility tests 

in Neurospora crassa 

PUBLICATION 

Ibid., pp. 397-402 

ORNL-3999 

Biochim . Biophys. Acta 126, 262-268 

( 1966) 

Cancer Res. 26, 1778-79 (1966) 

J. BioI. Chern. 241,4529-33 (1966) 

Mutation Res. 4, 21-29 (1967) 

Mutation Res. 4, 37-50 (1967) 

J. BioI. Chern. 241, 4086-91 (1966) 

Proc. Soc. Exptl. BioI. Med. 122, 

761-64 (1966) 

Bioph ys. J. 6,747-72 (1966) 

Pp. 1-36 in Progress in Allergy, vol. 

10 (ed. by Paul Koll';s and B. H. 

Waksman), S. Karger, Basel/New 

York, 1967 

D evelop. BioI. 14, 112-29 (1966) 

Develop. BioI. 14,96-111 (1966) 

Mutation Res. 3, 470-76 (1966) 

Neurospora Newsletter 9, 13-14 (1966) 



AUTHOR(S) 

Malling, H. V. 

Marin, Guglielmo, and 

M. A Bender 

Mattingly, Ellen 

Mazur, Peter 

McArthur, W. H. 

McGrath, R. A., and 

R. W. Williams 

Muhammed, Amir, and 

C. M. Steinberg 

Nettesheim, Paul, 

Takashi Makinodan, 

and Carol J. Chadwick 

Odell, T. T., Jr., 

Marianne Jefferson, 

C. W. Jackson, and 

Rebecca S. Reiter 

Padilla, G. M., 

I. L. Cameron, and 

L. H. Elrod 

Popp, R. A. 

Rahn, R. O. 

Randolph, M. L. 

Regan, J. D. 
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TITLE OF ARTICLE PUBLICATION 

Mutagenicity of two potent carcinogens, Mutation Res. 3, 537-40 (1966) 

dimethylnitrosamine and diethylnitrosamine, 

in Neurospora crassa 

Radiation-induced mammalian cell death: 

Lapse-time cinemicrographic observations 

Induction of chromosome- and chromatid-type 

aberrations by phleomycin 

Synchrony of cell division in root meris terns 

following treatment with 5-aminouracil 

Physical and chemical basis of injury in 

single-celled micro-organisms subjected to 

freezing and thawing 

Oxygen consumption in radiation chimeras 

Recons truction in vi vo of irradiated 

Escherichia coli deoxyribonucleic acid; 

the rejoining of broken pieces 

ExptI. Cell Res. 43, 413-23 (1966) 

Mutation Res. 4, 51-57 (1967) 

Pp. 256-68 in Cell Synchrony: Studies 

in Biosynthetic Regulation, ed. by 

I. L. Cameron and G. M. Padilla, 

Academic, New York and London, 

1966 

Pp. 213-315 in Cryobiology, ed. by 

H. T. Meryman, Academic, London 

and New York, 1966 

Exptl. Hematol. 11, 47-51 (1966) 

Nature 212, 534-35 (1966) 

Action spectrum for cross-reactivation with J. Mol. Bioi. 21, 395-97 (1966) 

various amber mutants of bacteriophage T4D 

Improved diffusion chamber cultures for Immunology 11, 427-39 (1966) 

cytokinetic analysis of antibody response 

Effects of vinblastine on megakaryocytes and ExptI. HematoI. 10, 36-41 (1966) 

platelets of rats 

The physiology of repetitively synchronized 

Tetrahymena 

Inheritance of an erythrocyte and kidney 

esterase in the mouse 

Pyrimidine dimers: Effect of temperature on 

photoinduction 

Medical and biological effects of ionizing 

radiations 

Alkaline phosphatase in synchronized 

human cells 

Pp. 269-88 in Cell Synchrony: Studies 

in Biosynthetic Regulation, ed. by 

I. L. Cameron and G. M. Padilla, 

Academic, New York and London, 

1966 

J. Heredity 57,197-201 (1966) 

Science 154, 503-4 (196·6) 

Nuel. Safety 7,476-81 (1966) 

Experientia 22, 708-9 (1966) 



AUTHOR(S) 

Reimer, C. B., T. E. 

Newlin, M. L. Havens, 

R. S. Baker, N. G. 

Anderson, G. B. Cline, 

H. P. Barringer, and 

C. E. Nunley 

Roberts, P. A. 

Sea borg, Glenn T. 

Setlow, Jane K. 

Seto, Frank 

Skinner, Dorothy M. 

Smith, L. H., and 

Sarah D. Phillips 

Somers, W. R., R. A. 

Brown, and 

Takashi Makinodan 

Stevens, R. H. 
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TITLE OF ARTICLE 

An evaluation of the B-V (continuous-flow) 

and B-IV (density gradient) rotors by use 

of live polio virus 

A tandem duplication that lowers recombina­

tion throughout a chromosome arm of 

D rosophi la melanogaster 

Foreword 

Cytochrome b
2 

is not photoreactivating 

PUBLICATION 

Pp. 375-88 in The Development of 

Zonal Centrifuges and AnciIIary Sys­

tems for Tissue Fractionation and 

Analysis (ed. by N. G. Anderson), 

Natl. Cancer Inst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 

Genetics 54, 969-79 (1966) 

Pp. ix-x in The D evelopment of Zonal 

Centrifuges and AnciIIary Systems for 

Tissue Fractionation and Analysis 

(ed. by N. G. Anderson), Natl. Cancer 

In s t. Monograph 21, U. S. Department 

of Health, Education, and Welfare; 

Public H ealth Service, Baltimore, 

Maryland, 1966 

Biochem. Biophys. Res. Commun. 26, 

enzyme 30-31 (1967) 

The molecular basis of biological effects Pp. 195-248 in Current Topics in 

of ultraviolet radiation and photoreactivation Radiation Research, Vol. II, ed. by M. 

A correlated growth response of spleen and 

liver during the graft-versus-host reaction 

in the chick embryo 

Ebert and A. Howard, North-Holland, 

Amsterdam, 1966 

Growth 3D, 257-62 (1966) 

Breakdown and reformation of somatic muscle J. ExptI. Zool. 163, 115-23 (1966) 

during the molt cycle of the land crab, 

Gecarcinus laterali s 

Relative erythropoietic competence of 

isologous bone marrow cells, spleen 

cells, peripheral leukocytes, and peritoneal 

fluid ce lls 

The possibility of determining the absolute 

number of hemagglutinating antibody 

molecules in antisera 

A flame ionization analyzer for the con­

tinuous, rapid determination of carbon in 

liquid streams or solid samples 

Exptl. H ematol. 9, 86-88 (1966) 

Immunochemistry 3, 343-45 (1966) 

Pp. 469-83 in Th e Development of 

Zonal C entrifuges and Anci IIary Sys­

tems for Tissue Fractionation and 

Analysis (ed. by N. G. Anderson), 

Natl. Cancer Inst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 



AUTHOR(S) 

Takata, Chin ami, 

J. F. Albright, and 

Tuneo Yamada 

Thomas, D. B., and 

C. C Congdon 

Tynda11, R. L., 

Ernestine Teeter, 

J. A. Otten, N. D. 

Bowles, J. G. Vidrine, 

A. C. Upton, and 

H. E. Walburg, Jr. 

Upton, A. C., 

V. K. Jenkins, 

H. E. Walburg, Jr., 

Niel Wald, R. L. 

Tynda11, and 

J. W. Conklin 

Uziel, Mayo 

von Borstel, R. C., 

O. L. Mi11er, Jr., and 

Romance F. Carrier 

Wa11ace, R. A., 

D. W. Jared, and 

A. Z. Eisen 

Whiting, P. W. 

Whitson, G. L., G. M. 

Padi11a, R. E. 

Canning, I. L. Cameron, 

N. G. Anderson, and 

L. H. Elrod 

Whitson, G. L., G. M. 

Padi11a, and W. D. 

Fisher 

Wi11iams, D. B. 

10 

TITLE OF ARTICLE 

Gamma crysta11ins in Wolffian lens regenera­

tion demonstrated by immunofluorescence 

Secondary atrophy in the regenerating thymus 

of the irradiated mouse 

Further observations on in vitro cytopathic 

effects associated with murine leukemia 

virus infection 

Observations on viral, chemical, and 

radiation-induced myeloid and lymphoid 

leukemias in RF mice 

Stability of 4,4' -di(thiouridine) and 

4-thiouridine in alkali 

X-radiation-induced breakage of lampbrush 

chromosomes 

A general method for the isolation and 

purification of phosvitin from vertebrate 

eggs 

"Black" eye colors of Monnoniella 

The isolation of oral structures from 

Tetrahymena pyrifonnis by low-speed 

zonal centrifugation 

Morphogenic and macromolecular aspects 

of synchronized Tetrahymena 

Effects of x rays on ce11 lethality and 

micronuc1ear number in the ciliate 

Spathidium spathula 

PUBLICATION 

Develop. BioI. 14, 382-400 (1966) 

Exptl. Hematol. 11, 45-47 (1966) 

Intern. J. Cancer 1, 565-72 (1966) 

Pp. 329-47 in Conference on Murine 

Leukemia (ed. by M. A. Rich and 

J. B. Moloney), Natl. Cancer lnst. 

Mono~raph 22, U. S. Department of 

Health, Education, and Welfare; Public 

Health Service, Bethesda, Maryland, 

1966 

Biochem. Biophys. Res. Commun. 25, 

105-8 (1966) 

Pp. 141-44 in Chromosomes Today, 

Vol. 1, ed. by C. D. Darlington and 

K. R. Lewis, Oliver & Boyd, 

Edinburgh, 1966 

Can. J. Biochem. 44, 1647-55 (1966) 

Genetics 54, 639-55 (1966) 

Pp. 317-21 in The Development of 

Zonal Centrifuges and Ancillary Sys­

tems for Tissue Fractionation and 

AnalYSis (ed. by N. G. Anderson), 

Natl. Cancer Inst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 

Pp. 289-306 in Cell Synchrony: Studies 

in Biosynthetic Re~ulation, ed. by I. 

L. Cameron and G. M. Padi11a, 

Academic, New York and London, 

1966 

J. Protozool. 13,272-77 (1966) 



AUTHOR(S) 

Wright, R. R., W. S. 

Pappas, J. A. Carter, 

and C. W. Weber 

Yamamoto, Hiroshi 
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TITLE OF ARTICLE PUBLICATION 

Preparation and recovery of cesium compounds Pp. 241-49 in Th e Development of 

for density gradient solutions Zonal Centrifuges and An cillary Sys­

tem s for Tissu e Fractionation and 

Analysis (ed. by N. G. Anderson), 

Natl. Cancer Inst. Monograph 21, U. S. 

Department of Health, Education, and 

Welfare; Public Health Service, 

Baltimore, Maryland, 1966 

Reversible transformation of lymphocytes in 

human leukocyte cultures 

LECTURES 

Nature 212, 997-98 (1966) 

During the period August 1, 1966, to January 31, 1967, members of the Biology Division presented 206 
lectures and speeches. Of these, 91 were given at professional society meetings; 82 at the invitation of 
universities, laboratories, scientific institutions, and professional groups or clubs in the United States and 
abroad; and 33 under the Traveling Lecture Program. 

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

SPEAKER 

[AND COAUTHOR(S)] 

Adler, H . 1. 

TITLE 

Genetic control of cell division in bacteria 

The genetic control of radiation sensitivity 

Genetic control of radiation sensitivity 

in bacteria 

The repair of radiation damage to the 

cell division mechanism of bacteria 

PLACE PRESENTED 

University of Georgia, 

Athens 

(1) Emory University, 

Atlanta, Georgia 

(2) Tuskegee Institute, 

Tuskegee Institute, 

Alabama 

(3) Northwestern State 

College of Louisiana, 

Natc hitoches 

UT-AEC Agricultural 

Research Laboratory, Oak 

Ridge, Tennessee (2 

lectures) 

(1 ) University of Texas, 

Austin 

(2) Texas Woman's College, 

Denton 

(3) Kansas State University, 

Manhattan 

(4) Unive!-sity of Missouri 

Medical School, 

Columbia 

(5) Louisiana State Uni-

versity, Baton Rouge 



SPEAKER 
[AND COAUTHOR(S)] 

Adler, H. 1. 

(W. D. Fisher and 

G. E. Stapleton) 

Albright, J. F. 

Allen, R. C. 

Anderson, N. G. 

Arnold, W. A. 

Axelrod, D. E. 

Axelrod, D. E. 

(and H. I. Adler) 

Ball, Frances L. 

(W. W. Harris, Frances L. Ball, 

Helen Coates, G. B. Cline, 

N. G. Anderson, and 

R. M. Chanock) 
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TITLE 

Genetic control of cell division in 

bacteria [Science 154, 417 (1966)] 

Immunology and scientific research 

Esterase changes in hypoxia and their 

relationship to erythropoietin production 

Biophysical separations technique s 

The Molecular Anatomy Program 

Separation systems for the Molecular 

Anatomy Program 

Molecular and genetical biology 

(1) DNA and the basis of biochemical 

genetics 

(2) The expression of mutations 

A correlation between increased radiation 

resistance and increased cell size of 

Escherichia coli 

A radiation-resistant mutant of 

Escherichia coli K-12 [Genetics 54, 318 

(1966)] 

Ultrastructure of PPLO free respiratory 

syncytial virus (Long strain) 

PLACE PRESENTED 

1966 Autumn Meeting of the 

National Academy of 

Sciences, Duke University, 

Durham, North Carolina 

16th Nuclear Science 

Seminar, ORAU, Oak 

Ridge, Tennessee 

Tennessee Blood Society 

Meeting, Gatlinburg, 

Tennessee 

Workshop NIH Pathology 

"B" Study Section, Oak 

Ridge, Tennessee 

(1) Oak Ridge Section, 

Institute of Electrical 

and Electronic Engi­

neers, Oak Ridge, Ten-

nessee 

(2) Student Trainees and 

Graduate Fellows, 

ORAU, Oak Ridge, 

Tennessee 

Eli Lilly Lecture, 26th 

Series, Eli Lilly and 

Company, Indianapolis, 

Indiana 

University of Utah, Salt 

Lake City 

University of Tennessee, 

Knoxville 

Am. Soc. Microbiol., 

Kentucky-Tennessee 

Branch, Nashville, 

Tennessee 

Genetics Society of 

America, 35th Annual 

Meeting, Chicago, Illinois 

Electron Microscopy Society 

of America, San Francisco, 

California 

.. 



a 

SPEAKER 

[AND COAUTHOR(S)] 

Barnett, W. E. 

Barnett, W. E. 

(and D. H. Brown) 

Bender, M. A (and 

M. A. Kastenbaum) 

Bertsch, W. F. 

Brewen, J. G. 

Brick, J. O. 

(L. J. Serrano and N. L. Ensor) 

Brown, R . C. (and B. H. Smith) 

Caro, L. G. 
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TITLE 

Mitochondrial transfer RNAs 

Multiple aminoacyl-RNA synthetase systems 

The roles of RNA in protein synthesis 

Evidence for the association of a phenyl­

alanine tRN A with Neurospora mitochondria 

[Science 154, 417 (1966)] 

Human chromosome measurement 

Photosynthesis 

Solid state phenomena in photosynthesis 

Sister chromatic exchanges: are they 

s pontane ous or induce d? 

Variation in breeding production among 

colonies of RFM mice under conditions 

of germfree, barrier, SPF, and conventional 

housing [Abstr. of papers, 17th Annual 

Meeting, Animal Care Panel, 1966, p. 92] 

Malacoplakia of the testis 

The attachment of the DNA bacteriophage 

f1 to male strains of E. coli 

The attachment of f1 bacteriophage to male 

strains of Escherichia coli 

PLACE PRESENTED 

Thomas Hunt Morgan Centen­

nial Symposium, Lexing­

ton, Kentucky 

(1) University of South 

Florida, Tampa 

(2) Florida Presbyterian 

College, St. Petersburg 

Randolph-Macon Woman's 

College, Lynchburg, 

Virginia 

1966 Autumn Meeting of the 

National Academy of 

Sciences, Duke University, 

Durham, North Carolina 

Conference on Mammalian 

Cytology and Somatic Ce1l 

Genetics, Saint-Simons 

Island, Georgia 

Yale University, New Haven, 

Connecticut 

Biology Co1loquium, Harvard 

University, Cambridge, 

Massachusetts 

ANZAAS - Genetical 

Society Cytogenetics 

Symposium, Melbourne, 

Australia 

Animal Care Panel, 17th 

Annual Meeting, Chicago, 

Illinois 

College of American 

Pathologists and American 

Society of Clinical Pa­

thologists, Annual Meet­

ing, Washington, D.C. 

European Phage Meeting, 

Naples, Italy 

Second International Con­

gress of Biophysics, 

Vienna, Austria 



SPEAKER 
[AND COAUTHOR(S)] 

Cohn, W. E. 

Congdon, C. C 

Congdon, C. C 

(M. G. Hanna, Jr., and 

M. L. Simmons) 

Congdon, C. C 

(Mary Sue Wedemeyer, and 

M. L. Simmons) 

Congdon, C. C 

(and D. G. Doherty) 

Cook, Dorothy S. 

Cook, J. S. 

Corbett, J. R. 

Cosgrove , G. E. 
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TITLE 

Biochemical nomenclature 

Chromatography of nucleic acid components 

(2 lectures) 

Some recent developments in 

chromatography 

Bone marrow transplantation 

Pathological processes 

The effect of a viral agent on lymphatic 

tissues [exptl. Hematol. 12,21-22 

(1967)] 

Initiation of immune response in mice 

subject to hypoxia [exptl. Hematol. 12, 

92-94 (1967)] 

The effect of bone marrow dose on the LD so 

response of x-irradiated mice [exptl. 

Hematol. 12, 75-76 (1967)] 

The lifetime of ribosomal RN A in non growing 

epidermis 

Non-solvent water in human erythrocytes 

Do lysosomes exist in plants? [Plant 

Physiol. , Proceedings Issue, lxxiv-lxxv 

(1966)] 

Purification of lysosomes by zonal 

ce ntr ifu gat ion 

Delayed somatic effects of radiation 

Parasites as an oncogenic factor in wild­

life [Bull. Wildlife Disease Assoc. 2, 67 

(1966)] 

Pathology of parasitism in wildlife 

PLACE PRESENTED 

Symposium on Chemical 

Nomenclature, Am. Chern. 

Soc., 152nd National 

Meeting, New York City 

Course on Nucleic Acids, 

Rockefeller University, 

New York City 

Rockefeller University, 

New York City 

Blount Memorial Hospital, 

Maryville, Tennessee 

University of Tennessee, 

Knoxville 

Bone Marrow Conference, 

University of Michigan, 

Ann Arbor 

Bone Marrow Conference, 

University of Michigan, 

Ann Arbor 

Bone Marrow Conference, 

University of Michigan, 

Ann Arbor 

Second International Con­

gress of Biophysics, 

Vienna, Austria 

Second International Con­

gress of Biophysics, 

Vienna, Austria 

AIBS (Am. Soc. Plant 

Physio!.), College Park, 

Maryland 

Meeting No. 467, Biochemi­

cal Society, Cardiff, Wales 

Ten-Week Health Physics 

Course, ORAU, Oak Ridge, 

Tennessee 

AIBS (Wildlife Disease 

Assoc.), College Park, 

Maryland 

V,irginia Institute of Marine 

Science, Gloucester Point, 

Virginia 



SPEAKER 

[AND COAUTHOR(S)] 

Cosgrove, G. E. 

(H. E. Walburg, Jr., 

and A. C. Upton) 

Curtiss, Roy, III 

Curtiss, Roy, III 

(and L. J. Charamella) 

Curtiss, Roy, III 

(D. R. Stallions, J. A. 

Mays, and Janet Renshaw) 

Doherty, D. G. 

Donnellan, J. E., Jr. 

Donnellan, J. E., Jr. 

(and R. S. Stafford) 

Dumont, J. N. 

Ehling, U. H. 

15 

TITLE 

Gastrointestinal lesions in aged conven­

tional and germfree mice exposed to radia­

tion as young adults 

Mechanisms of chromosome mobilization and 

transfer during bacterial conjugation 

Mechanisms involved during bacterial con­

jugation in Escherichia coli K-12 

(1) Quantitative analysis in virology 

(2) Radiobiology of viruses 

Role of the F- parent during bacterial 

conjugation in Escherichia coli [Genetics 

54, 329-30 (1966)] 

Mechanism of chromosome mobilization and 

transfer by F + donors of Escherichia coli 

K-12 

An experimental approach to inhalation 

carc inogenesis 

Effects of radiation during spore germination 

Recovery of spores and vegetative cells 

from radiation damage 

Effect of UV irradiation on spore DNA 

The response of muscle cells to invasion by 

Trichinella spiralis Ij. Cell BioI. 31, 30A 

(1966)] 

Genetic control of radiation sterilization 

of female mice [Genetics 54, 331-32 

(1966)] (read by title) 

Radiogenetic s 

PLACE PRESENTED 

Symposium on Gastro­

intestinal Radiation 

Injury, Richland, Washing­

ton 

Thomas Hunt Morgan 

Centennial Symposium, 

Lexington, Kentucky 

Washington University 

School of Medicine, St. 

Louis, Missouri 

University of Tennessee, 

Knoxville 

Genetics Society of 

America, 35th Annual 

Meeting, Chicago, Illinois 

Am. Soc. Microbiol., 

Kentucky-Tenne ssee 

Branch, Nashville, 

Tennessee 

Conference on Environ­

mental Control in 

Hospitals, American 

Hospital Association, 

Chicago, Illinois 

Institut Pasteur, Paris, 

France 

Medical-Biological Lab­

oratory RVO-TNO, 

Rijswijk, The Netherlands 

Second International Con­

gress of Biophysics, 

Vienna, Austria 

Am. Soc. Cell BioI., 

6th Annual Meeting, 

Houston, Texas 

Genetics Society of 

America, 35th Annual 

Meeting, Chicago, 

Illinois 

AEC-NSF Basic Institute 

for Nuclear Science and 

Engineering, Oak Ridge, 

Tennessee 



SPEAKE R 
[AND COAUTHOR(S)] 

Elrod, L. H. (and 

N. G. Anderson) 

Fisher, W. D. 

Foard, D. E. 

Foard, D. E. (and 

A. H. Haber) 

Goodman, Joan Wright 

(and H. B. Wheeler) 

Green, J. G. 

Grell, E. H. 

(K. B. Jacobson and 

J. B. Murphy) 

Grell, Rhoda F. 

Gude, W. D. 

Haber, A. H. 

16 

TITLE 

Isolation of nuclei in sucrose-D 20 

gradients 

(1) Cell fraction 

(2) Cell division in E. coli 

Studies of thermodormant lettuce seed 

Mitotic activity in thermodormant lettuce 

seeds with reference to histological 

location and localized expansion [Plant 

Physiol. , Proceedings Issue, xliii (1966)] 

Improvement of poor growth of parental 

hemopoietic cells 

The AEC-NIH MAN program at the Biology 

Division, ORNL 

Biologists aoo Baptists: Conflict or 

complement 

The Oak Ridge Molecular Anatomy Program: 

Concept and achievement 

Genetic analysis of alcohol dehydrogenase 

isozymes in Drosophila 

Homologous and nonhomologous recognition 

in Drosophila melanogaster 

Autoradiography 

Experimental analysis of plant 

development 

PLACE PRESENTED 

Tennessee Academy of 

Science, 76th Annual 

Meeting, East Tennessee 

State University, 

Johnson City 

Syracuse University, 

Syracuse, New York 

University of Tennessee, 

Knoxville 

AIBS (Am. Soc. Plant 

Physio!.), College Park, 

Maryland 

XI Congress of the Inter­

national Society of Blood 

Transfusion, Sydney, 

Australia 

College of Veterinary 

Medicine, Iowa State 

University, Arne s 

Carson-Newman College, 

Jefferson City, Tennessee 

(1) Research Society of 

America, Bound Brook, 

New Jersey 

(2) University of Kentucky, 

Lexington 

New York Academy of 

Sciences Conference on 

Multiple Forms of 

Enzymes, New York City 

Symposium on Mutual 

Recognition Between 

Genetic Material, Genetics 

Society of America, 

Chicago, Illinois 

ORAU Medic·al Radioisotopes 

Course, Oak Ridge, 

Tennessee 

West Virginia University, 

Morgantown 



SPEAKER 

[AND COAUTHOR(S)] 

Haber, A. H. 

(and D. E. Foard) 

Haber, A. H. (and 

Patricia L. Walne) 

Hanna, M. G., Jr. 

Hanna, M. G., Jr. (and 

Paul Nettesheim) 

Harrison, A. P., Jr . 

Hollaender, Alexander 

Jacobson, K. Bruce 

Jamison, R . M. 

Jones, R . T. 

17 

TITLE 

Experimental separations of growth, 

differentiation, and cell division in intact 

plants 

Actions of gamma radiation on senescence 

and death in excised whe at leaf tissue 

after normal cessation of cell growth and 

division 

Morphologic changes in spleen lymphatic 

PLACE PRESENTED 

AIBS Symposium: Are 

Growth and Differentiation 

Incompatible? (cospon­

sored by the Developmental 

Biology Division of the Am. 

Soc. Plant Physio!.), 

College Park, Maryland 

64th Annual Convention of 

the Southern Agricultural 

Workers, Inc., New 

Orleans, Louisiana 

(1) National Cancer 

tissue during antibody production Institute, Bethesda, 

Maryland 

Studies of lymphatic tissue germinal centers 

during an immune reaction: Localization 

of 12SI_labeled heterologous and isologous 

proteins [RES: J. Reticuloendothelial Soc. 

3, 363 (1966)] 

Susceptibility of E scherichia c ali to photo­

dynamic action by benzo (a)pyrene [j. Cell 

BioI. 31, 45A (1966)] 

Closing remarks 

Transfer RNA: Interaction with synthetases 

and codons 

Transfer RNA: Structure and function 

Studies on papovavirus SV40 tumor antigen 

Environmental monitoring using germfree 

mice 

(2) Louisiana State Uni­

versity , Baton Rouge 

Reticuloendothelial Society, 

3rd Annual Meeting, 

Bethesda, Mary land 

Am. Soc. Cell Biol., 

6th Annual Meeting, 

Houston, Texas 

International Symposium on 

Enzymatic Aspects of 

Metabolic Regulation, 

Mexico City, Mexico 

(1) St. Bonaventure Uni­

versity, Olean, New 

York 

(2) Rosary Hill College, 

Buffalo, New York 

(3) University of North 

Dakota, Grand Forks 

(4) University of Minnesota, 

Minneapolis 

Marquette University, 

Milwaukee, Wisconsin 

University of Southwestern 

Louisiana, Lafayette 

Am. Soc. Microbiol., 

Kentucky-Tennessee 

Branch, Nashville, 

Tennessee 



• 

SPEAKER 
[AND COAUTHOR(S)] 

Kenney, F. T. 

(D. D. Holten and 

W. L. Albritton) 

Khym, J. X. 

Kimball, R. F. 

Leibo, S. P. 

Lindsley, D. L. 

Longworth, J. W. 

18 

TITLE 

Hormonal regulation of liver enzymes 

Partition of transfer ribonucleic acid 

between aqueous salt solutions and 

trichlorotrifluoroethane containing 

a quaternary amine [Abstr. of papers, 

152nd Meeting, Am. Chern. Soc., 1966, 

p. 6scl 

Comparison of repair and fixation processes 

with radiation and chemical mutagens 

[science 154, 422 (1966)] 

Variation in DNA content and its effect 

on cell growth and division in cell 

lineages in Paramecium aurelia U. Cell 

BioI. 31, 60A (1966)] 

Biology of bacteriophage 

Freezing of biological systems 

Freezing damage in bacteriophage T4 

The recovery of mutants affecting meiosis 

from natural populations of Drosophila 

Luminescence and ESR of poly-L-tyrosine 

and related compounds 

Luminescence of nue leic acids and proteins 

PLACE PRESENTED 

International Symposium on 

Enzymatic Aspects of 

Metabolic Re gulation, 

Mexico City, Mexico 

Am. Chern. Soc., 152nd 

National Meeting, 

New York City 

1966 Autumn Meeting of the 

National Academy of 

Sciences, Duke University, 

Durham, North Carolina 

Am. Soc. Cell Bio!., 

6th Annual Meeting, 

Houston, Texas 

Washington and Jefferson 

College, Washington, 

Pennsylvania 

(1) Virginia Military 

Institute, Lexington 

(2) Washington and Jef­

ferson College, Wash­

ington, Pennsylvania 

University of Texas, Austin 

(1) Institute of Zoology of 

the University of 

Munich, Munich, Germany 

(2) Max Planck Institute 

for Biology, Tubingen, 

Germany 

(3) Institute of Radiation 

Genetics, University of 

Leiden, Leiden, The 

Netherlands 

(4) University of California 

at San Diego, La Jolla 

Wake Forest College, 

Winston-Salem, North 

Carolina 

Radiation Research Lab­

oratory, University of 

Notre Dame, Notre Dame, 

Indiana 



SPEAKER 
[AND COAUTHOR(S)] 

Longworth, J. W. (and 

R . O. Rahn) 

Makinodan, Takashi 

(Paul Nettesheim, Toshiteru 

Morita, and Carol J. Chadwick) 

Mattingly, Ellen 

Mazur, Peter 

McDevitt, D. S. 

McEwen, W. S. 

McGrath, R . A. 

Montour, J. L. 

19 

TITLE 

Luminescence and E.S.R. of nucleic acid 

protein 

Photoinduced luminescence and triplet ESR 

of poly-L-tyrosine 

Antibody synthesis several days after ex­

posure of functional spleen ce 11s to 

10,000 r [Science 154, 423 (1966)] 

Variations in metabolic activity during the 

larval development ci Rhynchosciara Cr. 
Cell BioI. 31, 74A (1966)] 

Causes of injury from intracellular freezing 

Mechanism of injury in cells during freezing 

and thawing 

Physical-chemical basis of freezing injury 

in living cells 

Physical-chemical basis of injury from 

intracellular freezing in yeast 

Physical and chemical changes during 

freezing and thawing of cells 

Separation and characterization of the lens 

proteins of the amphibian Rana pipiens 

[Am. Zoo1. 6 , 335-36 (1966)] 

Opportunities for Fisk graduates at Oak 

Ridge National Laboratory 

Cellular repair of irradiated DNA 

DNA repair 

Irradiation as a stress: Effects on the 

lymphatic system 

PLACE PRESENTED 

Institute for Macromolecular 

Research, CNRS, Stras­

bourg, France 

Second International Con­

gress of Biophysics, 

Vienna, Austria 

1966 Autumn Meeting of the 

National Academy of 

Sciences, Duke University, 

Durham, North Carolina 

Am. Soc. Cell BioI., 6th 

Annual Meeting, Houston, 

Texas 

Conference on Basic 

Mechanisms of Freezing 

Injury, Fairbanks, Alaska 

CSIRO, Division of Food 

Preservation, Sydney, 

Australia 

University of Melbourne, 

Melbourne, Australia 

International Conference on 

Cryobiology, Institute 

of Low Temperature 

Science, Hokkaido Uni­

versity, Sapporo, Japan 

Symposium on New Methods 

of Preservation of Blood 

and Bone Marrow, XI Con­

gress of the International 

Society of Blood Transfu­

sion, Sydney, Australia 

AIBS (Am. Soc. Zoo1.), 

College Park, Maryland 

Fisk University, Nashville, 

Tennessee 

Bowman Gray School of 

Medicine, Winston-Salem, 

North Carolina 

Lawrence Radiation Lab-

oratory, Livermore, 

California 

University of Tennessee, 

Knoxville 



SPEAKER 

[AND COAUTHOR(S)] 

Muhammed, Amir 

Nettesheim, Paul (and 

M. G. Hanna, Jr.) 

Novelli, G. David 

Popp, R. A. 

Prestayko, A. W. (and 

W. D. Fisher) 

Rahn, R. o. 

Rahn, R. O. (and 

J. W. Longworth) 

Regan, J. D. 

20 

TITLE 

Reactivation phenomena in uv-irradiated 

phage 

Recovery potential of uncommitted and 

committed immunological competent 

cells from x-ray insults [ReS: J. Retic­

uloendothelial Soc. 3, 362 (1966)] 

(Invited discussant) 

Protein synthesis 

Some general aspects of protein biosynthesis 

Esterase variants in mice 

Growth of b orte marrow in syngene ic, F l' 

and allogeneic recipients [ExptI. Hematol. 

12, 74 (1967)] 

Isolation and characterization of ribosomes 

from Tetrahymena pyriformis U. CeIl BioI. 

31, SSA (1966)] 

The influence of conformation on the photo­

chemistry of nucleic acids 

Excited state properties of polynucleotides 

at 77° K 

Pyrimidine dimers : Effect of temperature 

on photoinduction 

Aspects of the response of human cells 

in vitro to x and uv radiation 

The fate of uv-induced pyrimidine dimers 

in human cells in vitro 

Studies of homeotherm and poikilotherm 

cells in vitro 

PLACE PRESENTED 

Southwest Center for 

Advanced Studies, Dallas, 

Texas 

Reticuloendothelial Society, 

3rd Annual Meeting, 

Bethesda, Maryland 

International Symposium on 

Enzymatic Aspects of 

Metabolic Regulation, 

Mexico City, Mexico 

Third Annual Pathobiology 

Meeting, Aspen, Colorado 

Midwinter Conference of 

Immunologists, Honolulu, 

' Hawaii 

University of Michigan, 

Ann Arbor 

Bone Marrow Conference, 

University of Michigan, 

Ann Arbor 

Am. Soc. Cell BioI., 6th 

Annual Meeting, Houston, 

Texas 

Brandeis University, 

Waltham, Massachusetts 

Institute for Macromolecular 

Research, CNRS, Stras­

bourg, France 

Second International Con­

gress of Biophysics, 

Vienna, Austria 

Florida Atlantic Uni­

versity, Boca Raton, 

Florida 

National Institute of 

Arthritis and Metabolic 

Diseases , NIH, 

Bethesda, Maryland 

Institute of Marine Science, 

University of Miami, 

Miami, Florida 

• 



SPEAKE R 

[AND COAUTHOR(S)] 

Oakberg, E. F. 

Odell, T. T., Jr. 

(and C. W. Jackson) 

Papaconstantinou, John 

Papaconstantinou, John 

(Emilia Julku and Dorothy 

M. Schenck) 

Perkins, E. H. 

(Paul Nettesheim and 

Toshiteru Morita) 

Perkins, E. H. 

(Paul Nettesheim, 

Toshiteru Morita, and 

H. E. Walburg, Jr.) 

Perondini, A. L. P. 

(Crodowaldo Pavan and 

A. L. P . Perondini) 

Roberts, P. A. 

(R. F. Kimball and 

Crodowaldo Pavan) 

Robie, D. M. 

(M. L. Simmons and 

L. J. Serrano) 

Romani, R . J. 

Russell, Liane B. 

21 

TITLE 

Effects of ionizing radiation on the 

testis of man 

3H-Uridine labeling of mouse oocytes 

How do megakaryocytes differentiate? 

An analysis of the ribosomal breakdown in 

lens fibe·r cell differentiation 

Molecular aspects of lens cell differentiation 

Nucleic acid changes ass ociated with lens 

ce 11 differentiation 

Radioresistance of the engulfing and 

degradative capacities of peritoneal 

phagocytes to kiloroentgen x-ray doses 

The engulfing potential of peritoneal 

phagocytes from conventional germfree 

mice 

Changes in chromosomes induced by infec­

tion in cells of Sciara [Genetics 54, 353 

(1966)] 

Response of Rhynchosciara chromosomes 

to microsporidian infection: Increased 

polyteny and generalized puffing [Genetic s 

54, 357 (1966)] 

The effects of a filter cover on temperature 

and humidity in a mouse cage [Abstr. of 

papers, 17th Annual Meeting, Animal Care 

Panel, 1966, p. 12] 

Recovery from intracellular radiation damage 

as a function of cell age 

The relative sensitivity of various germ-cell 

stages of the mouse to radiation-induced 

sex-chromosome abnormalities 

PLACE PRESENTED 

UT-AEC Agricultural 

Research Laboratory, 

Oak Ridge, Tennessee 

Colloquium on Physiology 

and Reproduction in Mam­

mals, Paris, France 

XI Congress of the Inter­

national Society of 

Haematology, Sydney, 

Australia 

Symposium on the Bio­

chemistry of the Eye, 

Tutzing, Germany 

Duke University Medical 

Center, Durham, 

North Carolina 

Second International Bio­

physics Congress, Vienna, 

Austria 

Institut Ruder Boli'kovic, 

Zagreb, Yugoslavia 

International Symposium on 

Atherosclerosis and the 

Reticuloendothelial 

System, Como, Italy 

Genetics Society of 

America, 35th Annual 

Meeting, Chicago, Illinois 

Genetics Society of 

America, 35th Annual 

Meeting, Chicago, Illinois 

Animal Care Panel, 17th 

Annual Meeting, Chicago, 

Illinois 

Gerontological Society, 

19th Annual Meeting, 

New York City 

(1) Puerto Rico Nuclear 

Center, Mayaguez 

(2) Puerto Rico Nuclear 

Center, Rio Piedras 



SPEAKER 

[AND COAUTHOR(S)] 

Russell, Liane B. (and 

C. Saylors Montgomery) 

Russell, W. L. 

Russell, W. L. 

(and Elizabeth M. Kelly) 

Serrano, L. J. 

(and Carlene 

Amsbury) 

Serrano, L. J. (E. B. Darden, Jr., 

L. J. Serrano, and L. W. Harris, 

Jr.) 

Setlow, R. B. 

Simmons, M. L. 

Simmons, M. L. (and 

John Franklin) 

22 

TITLE 

Radiation-induced sex-chromosome ab­

normalities in female germ-cell stages 

of the mouse [Genetics 54, 358 (1966)] 

Radiation biology - genetic effects 

Recent advances in mammalian radiation 

PLACE PRESENTED 

Genetics Society of 

America, 35th Annual 

Meeting, Chicago, Illinois 

Ten-Week Health Physics 

Course, ORAU, Oak Ridge, 

Tennessee 

(1) Puerto Rico Nuclear 

genetics Center, Mayaguez 

Recent findings in mammalian radiation 

genetics and their application to health 

physics 

Mutation frequency in female mice exposed 

to high intensity x irradiation delivered 

in small fractions [science 154, 427-28 

(1966)] 

Semiautomatic recording and computer 

processing of mouse breeding data 

[Abstr. of papers, 17th Annual Meeting, 

Animal Care Panel, 1966, p. 93] 

A subcutaneous implant for telemetering 

body temperature of small mammals 

[Abstr. of papers, 17th Annual Meeting, 

Animal Care Panel, 1966, p. 95] 

Photochemistry and photobiology of 

polynucleotides 

(1) Care and housing of laboratory animals 

(2) Establishing an animal t'fsting program 

and diagnostic service laboratory 

(1) Diseases of guinea pigs and hamsters 

(2) Operation of a laboratory animal facility 

The proper care and housing of laboratory 

animals 

Review of some latent murine virus diseases 

and establishing a virus testing program 

(2) Puerto Rico Nuclear 

Center, Rio Piedras 

New England Chapter of 

the Health Physics 

Society, Cambridge, 

Massachusetts 

1966 Autumn Meeting of the 

National Academy of 

Sciences, Duke University, 

Durham, North Carolina 

Animal Care Panel, 17th 

Annual Meeting, Chicago, 

Illinois 

Animal Care Panel, 17th 

Annual Meeting, Chicago, 

Illinois 

Division of Biological and 

Medical Research, Argonne 

National Laboratory, 

Argonne, Illinois 

University of California at 

Davis 

Washington State University, 

Pullman 

Shepherd College, 

Shephe rds town, 

West Virginia 

University of Tennessee, 

Knoxville 

Acute radiation mortality in mice inoculated Animal Care Panel, 17th 

with pigmented or nonpigmented Pseudomonas Annual Meeting, Chicago, 

[Abstr. of papers, 17th Annual Meeting, Illinois 

Animal C!lre Panel, 1966, p. 1] 



SPEAKE R 

[AND COAUTHOR(S)] 

Simoes, L. C . G. 

(and Crodowaldo Pavan) 

Smith, R. H. (and 

Anna R. Whiting) 

Steinberg, C. M. 

Steinberg, C. M. (and 

R. C. von Borstel 

Stevens, Audrey L. 

(Nancy Sternberger 

and A. J. Emery, Jr . ) 

Stine, G. J. 

Stulberg, M. P. 

Terry, C. E. (and 

Jane K. Setlow) 

Upton, A. C. 

Van Pelt, Gladys S. 

23 

TITLE 

Chromosome activity in salivary gland 

of Rhynchosciara maintained in vitro 

[Genetic s 54, 362 (1966)] 

X-radiation sensitivity of Habrobracon 

oocytes at diakinesis [Genetic s 54, 364 

(1966)] 

The mechanism of inactivation of bacterio­

phage T4 by inc orporated radioactive 

isotopes 

Mechanism of killing by decay of radioactive 

phosphorus in bacteriophage T4 [s c ience 

154,429 (1966)] 

Studies of E. c oli RN A polymerase and its 

complexes with A DNA [Abstr. of papers, 

152nd Meeting, Am. Chern. Soc., 1966, 

p. 68c1 

Nicotinamide-adenine dinucleotidase 

activity during germination and growth of 

Neurospora crassa 

(Invited discussant) 

Photoreactivating enzyme in Neurospora 

Design of radiobiologic experiments 

The pathology of ionizing radiation 

The problem of cancer 

Radio-somatics 

The problem of gene dosage in Habrobracon 

[Genetics 54, 367-68 (1966)] 

PLACE PRESENTED 

Genetics Society of America, 

35th Annual Meeting, 

Chicago, Illinois 

Genetics Society of America, 

35th Annual Meeting, 

Chicago, Illinois 

University of Oregon, 

Eugene 

1966 Autumn Meeting of the 

National Academy of 

Sciences, Duke University, 

Durham, North Carolina 

Am. Chern. Soc., 152nd 

National Meeting, New 

York City 

Am. Soc. Microbio1., 

Kentucky-Tennessee 

Branch, Nashville, 

Tennessee 

International Symposium on 

Enzymatic Aspects of 

Metabolic Regulation, 

Mexico City, Mexic 0 

Am. Soc. Microbiol., 

Kentucky-Tennessee 

Branch, Nashville, 

Tennessee 

Workshop NIH Pathology 

"B" Study Section, Oak 

Ridge, Tennessee 

University of Chicago 

Medical School, Chicago, 

Illinois 

Science Club, Webb School, 

Knoxville, Tennessee 

AEC-NSF Basic Institute 

for Nuclear Science and 

Engineering, Oak Ridge, 

Tennessee 

Genetics Society of 

America, 35th Annual 

Meeting, Chicago, Illinois 



SPEAKER 

[AND COAUTHOR(S)] 

Volkin, Elliot 

von Borstel, R. C. 

von Borstel, R. C. 

(P. D. Panum and 

C. M. Steinberg) 

Walburg, H. E., Jr. 

Wallace, R. A. 

Wei, C. H. (and L. F. Dahl) 

Weisberg, R. A. 

Whiting, Anna R. 

Whitson, G. L. 

Whitson, G. L. (and 

J. G. Green) 

Wicks, W. D. 

24 

TITLE 

Enzyme induction by bacteriophage 

The Habrobracon experiment in the 

Biosatellite Project 

Nature of the tr
l

_ super-suppressors in 

Saccharomyces (Science 154,430 (1966)] 

Aging in irradiated and unirradiated germfree 

mice 

Vitellogenesis in vertebrates 

Structure of and bonding in two tetrameric 

cobalt carbonyl sulfur complexes 

Studies on temperature-sensitive cI mutants 

of bacteriophage lambda 

Factors influencing the radiosensitivity of 

cells 

Radiation biology and genetics of two 

hymenopteran species 

Macromolecular events in synchronized cells 

Changes in soluble carbohydrates of 

synchronized Tetrahymena U. Cell BioI. 

31, 123A (1966)] 

Control of enzyme activity during develop­

ment 

Hormones: Biochemical regu lators 

PLACE PRESENTED 

International Symposium on 

Enzymatic Aspects of 

Metabolic Regulation, 

Mexico City, Mexico 

Hangar S, Cape Kennedy, 

Florida 

1966 Autumn Meeting of the 

National Academy of 

Sciences, Duke University, 

Durham, North Carolina 

Roswell Park Memorial 

Institute, Buffalo, New 

York 

University of Michigan, 

Ann Arbor 

American Crystallographic 

Association, Atlanta, 

Georgia 

(1) Yale University, New 

Haven, Connecticut 

(2) Harvard Medical School, 

Boston, Massachusetts 

AAAS (Sigma Delta Epsilon 

Meeting), Washington, 

D.C. 

Conference on Radiation 

Biology (sponsored by the 

U.S. Dept. of Agriculture). 

Fargo, North Dakota 

University of Georgia, 

Athens 

Am. Soc. Cell BioI., 6th 

Annual Meeting, Houston, 

Texas 

(1) Virginia Polytechnic 

Institute, Blacksburg, 

Virginia 

(2) University of Alabama 

Medical Center, 

Birmingham 

(1) Marywood College, 

Scranton, Pennsylvania 

(2) Maryville College, 

Maryville, Tennessee 

(3) University of Richmond, 

Richmond, Virginia 



SPEAKER 

[AND COAUTHOR(S)] 

Wicks, W. D. 

Wust, C. J. 

Yamada, Tuneo 

Zapisek, W. F. 

Zimmerman, B. K. 

25 

TITLE 

RNA synthesis and enzyme induction in 

fetal rat liver 

RNA synthesis in fetal rat liver 

Biochemical studies on antibody synthesis 

Differentiation of lens cells 

Ribosomal breakdown during chick lens 

development 

The mechanism of chain initiation in the 

synthesis of po1ynudeotides by 

M. Iysodeikticus DNA polymerase 

VISITING LECTURERS 

PLACE PRESENTED 

Georgetown University, 

Washington, D .C. 

(1) Bowman Gray School of 

Medicine, Winston-Salem, 

North Carolina 

(2) University of Alabama 

Medical Center, 

Birmingham 

(1) Briar Cliff College, 

Sioux City, Iowa 

(2) Morningside College, 

Sioux City, Iowa 

(3) Westmar College, 

LeMars, Iowa 

Conference on Morphological 

and Biochemical Aspects 

of Cytodifferentiation, 

Va1bella, Switzerland 

Los Alamos Scientific Lab­

oratory, Los Alamos, New 

Mexico 

Second International Con­

gress of Biophysics, 

Vienna, Austria 

During the period August 1, 1966 - January 31, 1967,46 lectures were given on the Biology Division 
Seminar Program by guest speakers from scientific institutions and universities in this country and abroad. 

Visiting lecturers from foreign countries included scientists from Australia, Belgium, Brazil, Canada, 
England, Germany, Italy, The Netherlands, Peru, Poland, Sweden, and Venezuela. 

SPEAKER 

K. C. Atwood 

Henry Baker 

Hans J. Becker 

AFFI LlATION 

Department of Microbiology, 

University of Illinois, 

Urbana 

Johns Hopkins Medical Institute, 

Primate Center, 

Baltimore, Maryland 

Universitat Munchen, 

Munchen, Germany 

SUBJECT 

Genetics of the Ur-gene 

Latent haemobartonella infections in 

laboratory rodents 

X-ray-induced somatic crossing over 



SPEAKER 

Robert W. Bernlohr 

E. Boyland 

Reinier Braarns 

R. D . Brock 

Arthur Brown 

Richard Carp 

Kevin J. Crowley 

B. Zane Egan 

Jacques R. Fresco 

Earl Frieden 

Jon Gallant 

Jerome J . Gambino 

Giovanni Giudice 

E. Goldberg 

Walter R. Guild 

26 

AFFILIATION 

Department of Microbiology, 

University of Minnesota 

Medical School, 

Minneapolis 

Chester Beatty Research 

Institute, London, England 

Department of Radiobiophysics, 

Fysisch Laboratorium, 

Rijksuniversiteit, Utrecht, 

The Netherlands 

Division of Plant Industry, 

CSIRO, 

Canberra City, Australia 

Virus Research Division, 

Fort Detrick, Frederick, 

Maryland 

Wistar Institute, 

Philadelphia, Pennsylvania 

Instituto Venezolano de 

Ciendficas Investigaciones, 

Caracas, Venezuela 

Chemical Technology Division, 

Oak Ridge National Laboratory 

Oak Ridge, Tennessee 

Department of Chemistry, 

Princeton University, 

Princeton, New Jersey 

Florida State University, 

Tallahassee 

Department of Genetics, 

University of Washington, 

Seattle 

Bioastronautics Laboratory, 

Northrop Space Laboratories, 

Hawthorne, California 

Istituto di Anatomia Comparata, 

Palermo, Italy 

Tufts University Medical School, 

Boston, Massachusetts 

Duke University, 

Durham, North Carolina 

SUBJECT 

Control of several metabolic pathways 

during intracellular development in 

Bacillus 

The biochemistry of carcinogenesis 

Radiation effects in proteins 

Mutation-induced quantitative 

variation in plants 

Conditional lethal mutants of 

animal viruses 

The induction of two virus specific 

proteins by the tumor producing 

virus, SV 40 

Some olefin photoisomerizations 

Measurements of the molecular 

weight of tRNAs by gel permeation 

chromatography and membrane 

osmometry 

Tertiary structure of transfer RNA 

Thyroid hormones and the 

biochemistry of amphibian 

metamorphosis 

Control of RNA synthesis in E. coli 

The relationship between cell 

population kinetics and radiation 

resistance in pocket mice 

Ribosomes in sea urchin embryos 

Measurement of the number of 

nucleotide pairs in a genetic 

interval of phage T4 

Transformation and transcription 

properties of fractionated DNA 

strands 



SPEAKER 

R. D. Heidenreich 

Philip E. Hildreth 

Ben Hochman 

James W. Holleman 

Carroll K. Johnson 

Edward Kowalski 

L. Leifer 

John Love 

J. R . Maisin 

Peter Moens 

Pablo Mori-Chavez 

Montrose J. Moses 

Erling N orrby 

Donald E. Olins 

Ellen Rasch 
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AFFILIATION 

Bell Telephone Laboratories, 

Murray Hill, New Jersey 

Department of Zoology, 

University of California, 

Berkeley 

Department of Zoology, 

The University of Tennessee, 

Knoxville 

Department of Chemistry, 

N orthwe stern University, 

Evanston, Illinois 

Chemistry Division, 

Oak Ridge National Laboratory, 

Oak Ridge, Tennessee 

Institute of Hematology , 

Warsaw, Poland 

Michigan Technological 

University, 

Houghton 

UT-AEC Agricultural Research 

Laboratory, 

Oak Ridge, Tennessee 

Radiobiology Department, 

Laboratories du C .E.N. 

; Mol-Donk, Mol-Donk, 

Belgium 

Department of Biology, 

York University, 

Toronto, Ontario, Canada 

Laboratorio de Investigacion de 

Cancer, 

Lima, Peru 

Duke University 

School of Medicine, 

Durham, North Carolina 

Department of Virus Research, 

Karolinska Institutet, 

Stockholm, Sweden 

Department of Microbiology, 

Dartmouth Medical School, 

Hanover, New Hampshire 

Marque tte U niv ersity, 

Milwaukee, Wisconsin 

SUBJECT 

Phase contrast and high resolution 

Conception and misconception: 

embryonic development in 

Drosophila me lanogaster 

Lethal loci on chromosome 4 of 

D. melanogas ter 

Primary structure of the non-heme 

respiratory protein hemerythrin 

Stereoscopic drawings illustrating 

the three-dimensional structure 

of the protein myoglobin 

Defibrination syndrome 

Some implications of the 

Mossbauer effect for biochemistry 

Radiation-induced changes in the 

synthesis of anthocyanin pigments 

in higher plants 

Recent observations on chemical 

protection 

Chromosome behaviour at meiotic 

prophase 

Comments on Ninth International 

Cancer Congress, Tokyo, Japan, 

October 23-28, 1966 

DN A, chromosome differentiation 

and motility in an aflagellate 

sperm of a coccid 

Soluble components of 

adenov iruse s 

Model nucleoprotein complexes 

Microspectrophotometric 

measurements of polytene 

chromosomes 



SPEAKER 

Gunter Rohrborn 

Roger Romani 

Royal F. Ruth 

Perry Scheinok 

Giorgio Schreiber 

Verne Schumaker 

Fabio Sereni 

Russell W. Shaedler 

Frank W. Stahl 

Pat Walne 

Hubert Wartenberg 

Bruce L. Welch 

John S. Wellington 
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AFFI LlATION 

University of Heidelberg, 

Heidelberg, Germany 

University of California, 

Davis 

Department of Zoology, 

Univers ity of Alberta, 

Edmonton, Alberta, Canada 

Hahnemann Medical College, 

Hospital of Philadelphia, 

Philadelphia, Pennsylvania 

Universidade Federalde Minas 

Gerais, 

Minas Gerais, Brazil 

University of California, 

Los Angeles 

Universita di Milano, 

Milano, Italy 

Rockefeller University, 

New York 

Institute of Molecular Biology, 

University of Oregon, 

Eugene 

The University of Tennessee, 

Knoxville 

Department of Biological 

Structure, 

University of Washington 

School of Medicine, 

Seattle 

The University of Tennessee 

Memorial Research Center 

and Hospital, 

Knoxville 

University of California 

San Francisco Medical School, 

San Francisco 

SUBJECT 

Investigations with chemical 

mutagens in mammals 

Radiation effects on plant 

mitochondria 

Structure and ultrastructure of 

lymphoid anlagen 

Mathematical models in medical 

diagnosis 

Slides of Belo Horizonte 

Phase transition during 

centrifugation of high molecular 

weight DNA 

Nuclear RN A synthes i s in the liver 

of the rat in the perinatal period: 

the role of corticosteroids 

Bacterizing the germ-free gut 

Gene clusters in bacteriophage T4 

The effects of colchicine on cellular 

organization in Chlamydomonas 

eugametos 

Some studies on the fine structure 

of two c ircumventriculary organs 

of the mammalian brain, epiphysis 

cerebri, and area postrema 

Biochemical and morphological 

effects of social stimulus and 

their implications for population 

feedback control 

The relationship of late radiation 

changes in bone marrow to 

radiation leukemia 
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SCHEDULED SPEAKERS FOR PROFESSIONAL MEETINGS, SPRING-SUMMER 1967 

CIBA Symposium on Cell Differentiation, London, England - Tuneo Yamada 

11th Annual Meeting of the Biophysical Society, Houston, Texas - G. B. Cline (coauthors, Manuel Rosen­
baum and N. G. Anderson), J. S. Cook, J. E. Donnellan (R. S. Stafford and J . E . Donnellan), S. P. 
Leibo (coauthor, Peter Mazur), R. A. McGrath (coauthor, R. W. Williams), R. O. Rahn (coauthor, J. L. 
Hosszu), Jane K. Setlow (coauthor, F. J. BoHum), R. B . Setlow (coauthors, W. L. Carrier and R. W. 
Williams), and P . A. Swenson 

4th Annual Electron Microscopy Symposium of the Louisiana Society for Electron Microscopy, New Or­
leans, Louisiana - W. W. Harris (coauthors, Frances L. Ba11, Helen Coates, G. B. Cline, N. G. 
Anderson, and R. M. Chanock) 

International Symposium on Germfree Life Research, Nagoya, Japan - M. L. Simmons (coauthors, C. B. 
Richter and R. W. Tennant) 

4th Basel Colloquium on Mammalian Sex Chromosomes in Differentiation and Development, Basel , Switzer­
land - Liane B. Russell 

20th Annual Biology Research Conference, Gatlinburg, Tennessee - Rhoda F . Grell 

58th Annual Meeting of the American Association for Cancer Research, Chicago, illinois - Stanfield 
Rogers (coauthor, J. H. Evans) and A. C. Upton (coauthor, J . W. Conklin) 

51st Annual Meeting of th e Federation of American Soci eties for Experimental Biology, Chicago, Illinois -
W. E. Barnett (coauthors, J. L. Epler and D. H. Brown), C. C Congdon (T. J. Mitche11, D. A. Gardiner, 
M. A. Kastenbaum, and C. C Congdon), F. J. Finamore 0. S. Clegg, A. H. Warner, and F. J . Finamore), 
Joan Wright Goodman (coauthors, Gayle C. Bosma and Sarah G. Shinpock), K. Bruce Jacobson (coau­

thor, J. B. Murphy), F. T. Kenney , T. T. Odell, Jr. (coauthor, C. W. Jackson), John .Papaconstantinou 
O. A. Stewart and John Papaconstantinou), D. C. Vann, L. C. Waters (coauthors, Elliot Volkin and 
G. David Nove11i), and J. F. Weiss (coauthors, A. D. Kelmers and M. P . Stulberg) 

Bone Marrow Conference Group, Chicago, Illinois - C. C Congdon 

The Association of Southeastern Biologists, Columbia, South Carolina - P. W. Whiting 

International Conference on Cell Synchrony, Oak Ridge, Tennessee - H. I. Adler (coauthors, W. D. Fisher 
and Amikam Cohen), F. J. Finamore, Alexander Ho11aender, R. F. Kimball , G. J. Stine, and G. L. 
Whitson 

67th Annual Meeting of the American Society for Microbiology, New York, New York - H. I. Adler (coau­
thors, Amikam Cohen, W. D. Fisher, and Alice A. Hardigree), D. E. Axelrod (coauthor, H. I. Adler), 
Amikam Cohen (coauthors, H. I. Adler, W. D. Fisher, and F. W. Shull), Roy Curtiss III (coauthors, 
J. A. Mays and D. R. Sta11ions) , A. P. Harrison, Jr. (coauthor, Vivian E. Raabe), Alfred Hellman (co­
authors, L. J. Wop schall and J . G. Farrelly), Kiki B. Hellman (coauthors, Alfred Hellman, R . B. Cum­
ming, and G. David Nove11i), L. R. Shugart (coauthor, M. P. Stulberg), R. L. Tyndall (coauthors, J. A. 
Otten, Ernestine Teeter, and N. D. Bowles), and C. J . Wust (coauthor, D. G. Ridner) 

15th Annual Meeting of the Radiation Research Soci e ty, San Juan, Puerto Rico - M. A Bender (coauthors, 
F. J. de Serres, P . Carolyn Gooch, Ida R. Miller, and Sohei Kondo), N. K. Clapp (coauthors, A. W. 
Craig and A. C. Upton) , G. E. Cosgrove (coauthors, A. C. Upton and C. C Congdon), E. B. Darden, Jr . 
(coauthors, K. S. Christenberry, M. C. Jernigan, J. W. Conklin, R. S. Bender, and A. C. Upton), H. V. 
Ma11ing (coauthor, F . J. de Serres), J. L. Montour, M. L. Randolph, J. D. Regan (coauthors, J. E. 
Trosko), L. H. Smith (coauthor, T . W. McKinley, Jr.), A. C. Upton (coauthor, J. W. Conklin), R . C. 
von Borstel (coauthors, R. H. Smith and Anna R. Whiting), H. E. Walburg, Jr. (coauthors, G. E . Cos­
grove and A. C. Upton), and Niel Wald (coauthors, S. Pan , A. C. Upton, and R. C. Brown) 

1st International Congress of the Transplantation Society, Paris, France - C. C Congdon, Joan Wright 
Goodman 
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12th Annual Meeting of the Health Physics Society, Washington, D.C. - W. L. Russell and A. C. Upton 

IAEA Study Group Meeting on the Effects of Ionizing Radiations on Meiotic Systems, Vienna, Austria -
E. F. Oakberg, Liane B. Russell 

International Union of Biochemistry and Seventh International Congress of Biochemistry, Tokyo, Japan -
M. I. Dolin, R. K. Fujimura (coauthor, Elliot Volkin), K. Bruce Jacobson (coauthor, Virginia L . Holten), 
F. T. Kenney, J . X. Khym (coauthor, Mayo Uziel) , G. David Novelli (coauthors, A. D. Kelmers, J. F . 
Weiss, C. Hancher, H. Weeren, and E. F. Phares), and M. P. Stulberg (coauthor, J . W. Longworth) 

Foreign Travel 

More than 20 members of the Biology Division visited abroad during the period August 1966-January 
1967. Their activities, which took them to 20 foreign countries, ranged from participation at conferences 
and meetings to giving invited talks at various research institutions, colleges, and universities. Coun­
tries visited were: 

Europe - Austria 
Czechoslovakia 
England 
France 
Germany 
Greece 
Italy 
The Netherlands 
Sweden 
Swi tzerland 
Yugoslavia 

Asia - India 
Israel 
Japan 
Pakistan 
Thailand 

Australia - Commonwealth of Australia 

The Americas - Canada 
Mexico 
Venezuela 

Eight Division members - L. G. Caro, Dorothy S. Cook, J. S. Cook, J. E. Donnellan, Jr., J. W. Long­
worth, John Papaconstantinou, R. O. Rahn, and B. K. Zimmerman - traveled to Vienna, Austria, in early 
September to participate in the Second International Biophysics Congress. Each investigator presented 
a paper at the Congress; titles and coauthors will be found in the Lectures section of this report. 

Representing the Division at the Symposium on Enzymatic Aspects of Metabolic Regulation, Mexico 
City, November 28-December 1, were Alexander Hollaender, D. D. Holten, Virginia L. Holten, F. T. 
Kenney, G. David Novelli, M. P. Stulberg, Elliot Volkin, and Craig Whitmire, Jr. See Meetings and Con­

ferences, 1966, p. 32 for details. 
R . A. Brown attended the 1966 Leukocyte Culture Conference, October 13-16, in Montreal, Canada, 

as a representative of the Division's Radiation Immunology section. 
E . H. Y. Chu, who returned in September from a year's leave at the Karolinska Institute in Stockholm, 

Sweden, again traveled to Stockholm on January 18, 1967, for a month's stay. He will be doing collabora­
tive research on tumor immunology. 

L. G. Caro, who has been on leave of absence to Hammersmith Hospital, London, since June 1966, 
was in Naples, Italy, September 24-26, for the European Phage Meeting, at which he presented a paper 
entitled "The attachment of the DNA bacteriophage f1 to male strains of E. coli." From Naples he 
traveled to Geneva, Switzerland , to confer with Dr. Edouard Kellenberger of the Institute of Molecular 
Biology, University of Geneva, concerning a course in electron microscopy to be offered by the Biology 
Division in the summer of 1968. He returned to London on October 4. 
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After participating in the Second Biophysics Congress in Vienna, Dorothy S. Cook and J. S. Cook 
visited various research institutions in France before returning to Oak Ridge on September 26. 

J . E . Donnellan, Jr., visited the Institute of Microbiology of the Czechoslovak Academy of Sciences 
and the Department of Genetics, Microbiology, and Biology at Charles University, both in Prague, Czech­
oslovakia, in September. Then he traveled to France and The Netherlands , giving an invited lecture at 
the Institut Pasteur in Paris and at the Medical-Biological Laboratory RVO-TNO in Rij swijk . 

Joan Wright Goodman, who spent six months in the Weizmann Institute of Rehovoth , Israel, traveled 
from there to Sydney, Australia, before returning to the Division. In Australia she attended the Congress 
of the International Society of Hematology and the Congress of the International Society of Blood Trans­
fusion, August 21-29. At the latter she gave a paper on "Modification of poor growth of parental hemo­
poietic cells." 

Alexander Hollaender, before attending the Symposium on Enzymatic Aspects of Metabolic Regulation 
in Mexico City, traveled to Caracas, Venezuela, where he met with Drs. Marcel Roche and Carlos Rivas 
to prepare the program for an international symposium on Basic Mechanisms in Photobiology to be held 
in Caracas in December 1967. R. B. Setlow, of the Biology Division, also attended the program-planning 
meetings. While in Venezuela, Dr. Hollaender visited universities in the cities of Cumana and Maracaibo . 
On January 1, 1967, he began a foreign tour which will include visits to Switzerland, Greece, Thailand, 
India , Pakistan, Israel, Italy, and France. Dr. Hollaender will make a comprehensive survey of current 
radiation biology research and give numerous invited lectures and seminars. 

Before returning to the Division from his year's stay at the Institute of Genetics in Rome, Italy, D. L. 
Lindsley spent August 1-6 in Germany and The Netherlands , where he lectured at the University of 
Munich, Germany; the Max Planck Institute for Biology in Tubingen, Germany; and at the University of 
Leiden, Leiden, The Netherlands. See Lectures for titles . 

During September, J . W. Longworth visited laboratories in Germany, Switzerland, and France after 
attending the Biophysics Congress in Vienna. While in France, he lectured on "Luminescence and E . S.R . 
of nucleic acid protein" at the Institute for Macromolecular Research, Centre National de la Recherche 
Scientifique, Strasbourg. 

Peter Mazur traveled in Japan and Australia during the month of August, presenting a paper entitled 
"Physical-chemical basis of injury from intracellular freezing in yeast" at the International Conference 
on Cryobiology held in Sapporo, Japan, August 14-17, and one on "Physical and chemical changes 
during freezing and thawing of cells" at the Symposium on New Methods of Preservation Qf Blood and 
Bone Marrow, XI Congress of the International Society of Blood Transfusion, Sydney, Australia, August 
24-29. He visited laboratories in both countries and gave invited lectures at the CSIRO Division of Food 
Preservation in Sydney and at the University of Melbourne, Melbourne, Australia. 

E. F. Oakberg attended the Colloquium on Physiology and Reproduction in Mammals, Paris, France, 
November 16-19, and presented an invited paper entitled "RNA metabolism in mammalian oocytes." 

T. T . Odell, Jr . , was in Sydney, Australia, August 21-26, to present the paper "How do megakaryo­
cytes differentiate?" at the Congress of the International Society of Hematology. 

Before traveling to Vienna for the Biophysics Congress, John Papaconstantinou attended both the 
Symposium on the Biochemistry of the Eye at Tutzing, Germany, August 9-14, and the International Con­
gress of Ophthalmology, Munich, Germany, August 14-19. At the former, he delivered a paper on "An 
analysis of the ribosomal breakdown in lens fiber cell differentiation. " 

E. H. Perkins visited laboratories in Belgrade and Zagreb, Yugoslavia, September 2-6, to discuss 
problems of mutual interest with various Yugoslavian investigators. He then traveled to Como, Italy, for 
the International Symposium on Atherosclerosis and the Reticuloendothelial System. Before returning to 
Oak Ridge, he visited the Schweizerisches Forschungsinstitut, Medizinische Abteilung, Davos-Platz , 
Switzerland, and the Institut Pasteur and College de France, Paris, France. During his trip, Dr. Perkins 
presented papers at the Institut Ruder Bo~kovic , in Zagreb, and at the Symposium in Como. Titles and 
coauthors will be found in the Lectures section of this report. 

After participating in the Biophysics Congress in Vienna, R. O. Rahn spent two weeks in September 
visiting laboratories in Germany , Switzerland, and France. He spoke on "Excited state properties of 
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polynucleotides at 77°K" at the Institute for Macromolecular Research, Centre National de la Recherche 
Scientifique, Strasbourg. 

R. B. Setlow spent November 21-22 in Caracas, Venezuela, where he joined Alexander Hollaender of 
the Biology Division and Drs. Marcel Roche and Carlos Rivas of Venezuela in preparing a program for the 
planned International Symposium on Basic Mechanisms in Photobiology to be held in Caracas in December 
1967. 

Tuneo Yamada presented a paper entitled "Lens cell differentiation" at the Conference on Morpholog­
ical and Biochemical Aspects of Cytodifferentiation, Valbella, Swit~er1and, September 8-10, and served 
as chairman of the session on the Central Nervous System. 

Meetings and Conferences 

MEETIHG OH THE USE OF DHA OR RHA TO SUPPLEMEHT THE HOST GENOME, 
PERHAPS USIHG VIRUSES AS VECTORS 

An informal discussion meeting on the Use of DHA or RHA to Supplement the Host Genome, Perhaps 
Using Viruses as Vectors was organized by Stanfield Rogers of the Biology Division and held at Rocke­
feller University, New York City, on October 1. Other Division members attending were Alexander Hol­
laender and J. L. Liverman. 

FALL MEETIHG OF BIOMEDICAL PROGRAM DIRECTORS 

Alexander Hollaender attended the fall meeting of the Biomedical Program Directors of the U. s. 
Atomic Energy Commission held in Oak Ridge, October 10-11. The Health Physics Division, ORNL, 
served as host. These meetings are held three times each year to review research in the various biomed­
ical programs at Commission laboratories. 

SYMPOSIUM OH EHZYMATIC ASPECTS OF METABOLIC REGULATIOH 

Seven Biology Division investigators - Alexander Hollaender, Virginia L. Holten, D. D. Holten, F. T. 
Kenney, G. David Novelli, M. P. Stulberg, and Elliot Volkin - attended the conference on Enzymatic As­
pects of Metabolic Regulation held in Mexico City from November 28 to December 1. This was the sixth 
in the series of Latin American conferences held annually since 1961 under the sponsorship of scientific 
organizations in the host country with the encouragement of the Biology Division and with cosponsorship 
by the Division and other scientific and educational institutions in the United- States. 

Drs. Hollaender, Kenney, and Novelli were members of the organizing committee for the conference. 
In addition, Dr. Hollaender served as chairman of the closing session and gave the closing remarks, F. T . 
Kenney and Elliot Volkin presented papers, and M. P. Stulberg and G. David Novelli were discussants. 
Dr. Stulberg is serving as scientific editor of the proceedings, which are to be published as a Journal of 
the Hational Cancer Institute Monograph. Craig Whitmire, Jr., Division editor, also attended the confer­
ence to assist in preparation of the proceedings for publication. 
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Twenty-six papers, seven discussion papers, an opening and a closing lecture, and closing remarks 
were presented at the six sessions. Speakers included scientists from Argentina, Brazil, Chile, England, 
and France, as well as Mexico and the United States. Registered and attending the conference were addi­
tional investigators from the countries listed for the speakers; from Costa Rica, El Salvador, Guatemala, 
and Panama in Central America; and from Colombia, Venezuela, Peru, and Uruguay in South America. 
There were also many students from Mexico at various sessions of the symposium. 

Symposium sponsors were the National University of Mexico; The National Polytechnic Institute; the 
University of Wisconsin; Biology Division, ORNL; U.S. Atomic Energy Commission; The National Science 
Foundation; Ford Foundation; and the U.S. National Institutes of Health. 

BONE MARROW CONFERENCE 

A midwinter bone marrow conference was held December 2-3 at the University of Michigan in Ann 
Arbor under the chairmanship of Dr. Byron S. Berlin. Division members C. C Congdon and R. A. Popp 
were included among the speakers, and the latter also served as chairman of one of the sessions. Ab­
stracts of the papers presented at the meeting, as well as several contributed papers, appear in Experi­
mental Hematology No. 12. 

This conference was the most recent in a series of bone marrow transplantation and chemical protec­
tion meetings, first held in 1957 in Oak Ridge, arranged by Biology Division investigators with the coop­
eration of many scientists and institutions throughout the world to provide a means for prompt exchange 
of the latest experimental information between clinical and animal researchers. 

ANNUAL INFORMATION MEETING 

The Oak Ridge National Laboratory Advisory Committee for Biology made its annual visit to the Di­
vision December 7-9. The committee members are C . E . Carter, Western Reserve University Medical 
School; Rollin D. Hotchkiss, Rockefeller University; Henry S. Kaplan, Stanford University Medical School; 
Herschel Roman, University of Washington; Earl R. Stadtman, National Heart Institute; and Curt Stern, 
University of California. 

During the first two days of the Annual Information Meeting Division investigators presented summa­
ries of their work at formal sessions. Discussion areas covered included developmental biology, bio­
chemistry, biophysics, molecular anatomy, genetics, carcinogenesis, immunology, pathology and phys­
iolqgy, mammalian recovery program and experimental animal facility, and educational activities. After 
the formal sessions, and on the last day, committee members visited individual laboratories and partici­
pated in informal discussions. 

1967 

TWENTIETH ANNUAL BIOLOGY RESEARCH CONFERENCE 

The 1967 Research Conference, sponsored by the Biology Division, ORNL, will be held April 10-13 
at the Ri verside Motor Lodge in Gatlinburg, Tennessee. The organizing committee, R. F. Kim ball (chair­
man), Roy Curtiss III (cochairman), C. M. Steinberg, Elliot Volkin, and R. C. von Borstel, has announced 
the following program: 
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CHROMOSOME MECHANICS AT THE MOLECULAR LEVEL 

Monday, April 10 

Opening Remarks - Alexander Hollaender 

Welcome Address - H. G. MacPherson, Deputy Director 
Oak Ridge National Laboratory 

Introduction - R. F . Kimball 

Morning Session 

Chairman: Enrico G. Calef, Laboratorio Internazionale di Genetica e Biofisica, Naples, Italy 

Circular Genetic Maps - Franklin W. Stahl, Institute of Molecular Biology, University of Oregon, 
Eugene 

Systematics of Viral DNA Molecules - C. A. Thomas, Jr., The Thomas C. Jenkins Department of Bio­
physics, The Johns Hopkins University, Baltimore, Maryland 

Afternoon Session 

Chairman: Karl G. Lark, Department of Physics, Kansas State University, Manhattan 

Replication of RNA - Sol Spiegelman. Department of Microbiology, University of Illinois, Urbana 

Mechanics of DNA Replication in Bacteria - John Cairns and Cedric Davern, Cold Spring Harbor 
Laboratory of Quantitative Biology, Cold Spring Harbor, New York 

Tuesday, April 11 

Morning Session 

Chairman: R. L. Sinsheimer, Division of Biology, California Institute of Technology, Pasadena, California 

Regulation of Replication Studied in Bacterial Episomes: On the Mechanism of Genetic Transfer by 
F + or Hfr Strains of Escherichia coli - Fran10is Cuzin, Commissariat a l'Energie Atomique, Service de 
Biochimie, Gif-sur-Yvette, France, and Fran'!ois Jacob, Institut Pasteur, Paris 

DNA Replication and Recombination in Eukaryotes - Kwen-Sheng Chiang and Noboru Sueoka, Depart­
ment of Biology, Princeton University, Princeton, New Jersey 

Afternoon 

(Free) 

Wednesday, April 12 

Morning Session 

Chairman: A. H. Sturtevant, Kerckhoff Biological Laboratories, California Institute of Technology, Pas­
adena 
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Pairing at the Molecular Level - Matthew S. Meselson, Biological Laboratories, Harvard University, 
Cambridge, Massachusetts 

Pairing at the Chromosomal Level - Rhoda F. Grell, Biology Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 

Afternoon Session 

Chairman: Julian Gross, Microbial Genetics Research Unit, Hammersmith Hospital, London 

Genetic Recombination in Phage - A. H. Doermann and David H. Parma, Department of Biology, Uni­
versity of Washington, Seattle 

A Genetic Analysis of Recombination Proficiency - A. J. Clark, Department of Molecular Biology, 
Uni versity of California, Berkeley 

Reactions Occurring at Termini in DNA - Jerard Hurwitz, M. L. Gefier, and A. J. Becker, Department 
of Molecular Biology, University of Washington, Seattle 

Reactions Occurring at Termini in DNA - Jerard Hurwitz, M. L. Gefter, and A. J. Becker, Department 
of Molecular Biology, Albert Einstein College of Medicine, Bronx, New York 

Thur sday, Apri I 13 

Morning Session 

Chairman: A. D. Hershey, Genetics Research Unit, Carnegie Institution of Washington, Cold Spring 
Harbor, New York 

Molecular Mechanisms of Genetic Recombination - Jun-ichi Tomizawa, Department of Chemistry, 
National Institute of Health, Shinagawa-ku, Tokyo, Japan 

Perspectives - R. D. Hotchkiss, Rockefelier University, New York 

BIOMEDICAL PROGRAM DIRECTORS MEETINGS 

J. L. Liverman and R. F. Kimball will attend the winter meeting of the Biomedical Program Directors 
of the United States Atomic Energy Commission on February 13-14 in New York City. The spring meeting 
will be April 24-25 at Livermore, California. 

BONE MARROW CONFERENCES 

A series of three bone marrow transplantation and chemical radiation protection conferences is being 
planned for 1967. The first will be held on April 17 in conjunction with the Federation of American Soci­
eties for Experimental Biology meeting in Chicago . Dr. Jerry P. Lewis of Presbyterian-St. Luke's Hos­
pital, Chicago, is organizing the 2-hr evening discussion session. 

Preparations for a I-day bone marrow conference in Paris are being made by Drs. Georges Mathe and 
Leon Schwartzenberg of the Institut de Cancerologie et d'Immunogenetique. This meeting will take place 
on June 26 in connection with, and immediately preceding, the First International Congress of the Trans­
plantation Society, June 27-30. 

The final conference of the year will be held in Oak Ridge in midwinter and will review ten years of 
research in bone marrow transplantation and other investigations related to radiation protection and re­
covery. 
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2ND INTERNATIONAL CONFERENCE ON CELL SYNCHRONY 

Over 100 scientific investigators from the United States and abroad will participate in the 2nd Inter­
national Conference on Cell Synchrony to be held in Oak Ridge on April 27-29. The organizing com­
mittee - G. L. Whitson (Biology Division, Oak Ridge National Laboratory) and G. M. Padilla (Wrightsville 
Biomedical Marine Laboratory, Wilmington, North Carolina), cochairmen; W. D. Fisher (Biology Division), 
and I. L. Cameron (Upstate Medical Center, State Uni versity of New York, Syracuse) - has arranged a 
program consisting of 39 invited papers and 9 discussion periods. Session topics are "Genetic studies 
in cell synchrony," "Developmental aspects of cell synchrony," "Regulation and control in synchronized 
cells," "Biochemistry and physiology of synchronized ce11s, " and "Macromolecular aspects of cell divi­
sion synchrony. " 

R. F. Kimball, Director, Biology Division, will present the opening remarks and Alvin M. Weinberg, 
Director of the Oak Ridge National Laboratory, will deliver the welcoming address. Alexander Hollaender, 
Biology Division, will serve as conference chairman and present introductory remarks, and J. M. Mitchison 
of the University of Edinburgh, Edinburgh, Scotland, will give the summation. Division members sched­
uled to present papers or serve as invited discussants are H. I. Adler (coauthors, W. D. Fisher and 
Amikam Cohen), F. J. Finamore, G. J . Stine, and G. L. Whitson . 

THIRD CONFERENCE ON BLOOD PLATELETS 

Plans are being made by T. T . Odell, Jr., of the Biology Division, and Robert M. Heyssel , M.D . , 
Vanderbilt University School of Medicine, to hold the Third Conference on Blood Platelets in Oak Ridge 
on June 22-23. Investigators working on the functions and characteristics of blood platelets will present 
papers and discuss recent developments in this area of research. Abstracts of the papers will be pub­
lished in Blood. 

EIGHTH ANNUAL SYMPOSIUM OF THE INTERNATIONAL SOCIETY FOR CELL BIOLOGY 

Cytodifferentiation with Special Reference to Immunology will be the subject of the Eighth Annual 
Symposium of the International Society for Cell Biology to be held October 9-13 in Gatlinburg, Tennessee. 
Takashi Makinodan and John Papaconstantinou are assisting in planning the meeting and are making ar­
rangements for participants to visit with Biology Division staff members in their laboratories in Oak 
Ridge. There will be nine half-day sessions during which 20 to 25 papers will be presented on the gen­
eral topics "Use of immunologic techniques (indicator assay)" and "Immunologic response as a model 
system to study differentiation." 

INTERNATIONAL SYMPOSIUM ON BASIC MECHANISMS IN PHOTOBIOLOGY 

The seventh in the series of Latin American conferences organized by Alexander Hollaender and co­
sponsored by the Biology Division will be held in Caracas, Venezuela, in December 1967. Drs. Hol­
laender and R. B. Setlow were in Caracas, November 21-22, 1%6, to meet with Drs. Marcel Roche and 
Carlos Rivas and make final plans for the symposium, Basic Mechanisms in Photobiology. A tentative 
program is being prepared and will be announced in the next semiannual progress report Quly 31, 1967). 
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Educational Activities 

GRADUATE COURSES TAUGHT 

UT-ORNL Ford Foundation Program - H. I. Adler has co.ntinued to. participate in the University o.f 
Tennessee-Oak Ridge Natio.nal Labo.rato.ry Co.o.perative Research Pro.gram spo.nso.red by the Fo.rd Fo.unda­
tio.n, teaching a co.urse in Bacterial Genetics fo.r the University's Department o.f Micro.bio.lo.gy during the 
fall and winter quarters. This co.urse has as its primary co.ncerns the physical basis o.f genetics, bacterial 
cyto.lo.gy, mutatio.ns, DNA as genetic material, and genetic systems o.f bacteria and bacterial viruses. 

C. C Co.ngdo.n taught a co.urse dealing with Patho.lo.gical Processes at the University o.f Tennessee dur­
ing the winter quarter. The co.urse w ill be co.ntinued in the spring. 

Also. under the UT-ORNL Fo.rd Fo.undatio.n Program, A. H. Haber will teach a co.urse entitled "Devel­
o.pmental Plant Physio.lo.gy" during the spring quarter. 

Also. under this pro.gram, L. H. Smith - to.gether with R. W. Ho.lto.n, Head o.f the University's Depart­
ment o.f Bo.tany - is teaching a o.ne-quarter co.urse in Cell Physio.lo.gy which co.ncentrates o.n the functio.nal 
activities o.f cells, with special emphasis o.n the physio.chemical pheno.mena o.f pro.to.plasm; o.n o.rganiza­
tio.n in the cell; and o.n the transpo.rt o.f materials and the release , so.urces, and uses o.f energy in the cell. 

UT -Oak Ridge Resident Graduate Program - The fo.llo.wing co.urses have been taught by Divisio.n 
members thro.ugh the UT-Oak Ridge Resident Graduate Pro.gram: * 

Advanced Genetic s. - A co.urse in Advanced Genetics is being taught this winter by W. E. Barnett. 
The co.urse places majo.r emphasis o.n mo.dern trends and theo.ries in genetics. 

Cellular and Comparative Bioche mistry. - F. J. Finamo.re taught a co.urse in Cellular and Co.mparative 
Bio.chemistry during the fall quarter, and is currently teaching the same co.urse. To.pics co.vered include 
intermediary metabo.lism energy transfo.rmatio.ns, the properties o.f enzymes , and enzyme kinetics. 

Concepts in General Zoology. - Organized in 1964 by G. L. Whitso.n and N. G. Anderso.n, the General 
Zo.o.lo.gy co.urse was taught during the fall quarter by Dr. Whitso.n and is being taught by him again this 
winter. Designed specifically to. train Oak Ridge no.nbio.lo.gical perso.nnel in basic bio.lo.gy , this co.urse is 
co.nducted o.n a level appro.priate to. co.llege graduates with no. prio.r training in Z0.0. lo.gy , with emphasis be­
ing placed o.n such pro.blems as animal co.mplexity, repro.ductio.n, cell differentiatio.n, subcellular o.rgani­
zatio.n , and genetics. 

General Genetic s. - W. E. Barnett taught a co.urse in General Genetics during the fall quarter. This 
co.urse dealt mainly with the fundamental principles o.f heredity. 

Human Genetics. - A co.urse in Human Genetics is currently being taught by J. D. Regan; it co.vers 
human cyto.genetics and chromo.so.mal abno.rmalities, the metabo.lic lesio.ns in man which are asso.ciated 
with hereditary disease , and the mo.lecular diseases o.f man due to. genetic abno.rmalities in structural and 
functio.nal macromo.lecules. 

*All UT-Oak Ridge Reside nt Graduate Program courses are taught at the ORAU Special Training Building, 
Laboratory Road. 

LECTURES PRESENTED IN COURSES 

On August 16, U. H. Ehling and A. C. Upto.n lectured to. a group o.f teachers from vario.us state uni­
versities and junio.r co.lleges attending an AEC-NSF Basic Institute fo.r Nuclear Science and Engineering. 
The six-week pro.gram, held at No.rth Caro.lina State University, included a week's visit to. Oak Ridge 
during which Dr. Ehling spo.ke o.n "Radio.-genetics" and Dr. Upto.n spo.ke o.n "Radio.-so.matics." 

During the perio.d September 19-January 31, the fo.llo.wing Divisio.n members participated as guest 
lecturers in G. L. Whitso.n's General Zo.o.lo.gy co.urse: N. G. Anderso.n, W. E. Barnett, D. G. Do.herty, 
W. D. Fisher, W. D. Gude , and R. A. Po.pp. 
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J. F. Albright and N. G. Anderson lectured on November 30 and December 9, respectively, to reserve 
officers from Army, Navy, and Air Force research and development organizations attending the 16th 
Nuclear Science Seminar, ORAU. Albright's topic was "Immunology and scientific research," and Ander­
son spoke on "The Molecular Anatomy Program." 

W. E. Cohn was at Rockefeller University, New York, December 12-16, as a Visiting Professor. He 
gave two lectures in a course on Nucleic Acids, and presented a seminar entitled "Some recent develop­
ments in chromatography." 

W. D. Gude lectured on "Autoradiography" to a group taking the ORAU Medical Radioisotopes Course 
on October 17. In addition to the lecture, he conducted the group on a tour of the Biology Division. 

K. B. Jacobson served from December 12 to 14 as guest lecturer in a Marquette University graduate 
course; his topic was "tRN A structure and function." 

On November 29, R. A. Popp gave a seminar at the University of Michigan on "Esterase variants in 
mice" as part of a joint Botany-Zoology graduate course. 

On September 30, W. L. Russell spoke on "Radiation biology - genetic effects" to participants in 
the ten-week Health Physics Course, ORAU. On October 3, G. E. Cosgrove lectured to the same group on 
"Delayed somatic effects of radiation." 

COURSES TAKEN 

M. L. Simmons attended the Medical Genetics Course given at Bar Harbor, Maine, from July 31 through 
August 13. 

J. L. Liverman attended a course in Comparative Pathobiology sponsored by the Committee on 
Pathology of the National Research Council, Aspen Biological Institute, and the University of Colorado, 
and given at Aspen, Colorado, from August 7 through August 17. 

C. B. Richter was in Washington, D.C., September 18-23, to attend the course on Pathology of Lab­
oratory Animals at the Armed Forces Institute of Pathology. 

Division Members Working in Other Laboratories 

LEAVE OF ABSENCE 

J. G. Brewen is in Canberra, Australia, where he is working with Drs. W. J. Peacock and Richard 
Brock of the Commonwealth Scientific Research Organization on radiation-induced chromosome aberration 
studies. Dr. Brewen's one-year stay in Canberra is partially supported by a U.S. Public Health Service 
Special Fellowship. He will return to the Division in September 1967. 

L. G. Caro, who has been working on mechanisms of DNA transfer in bacterial conjugation and trans­
duction at the Microbial Genetics Research Unit, Medical Research Council, Hammersmith Hospital, 
London, England, under an eight-month Senior Postdoctoral Fellowship granted by the National Science 
Foundation, will return to the Laboratory early in March. 

J. G. Farrelly was awarded a National Science Foundation Predoctoral Fellowship to carryon graduate 
study in biochemistry at the University of Tennessee. He is on leave from the Inhalation Carcinogenesis 
group while continuing his studies. 
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V. K. Jenkins is continuing his studies and research in zoology at the University of Tennessee. He 
is on leave from the Pathology and Physiology group under a U.S. Public Health Service Predoctoral 
Fellowship. 

G. E. Stapleton, a member of the Radiation Biology group, is at the Division of Biology and Medicine 
of the U.S. Atomic Energy Commission in Washington, D.C., on a two-year leave of absence. 

COLLABORATIVE RESEARCH 

E. H. Y. Chu is spending the period January 18-February 24 at the Karolinska Institute, Stockholm, 
Sweden, to extend studies in mammalian cytology and human cytogenetics initiated during his previous 
stay at the Swedish institution (September 1965-August 1966). This research is being conducted in col­
laboration with Dr. George Klein of the Karolinska Institute. 
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1.1 PHOTOREACTIVATION OF PYRIMIDINE 
DIMERS IN PARAMECIUM AURELIA DNA 

Betsy M. Sutherland 1 R. B. Setlow 2 . 

We showed previously 3 that mass cultures of 
paramecia can be heavily labeled by feeding on 
E. coli 15 T- previously labeled with 3H-thymi­
dine. The paramecia are then grown with Aero­
bacter aerogenes for 2 \ hr to removed labeled 
DNA from the food vacuoles. Since there are 
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three DNA's in the system, it is necessary to 
show that the majority of the labeled DNA ex­
amined for dimers is paramecium DNA. This 
has been done in two ways. (1) The tritiated 
DNA was extracted, exposed to 5000 ergs/ mm 2 

of 2800-A ultraviolet radiation, hydrolyzed, 
ch rom ato graphed, eluted, and counted. The ob­
served ratio of uracil-thymine to thymine-thymine 
dimers corresponded to a DNA containing about 
67% A-T. The A-T content of P . aurelia is 70%, 
while that of E. coli is 50% and that of A. aero-



genes 45%. (2) The DNA extracted from the cul­
tures of Paramecium was centrifuged in an angle 
head rotor to equilibrium in CsCl together with a 
l4C-labeled E. coli DNA marker. Assays of frac­
tions from the gradient showed the presence of 
three DNA's of densities 1.69 (Paramecium), 1.71 
(E . coli), and 1. 72 (Aerobacter). About 95% of 
the tritium label was associated wi th DNA from 
P. aurelia. 
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We have also investigated the disappearance of 
uv-induced pyrimidine dimers upon exposure to 
photoreacti vating ligh t. The paramecia, previously 
labeled for several generations with tritiated thy­
midine, were exposed to 3,000 ergs/ mm 2 of 2537-A 
ultraviolet radiation, the highest exposure found to 
yield 100% survival at 48 hr. They were then given 
exposures of photoreactivating light ranging from 0 
to 400,000 ergs/ mm 2. Dimer content in th e tri­
chloroacetic (TCA) insoluble fraction decreased 
with increasing exposure to photoreactivating ligh t; 
cells given no photoreactivating light showed only 
a slight loss of dimers . There was no change in 
the dimer content of the TCA-soluble fraction . 
Thus it appears that in the presence of photore­
activating light, pyrimidine dimers are mono­
merized in Paramecium. 
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1.2 THE REPAIR OF UV DAMAGE 
IN TETRAHYMENA PYRIFORMIS GL-C 

G. L. Whitson A. A. Francis W. L. Carrier 1 

Introduction. - We are continuing our investiga­
tions on the effects of ultraviolet light on cell di­
vision in Tetrahymena pyriformis, strain GL-C. In 
an earlier report we were able to identify thymine 
dimers chromatographically in the DNA hydrolysates 
of these cells. 2 Recently, we have been able to 
show that exposure of Tetrahymena to ultraviolet 
light, followed by growth in the dark, yields fewer 
thymine dimers in the DNA. In two separate ex­
periments , using the same dose of ultraviolet light 

followed by exposure to photoreactivating light, no 
reduction in the amount of thymine dimers was evi­
dent. These results have prompted further investi­
gation into this problem. 

Methods. - Log phase cells grown in 1% proteose 
peptone with 0.1% liver extract and salts were la­
beled for several generations with 3H-thymidine, 
then washed and resuspended in inorganic salt 
medium. Different samples of these cells were 
then given (1) a dose of 2000 ergs/ mm 2 of 2652-A 
ultraviolet light, (2) 2000 ergs/ mm 2 of 2652-A uv 
followed by growth in the dark in normal medium 
for 12 to 24 hr, and (3) 2000 ergs/ mm 2 of uv fol­
lowed by a dose of 4 x 10 5 ergs/ mm 2 of photore­
activating light (3650 A) . DNA hydrolysates were 
chromatographed two-dimensionally by butanol­
acetic acid-H 20 and then butanol-H20. 

Results and Discussion. - Thymine dimers have 
been identified chromatographically from DNA ly­
sates of Tetrahymena pyriformis which were irra­
diated with 2000 ergs/ mm 2 of uv at 2652 A. No 
thymine dimers have been observed in control 
samples. Cells irradiated with 2000 ergs/ mm 2 
of uv followed by 12 to 24 hr in the dark yielded 
fewer thymine dimers than the uv-irradiated sample. 
On the other hand, cells irradiated with 2000 ergs/ 
mm 2 of uv and then followed by a dose of 4 x 10 5 

ergs/ mm 2 of visible light failed to show a reduc­
tion in thymine dimers as compared with the irra­
diated sample. It has been reported elsewhere, 3 
however, that a dark repair mechanism is present 
in Te trahymena (strain unreported), and it was 
further suggested that a reduction in the amount 
of this repair was due to photoreactivation in­
volving cleavage of pyrimidine dimers. We have, 
however, obtained results from single studies 
which indicate that while photoreactivating light 
increases the delays in cell division it also in­
creases the survival of previously uv-irradiated 
cells. These results clearly indicate that further 
experiments are necessary in order to elucidate 
the mechanism of repair of uv damage and photo­
reactivation in this organism. 
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1.3 CYCLIC CHANGES OF THE ALCOHOL· 
SOLUBLE CARBOHYDRATES IN SYNCHRONIZED 

TETRAHYMENA 

G. L. Whitson 
A. A. Francis 

J. G. Green 1 

D. D. Willis 1 

It has been reported that the total alcohol·soluble 
sugar content in Tetrahymena decreases during the 
process of synchronization and that it remains low 
and fails to rise after cell division. 2 On the con­
trary, we have found that 15 alcohol-soluble car­
bohydrate compounds appear in cell extracts of 
Tetrahymena after synchronization. 3 The concen­
trations of most of these compounds increase to a 
peak prior to cell division, decrease during cell 
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di vision, and are lower after cell di vi sion occurs. 
Two of these soluble components are maltose and 
glucose, as indicated by cochromatography with 18 
known standards. The sequential changes of these 
alcohol-soluble compounds indicate that a complex 
interrelationship exists between the synthesis and 
utilization of soluble carbohydrates in synchronized 
cells. The possible role of some of these compounds 
in relation to cell division is being investigated. 
These studies have been made possible by the use 
of a prototype carbohydrate analyzer developed by 
J. G. Green. 4 
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1.4 THE MINIMUM SIZE OF THE SUBSTRATE 
FOR THE PHOTOREACTIVATING ENZYME 

Jane K. Setlow F. J . Bollum 1 

Introduction. - Ultraviolet-inactivated transform­
ing DNA is reactivated by illumination in the pres­
ence of photoreactivating enzyme from yeast. In 
this reaction uv-induced dimers between adjacent 
pyrimidines are split. The ability of a uv-irradiated 
synthetic compound to act as a substrate for the 
photoreactivating enzyme may be measured by ob­
serving the competition between the compound and 

transforming DNA for the enzyme. Determination of 
the competing ability of synthetic compounds of 
known length is a way of assaying the minimum size 
of the polynucleotide containing dimer which is a 
substrate for the enzyme. 

Methods and Results. - Oligodeoxythymidylates 
were obtained by deoxyribonuclease I degradation of 
polythymidylate, which in turn was prepared with the 
terminal deoxynucleotidyl transferase from calf thymus 
gland. The deoxyribonuclease digest was separated 
into pieces of different lengths by means of a DEAE 
column, and length assignments were made on the 
basis of calling the first peak having initiator ac­
tivity for the terminal transferase a trinucleotide. 
Other assignments were by assumption of a contin­
uous series and from chromatographic identification. 

When the chain contained 18 residues, the com­
pound competed as well as a polydeoxythymidylate 
several hundred residues long. The oligomer with 
14 residues competed less well, the 9-residue com­
pound only slightly, and the pentamer not at all. 

Conclusion. - An oligonucleotide chain must 
contain around nine nucleotides in order for bind­
ing to the photoreactivating enzyme to occur. 
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1.5 THE RELATIONSHIP BETWEEN 
CYTOCHROME b 2 AND PHOTOREACTIVATING 

ENZYME 

Jane K. Setlow Dianne C. Brown 

Introduction. - It was recently claimed by Duine 
and Berends 1 that the enzyme cytochrome b

2 
from 

yeast is a photoreactivating enzyme, the evidence 
being that cytochrome b

2 
preparations contained 

photoreactivating &.::tivity. We have investigated 
this claim in two ways: (1) we have measured the 
relative activities of photoreactivating enzyme and 
L(+)-lactate dehydrogenase (cytochrome b

2
) in a 

number of yeast preparations, including highly puri­
fied cytochrome b

2 
and highly purified photore­

activating enzyme, and (2) we have investigated by 
column chromatography the behavior of the two ac­
tivities in a commercial preparation of cytochrome 
b

2 
from the same firm that supplied Duine and 

Berends. 



Methods and Results. - Photoreactivating en-
zyme was measured by its ability to photoreactivate 
uv-inacti vated transforming DNA. Lactate dehy­
drogenase was assayed by observing spectrophoto­
metrically the rate of reduction of ferricyanide in 
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the presence of lactate. The two acti vi ties in the 
various yeast preparations were not correlated. The 
purest preparations of each enzyme contained no 
observable activity of the other enzyme. The com­
mercial preparation exhibited on a phosphocellulose 
column three different peaks of lactate dehydrogenase 
activity. The photoreactivating activity could be 
separated from these. In addition, the two highly 
purified enzymes mixed together eluted at different 
alkali concentrations from a phosphocellulose column. 

Conclusion. - Cytochrome b 2 is not photoreacti­
vating enzyme. 
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1.6 ALCOHOL DEHYDROGENASE AND 
INVERTASE IN STATIONARY AND 

LOGARI THMICALL Y GROWING YEAST 

M. E. Boling Jane K. Setlow 

Introduction. - The level of photoreactivating en­
zyme was found to be considerably higher in sta­

tionary cells than in logarithmically growing cells. I 
As a kind of control to this experiment, levels of 
two other enzymes were investigated as a function 
of growth state. 

Methods and Results. - Extracts were made from 
six different yeast strains, including diploid and 
haploid Saccharomyces cerevisiae and S. carIs­
bergensis. Alcohol dehydrogenase (ADH) was 
measured by observing spectrophotometrically the 
rate of reduction of diphosphopyridine nucleotide 
in the presence of alcohol. Invertase was measured 
by assaying the rate of appearance of hydrolysis 
products of sugar with dinitrosalicylic reagent. 

The specific activities of ADH were similar in 
extracts from all the strains (including a related 
diploid and haploid) and did not differ with growth 
stage. However, invertase behaved in these ex­
tracts like the photoreactivating enzyme in that the 
stationary cells contained a higher level of the 
enzyme. 
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1.7 LOCALIZATION OF PHOTOREACTIVATING 
ENZYME IN A BACTERIAL CELL 

Amikam Cohen I Jane K. Setlow H. 1. Adler l 

Introduction. - It is of interest to determine where 
enzymes are located in cells because of the general 
problem of cell organization and because such infor­
mation may help in understanding how enzymes work. 
There is considerable evidence that the photoreac­
tivating enzyme's sole substrate is uv-induced py­
rimidine dimers in the cell's DNA. Therefore the 
question arises whether or not the enzyme is lo­
calized in the region of the cell containing the DNA. 
The answer to this question for one particular situ­
ation has been provided by experiments with Esch­
erichia coli mini cells (see paper 7.4) and their 
parent cells, the mini cells being without DNA. 

Methods and Results. - Minicells were separated 
from parent cells as described in paper 7.4 of this 
report. Separated cells and minicells were soni­
cated, and cell wall debris and unbroken cells 
were removed by centrifugation. Photoreactivating 
enzyme was assayed in the resulting extracts by 
its ability to increase transforming ability of uv­
irradiated Hemophilus influenzae DNA under photo­
reactivating illumination. Photoreactivating enzyme 
was readily observable in the extracts from parent 
cells, but none could be detected in the minicell 
extracts. 

Conclusion. - Photoreactivating enzyme in Esch­
erichia coli is localized with the DNA. 

References 

I Radiation Microbiology and Microbial Genetics 
section. 

1.8 TRANSPLANTATION ANTIGENS OF MOUSE 
SPLEEN CELLS 1 

R. A. Popp 
N. G. Anderson 2 

Diana M. Popp 
W. S. McEwen 

Introduction . - Through the use of the zonal cen­
trifuge, the subcellular particles that contain the 
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principal transplantation antigens (H-2 antigens) 
of the mouse have been isolated. 3 The region of 
the zonal cuts which contained the transplantation 
antigens was evaluated by hemagglutination in­
hibition of H-2 isoantibody. 3 Studies reported here 
show that the subcellular particles are capable of 
inducing isoantibodies when injected into allo­
geneic mice and that the antigen associated with 
the particles can be solubilized in Tris buffer. 

Methods and Results. - Fractions of particulate 
material (100,000 x g pellet) recovered from the 
zonal centrifuge were pooled into six groups based 
on the profile of the absorption at 260 mJ1. of the 
effluent from the zonal centrifuge. Group I con­
tained the pellet from cuts 1 through 7; group II, 
8 to 11; group III, 12 to 17; group IV, 10 to 34; 
group V, 35 to 39; and group VI contained material 
removed from the wall of the rotor. Pooled material 
from the spleens of ten C57BL/ 6 mice was injected 
intraperitoneally into ten BI0.D2 mice. Thus, each 
mouse received one spleen equivalent at each injec­
tion. The first injection was given on day O. On day 
7 each mouse received a second injection. No anti­
body was observed on days 11 and 13. A titer of 
1: 16 was noted in recipients of groups I and II at day 
19. A third injection was given on day 24, and a titer 
of 1: 128 appeared in recipients of groups I and II 
at day 34. No antibody was detected in mice re­
ceiving particles from groups III through VI. 

Particles from group II, which contained most of 
the antigen detectable by hemagglutination inhibi­
tion,3 were suspended in 0.05 'M Tris buffer, pH 
7.4, and allowed to stand at room temperature or 
37 ° for several hours. The particles were removed 
by centrifugation, and the supernatant was dialyzed 
overnight and lyophilized. Hemagglutination inhi­
bition assays indicated that about half of the an­
tigen was removed from the particle and was present 
in the lyophilized supernatant. No difference was 
observed between aliquots allowed to stand at room 
temperature and 37°. 

Discussion. - The antibody induction assay con­
firms the results of the hemagglutination inhibition 
studies and suggests that the antigen is associated 
with small particles that sediment in sucrose gra­
dients less rapidly than microsomes, mitochondria, 
or large cell wall fragments, which appear in groups 
III-V. The detachment of the antigen from the par­
ticles is significant because the antigen must be 
solubilized in order to proceed with the purification 
of the antigen. Purification is an essential step 
prior to further studies on the physical and chemical 

properties of the transplantation antigens in the 
mouse. 
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1.9 POSSIBLE IDENTITY OF RHO 
AND "R" ANTIGENS IN MICE 

Diana M. Popp G. D. Snell! 

Introduction. - A non-H-2 red cell agglutinin has 
been described in strain RFM/ Un and F / St mice and 
has been designated rho. 2 The antibody against rho 
has been demonstrated in C3H anti RFM and A. CA 
anti RFM antisera. Subsequently, Snell (personal 
communication) noted a similarity in strain distri­
bution between rho and "R" and an antithetical 
relationship between rho or "R" and" Z" origi­
nally described by Hoecker. 3 This study was 
done to determine more directly whether rho and 
"R" might be identical and if "z" is an allelic 
product. 

Materials and Methods. - Antiserum A.CA anti 
RFM was used to define rho positive and rho nega­
tive animals. LP.RIII anti RIll was used to define 
"R" positive and "R" negative animals . A back 
cross population of (DBA/ 2 x RFM)F! x DBA/ 2 
mice, which had been classified earlier for rho, 
were tested for their "R" phenotypes by the red 
cell agglutination technique of Gorer and Mikulska. 4 

Also 23 strains of laboratory mice were tested for 
the presence of rho, "R," and "z" antigens. RIll 
anti LP.RIII antiserum was used to detect "z" 
antigen. 

Results and Discussion. - Twenty-three backcross 
mice were classified with the anti "R" antiserum. 
Nine of these had been classified pteviously as being 
rho positive and 14 had been classified as rho nega­
tive. When tested with the anti "R" antiserum, all 
nine rho positive animals were also positive for 
"R" and all 14 of the rho negative animals were 
also negative for "R." Thus, the data indicate 
that rho and "R" are identical or products of 



closely linked genes. The strain distribution 
showed that rho and "R" are present in strains 
RIll, RFM/ Un, RF IJ, and FI St, and that all other 
strains tested have "Z," which~indicates that "z" 
is quite likely an allelic product. 
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1.10 PATTERNS OF PUFF DEVELOPMENT 
IN RHYNCHOSCIARA 

M. Ellen Mattingly c. L. Parker 
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The larval and pupal forms of the sciarid fly Rhyn­
chosciara have several desirable characteristics not 
found elsewhere in insect populations. The com­
paratively enormous size of the larvae and their 
polytene chromosomes facilitate the study of chro­
mosomal phenomena. Furthermore, during a period 
of approximately 40 days , the progeny of a single 
female develop synchronously, pupate in a common 
puparium, and emerge together from the puparium as 
adults of the same sex. 

At the beginning of the pupation period the larvae 
form a tentlike net which progressively becomes more 
compact until each pupa is inclosed in a separate 
compartment of the puparium. During the elaboration 
of this puparium, the salivary gland cells are par­
ticularly active, and it is at this time that the poly­
tene chromosomes develop their most elaborate 
puffs. 

We have investigated the sequential appearance of 
the major puffs in each of the four chromosomes (A, 
B, C, and X). Maps for the banding pattern of each 
of the four chromosomes were first developed. The 
location of the puffs could then be related to the 
above map units. Fig. 1.10.1 represents schemat­
ically the sequence of events in one of the four 
chromosomes, that is, chromosome A. This is the 
only chromosome of Rhynchosciara for which a map 
had previously been published; the terminology from 
that published map has been retained. 1 
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Fig. 1.10.1. A Schemoti c Representoti on of the Ap­

pearance of the Major Puffs on Chromosome A of Rhyn­

chosciara . 1-5, left arm of chromosome A; 6 , right arm 

of chromosome A. 

Three major puffs develop on the left arm of 
chromosome A. The first two appear in segment 
16 as the larvae begin elaboration of the puparium. 
Segment 16A first reaches a maximum size. As this 
puff retrogresses, segment 16B increases. As seg­
ment 16B then decreases, a large segment of the 
left arm (segment 13) begins to expand and ultimately 
becomes the largest puff seen on the entire chromo­
some. At the same time that segment 13 is in its 
maximum expansion, segment 2 on the right arm also 
expands. When the puffs on these two segmerrts have 
again contracted, and no puffs are seen on the other 
chromosomes, the salivary gland rapidly degenerates 
so that no vestiges of the tissue remain. 

During this period not only do localized areas of 
expansion appear in sequence as puffs, but also the 



entire body of the chromosome becomes larger both 
in length and diameter. As this generalized ex­
pansion occurs, many newly visible bands appear. 
As the puffs then disappear, the chromosomes de­
crease rapidly in size. This decrease in size fol­
lows the extrusion of numerous spherical bodies 
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from the chromosome. The extrusion of these bodies 
is particularly intense near the masses of heterochro­
matin in each chromosome. 

We shall now describe the sequence of larval molts 
that precede pupation and try to relate the appearance 
of the various puffs to these morphological changes. 
Furthermore, now that very detailed data on location 
and sequences of puff formation are available in the 
four chromosomes, more basic studies on the nature 
of the puffing phenomena can be done. 
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1.11 HETEROZYGOSITY IN PUFFS AND 
CHROMOSOMES OF SCIARA OCELLARIS 

A. L. P. Perondini 

The best-known cases of chromosomal poly­
morphisms are those involving rearrangements in 
chromosome sequence in several species of Diptera, 
especially Drosophila. I Very little is known, how­
ever, about the single band polymorphism shown by 
Sciara oceliaris. 2 In a strain of this species, 3 the 
frequencies of several of these heteromorphic bands 
are being studied. Our preliminary results in the 
analysis of 136 larvae, from 12 pair matings, for 
heterozygosity in ten loci suggested (1) that these 
polymorphic bands are transmitted as Mendelian 
characters, (2) there is a high degree of heterozy­
gosity involved in this strain of flies, and (3) this 
heterozygosity has been maintained in laboratory 
cultures for more than a year. 

Cytological maps of the salivary gland polytene 
chromosomes in late fourth ins tar larvae were pre­
pared, and the pattern of puffs is now being studied. 
At least eight DNA puffs (as judged by their stain­
ability and higher degree of uptake of DNA precur­
sors) occur in this species; there are three in chro­
mosome A, two in chromosome B, two in chromosome 
C, and one in the X chromosome. 

Four of these DNA puffs (one in chromosome A, 
one in B, and two in C) undergo their puffing cycle 
asynchronously. 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 appears asymmetrical. A few other 
cases of asynchronous puffs and band polymorphism 
are mentioned in the literature. 2.4-7 We think that 
the band polymorphism and the asynchronous puffs 
may have an important effect in speciation of these 
organisms. 
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1.12 NUCLEIC ACID SYNTHESIS IN POLYTENE 
CHROMOSOMES OF RHYNCHOSCIARA 1 

L. C. G. Simoes 

Autoradiographic studies using 3H thymidine as 
percursor were done using larvae of Rhynchosciara 
in order to investigate the metabolic activity of the 
salivary gland chromosomes throughout the larval 
cycle. 

It was found that three distinctive patterns of 
labeling can be found at any age of the larvae. Al­
though all patterns are usually present at a given 
age, some are more common than others according 
to the larval age. We classified these patterns as: 
(1) uniform label (the label is regularly spread over 
the chromosome), in which at least three categories 
can be distinguished: (a) very light uniform label, 
(b) heavy uniform label, (c) light or heavy but-with 
the heterochromatin more heavily labeled; (2) dif­
ferential label (some well-defined bands are labeled 
and the rest of the bands are not); and (3) hetero­
chromatic label (label is restricted to the hetero­
chromatic regions of the chromosomes) . 

The uniform pattern is most commonly found, and 
in late larval life it is seen in about 90 % of the chro-



m0somes. On the basis of the above labeling pat­
terns , a tentati ve sequence of synthetic events in 
these chromosomes is being developed. 

In a study of the development of the DNA puffs 
it was found that these puff regions begin to syn­
thesize extra DNA several days before the puff 
itself appears. 2 Grain counts in chromosomes from 
larvae injected for a pulse of 10 min revealed that 
12 days before the puff appears only 5% of the total 
grain counts were in the puffed region, 5 days be­
fore the puff we found 12% of the grains , 3 days 
before 21% of the grains , and during the puff, 50% 
of the whole chromosome label was in that region. 

Further studies are being done in order to check 
DNA and RNA synthesis in the nucleolus organizer 
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region in the X chromosome and to describe morpho­
logically the heterochromatic regions of the four 
chromosomes. Studies of RNA synthesis during 
larval cycle and in the DNA puffs are also being 
done. 

The present results , if compared with those pre­
viously obtained in vitro, show no substantial dif­
ference of chromosomal behavior. 
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2.1 IDENTIFICATION OF THE GENETIC 
AL TERATIONS IN X-RAY-INDUCED acl-38 

MUTANTS OF NEUROSPORA CRASSA 
AT THE MOLECULAR LEVEL 

H. V. Malling F. J. de Serres 

Ionizing radiation is known to induce intragenic 
alterations, point mutations , and extragenic altera­
tions such as chromosome deletions and rearrange­
ments. 

In Neurospora the frequency of point mutations 
increases linearly with the dose and the frequency 
of chromosome deletions increases as the square 
of the dose. 1 Despite the widespread use of x rays 
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as a mutagen, there is no report in the literature on 
the identification of x-ray-induced gene mutations 
at the molecular level in either procaryotes or 
eucaryotes. This analysis is now possible with 
the ad-3B mutants of Neurospora crass a because 
(1) the degree of the specificity of chemical muta­
gens is known for that locus and (2) it has been 
shown that suppressors for mutants in this locus 
are very rare. 

Conidia of a genetically marked two-component 
heterokaryon of Neurospora crassa were irradiated 
with x rays at 250 kv, 30 rna, with a 3-mm aluminum 
filter, at an exposure rate of 1000 r/ min, total dose 
of 1 kr. 1 At this dose, 98% of the ad-3B mutants 



are reparable (ad-3BR) and result from point muta­
tions in the ad-3B locus. The ad-3BR mutants 
were tested for their specific revertibility after 
treatment with N-methyl-N ' -nitro-N-nitroso-guani­
dine (MNNG), O-methyl-hydroxylamine (OMRA), and 
an acridine mustard (ICR-170). MNNG and OMRA 
induce only base-pair transitions in N eurospora 

crassa, 2 OMRA preferentially from GC to AT. Mu­
tants which only revert after treatment with ICR-170 
and then with a high frequency are characterized 
as base-pair insertions and deletions. The genetic 
alterations in mutants of the most common types 
can therefore be characterized by revertibility test 
with these three mutagens, and Table 2.1.1 is a 
guide to such a characterization. When such tests 
were made on the x-ray-induced mutants, the spec­
trum of the different types of genetic alterations 
given in Table 2.1.2 was obtained. 

All of the 33 x-ray-induced mutants seem to be 
single base-pair changes; 27% of these mutants 
have been identified as base-pair transitions; most 
of these have GC at the mutant site; the leaky mu­
tants are most likely, also, to be base-pair substi­
tutions. The genetic alterations in those mutants 
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which give no increase in the reversion frequency 
after mutagenic treatment above the spontaneous 
frequency have been discussed earlier, and it was 
concluded that a certain number of these mutants 
were likely to be base-pair substitutions. The fre­
quency of base-pair substitutions is therefore at 
least 39% and could be as high as 66%. Base-pair 
insertions and deletions occur with a frequency of 
34%; this type of mutations may be the result of 
deletion of bases from the DNA by the x irradiation. 

Since x rays are very effective in inducing chro­
mosome deletions, it was somewhat surprising that 
none of the 33 mutants were stable. X-ray photons 
can attack all parts of the DNA; 3 the ratio of the 
distribution of damage on the bases to deletion of 
the bases from the DNA to breakage of the sugar­
phosphate backbone is approximately 2 : 1 : 1. 
Among the base pairs AT is attacked 50% more 
than GC. It would appear from our data that the 
majority of x-ray-induced point mutations result 
from damage of the first two types but not damage 
of the third type, which might be expected to give 
rise to stable mutants resulting from gross (base­
pair) deletions. 

Table 2.1.1. A Guide for Identification of the Genetic Alterations 

in Mutants by Means of Specific Revertibility Tests 

The classification of the mutants is based on calculations of the 

probability that the reversion frequencies obtained in the tre ated 

series are the same as the reversion frequencies obtained in the 

controls. A probability below 1'70 is considered as significant. 

+ = frequency significantly higher than that occurring spontaneously. 

0 = frequency not significantly higjter than that occurring spontaneously. 

- = no revertants de tected. 

Mutation 

Mechanism B 
Control 

MNNG 

Mutagenic Treatment 

OMHA 

GC --- AT 

AT---GC 

+/ -

Sign Mutations 

SF 

NON 

BSee Table 2.1.2 . 

+/­

+/-

+/-

+ 

+/0 + 

+ o 

o o 

o o 

ICR-170 

+/0 

+/0 

+ 

o 
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Table 2.1.2. The Percentages of Different Types of Genetic Alterations 

in a Random Sample on 33 X-Ray-Induced ad-3B Mutants 

Base-Pair 

Transitions 

(Direction of 

Reverse Mutation) 

AT -+ GC GC -+ AT 

6 21 
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2.2 ENZYME ASSAYS FOR TH E acl-3 
MUTANTS OF NEUROSPORA 

C. R. Fisher 

Although a tremendous amount of information has 
been accumulated on the ad-3 mutants of Neurospora 
in various types of genetic analyses, no detailed 
study of the enzymes controlled by the ad-3A and 
ad-3B loci has been undertaken. In this project an 
attempt is being made to develop assays for these 
two enzymes. The first phase of this study is the 
synthesis of the metabolic intermediates required 
by these mutants, since they are not available com­
mercially. Initial trials have been successful, and 
the closely related intermediates, 5' -phosphori­
bosy l-5-aminoimidazole-4-(N -succinocarboxamide) 
(SAICAR) and 5' -phosphoribosyl-5-aminoimidazole-
4-carboxamide (AICAR), have been isolated in 
gram quantities. The SAICAR thus isolated has 
been shown to be biologically active in a crude 
Neurospora enzyme preparation. It is converted 
from SAICAR to AICAR by the ad-4 enzyme. The 
feasibility of such an assay system in Neurospora 
has thus been demonstrated. 

Mutants of Schizosaccharomyces have been ob­
tained which are believed to accumulate 5' -phos-

Revert Only 

Spontaneously 

(SP) 

Nonrevertible Leaky 
(NON) 

27 o 12 

phoribosyl-5-aminoimidazole (AIR) and 5' -phos­
phoribosyl-5-aminoimidazole carboxylate (C-AIR) 
in large quantities. Isolation of these intermedi­
ates of the ad-3A and ad-3B loci is now in prog­
ress. When these compounds are available in suf­
ficient quantity, they will be used in assays to 
obtain biochemical evidence to determine the step 
in purine biosynthesis blocked in each of these 
two groups of mutants. With these assay systems, 
we hope to be able to follow the enzymes through 
standard purification procedures and ultimately to 
characterize each enzyme in detail. This will then 
provide an approach to a number of interesting 
problems resulting from the genetic analyses on 
these mutants: (1) the nature of the proteins spec­
ified by noncomplementing mutants and by comple­
menting mutants with nonpolarized or polarized 
complementation patterns, (2) the mechanisms 
responsible for the wide variety of leaky ad-3 mu­
tants, (3) the basis of phenotypic reversion, and 
(4) temperature-sensitive mutants. 

2.3 THE EFFECT OF PHOTOREACTIVATION 
ON UV-INDUCED INACTIVATION 
OF HETEROKARYOTIC CONIDIA 

AND FORWARD MUTATION IN THE acl-3 
REGION 0 F NEUROSPORA CRASSA 

B. J. Kilbey 1 F. J. de Serres 

Ultraviolet irradiation (uv) is known to give rise 
to both point mutations (intragenic alterations) and 
chromosome aberrations (extra genic alterations). 2,3 

Whether both intragenic and extragenic alterations 
induced by uv result from the same uv-induced pre­
mutational lesion is not known, but studies with x 
rays have shown that the initial events leading to 



the production of ad-3 mutations by intra genic and 
extragenic alteration occur at different frequen­
cies , 4 and that these events are not subject to the 
same mechanisms of repair. 5 

In previous experiments 6 we have studied the 
effect of photoreactivation on that uv-induced pre­
mutational damage leading to intragenic alterations 
in a haploid wild-type strain of Neurospora cras sa. 
Ad-3 mutants which had been induced by uv in the 
presence and absence of photoreactivation were 
compared, but no evidence was found to suggest 
that any part of the mutant population was repaired 
preferentially. These results led us to conclude 
that in this system there is but a single type of 
premutational damage induced by uv that results in 
intra genic alteration and that repair of a fraction of 
this damage affects all types of mutants similarly. 
If there is more than one type of premutational 
lesion , then in terms of the mutants that they are 
capable of producing, both photoreactivable and 
nonphotoreactivable lesions are equivalent. In the 
present experiment we are attempting to study the 
effect of photoreactivation on uv-induced damage 
leading to extragenic alterations by using a genet­
ically marked two··component heterokaryon in which 
ad-3 mutations are produced by both intragenic and 
extragenic alterations. 

Suspensions of conidia of the heterokaryon were 
treated as described previously 2 to obtain purple 
adenine mutants resulting from forward mutation in 
the ad-3 region. 

The analysis of the data on survival of the heter­
okaryotic conidia showed that the curves are not 
single-hit (as obtained with ionizing radiations)4 
but multihit. Photoreactivation gave striking in­
creases in survival, with a dose reduction factor 
(DRF) of about 0.7. The dose-effect curves for 
forward mutation obtained with and without photo­
reactivation after uv treatment are shown in Fig. 
2.3 .1. The dose-effect curves for uv~induced 
forward mutation in the ad-3 region have identical 
slopes (2.04 ± 0.17) with photoreactivation and 
(2.05 ± 0.18) in the dark. Fewer mutations were 
recovered after all uv exposures with photoreactiva­
tion. Covariance analysis of these data has shown 
a highly significant difference between these two 
curves (F = 196.6 with one and seven degrees of 
freedom). The DRF for mutation induction obtained 
with photoreactivation is about 0.6. The DRF for 
survival and that for mutation induction agree with 
previous data 2 on a haploid wild-type strain. Sam­
ples of ad-3 mutations from each of the different 
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exposures (Fig. 2.3.1) have been reserved for 
genetic analysis , which is in progress. 
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2.4 GENETIC MODIFICATION OF CROSSOVER 
FREQUENCY AND THE FORMATION 

OF ABERRANT MARKER RATIOS 
IN THE ASCI OF NEUROSPORA 

J. R. Baylis, Jr. F. J. de Serres 

The work of both Stadler and Towe 1 and Case 
and Giles 2 by random spore analysis or tetrad anal­
ysis of crosses between closely linked nonallelic 
or allelic markers indicates that asci in which there 
are departures from the expected 4 : 4 mutant-to­
wild-type ratios may be expected with a frequency 
of about 1%. 

In previous studies a series of rg hist-3 nic-2 
recombinant strains were synthesized to study re­
combination and interference in crosses between 
closely linked markers on linkage group I. These 
recombinant strains were crossed with three ad-3A 
strains of different wild-type origin, and the recom­
bination frequencies in the rg-hist-3, the hist-3-ad-
3A, and the ad-3A-nic-2 regions were determined. 
It was found that the rg hist-3 nic-2 strains could 
be grouped into four classes based on the patterns 
of variation in map distances and chromosome inter­
ference. The variation is related to differences in 
the genetic constitution of the ad-3A and rg hist-3 
nic-2 strains. 3-5 

Using these strains, an investigation has been 
made into the effects of genetically determined 
modifications of recombination on the frequency of 
asci with aberrant marker ratios. The method em­
ployed consists in screening unordered octads of 
ascospores obtained from crosses between the ad-
3A strains and the rg hist-3 nic-2 strains. A num­
ber of crosses will be compared for their differ­
ences in recombination frequencies and for the 
relationship of these differences to the frequency 
of asci with aberrant marker ratios. 

From the first cross to be analyzed, 53-006-003 
(rg hist-3 nic-2) x 38709-002-0001 (ad-3A) , the fol­
lowing percentages of recombination were obtained: 
rg-hist-3, 3.45; hist-3-ad-3A, 1.53; ad-3A-nic-2, 
6.10. In the 262 asci thus far examined no cases 
of aberrant marker ratios have been detected. 
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2.5 GENETIC ANALYSES OF REVERTANTS 
OF ocJ-38 MUTANTS IN NEUROSPORA CRASSA 

H. V. Malling 

Suppressor mutations restore phenotypically the 
function affected by another mutation. The sup­
pressor mutation can occur inside the gene (intra­
local suppression) or outside the gene (extra genic 
suppression). The mechanism for extragenic sup­
pression can be direct - by a change in the spec­
ificity of the translating (protein synthesizing) sys­
tem - or indirect - by either relief of inhibition, by 
metabolic cross-feeding, or by shunting of a genetic 
block by opening up an alternate path way. All 
three indirect mechanisms for suppression can 
occur in Neurospora, whereas suppressors which 
act through the translating system and which are 
common in yeast and bacteria have only been re­
ported once in Neurospora. 1 Previous genetic 
analysis of revertants of ad-3B mutants showed no 
presence of extragenic suppressors, and it was 
concluded that indirect extragenic suppressors do 
not occur for the ad-3B mutants. 2 In the present 
study 264 revertants were analyzed for extragenic 
suppressors. The revertants were induced by 
nitrous acid (NA), methoxylamine (OMHA), and an 
acridine mustard derivative (ICR-170) in a tester 
set of six ad-3B mutants. The tester set consisted 
of two mutants that revert by base-pair transition 
from GC to AT, two mutants that revert by the 
base-pair transition from AT to GC, and two mu­
tants that revert by base-pair insertion and dele­
tion. 

The revertants were made homokaryotic by cross­
ing them with 74-IS1-30a 3 (a, hist-2, ad-3A, ad-3B, 
nic-2, al-2, cot), and the homokaryotic revertants 
were isolated as (A, al-2, cot) strains. The homo­
karyotic revertants were then crossed to 74-0R31-
14a (a, al-2, cot). If reversion were due to a sup­
pressor mutation 25% or less of the ascospores 
should carry the original ad-3B mutation. The 
cross is homozygous for cot, so that all ascospores 
form small tight colonies at 35°C. The develop­
ment of the purple pigment in the ad-3B mutants is 



intense at low levels of adenine (12, 5 mg/ liter) 
and high levels of glucose. From these facts a 
technique was developed in whkh it was possible 
to search for the presence of one purple colony 
among 6000 white colonies per Petri dish (150 x 
22 mm). At the 5% confidence level the frequency 
of purple colonies could be as high as 6 per 6000 
white colonies screened from a single cross with­
out any purple colony appearing. Since only half 
of the nonparental-type progeny can be discovered, 
suppressors which are less than 0.25 map unit from 
the ad-3B locus will not be detected by this meth­
od. None of the 264 crosses between revertants 
and wild-type gave purple colonies among the 
progeny. The greater part of genome can, there­
fore, be excluded as possible sites for suppressor 
mutation for ad-3B mutants. 

Identification of genetic alterations by specific 
revertibility tests will be greatly influenced by the 
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occurrence of suppressor mutations along with 
reverse mutations. The finding that ad-3B mutants 
are not genetically suppressible makes this locus 
unique for (1) identification of the genetic altera­
tions at the molecular level of spontaneous and 
induced mutants by the specific revertibility test 
and (2) use of the present tester set for qualitative 
characterization of the mutagenic action of differ­
ent compounds and treatments. 4 
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3.1 STUDIES OF TEMPERATURE-INDUCED 
RECOMBINATION IN THE OOCYTE 
OF DROSOPHILA MELANOGASTER 

Rhoda F. Grell J. W. Day 

Introduction. - A rough coincidence between the 
time of DNA replication, as judged by the incor­
poration of 3H-thymidine, and the time of crossing­
over, as judged by the heat-induced alteration in 
exchange values, has been observed in the Dro­
sophila oocyte. 1 Two subsequent studies have 
excluded the possibility that the coincidence re­
flects oogonial rather than meiotic events; first, 
genetic tests have shown that the temperature­
induced crossovers are exclusively meiotic in 
origin; 2 second, autoradiographic studies of ova­
ries fixed 30 min after injection of Drosophila 
females with 3H-thymidine show uptake of label 
in the 16-cell cyst (oocyte plus 15 nurse cells) 
located in the most anterior region of the germar­
ium. 3 

54 

Biochemical Genetics 

E. H. Grell 

Radiation Genetics 

D. R. Parkerc 

P. A. Roberts 
J. H. Williamson d 

cNSF Senior Postdoctoral Fellow 
dBiology Division postdoctoral investigator 

The possibility remains that the temperature­
sensitive period precedes the time of meiotic 
exchange, in which case temperature would pre­
condition the younger germ cells and cause them 
to undergo increased recombination as oocytes. 
To examine this question females were heat treated 
(350 for 24 hr) on successive days of development 
from the egg stage (day 1) to the time of eclosion 
(day 10). Significant increases in exchange were 
observed only among progeny from females treated 
on days 6 and 7, corresponding to early pupal 
stages. Our studies have now focused on the per­
iod between 120 and 168 hr of development with 
the object of determining (1) the time of the initial 
appearance of the oocyte, (2) the interval befo!e a 
steady-state oocyte population is reached, and 
(3) the relationship between these times and the 
temperature-sensitive period for recombination. 

Methods. - Partially synchronized populations 
of developing females carrying suitable genetic 
markers for crossing-over analysis were subjected 

.! 



to a lOoC increase in temperature for a 12-hr pe­
riod at ages 120, 126, 132, 138, 144, 150, 156, 162, 
and 168 hr. The first progeny from such females, 
representing in each case the most mature oocytes 
at the time of treatment, were scored for crossing­
over. 

Concurrent cytological studies of the ovaries 
taken from pupae of age 120, 126, 132, 138, 144, 
150, and 156 hr were carried out. The frequencies 
of one-, two-, four- , and eight-cell oogonial cysts 
in each age group were determined from metaphase 
figures. Eight-cell cysts at mitotic metaphase will 
become the oocyte and 15 nurse cells at the com­
pletion of the division, and such cysts were used 
as a measure of the oocyte population in the ovary. 

Results and Conclusions. - Figure 3.1.1 pre­
sents the percentage increase in crossing-over 
when heat treatment is administered at different 
times between 120 and 168 hr. The increase 
reaches a maximum of "'60% at 138 hr, plateaus 
at this value until 156 hr, and then falls to the 
control level, marking the end of the temperature­
sensitive period. The percentage of eight-cell 
cysts among total oogonial cysts at mitotic meta­
phase increases from "-2% at 120 hr to a maximum 
of "- 30% at 144 hr and remains at this level. 

The results indicate a good chronological cor­
respondence between the onset of the temperature­
sensitive period and the initial appearance of the 
oocytes as well as between the maximal tempera­
ture effect and the attainment of the steady-state 
oocyte population. Studies to determine the time 
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of DNA replication in the first-formed oocytes and 
the relationship of this time to the temperature­
sensitive period for recombination are currently 
under way. 
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3.2 MUTANTS AFFECTING MEIOSIS 
IN DROSOPHILA 
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The meiotic divisions differ from mitosis in that 
homologous chromosomes associate with , recom­
bine with (in females but not in males of Drosoph­
ila), and disjoin from one another; also, one syn­
thetic period is followed by two rather than one 
nuclear division. Most descriptions of and in­
sights into the meiotic processes in Drosophila 
have come from investigation of the response of 
both normal and rearranged chromosomes to normal 
meiotic control. An alternative approach has , with 
few notable exceptions, been virtually ignored. 
All biological processes are under strict genetic 
control, and the effects of mutations affecting dif­
ferent components of the genetic control system 
have often provided insights into the processes 
themselves. The few mutants known to have an 
effect on the meiotic divisions of Drosophila have 
been recovered by accident rather than by design , 
and we felt that it should be profitable to system­
atically screen a large number of chromosomes 
in search of meiotic mutants. Consequently, pairs 
of autosomes (i.e., chromosomes 2 and 3) sampled 
from natural populations were made homozygous in 
an appropriate genotype , and crossing-over was 
measured in females and disjunction was measured 
in both sexes. 

Females of constitution In(lLR)sc V1 , y y+ sc v1 

sc+ pn cv m [Iy; 2./2.; 3./3.; spapollspaPol, 
1 1 1 1 

where 2; and 3; represent the ith autosomal pair = 

the ith genome, were crossed to ySX' yL, In(1)EN, 
y y+ V [BI O; C(4)RM, ci eylO males and the prog­
eny scored for crossing-over in the X chromosome 
and for nondisjunction of both the X chromosome 



and chromosome 4. Similarly, males of consti­
tution y / Y j 2 ./2 0; 3 ./3 oj spapol / spapol were 

1 1 1 1 

crossed to y pn/y pn; C(4)RM, ci ey/ O females 
and their progenies scored for nondisjunction of 
the fourth chromosomes. The scope of the tests 
of homozygous females is shown in Table 3.2.1. 
We confined our testing in females to genomes in 
which both the second and the third chromosomes 
were lethal- and female-sterile-free; for this rea­
son only about one-fourth of the genomes made 
homozygous were testable. Males, on the other 
hand, were tested if homozygotes for either the 
second or the third chromosome were viable and 
fertile; consequently, more chromosomes were 

Table 3.2.1. Source and Number of Genomes Examined 

for Mutan.ts Affecting Meiosis in Females 

Population 

Via Ostiense 

Via Salaria 

Via Tiburtina 

Number of 

Genomes Sampled 

81 

375 

4 

Number 

of Genomes 

Viable and 

Female Fertile 

18 

107 

1 
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tested for their effects on meiosis in males than 
in females. The tests used with females were 
more sensitive, however, and more mutants were 
recovered that affect meiosis in females. Eleven 
genomes of the 126 tested in females were se­
lected as showing abnormal chromosome disjunc­
tion, and at least two of these (VS51 and VS282) 
showed significant effects on crossing-over. The 
results with respect to disjunction and recom­
bination for these genomes as well as for the 
Canton-S wild-type control are summarized in 
Table 3.2.2. The most commonly encountered ef­
fect is a 10- to SO-fold increase in the frequency 
of exceptional progeny. In some genomes the in­
crease in nondisjunction is even more striking, 
and in some there appears to be a striking lack 
of independence in dis junctional behavior of X 
and 4, which is evident as an excess of progeny 
that are simultaneously exceptional for both X 
and 4. These genomes have been further tested 
for their effects on autosomal disjunction by 
crossing females homozygous for each genome to 
males carrying either attached second [C(2L)RM; 
C(2R)RM], or attached third chromosomes 
[C(3L)RM; C(3R)RM], or both. In such crosses 
the only viable progeny result from maternal auto­
somal nondisjunction followed by fertilization with 
appropriately nullisomic or disomic spermatozoa. 

Table 3.2.2. Di sjunctional and Recombinational Data from Genomes Selected 

as Showing Abnormal Female Meiosis 

Disjunction Rec ombina tion 

Genome N 
Exceptional for Exceptions Regular Males Map 

Neither X X but NotX Both X 
per 

Ro Rl R2 R3 
Distance 

nor 4 not 4 but 4 and 4 Thousand 

Canton S 8360 8350 4 6 0 1.2 1797 1888 275 2 61.7 

V08 703 684 5 14 0 27.0 172 139 29 2 59.4 

V089 887 879 5 3 0 9.0 244 222 30 0 56.9 

VSI0 1207 1196 5 5 1 9.9 243 325 62 1 71.6 

VS30 528 520 5 2 1 17.0 83 127 39 2 84.1 

VS51 1071 1042 12 8 9 35.5 388 166 5 0 31.5 

VS68 333 290 6 34 3 138.1 81 75 13 61.2 

VS82 7 4 2 1 0 428.6 0 1 0 0 100 

VS282 1528 1509 10 5 4 15.1 545 195 11 0 28.9 

VS308 295 289 5 1 0 20.3 72 72 12 0 61.5 

VS329 170 167 0 3 0 17.6 35 38 4 0 59.8 

VS332 88 33 17 30 8 715.9 12 11 11 0 94.3 



The results of these crosses are shown in Table 
3.2.3. Their interpretation depends heavily upon 
the frequencies with which the various classes 
of sperm are produced, but irrespective of sperm 
frequencies we may conclude that many of the 
genomes selected on the basis of increased non­
disjunction of X and 4 also exhibit increased non­
disjunction of chromosomes 2 and 3. VT3 is of 
special interest in that it was classified as fe­
male sterile in the original tests only to prove to 
be fertile and a meiotic mutant in crosses to at­
tached-autosome-bearing males. 

Finally, a start has been made in determining 
the sequence of the autosomes in the meiotic­
mutant-bearing genomes. VS10, 51, 68, 282, and 
332 are normal, and V08 carries In(3L)P = 

1n(3L)63C;72EI-2 and In(3R)Mo = In(3R)93D;98F2-6, 
inversions commonly found in natural populations. 

The data from genomes selected as having an 
effect on meiosis in the male are presented in 
Table 3.2.4. It will be noted that VS332 is the 
only genome that affects meiosis in both sexes. 
Furthermore, the distribution of markers among 
exceptional females indicates that VS332 affects 
the second meiotic division; the remainder of the 
mutants which act either in males or females but 
not both appear to affect the first meiotic division. 
From this observation we postulate that the first 
meiotic division is controlled by different sets of 
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genes in the two sexes, whereas the second mei­
otic division is under common genetic control. 

At present the effects of six of the mutants are 
under intensive examination by different investi­
gators. Their position in the genome and their 
effect on meiosis will be studied in detail. An­
other line of inquiry that is in progress concerns 
the data from the nonmutant lines. We encountered 
so much variation in map distance among crosses 
that it was not practical to use the deviation from 
the mean as a criterion for selecting presumptive 
meiotic mutants. Since for each genome we meas­
ured crossing-over in an average of five duplicate 
crosses, we hope to be able to determine the rel­
ative contributions of within-genome and among­
genome variability to the total observed varia­
bility and in this way to obtain some assessment 
of the contribution of the genotype to (i.e., the 
heritability of) recombination frequency. This 
analysis is proceeding in collaboration with Mar­
vin Kastenbaum and Diane Smith. 
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Table 3.2.3. Products of Autosomal Nondisjunction from Crosses of Females Homozygous 

for Meiotic-Mutant-Bearing Genomes and Males Carrying Attached Autosomes 

Homozygous 

Maternal C(2L)RM; C(2R)RM 

Genome 
No.Pl«« No. F 1 

Canton S 70 1 

V08 75 0 

VS10 51 1 

VS30 51 0 

VS51 108 2 

VS68 38 1 

VS82 45 0 

VS282 91 5 

VS308 38 0 

VS329 17 0 

VS332 92 11 

VT3 40 2 

Genotype of Father 

C(3L)RM; C(3R)RM 

No. P 1 «« No. F 1 

80 0 

62 

101 2 

71 0 

105 23 

39 2 

37 0 

95 42 

21 1 

27 1 

94 83 

65 28 

C(2L)RM; C(2R)RM 

C(3L)RM; C(3R)RM 

No. P 1 «« 

83 

91 

44 

45 

484 

86 

219 

91 

No. F 1 

0 

0 

0 

0 

4 

1 

8 

o 



Table 3.2.4. Disjunctionol Data from Genomes 

Selected as Showing Abnormal Mole Meiosis 

Genome 

V081 

VS8 

VS332 

Fourth Chromosome 

Constitution 

Regular 

1091 

252 

177 

of Progeny 

Exceptional 

269 

191 

29 

3.3 MEIOTIC BEHAVIOR OF TANDEM 
ACROCENTRIC COMPOUND X CHROMOSOMES 
IN FEMALE DROSOPHILA MELANOGASTER 

J. R. Merriam 

Studies with compound X chromosomes are con­
cerned with the effect of chromosome structure 
on crossing-over. In general, the frequency and 
distribution of various rank exchange tetrads is 
normal (similar to free X's) for the majority of 
compound types, but significant exceptions exist. 1 

It is hoped that an examination of the structural 
requirements for normal and exceptional behavior 
will yield some insight into the control of the 
exchange process. Past analyses of the tandem 
acrocentric compound X chromosome [= two X 
chromosomes joined in tandem sequence with a 
single subterminal centromere, symbolized 
C(l) T A], although severely restricted owing to 
difficulty in synthesizing the TA with hetero­
zygous markers, suggest normal behavior. 2 The 
TA described in this report arose spontaneously 
bearing the long arm of the Y chromosome ap­
pended to the centromere as an extra arm (i.e., 
TA· YL) and has been extensively analyzed in 
this condition. 3 Its behavior is normal with or 
without a free Y homolog. The subsequent de­
tachment of Y L from the compound has been ef­
fected by means of crossing-over between a free 
duplication bearing the y + allele derived from 
In(ILR)sc v 1) to mark its centromere (= X P, 

T(1i4)B s . y 1 and the proximal end of the com­
pound, that is, TA·YL+ X P , T(1i4)Bs.y+~ 
TA· y+ + (X P , T(1i4)B s . YL) - not recovered. 

The acrocentric constitution and both the presence 
and the detachment of YL of TA· YL and TA· y + 
have been confirmed cytologically as well as ge-
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netically. This report is concerned with the ini­
tial results in the analysis of TA· y +. 

The T A pairs in a spiral, like other tandem com­
pounds, but generates single X rod chromosomes 
by both single and double exchanges. T A-bearing 
daughters homozygous for markers heterozygous 
in the mother are also produced by certain classes 
of double exchanges. TA-bearing daughters that 
remain + in phenotype are produced by classes of 
single and double exchanges and by no-exchange 
tetrads. The progeny of well-marked (cv, v, i, and 
car; all markers in coupling on the proximal arm) 
females without a free Y homolog crossed to at­
tached XY, y B males with or without a free Y 
homolog are given in Table 3.3.1. Each of the 
expected sing1e-crossover rod classes (non-B 
males) is recovered with frequencies in agreement 
with the standard map distances. The best esti­
mate of the expected number of X-bearing eggs 
is the number of Y-bearing (or zero as in these 
crosses) eggs which develop as y B patroclinous 
males. In both generations the sum of X-bearing 
classes (= + females plus homozygous females 

Table 3.3.1. Results of TA.Seoring Females 

Crossed to XY, y B Moles 

Generation II 
Phenotype of Progeny Generation I 

Cross A Cross B 

yB c:Jd' 225 139 339 

+ 99 87 51 141 

v 99 0 1 3 

v f 99 0 0 2 

cv v f 99 0 0 

f car «« 0 0 1 

B «« 98 82 176 

cv v f car c:Jd' 24 6 17 

v f car c:Jd' 37 22 67 

f car dd 71 42 98 

car dd 10 3 20 

+ de! 5 6 1 

Generation 1= TA' y +/ 0 «« x XY, y B / O dd; 
Genera tion II, cross A = TA • y +/ 0 «« x XY, y B / 0 

dd; 
Generation II, cross B = TA· y +/ 0 «« x XY, y B / FR2 

c:Jd' . 



'. 

plus non-B rod males) is close to the expected 
number estimated from y B males. There were 
235 viable X-bearing eggs compared to 225 patro­
clinous males in generation I, and 481 viable X­
bearing eggs compared to 478 patroclinous males 
in generation II. The discrepancy between single 
X rods recovered as females (= B females) and as 
males (non-B males) in both generations is prob­
ably due to decreased viability of the B females, 
since it occurs with different types of fathers 
(with or without a free Y homolog). Moreover, 
the agreement between the number of X-bearing 
eggs expected and observed suggests that there 
are no major viability problems with any of the 
summed classes. It also suggests that there is 
no loss of the newly formed single X rods, as has 
been observed for single X rings newly generated 
by exchange in the tandem metacentric and the 
tandem ring compound X chromosomes. 4 On the 
basis of these initial results the behavior of 
TA' y + appears to be normal, understandable , and 
in agreement with the behavior of other TA' s . 

There are additionally in these experiments 
cytological and genetic observations on two in­
dependent stabilizations of TA' YL. The first , 
C(1)s-l, appears to be a reversed acrocentric com­
pound X chromosome with YL appended to the 
centromere as an extra arm. Its genetic behavior 
is normal and understandable with regard to RA's. 
The second, C(1)s-2, appears to be an attached 
X (reversed metacentric) with YL appended dis­
tally on one arm. The salivary chromosomes of 
females bearing this attached X are noteworthy 
for the fact that asynapsis occurs over all or 
parts of the X chromosome in almost every figure. 
Detachments of this attached X should yield the 
first example of YLX' , which may be useful in 
other connections. The genetic behavior of 
C(1)s-2 is not readily understandable on any basis. 
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3.4 SELECTION OF GENE MUTATIONS 
CAUSING THE ABSENCE OF ALCOHOL 

DEHYDROGENASE IN 
DROSOPHILA MELANOGASTER 

E. H. Grell 

Mutations causing the absence of activity of 
specific enzymes are in many cases easily se­
lected in microorganisms. In Drosophila they are 
usually difficult to select from large numbers of 
normal flies. The exceptions are where the ab­
sence of an enzyme activity is accompanied by 
an abnormal eye color. Part of the difficulty is 
that Drosophila is a diploid organism with the 
exception of the X chromosome in the male. In 
the diploid there are two copies of every gene. 
A fly with an enzyme-negative mutation in one 
chromosome still contains activity for that enzyme 
because it has a functional gene for that enzyme 
in the other member of the homologous pair of 
chromosomes. Since it has one functional gene, 
it cannot be distinguished from normal flies by 
the usual criteria. 

This problem presented by diploidy can be cir­
cumvented by first inducing a deficiency of a 
chromosomal segment including the desired gene. 
A deficiency may be selected by inducing with 
x rays apparent mutations of genes known to be 
located near the enzyme gene . In the case of 
Drosophila alcohol dehydrogenase (ADH), the 

locus that specifies the electrophoretic mobility 
of the enzyme was known to be near the loci of 
black body color and elbow wings on the second 
chromosome. An x-irradiated chromosome which 
was simultaneously deficient for these two visible 
mutants was found to be also lacking the Adh lo­
cus, which specifies the electrophoretic mobility 
and probably the amino acid sequence of alcohol 
dehydrogenase . This chromosomal deficiency 
[symbolized Df(2L)64j] is fairly large and con­
tains many loci. Therefore it is homozygous 
lethal. To produce a fly without ADH another 
chromosome would have to be produced which 
lacked a functional Adh locus but was viable in 
the heterozygote with Df(2L)64j. To accomplish 
this, the following sequence of procedures was 
performed. Males carrying the desired Adh allele 
were injected with 0.06 Methyl methanesulfonate 
(a potent mutagen) and mated to Bl / SM1, Cy fe­
males. Adh (treated) / SM1, Cy sons were mated 
individually to Df(2L)64j, Pinyt/ SM1, Cy females. 



(SM1 is a second chromosome with inversions to 
suppress crossing-over. The other mutant sym­
bols are for dominant marker genes.) From each 
male, one offspring that was Adh (treated)! 
Df(2L)64j Pin yt was selected and crushed in a 
depression of a spot plate. To each depression 
was added 0.2 ml of the alcohol-NAD-Nitroblue 
tetrazolium solution used for the detection of ADH 
activity. After about 5 min of incubation at room 
temperature, the depressions containing flies with 
normal ADH activity had turned from the pale 
yellow of the original solution to a dark purple. 
In depressions with the rare fly with no ADH ac­
tivity there was only a slight background reduction 
of dye and the general color was light pink. Sibs 
of flies that gave a negative test for ADH were 
mated to preserve the chromosome carrying the 
mutation. From the mating of Adh-negative/SM1, 
Cy females with the same kind of males, some 
Adh-negative homozygotes should be produced. 
They are viable and fairly vigorous under ordinary 
culture conditions. 

In most textbooks of biochemistry a standard 
example of detoxication is the oxidation of alco­
hols. The ADH-negative mutants of D. melano­
gaster illustrate such a function of ADH. Nor­
mally the flies are very resistant to the presence 
of ethanol in their environment. With an initial 
concentration of 15% ethanol in the culture me­
dium, flies with ADH live and breed with no ob­
vious ill effects. ADH-negative flies placed on 
such medium begin to lose control of their move­
ments within about 1 hr. They have difficulty in 
flying and walking and finally cannot stay on 
their feet. No ADH-negative fly survives for more 
than 24 hr on medium containing 15% ethanol. 

The ethanol sensitivity of ADH-negative flies 
provides another method for detecting these mu­
tations. The treatment with mutagen and the 
matings are the same as with the spot plate tech­
nique described above. Instead of testing one fly 
from each culture for ADH activity, the entire 
progeny is transferred to a vial containing 15% 
ethanol in 2% agar. There are three kinds of flies, 
Df(2L)64j Pin yt /SM1, Cy and Adh (treated)/SM1, 
Cy, and Adh (treated)/Df(2L)64j Pin yt

. The first 
two types always have ADH because of Adh F in 
SM1, Cy. The third type has ADH except when 
there has been an Adh-negative mutation in the 
treated chromosome. The first two have curly 
wings and the last has straight wings. When there 
has been an Adh-negative mutation, the straight-
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winged flies die on the alcoholic medium. The 
presence of dead flies signals the presence of a 
mutation. The curly-winged sibs are unaffected, 
and the mutation may be recovered from them. 

Using these techniques five Adh-negative mu­
tations have been recovered. They localize to 
the same locus that specifies the electrophoretic 
mobility. None of the ten possible heterozygotes 
have ADH activity. Only the ADH which catalyzes 
the oxidation of short-chain alcohols is affected. 
The activity of octanol dehydrogenase, which 
catalyzes the oxidation of longer-chain alcohols, 
is unaffected. 

3.5 ANALYSIS OF A SMALL DUPLICATION 

D. R. Parker 

One interesting duplication, D(i.1;4)1021, was 
obtained from a group of radiation-induced frag­
ments of a doubly marked Y chromosome, BSYy +. 
A small piece, originally derived from the X and 
marked with y +, is attached to the fourth chromo­
some. That this duplication is small is shown 
by the following: this chromosome disjoins regu­
larly from a normal fourth; it fails to induce non­
disjunction of structurally heterozygous X's 
(In(1)49+ BM 1); and it lacks Y-derived male-fer­
tility loci. Flies homozygous for this chromosome 
are fully viable and fertile; hence there is little 
loss of material of chromosome 4. This would be 
consistent with an exchange between the tips of 
YS and of 4L. Such marking would make this 
chromosome useful in looking at induced meiotic 
exchanges with the X. 

That this is the case was verified by inducing 
a number of detachments in attached-X/ O females 
homozygous for D(i.1j4)1021 (C(1)RM, y v bb/O; 
1021). Young females of this constitution were 
irradiated and mated to appropriate males, and 
detachments were tested for linkage of the markers 
of 4R, ci+ and ey +. Recovered detachments were 
derived from exchanges in stage 7 and younger 
oocytes. 

The first 21 detachments obtained have been 
analyzed. Twelve carry the markers of 4R but not 
y +, while six have y + but not the 4R markers. One 
detachment carried both y + and the 4R markers. 
These results are compatible with the location of 
y + on 4L, with the single exception resulting, per­
haps, from a break in 4R distal to eyeless. In 
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addition, two detachments had none of the markers 
used. 

Earlier work has shown that about 60% of all 
detachments recovered from young treated attached­
x/a females have 4R linked with the X. Of the 
remaining 40%, at most about 10% can be accounted 
for by exchanges with the tips of the long chro­
mosomes. The finding that 13 out of 21 detach­
ments carry 4R markers is compatible with the idea 
that Dp(1,.4)1021 shows a similar exchange dis­
tribution to the normal fourth , and that one may 
be able to account for a large number of detach­
ments in the earlier experiment arising by ex­
change with 4L. 

Questions of X -4 exchange during meiosis in the 
female are being reexamined, and this chromo­
some will be useful especially in the case of 
stage 14 detachments , where the usual tests have 
failed to account for fully 50% of the exchanges 
that give rise to detachments. 

3.6 TRANSLOCATIONS AND RECOMBINATION 

J . H. Williamson 

Homozygous 2;3 trans locations decrease recom­
bination of X chromosome markers in Drosophila 
me lanogaster. 1 This observation could be the 
result of homozygosity for position effects of 
specific breakpoints of the trans locations or of 
disrupted chromosome continuity, since 2;3 trans­
location homozygotes carry no large autosome of 
normal sequence . X chromosome recombination 
was measured in females heterozygous for two 
2;3 translocations in an attempt to differentiate 
between these two hypotheses. Of 18 tested 
combinations of two 2;3 trans locations , none de­
creased recombination of X chromosome markers; 
12 combinations significantly increased recom­
bination in X. 
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Heterozygous for Two 2;3 Translocations. 

Double-translocation heterozygotes possess 
varying amounts of structural heterozygosity , that 
is , the distance between the second-chromosome 
breakpoints plus the distance between the third­
chromosome breakpoints in the two translocations . 
When this dissimilarity is measured in polytene 
subdivisions , X chromosome recombination can 
be shown to increase as the amount of structural 
heterozygosity increases (Fig. 3.6.1). 

The three combinations of translocations which 
had l 'ttle or no structural heterozygosity indicate 
that the effects of homozygous translocations on 
X chromosome recombination are due to homo­
zygosity for position effects at the breakpoints 
and not due to the absence of the large autosomes 
in normal sequence. 
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4.1 REVERSION RATE STUDIES OF THE tr 1_1 
MUTANT 

R. C. von Borstel C. M. Steinberg 

Introduction. - In a preliminary report 1 we presented 
evidence that the tr 1-1 mutant had approximately the 
same intralocus reversion rate during mitosis and 
meiosis. We also presented data that indicated that 
there is a higher rate of mutation to suppressors of 
tr

1
_
1 

during meiosis than during mitosis. We attrib­
ute the lack of a meiotic effect to the original tr I-I 

mutation being the consequence of a substitution of 
one of the bases of DNA.2 We attribute the presence 
of a meiotic effect in the suppressors to their being 
the consequence of a deletion or addition of bases. 3 

The results support the belief that these suppressors 
are mutations in the genes that encode sRNA.l ,4 

Because they suppress mutants in a number of genes 
in nonrelated metabolic pathways, these suppressors 
are called supersuppressors. s 
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During the measurements of the reversion rates of 
the tr

1
_
1 

mutant, we encountered a phenomenon of 
continuous appearance of revertant colonies in cul­
tures where growth had been limi ted by tryptophan 
deprivation.6 By studying a number of different 
strains of haploids and diploids bearing the tr 1-1 

mutant we were able to obtain better estimates of 
the reversion rates than · before. Our new estimates 
fully support our previous claim of a lack of a mei­
otic effect for the tr1 locus itself and the presence 
of a large meiotic effect for the suppressors of the 
tr1 _1 mutant. 

Results. - Three haploid strains carrying the 
tr1 _1 mutation and two diploid strains homoallelic 
for the tr I-I mutation were tested for their rever­
sion rates during mitosis by the liquid culture 
method. 6 The cumulative appearance of revertants 
is shown in Fig. 4.1.1. It can be seen that the 
daily accumulation of revertants varies from strain 
to strain and that a plateau is never achieved with 
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any strain. We assume that after the first few days 
the appearance of new revertants comes from cell 
turnover. Therefore the real mutation rate can be 
estimated by extrapolating from the long linear rise 
back toward the vertical axis. When this is done, 
all curves intersect at between 90 and 100 x 10- 10 

reversions per genome per generation. 
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The proportions of intralocus and supersuppressor 
mutations for several strains are shown in Table 
4.1.1. It can be seen that the mutation rates during 
mitosis are quite different for the locus and the 
supersuppressors, but the proportions do not vary 
appreciably from strain to strain in either the 
haploids or the diploids. 

Consolidating the data in Fig. 4.1.1 and Table 
4.1.1, the mutation rate for the tr

l 
locus during 

mitosis is about 90 x 10- 10 ; the mutation rate of 
the supersuppressor loci during mitosis is about 
9 x 10- 10 • 

The mutation rates occurring during meiosis for 
the tr 1 locus and the supersuppressor loci are 
presented in Table 4.1.2. It can be seen that the 
trl locus mutation rate is essentially the same as 
that for the locus during mitosis. The mutation rate 
for the supersuppressor loci is about SO times 
greater during meiosis than during mitosis. All 
cultures of cells used for sporulation were tested 
to estimate the proportion of mutant cells already 
present in the vegetative culture. The estimate of 
the reversion rates during meiosis entails a cor­
rection for mutations which arise during vegetati ve 
growth. 7 Since the correction is large the value is 
occasionally negative (Table 4.1.2). 
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Table 4.1.1. Proportion of Revertonts During Mitosis Tested for Mutations in the t'l 

Locus or in Supersuppressor Loci 

Strain 

Diploids 

XP1 (early revertan ts) 

XP1 (late revertants) 

XV2 3 

Haploids 

S732C a 

S732Ca 

S733A 

Total 

Locus Mutants/fotal 

89/100 

86/ 98 

65/67 

88/98 

82/90 

85/94 

590/650 = 0.908 

Supersuppressor Mutants/fotal 

11/ 100 

12/98 

2/67 

10/ 98 

8/90 

9/ 94 

60/ 650 = 0.092 



64 

TobIe 4.1.2. Reversion Rote of the XP1 Stroin During Meiosis 

Replicate 

2 

3 

4 

5 

6 

7 

8 

Average 

-73 

269 

252 

74.7 

85.7 

-106 

144 

174 

115 

tTl Locus Supersuppressor 

572 

670 

150 

233 

668 

465 

510 

364 

454 

Medium 103 (average 5 and 7) 487 (average 6 and 7) 

2R. C. von Borstel, Martha J. Bond, and C. M. 
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4.2 ELECTROPHORETIC PATTERNS OF 
XANTHINE DEHYDROGENASE IN TWO 

SPECIES OF HABROBRACON 

R. H. Smith L. R. Valcovic 

Habrobracon juglandis and Habrobracon serinopae 
are sibling species. H. serinopae is native to India 
and H. juglandis has been found in a number of 
localities throughout North America. Mating and 
insemination occur in crosses between the two 
species but not fertilization. The Indian species 
has a higher oviposition rate and lives about three 
times as long as H. juglandis. Another distin­
guishing characteristic is the rate of uric acid ac-

cumulation throughout the adult life-span. The uric 
acid is seen as disk-shaped deposits within the 
abdomen and is associated wi th the fat body. H. 
serinopae accumulates urate at a slower rate than 
H. juglandis, but by the time both species die the 
sizes of the ·urate deposits are equal. Clarki be­
lieves there is a direct correlation between life­
span and rate of urate deposition. 

Xanthine dehydrogenase oxidizes hypoxanthine 
and xanthine to uric acid. Although there is no dif­
ference in activity of this enzyme between these 
two species , there is a difference in activity be­
tween diploid females and haploid males within each 
species. 2 

In the present study, mobility of xanthine dehydro­
genase from H. serinopae was found to be 6% faster 
than from H. juglandis when homogenates of whole 
wasps were electrophoresed on polyacrylamide gel. 
There is one major band, and no qualitative differ­
ences were found among larvae, pupae, and sexes 
within each species. 
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4.3 THE INTERSEX LOCUS IN HABROBRACON 

M. B. Baird R. C. von Borstel 

Introduction. - A mutation to an intersex condi­
tion, ix, has occurred on four separate occasions. 
The data of three of these occurrences have been 
published. l Unfortunately, the mother was dead in 
each case so that it was not possible to preserve 
the mutant strain because the male with the intersex 
gene has a female abdomen and male outlook. For­
tunately, either the orange, 0, or the ivory, oi, an 
allele of the orange locus, was present in each 
case in a heterozygous condition. Thus, ix was 
found to be linked to 0, and by summing the data 
from the four occurrences, a map distance of 26 
centimorgans was established. The intersex muta­
tion has recently recurred, the mother was found to 
be alive, she was mated, and the mutated locus was 
preserved. 

Results and Discussion. - The map distances re­
ported previously were from very few data. The 
first experiments performed with the new occurrence 
of the intersex mutation were to obtain b~tter link­
age values. These data, from three separate ex­
periments, two with 0 and one with oi, are shown in 
Table 4.3.1. It is evident that the published link­
age value of ix and 0 is essentially correct. 

The mutant short antennae, sa, in Habrobracon is 
undoubtedly at the same locus as the lost gynoid 
mutant gy. Recombination data showed that it is 
located in the same position,2 and it has the same 
appearance as the gynoid mutant strain. We shall 
refer to it as the gynoid mutant, since it is more 
descriptive of the actual mutant condition. The 

males, though behaving as males, have a com­
pletely female appearance except for the genitalia. 
It is a fully viable mutant stock. 

From the cross of gy males to + fix females, two 
types of females were obtained. When these were 
bred as virgins, half of them (+ /ix, gy/+ ) produced 
haploid progeny of the genetic constitution ix, gy 
(Table 4.3.2) . 

Table 4.3.2. Offspring of Virgin Habrobracon Females 

of the Genotype + / ix, gy/+ 

Phenotype Genotype Number 

Males + , + 164 

Gynoids +, gy 141 

Intersex ix, + 170 

Gynoid intersex ix, gy 176 

Percent of 

Total 

25.2 

21.7 

26.1 

27.0 

In every respect these gynoid intersexes had the 
external phenotype of females. The ovaries and 
uterine sacs of the gynoid intersexes were better 
developed than in the intersexes. Their behavior is 
very weakly male or even neuter when compared with 
the mild to moderate male attitude of the intersexes. 
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Table 4.3.1. Linkage Tests of Virgin Habrobracon Females of the Genotype -- or 

+ ix + ix 

Experiment 
Phenotype Geno type 

III (oi) 
Total Percent of Total 

I (0) II (0) 

Black-eyed male + + 93 49 36 178 0.116 

Black-eyed intersex + ix 322 169 85 576 0.376 

Orange- or ivory-eyed o + 323 169 62 554 0.362 

male i + 0 

Orange- or ivory-eyed 0 ix 113 71 40 224 0.146 

intersex i ix 0 



4.4 NATIVE DNA WITH PRIMING ACTIVITY 
IN AMPHIBIAN CHROMOSOMES 

R. C. von Borstel O. L. Miller, Jr. 1 

F. J. Bollum 2 

Introduction. - Fixed tissue preparations can be 
used to prime DNA synthesis. 3 The standard prac­
tice is to fix the tissues in 70% alcohol followed by 
denaturation of the DNA in the tissue by treating it 
for 30 min at room temperature with 0.01 to 0.1 N 
HCl. Without prior denaturation of the DNA, the 
calf thymus DNA polymerase system cannot synthe­
size a new strand4 on DNA from many sources, in­
cluding bacteria, phage, protozoa, insects, teleosts, 
and mammals. 

Results. - In the course of an attempt to find out 
if DNA steresis5 (paling) by a microbeam of ultra­
violet radiation was in fact a manifestation of 
denaturation of DNA in living cells, native DNA 
with priming activity was found in cardiac 
epithelial cells 9f Tri tums viridescens. Metaphase 
chromosomes of these cells had been irradiated with 
ultraviolet light, and the cells were immediately 
fixed in 70% alcohol. The nuclei of all the cells, 
including those in metaphase, whether irradiated or 
not, were able to incorporate the labeled triphos­
phate deoxyribonucleosides. The irradiated regions 
of the metaphase chromosomes showed no particular 
enhancement of uptake of the labeled compounds, 6 

but a slight effect may have been masked by the 
general uptake of the labeled compounds. 

With the wealth of information available on am­
phibian lampbrush chromosomes, it seemed only 
natural to attempt to observe their priming ability 
with and without a pretreatment at a low pH. It was 
found that fully extended lampbrush chromosomes of 
Tatums pyrrhogaster are able to act as primer for 
DNA synthesis without prior treatment at a low pH. 
When so treated, there is no enhancement of their 
priming ability. In later stages of oocyte develop­
ment, after the chromosomes are somewhat con­
tracted, they are still able to prime DNA synthesis 
without prior treatment in HCl, but the treatment at 
a low pH does enhance the priming activity. 
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Discussion. - It seems evident that amphibian 
chromosomes do indeed have the ability to prime 
DNA synthesis without prior denaturation. The first 
reaction to an unexpected observation is to search 
for the possible artifacts. It is possible that the 
DNA is somehow denatured during the process of 
fixation. Certainly this occasionally is true for cell 

smears if they are allowed to fix by air drying. 3 But 
drying was carefully avoided with these tissues, and 
it seems unlikely that any proteins with denaturing 
acti vity would still be active after immersion in 
alcohol. Observation of this phenomenon on two 
separate tissues of two species of Triturus and no­
where else gives additional weight to the phenom­
enon not being an artifact. 

The simplest interpretation is that some of the 
DNA in the chromosomes of salamander cells is es­
sentially single-stranded. Thus it can act as a 
primer for DNA synthesis in the calf thymus poly­
merase system. 
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4.5 GROWTH INHIBITION WITHOUT INHIBITION 
OF DIFFEREtHIATION BY RIBONUCLEASE 

IN CHICK EMBRYOS 

S. K. Brahma 1 R. C. von Borstel 

Introduction. - It has long been known that ribo­
nuclease reduces the rate of cell division. 2 ,3 Ap­
parently it can enter directly into living cells and 
digest ribonucleic acid in situ. 4 Cytochemical evi­
dence has been presented that indicates that di­
gested RNA in living cells may be an artifact from 
lack of destruction of ribonuclease by the usual 
fixatives with subsequent destruction of RNA after 
fixation and before staining. 5 This cannot always 
be true, because it is known that nucleoli disappear 
in living cells when the cells are treated by ribo­
nuclease. 6 

Taking the lead from a report that ribonuclease 
inhibits cell division without inhibiting differentia­
tion in chick embryos,7 we decided to repeat the 
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essentials of the original experiments and look 
further into the possible mechanisms of the dis­
sociation of growth from differentiation. 

Results. - The results are shown in Table 4.5.1. 
In series A through C the eggs were injected with 
ribonuclease (five times crystallized protease- and 
salt-free, Sigma) either in 0.01 M PO 4 buffer at pH 
7.1 or in 123 mM NaC!. They were left overnight at 
room temperature and then incubated for 72 hr at 
37.5° C. Typical treated embryos are shown in Fig. 
4.5.1a, and the control at the same magnification is 
shown in Fig. 4.5.1b. It is clear that growth has 
been impaired without inhibition of the differentia­
tion process. 

In series D the eggs were incubated for 24 hr, in­
jected, left overnight at room temperature, and then 
incubated for nearly 48 hr. In series E the P.ggs 
were incubated for 48 hr, injected, left overnight at 
room temperature, and then incubated for nearly 26 
hr. A treated embryo from the E series is shown in 
Fig. 4.5.2a, and its control is shown in Fig. 4.5.2b. 
Again, impairment of growth can be seen (though not 
as marked as in the embryos from the A series) with 
out attendant impairment of the differentiation 
processes. In all cases the controls were injected 
with either the buffer or with 123 mM NaCl in the 
same amount, and they were treated in the same 
ways. 

Discussion. - It seems clear that ribonuclease 
inhibits growth by inhibiting cell division, and yet 
the processes controlling differentiation remain un­
impaired. The independence of these two phe­
nomena has been known for a number of years to be 
true for plant cells and tissues. 8 The same prin­
ciple has been postulated for embryogenesis of 
animals largely from the studies on sea urchin eggs, 
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where blastomeres separated at the four-cell stage 
develop into embryos approximately one-fourth the 
normal size. 9 

The straightforward interpretation of ribonuclease 
inhibition of di vision must be that the ribonuclease 
enters the cells, breaks down messenger RNA, and 
thus inhibits protein synthesis. 6 This would inhibit 
cell division and growth. If ribonuclease enters 
cells, then either the factors controlling differentia­
tion are already present as proteins or as very well­
protected ribonucleic acids. Alternatively, if the 
factors controlling differentiation are indeed ribo­
nucleic acids, but not well protected, then the in­
formation necessary for development must be present 
in redundant sets or in RNA that is being contin­
uously synthesized. 
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Table 4.5.l. Effect of Ribonuclease on Growth of Chick Embryos 

Concentration Number Number 

Series Use d Injected Number Stunted Growth Injected Number Normal Growth 

(mg) Experimental Survived ( '70) Control Survived ('70) 

A 0.5 / 0.1 ml 19 10 60 20 17 71 · 

B 1.010.1 ml 18 15 13 8 8 SO 

C 1.5/ 0.15 ml 12 12 33 13 13 54 

D 0.25 / 0.1 ml 66 34 33 20 13 92 

E 0.510.1 ml 55 48 46 19 19 68 
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PHOTO 86862 

Fig. 4.5.1. (a) Embryo from Egg Injected with Ribonuclease Solution and Then Incubated for 72 hr; (b) Control 

for Embryo Shown in Fig. 4.5.1a, Same Magnification. 

• 
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PHOTO 86863 

(a) 

Fig. 4.5.2. (a) Embryo from Egg Incubated for 48 hr, Injected with Ribonuclease Solution, Left Overnight at 

Room Temperature, and Then Incubated for 26 hr; (b) Control for Embryo Shown in Fig. 4.5.2a , Same Magnification. 
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5.1 CHROMOSOME ABERRATION YIELD AS A 
FUNCTION OF TIME OF FIXATION OF 

HUMAN LEUKOCYTE CULTURES 

M. A Bender 

Introduction. - Several groups 1 
,2 have noted 

that the yield of chromosome aberrations in short­
term cultures of irradiated human leukocytes shows 
significant variation, depending on the time the 
cultures are fixed. A decrease in aberration yield 
might be expected if the cultures have been in­
cubated long enough to contain a significant pro­
portion of second divisions, because acentric 
fragments and some of the multiple-break aberra­
tions would be lost at the first mitosis. Buckton 
and Pike 2 have taken observed decreases in aber­
ration yield from 48 to 72 hr in their cultures as . 
evidence of a high proportion of second divisions 
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in cultures fixed later than 48 hr and have naively 
asserted that this is true for all leukocyte cultures. 
A similar assumption has been made by Sasaki and 
Norman. 3 

Several checks on whether or not second divi­
sions are actually present in a sample are possible, 
for example, 3H-thymidine labeling, or checking 
the frequency of cells having multiple-break aber­
rations but lacking the expected acentric frag­
ments. Evidence from such checks (and also var­
ious other observations) suggests that the aberration 
yield in cultures of irradiated leukocytes varies 
with time in culture before the appearance of a 
significant proportion of second divisions. Al­
though there are always some two-break aberra­
tions lacking fragments, their frequency rises 
from less than 10% to over 30% at the time the 
second divisions start appearing in the sample. 



The present experiments are part of a series de­
signed to elucidate the variation in aberration 
yield as a function of time in culture in the leu­
kocyte system (and also the effects on this rela­
tion of temperature, culture technique, etc.). 

Materia Is and Methods. - The ce11 cultures were 
obtained from leukocytes from a single normal 
donor. The whole, heparinized blood samples were 
given a 150-r exposure to x rays. Four-mi11iliter 
aliquots were centrifuged, and the buffy coat was 
dispersed in culture medium containing nonho­
mologous human serum and 5% phytohemagglutinin 
(Difco). A11 cultures were incubated at 36° C. The 
cultures were fixed at various times, fo11owing a 
5-hr pretreatment with colchicine. 

Results. - The results of two experiments are 
given in Table 5.1.1. These two experiments 
overlapped for two fixation times (72 and 78 hr). 
The results of the experiments for the overlapping 
times of fixation were not different, so the two 
experiments were pooled to yield the graph shown 
as Fig. 5.1.1. The frequency with which two-break 
aberrations lacked the expected acentric fragment 
increases sharply between 60 and 66 hr, indicating 
that a significant number of second (or later) divi-
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sions are inc luded in samples from 66 hr on. The 
fa11 in the yields of both single- and two-break 
aberrations, however, has clearly started much 
earlier. On the other hand, there appears to be 
little if any decrease in aberration yield for many 
hours after the appearance of an appreciable pro­
portion of second divisions. 

Discussion. - The simplest hypothesis which 
wi11 explain both the change in aberration yields 
before the appearance of second divisions and the 
failure of the aberration yields to decrease further 
after their appearance is that there are at least 
two leukocyte populations, which differ both in 
their aberration yields and in the time they enter 
mitosis. If the ce11s which enter mitosis earliest 
are more sensitive, then the decrease during the 
"first division" interval is explained. If this 
same population also reaches the second division 
earlier than the slower, less sensitive population, 
the apparent cyclic nature of the aberration yield 
in relation to time in culture (Fig. 5.1.1) might be 
expected. 

It is obvious that the time scale for these cul­
tures is not absolute. Many things, including radia­
tion exposure, for example, from incorporated iso-

Table 5.1.1. Frequencies of Chromosome Aberrations in Cultures af X-Irradiated Human Leukocytes 

Fixed After Various Incubation Times 

Percent Rings 
Time Cells Deletions Rings and Rings and Dicentrics Percent Percent Rings and Dicentrics 
(hr) Scored Dicentrics Without Fragments Deletions 8 and Dicentrics 

Without Fragments 

Experiment 1 

48 400 80 86 2 20.0 ± 2.2 21.5±2.3 2.3 

54 306 47 72 5 15.4 ±2 .2 23.5 ± 2.8 6.9 

60 320 35 58 b 5 10.9 ± 1.8 18.1 ±2.4 8.9 

66 400 66 46 17 16.5 ± 2 .0 11.5 ± 1. 7 37.0 

72 400 67 59 21 16.8 ±2.0 14.8 ± 1.9 35.6 

78 400 76 71 23 19.0±2.2 17.8 ±2 .1 32.4 

Experiment 2 

72 200 39 24 6 19.5 ± 3.1 12.0 ±2.4 25.0 

78 200 28 31 14 14.0 ± 2.6 15.5 ± 2.8 45.2 

84 200 25 28 16 12.5 ±2.5 14.0 ± 2.6 57.1 

90 200 25 15 11 12.5 ± 2.5 7.5 ± 1.9 73.3 

96 200 23 14 9 11.5 ± 2.4 7.0±1.9 64.3 

8± Poisson variance. 

bOne tricentric counted as two dicentrics. 
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topes such as tritium, can be expected to change 
the rate at which the leukocytes transform and 
enter mitosis. Preliminary results of other experi­
ments show that (not unexpectedly) differences in 
culture technique and even s mall differences in 
incubation temperature also affect this rate. It is 
thus important to take such variables into account 
when interpreting aberration yields determined with 
the human leukocyte system, particularly when 
evaluating apparent differences obtained by dif­
ferent laboratories. 
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5.2 HIGH CHROMOSOME BREAKAGE RATES 
IN LEUKOCYTES OF A NORMAL FEMALE 

P. Carolyn Gooch C. L. Fischer l 

A female volunteer blood donor, participating in 
an experiment as a control, was found to have a 
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high number of chromosome-type breaks in un­
treated cultures of her leukocytes. These aberra­
tions appeared always to be in the same position 
in the same chromosome and were seen with fre­
quencies up to 21.6% in various untreated samples. 

In blood samples obtained approximately 1 year 
and Ill:! years after the initial observations, the 
same type of breakage was again observed. Karyo­
types constructed from the original and subsequent 
blood samples showed most breaks were in chromo­
somes .placed in the number 10 position. 

Analyses of the chromosomes of members of the 
subject's family are in progress. Preliminary re­
sults indicate the same type of breakage is present 
in the leukocytes of her brother and possibly her 
mother as well. 

Discussion. - Dekaban2 has observed the same 
type of breakage in the number 9 chromosome of an 
apparently normal mother of a leprechaun. The 
woman had, however, previously been given a 
course of dermal x-ray therapy. Lubs has seen a 
similar high breakage frequency in the number 8 
chromosome of a grossly abnormal infant. 3 Emerit 
has also seen such breakage in the number 8 
chromosome in a child with congenital heart dis­
ease. 4 Our subject has no clinical history of ir­
radiation or disease to account for the breakage 
seen. 

The present case demonstrates that such a pecu­
liar high aberration frequency in a specific chromo­
some is not necessarily related either to radiation 
therapy or a familial history of physical abnor­
malities and may, in fact, be an inherited phe­
nomenon. 
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5.3 THE FATE OF ULTRAVIOLET-LiGHT­
INDUCED THYMINE-CONTAINING DIMERS 

IN HUMAN CELLS GROWN IN VITRO 

]. D. Regan ]. E. Trosko1 

Introduction. - Many bacterial strains which are 
resistant to killing by ultraviolet radiation have 
the ability to excise ultraviolet-induced pyrimidine 
dimers from their DNA. It has been shown that 
some mammalian cell lines (Chinese hamster and 
murine "L" cells) do not excise pyrimidine dimers 
(as measured by the dimerized thymine / thymine 
ratio appearing in the TCA-soluble fraction after 
uv). 

We have recently found evidence for preferential 
removal of thymine dimers in three human cell lines 
(RA, RAXI0, and HeLa). . 

Results. - Forty-eight hours after uv irradiation, 
about 40 to 50% of the radiation-induced thymine 
dimers disappear from the TCA-insoluble fraction 
(Table 5.3.1). Furthermore, there is a concomitant 
appearance of dimers in the TCA-soluble fraction. 

73 

Dose in the range 50 to 150 ergs / mm2 had no sig­
nificant effect on the rate of decrease of the di­
merized thymine / thymine ratio in the insoluble 
fraction (Fig. 5.3.1). 

Discussion. - If the shift in dimer ratios seen 
in these experiments was due wholly to 3H-thymi­
dine reutilization, then it is necessary to postulate 
that Chinese hamster and murine cells in vitro do 
not conserve label, whereas human cells in vitro 
do. This seems an unlikely postulate in view of 
the metabolic uniformity exhibited by most mam­
malian cell lines. Under the best conditions, how­
ever, we have been unable to achieve greater than 
50% dimer removal in human cells. 

At present we are examining the possible exist­
ence of more efficient dimer excision mechanisms 
in established cell lines other than human and 
rodent. 
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Table 5.3.1. Distribution of Radioactivity Between Thymine and Pyrimidine Dimer XT I TB 

Regions in TCA-Soluble and -Insoluble Fractions of Ultraviolet-Irradiated b Human Cells c 

o hr 24 hr 48 hr 

Cell Line XT / T fi / T n /T fi / T TIlT :x: 
XT/T 

Insoluble Soluble Insoluble Soluble Insoluble Soluble 

420 / 1,148,000 0 / 4300 170/ 717,500 90/ 6130 11 0/ 659,200 340/ 23,012 
RA 

0.037~o O.Wo 0.024'70 1.45'70 0.017'70 1.48'70 

109 / 310,300 0 / 5200 120/ 449,000 44 / 1900 68 / 325,200 105/ 5190 
RAX10 

0.035~o O.Wo 0.027'70 2.31'70 0. 021 '70 2 . 01~o 

160/ 460,000 0 / 3300 76 / 342,800 15 / 1120 62 / 255,000 38/ 2676 
HeLa 

0.035'70 O.Wo 0.022'70 1.34'70 0. 024'70 1.38'70 

BCounts / min above background (figures are the average of two 10-min counts). No attempt was made to quantitate 
the amount of radioactivity put on the chromatography paper. 

b50 ergs / mm2 of 2650 A uv at 5 ergs rilm -2 sec -1. 

cCell cycle time for these cells was approximately 30 hr . 
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Fig. 5.3.1. UV Dose Effect on Disappearance of 

Thymine-Containing Dimers from TCA-Insoluble Fraction 

af RA Cells. Figures have been corrected for radioac­

tivity in dimer region of the nonirradiated cells (0.009%). 
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6.1 CELL GENERATION TIME IN VARIOUS 
STAGES OF LENS REGENERA TION 

Sara Eisenberg l 

Tuneo Yamada 

In continuation of the work reported earlier on 
the cell cycle of the proliferating cell population 
of Wolffian lens regeneration in the adult newt, 2 

the average generation time was calculated for 
the proliferating zone of lens regenerates at various 
stages. For this purpose, the synthetic index was 
determined for such a cell population of individual 
regenerates, and the average cell generation time 

Vitellogenesis (6.8-6.11) 

R. A. Wallace D. W. Jared 
J. N. Dumont Susan L. Walker c 

Marilyn S. Kerr e 

Biochemistry of Cell Differentiation (6.12-6.17) 

John Papaconstantinou J. W. Carr 
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Winnie G. PalmerE 

Edward Stavnezerg 

J. A. Stewarth 

W. F. ZapisekE 

eUSPHS Postdoctoral Fellow 

fORAU Pre doctoral Fellow 

IITemporary 

hUSPHS Predoctoral Fellow 

was computed using the value of S period of 15-
day lens regenerate reported earlier. 2 In other 
words, calculation was made on the assumption 
that the S period is the same at all stages of re­
generation in the proliferating zone. Thus ob­
tained results are summarized in Table 6.1.1. A 
gradual decrease of the values with the progress 
of regeneration from stage I to X is indicated. 

It has been shown that the proliferating zone of 
lens regenerates changes its synthetic properties 
wi th the progress of regeneration: 3 Incorporation 
of 3H-leucine 4 and 3H-uridines increases with the 
progress of regeneration in the proliferating zone; 
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Table 6.1.1. The Mean Cell Generation Time of the 

Proliferating Zone of Lens Regenerates 

at Various Stages 

Regeneration Stage Mean Generation Time (hr)8 

II 

III 

v 

VII 

VIII 

IX 

X 

XI 

204, 223, 431 

147, 168, 169, 186, 192, 195, 260 

131 

107 

72,90 

65 

67, 100 

49,55 

50, 52, 57, 80 

BEach value represents the mean cell generation time 
for each lens regenerate. 

the proliferating zone indicates the presence of 
alpha and beta crystallins in stages later than IX 
but not earlier. It is quite possible that these 
synthetic activities of cells and their generation 
time are mutually dependent. 
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6.2 AUTORADIOGRAPHIC STUDI ES OF DNA 
SYNTHESIS DURING THE DEVELOPMENT 
AND DI FFERENTIATION OF CHICK LENS 

S. P. Modak 
Georgia Morris 1 

Marion E. Roesel 

Previous studies from this laboratory 2 on the 
regenerating lens in Triturus viridescens have sug-
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gested a negative correlation between DNA and 
crystallin synthesis. We are interested in knowing 
whether a similar relation holds in lens formation 
in other vertebrates. In this work the distribution 
pattern of DNA-synthesizing cells in developing 
chick lens was studied. 

Material and Methods. - White Leghorn chick 
embryos were cultured in vitro by the double-ring 
culture technique 3 at various stages of chick lens 
development as described by O'Rahilly and Meyer. 4 

Blastoderms were explanted on a medium com­
posed of equal parts of Tyrode and thin albumen 
containing 2 {Lc / ml of 3H-thymidine (specific 
activity 17.4 curies / millimole, New England Nu­
clear Corporation, Boston, Massachusetts). Em­
bryos were incubated for periods of 1, 2, and 4 hr 
in the presence of label and then fixed in Carnoy's 
fixative (6:3:1). Sections were treated in cold 
TCA for 10 min. Slides were coated with liquid 
emulsion (NTB-3, Kodak), exposed in dark for 
seven days, and developed. Autoradiographs were 
counterstained with Meyer's hemalum and mounted 
in balsam. 

In all, 80 successful experiments were carried 
out. We are reporting in this communication the 
analysis of 31 lenses. Nuclei from the presump­
tive or definitive lens epithelium, presumptive or 
definitive lens fiber area, and the adjacent head 
mesenchyme were counted to determine the per­
centage of labeling. Of these, the head mesen­
chyme served as the control. At least 1500 nuclei 
per lens were counted. 

Results and Discussion. - Table 6.2.1 indicates 
the percentage labeling of nuclei in the various 
regions of lenses from stages 14 to 17. 

It is obvious from the above data that the label­
ing frequency of the head mesenchyme and the 
lens epithelium are almost the same for any given 
duration of labeling. On the other hand, significant 
differences in the labeling frequencies exist be­
tween the presumptive lens epithelium and the 
presumptive lens fiber area. These differences 
at these early stages, well before definitive cellu­
lar differentiation, are of particular importance. 

DNA synthetic activity in the lens was followed 
during the developmental sequence. Percentage 
ratios for labeling of nuclei in the external as well 
as the internal layer are plotted against the stage 
of development (Fig. 6.2.1). Fifteen lenses, treated 
for 4 hr with tritiated thymidine, were chosen for 
the comparison. The labeling frequency of the ex­
temallayer remains fairly constant at least until 
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Table 6.2.1. Percentage Labe ling of Nuc lei - Stages 14 to 17 

P ercent a ge of Labeling 
Numb e r o f 

Dura tion of 

L a be ling 
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STAGES OF CHICK LENS DEVELOPMENT 

Fi g. 6.2.1. DNA Synthesi s During Lens Di fferentiation. ----e--, presumptive/ defin itive lens epithel ium; ----A----, 
presumptive/ definitive lens fiber area. Standard mean deviation at 95% confidence limit. 

stage 23, while the labeling frequency in the in· 
ternal layer steadily decreases up to stage 18, 
then sharply drops and reaches zero by stage 23. 
The most interesting feature revealed by this data 
is once again the decrease in the DNA synthetic 
activity already by stage 14 when no apparent 
cytodifferentiation is noticeable. Recently, Zwaan 

and Ikeda 5 have demonstrated the sequential ap· 
pearance of various crystallins in the developing 
chick lens. Delta crystallins start appearing by 
stage 14 or 15 in the presumptive lens fiber area. 
We have demonstrated a small but appreciable de· 
crease in the labeling frequency in this area com· 
pared with the presumptive lens epithelium area. 



Zwaan and Ikeda have further shown that, by 3 to 
3'l2 days, alpha crystallins start appearing in the 
centrally located fiber cells and gradually spread 
in the surrounding cells. We find that it is around 
the same time that the lens fiber nuclei have com­
pletely stopped DNA synthesis. Thus our data 
suggest a decrease of labeling frequencies in the 
cells synthesizing delta crystallins, and cessation 
of DNA synthesis in the cells synthesizing alpha 
crys tallins. 
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6.3 IMMUNOE LECTROPHORETIC ANALYSES 
OF THE PURITY OF RANA PIPIENS 

y-CRYSTALLIN SAMPLES 

D. S. McDevitt Isaura Meza 

y-Crystallin synthesis has been demonstrated by 
workers in this laboratoryl ,2 to be the primary 
event of lens fiber differentiation in both the bovine 
mammal and urodelan amphibian. With the frac­
tionation of the lens proteins of the anuran am­
phibian Rana pipiens,3 an experimental organism 
with promising potential for developmental studies 
concerning the ontogeny and localization of y 
crystallin in lens differentiation is now available. 

It is proposed to demonstrate the presence of y 
crystallin in the developing R. pipiens lens by 
means of the fluorescent antibody technique, using 
adult R. pipiens y crystallin as antigen. Our pri­
mary concern at present is the preparation of a 
highly purified y 'crystallin, so as to eliminate any 
future aspecific immunofluorescence when the anti­
body to the y crystallin is collected, treated with 
the fluorescent reagent, and applied to sections of 
R. pipiens lenses at various embryonic stages . 
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Antisera to total lens protein were obtained by 
subcutaneous injection of a 1:1 total lens protein­
Freund's adjuvant emulsion into virgin female 
rabbits. The antisera collected were treated with 
ammonium sulfate to produce a crude y-globulin 
fraction, utilized as "antibody" in the immuno­
electrophoresis procedures to follow. 

The buffer systems used in immunoelectro­
phoretic investigations of the lens antigens ob­
tained by chromatography were found to be of great 
importance in obtaining satisfactory resolution, 
that is, separation of the arcs. Several of the 
buffers cited in the literature were unsuitable for 
our purposes, providing little or no resolution, with 
varying ionic strengths and electrophoresis periods 
(e.g., Tris-borate-EDTA, pH 9.1; Veronal-HCI, pH 
8.3). Tris-glycine (pH 8.4) and Veronal-acetate 
(pH 8.2) buffers were found to be satisfactory, but 
optimal resolution was obtained with Antoine's 
borate buffer, 0.14 M, pH 7.4. In addition, the 
electrophoretic medium used, agar, provided much 
better results than immunoelectrophoretic analyses 
in acrylamide (4.5% Cyanogum). Apparently the 
acrylamide presented an appreciable barrier to dif­
fusion of the larger (in molecular weight) lens 
proteins, resulting in poor separation and un­
characteristic migration rates. 

Preparation of pure y crystallin as antigen, as 
judged by immunoelectrophoresis of the y-crystal­
lin sample vs anti-total-Iens-protein antibody, has 
been obtained by column chromatographic methods. 
Ion exchange chromatography of total lens proteins, 
using DEAE-cellulose, resulted in the separation 
of a heterogeneous y-crystallin fraction, as ex­
hibiled by its behavior in disk electrophoresis; no 
a - or f3-crystallins were detectable by this method. 
However, immunoelectrophoretic analyses of 
samples of the DEAE-cellulose y-crystallin frac­
tion vs anti-total-Iens-protein antibody revealed a 
very faint second arc possessing the mobility 
characteristic of an a- or f3-crystallin (Fig. 
6.3.1a,b). In order to remove such an impurity, 
adult R. pipiens total lens protein samples were 
first fractionated by gel filtration on Sephadex 
G--100 into the three classical groups of lens 
proteins, the a-, 13-, and y-crystallins. The y-crys­
tallin fraction so isolated \yas then concentrated 
and rechromatographed on a DEAE-cellulose 
column. This y-crystallin fraction was found to be 
free of the a-crystallin seen previously, producing 
only one arc vs anti-total-lens-protein antibody in 
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(a , y -crystallin arc; b , c, d , and e, a- and {3-crystallin 

arcs). (b) A - DEAE y -crystallin fraction; B - DEAE 

a-crystallin fraction; C - anti-total-Iens-protein anti­

body. (c ) A - DEAE y .crystallin fraction; B - y -crys­

tallin fraction obtained after Sephadex G-100 and DEAE­

cellulose chromatography; C - anti-total-Iens-protein 

anti body. 

immunoelectrophoresis (Fig. 6.3.1c), Spur forma­
tion occasionally evident in the y-crystallin arc 
indicates a heterogeneity of the y-crystallin frac­
tion, revealed in prior disk electrophoretic analy­
ses. The difference in antigenicity, if any, of such 
suggested individual y crystallins is as yet un­
determined. 
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6.4 RNA SYNTHESIS DURING LENS 
REGENERATION 

Egidio Puccia D. H. Reese 
Tuneo Yamada 

Introduction. - Earlier autoradiographic studies1
,2 

of RNA synthesis during Wolffian lens regenera­
tion indicated that soon after lens removal en­
hancement in incorporation of 3H-uridine and 3H_ 
cytidine into the ribonuclease-sensitive fraction 
of the nucleus of iris epithelial cells occurs. The 
enhanced level of incorporation is maintained dur­
ing depigmentation and multiplication of regenerate 
cells. When the cells enter the fiber differentia­
tion phase a gradual decrease of incorporation 
becomes evident. In the latter part of fiber differ­
entiation phase the incorporation is not detectable. 
In the cells in multiplication or early fiber differ­
entiation, the radioactivity is mostly localized in 
the nucleus within 3 hr after injection, but s ub­
sequently a considerable fraction of radioactivity 
becomes detectable in the cytoplasm. On the 
other hand, in the cells before depigmentation such 
spread of radioactivity into the cytoplasm cannot 
be detected , most of the radioactivity being re­
stricted to the nucleus within 12 hr after injection 
of labeled precursors. Thus sequential changes in 
the pattern of RNA synthesis with the progress in 
cellular phases are suggested. In the present 
study RNA synthesis in the lens regenerate at 
various time intervals after lens removal was 
studied with the sucrose gradient technique. 

Methods. - The lens regenerates were isolated 
from the eyes of adult Triturus viridescens 4, 10, 
and 20 days after bilateral lentectomy, In the 4-
day and 10-day series the marginal dorsal iris 
was isolated, which includes all cells participat­
ing subsequently in lens formation. In the 4-day 
series all of those cells are still heavily pig­
mented , while in the 10-day series a part of those 
cells have been depigmented. In the 20-day series 
the majority of regenerates have formed small 
lenses with distinct epithelial and fiber areas. 
In this series the iris contained both iris epithelium 
and stroma. The isolation of regenerates from the 
eye was conducted with microscissors and micro­
forceps under a binocular microscope. For one 
sucrose density gradient experiment about 120 
regenerates were used. 

The regenerates were cultured in a slightly 
modified Wolff-Quimby amphibian culture medium 
to which 2 /lc / ml of 14C (U)-uridine was added. 



Culture was conducted under constant ·stirring for 
30 min, 2 hr, and 5 hr, at 28° C in 5% CO

2 
in air. 

The regenerates were washed and extracted with 
a mixture of solution of sodium naphthalene di­
sulfonate containing sodium polyvinyl sulfate and 
90% phenol containing quino'line at 4° C. The 
regenerate RNA fraction thus obtained was mixed 
with carrier RNA, which was isolated either from 
the brine shrimp eggs or from the frog liver with a 
modified method of Ralph and Bellamy.3 The 
mixture was precipitated and washed in ethanol 
and acetone, and later studied on a linear gradient 
from 5% to 20% sucrose layered on top of 60% 
sucrose, in the presence of sodium polyvinyl sul­
fate. 

Resu Its and Discuss ion. - Some of the sucrose 
density gradient patterns obtained are reproduced 
in Fig. 6.4.1. Comparing the radioactivity data 
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of 4-day and 21-day series, the presence of 28 S 
and 18 S peaks in the 21-day series and their 
absence in the 4-day series are obvious and seem 
to suggest that synthesis of ribosomal RNA starts 
in the intervening stage. This is in conformity 
wUh the autoradiographic data cIted in the intro­
duction as well as with the electron microscopic 
observation demonstrating an increase in ribosomes 
during the m~ltiplication phase. 3,4 In all cases 
of the 4-day series a prominent peak at 4 S was 
consistently observed. Whether this indicates 
preferential de novo synthesis of 4 S RNA, or 

terminal addition to the preexisting 4 S RNA can­
not be decided at the present stage of investiga­
tion. In the 10-day series a prominent peak lo­
calized between 18 S and 4 S regions was observed. 
In the control with ribonuclease, radioactivity dis­
appeared completely in the tubes younger than No. 
23 and did not indicate any peak. Thus observed 
radioactivity curves should be due to RNA. The 
optical density curve of the control series showed 
a small peak at around 16 S, whenever brine shrimp 
RNA was used as a carrier. It is known that this 
RNA sample is contaminated with DNA. When the 
frog liver RNA was used as a carrier , the optical 
density curve of ribonuclease-treated material ran 
parallel to the radioactivity curve without indicat­
ing any peak. 
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6.5 THE MEMBRANOUS COMPONENT OF 
TRITURUS OOCYT E NUC lEOll 

0. L. Miller, Jr. 

A membranous component attached to the DNA­
containing core of peripheral nucleoli in oocytes 
of the spotted newt, Triturus viridescens, was re­
ported previously. I This structure has been 
studied further using negative staining for electron 
microscopy. Preparative procedures consisted in 



separati.ng the core and cortex portions of nucleoli 
in a 0.025 M sucrose solution, centrifuging the 
cores onto an E.M. grid , brief fixing with formalin , 
and negatively staining with a thin film of 4% 
potassium phosphotungstate. 

The membranous component characteristically is 
present either as an elongated tubule or a nearly 
spherical vesicle. In some cases, the component 
is divided into two or three somewhat smaller in­
tact vesicles or appears as a string of several 
much smaller vesicles. In tubular form the com­
ponent varies from 2.5 to 9 11 in length and 0.1 to 
0.4 11 in width with the longer elements being the 
more narrow. The vesicles range from 0.3 to 1.3 
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11 in diameter and usually contain scattered granules 
near 100 A in diameter. The vesicles also often 
contain one or two opaque bodies varying from 0.1 
to 0.2 11 in diameter and one to several short 
lengths of membrane. These inner membranes, as 
well as the limiting membranes of both the tubules 
and vesicles , appear double in favorable views and 
measure 70 to 100 A in thickness. 

As noted earlier, 1 the location of the membranous 
component in these nucleoli is roughly coincident 
with the site of the initial incorporation of 3H_ 
uridine into rib os omal precursor RNA. A utoradio­
graphic studies are in progress to determine the 
role , if any , of this component in the RNA metab­
olism of these nucleoli. 
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6.6 BULK ISOLATION OF AM PH IBIAN 
OOCYTE NUCLEI 

o. L. Miller, Jr. George Gassner III 

The amphibian oocyte nucleus contains several 
hundred peripheral nucleoli which are not attached 
to chromosomes. These nucleoli contain DNA and 
function in the massive ribosomal RNA synthesis 
typical of these cells. Thus, this cell provides a 
unique opportunity to collect the DNA, transcrip­
tive product , and associated enzymes of a single 
genetic locus. Because of the large size of these 
cells and their nuclei, however , established meth ­
ods of cell fractionation generally have given 

yields of nuclei too low to allow separation and 
analysis of nuclear components. This report de­
scribes a technique which has given reasonable 
yields of clean nuclei in pilot runs. 

The ovaries from an animal first are manually 
shredded with tweezers into small clusters of eggs 
and funneled into a thick-walled Teflon tubing with 
an inside diameter slightly smaller than the diam­
eter of the oocytes. The eggs then are propelled 
rapidly past a nicking pin at the end of the tub­
ing. The eggs are caught in a collecting chamber 
and pressed on a stainless steel screen having 
holes small enough to retain the oocytes but large 
enough to pass the e xpressed nuclei. A lower 
screen with smaller holes allows separation of 
nuclei and yolk platelets. Follicle cells and 
connective tissue remain with the pressed eggs. 
Us ing available screening which was not of opti­
mum mesh size, runs with Rana pipiens eggs have 
given yields of 25%. Refinement of the process 
should allow recovery of 50% or more of the oocyte 
nuclei. 

6.7 ULTRASTRUCTURAL STUDIES ON THE 
CENTRIOLE ADJUNCT IN DEVELOPING 

SPERM OF THE WASP MORMONIELLA 
VITRIPENNIS (WALKER) 1 

George Gassner III 

Introduction. - During spermateliosis in the 
haploid and in the diploid forms of the wasp M. 
vitripennis the axial filament complex centriole, 
located at the base of the nucleus , is embedded 
in a chemically undefined structure of unknown 
origin and function. This structure is called the 
centriole adjunct and is a common feature of many 
insect sperm. This is the first time such a struc­
ture has been reported in a hymenopteran sperm 
(Fig. 6.7.1). 

Gatenby 2 suggested that the centriole adjunct 
arises from the centriole matrix , whereas Barker3 

has speculated that the centriole adjunct consists 
at least partially of RNA and has a direct nuclear 
origin. 

Discussion. - Light-microscope phase contrast 
observations of M. v itripennis sperm in 0.1 M 
phosphate buffer at pH 7.2 and bright field observa­
tions of formalin-fixed , methyl green-pyronin­
stained smears were made. These approaches did 
not reveal any structure at the base of the sperm 



PHOTO 87434 

Fig.6.7.1. A Longitudinal Section Through the 

Posterior End of a Late Haploid Spennatid Nucleus 

(N) Showing the Axial Fi lament Complex Centriole 

(C) and the Centriolar Adj unct (A). 

head which could be distinguished from the base 
of the nucleus and the anterior part of the tail. 
Electron micrographs were made of sperm exposed 
to RNase digestion in order to test for the occur­
rence of RNA in the centriole adjunct. Prior to 
RNase digestion the testes were fixed in either 
10% formalin or 2% glutaraldehyde. Mter the 
digestion period untreated testes and RNase­
treated testes were washed in cold 5% TCA. 
Micrographs of both RNase-treated and untreated 
centriole adjuncts appeared partially extracted 
when compared with micrographs of centriole 
adjuncts which had been prepared by routine 
glutaraldehyde-osmium tetroxide fixation. Since 
both the treated and untreated specimens appeared 
extracted, an interpretation regarding possible 
RNA content is not warranted at this time. 
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6.8 CRUSTACEAN LlPOVITELLIN: ISOLATION 
AND CHARACTERIZATION OF THE MAJOR 

HIGH·DENSITY LIPOPROTEIN FROM 
THE EGGS OF DECAPODS 

R. A. Wallace Susan L. Walker 

The eggs of many of the crustaceans have long 
been known for their intense and distinctive 
coloration, ranging all the way from purple to red. 
When preserved or "fixed" for cyt ological study, 
those eggs which display colors associated with 
the shorter wavelengths of the visible spectrum 
undergo a color change to orange or red. We have 
now been able to demonstrate that the cellular 
agent primarily res pons ible for this variable pig­
mentation is a carotenoprotein. By extracting 
crustacean eggs or mature ovaries with 0.5 M NaCl 
and subsequently recovering from the extract that 
material which precipitates between a 45 and 65% 
ammonium sulfate concentration, we have ob-
tained at least 70% of the protein originally present 
as a relatively homogeneous lipoprotein as judged 
by salt fractionation data, gel filtration, and ultra­
centrifugation. 

Absorption spectra recorded for 0.1% solutions 
of representative lipoproteins document a hyper­
chromatic effect in the visible region when the 
solvent is made alkaline (Fig. 6.8.1). In addi­
tion, the green protein of Homarus and the purple 
protein of Uca undergo spectral shifts resulting in 
an orange solution, whereas the orange protein of 
Cancer retains its original coloration. The colora­
tion in the visible region is entirely due to a 
carotenoid noncovalently associated with the rest 
of the lipoprotein, and, presumably, the carotenoid 
present in Cancer is either of a different type, or 
else is already in a state which is achieved in the 
other forms only after a configurational change in 
the protein. 

Sedimentation-velocity runs in the ultracentri­
fuge on proteins isolated from the eggs of six dif­
ferent crustaceans (Fig. 6.8.2) suggested a similar 
concentration dependence [d (100/ S )/ dc = 

6 32 
2 3 1 1] 2 O. w . x 10- cm S- mg- . Corrected sedimenta-

tion values, diffusion coefficients calculated from 
KD values on a 6% agarose column according to 
the method of Ackers, 1 and partial specific volume 
data determined pycnometrically were used to cal­
culate molecular weights for the six proteins 
(Table 6.8.1). The average molecular weight was 
found to be 3.5 x lOs, and an average frictional 
ratio (f/ fo) was also calculated as 1.1, suggest­
ing a fairly symmetric shape for all the proteins. 
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within the oocyte itself (unlike the case for verte­
brates). 

It would appear, therefore, that the v itellogenic 
ovary of the crustacean represents a tissue which 
is synthesizing primarily a single lipoprotein, and 
this synthetic mechanism can in turn be brought 
under experimental control. Future work will thus 
be directed toward the study of the crustacean 
lipovitellins as models of lipoproteins in general, 
both in terms of their interesting structural and 
chemical characteristics, and in reference to the 
manner of their synthesis, assembly, and trans­
port within the cell. 

~) Homarus. Solvent: 0.5 M Nael - 5 mM EDTA (pH 5). 

The line represents the least-squares fit to all the points. 

Total lipid content, protein nitrogen , protein 
phosphorus, and absorptivity values for the six 
proteins are also provided in Table 6.8.l. These 
data indicate an average lipid content of 30% and, 
unlike the lipoproteins found in vertebrate eggs , 
a complete lack of protein-bound phosphorus. 

A single lipoprotein from the mature ovaries and 
early embryo of six different decapods has thus 
been recovered and characterized in each case as 
the primary (although perhaps not exclusive) yolk 
protein of these crustaceans, and we have desig­
nated it as crustacean lipovitellin. Vitellogenesis , 
and presumably the deposition of lipovitellin, can 
be initiated in dormant females by either eyestalk 
ablation or implantation of thoracic ganglia. 2 

Furthermore , cytologic evidence3 indicates that 
the synthesis of yolk protein in crustaceans occurs 
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6.9 VITELLOGENESIS IN THE HORSESHOE 
CRAB, LlMULUS POLYPHEMUS 

J. N. Dumont 

Recent studies of oocyte development in several 
animal forms indicate that a variety of cellular 
processes are involved in vitellogenesis. In some 
organisms the appearance of deutoplasmic units 
within the ooplasm is attributed to synthesis by 
an organelle system or systems,l whereas in others 

Table 6.8.1. Phys ica I and Chemica I Data for Crustacean Egg Proteins 

Protein Protein Absorptivity at 
SO nO - Molecular Lipid 

Animal Source 2 0 ,w ~o,w 
v Nitrogen Phosphorus 280 mil 

(S) (cm / sec) (cc / g) Weight (%) (%) ('70 ) (liters g-l cm-l) 

X 10- 7 X 105 

Homarus american US 10.8 4.1 0.82
0 

3 .6 29 15.3 < 0.01 0.85 

Pagurus pollicaris 11.1 3.9 0.81
5 

3.7 33 13.6 < 0.01 1.18 

Uca pugilator 10. 9 4.4 0.82
3 

3.4 32 14.6 < 0.01 1.25 

Sesarma reticula tum 10.8 4.0 0.81
4 

3.5 29 15.0 < 0.01 1.39 

Cancer irroratus 10.9 4.3 0.81
5 

3.3 28 14.8 < 0.01 111 

Libinia emarginata 11.0 4.0 0.81 9 3.7 30 13.8 < 0.01 0.76 
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it has been established that they arise by the 
micropinocytotic uptake of extraoocytic compo­
nents. 2 ,3 In still other forms vitellogenesis in­
volves a combination of these two mechanisms. 4 

In an effort to compare the vitellogenic processes 
in various animal groups and-to determine, if 
possible, any basic features common to all, the 
process of oocyte maturation, particularly with 
respect to vitellogenesis, is being investigated in 
the horseshoe crab, Limulus polyphemus, phylo­
genetically an ancient arthropod. 

The oocytes of Limulus are suspended from the 
walls of the ovarian tubules by a slender cellular 
stalk. The ovarian tubule, stalk, and oocyte are 
covered externally by a layer of filamentous ma­
terial referred to as the tunica propria. There are 
no follicle cells. The oocytes are divided into 
two general categories: (1) previtellogenic and 
(2) vitellogenic. The ooplasm of previtellogenic 
oocytes is characterized by ribosomes, large 
glycogen rosettes , small mitochondria, elements 
of rough and smooth endoplasmic reticulum, and a 
large centrally located nucleus. The most con­
spicuous organelle system is the Golgi complex, 
which at this stage is located in a circumnuclear 
position. The surface of the previtellogenic 
oocyte is adorned with short microvilli. There 
is little evidence of micropinocytotic activity in 
these cells. 

During the vitellogenic period, the beginning of 
which is marked by the appearance of the vitelline 
envelope, marked changes occur in the oocyte. At 
the surface, the microv illi e Ion gate and branch. 
Micropinocytotic processes are initiated but are 
not pronounced until later stages. The Golgi com­
plexes enlarge and migrate peripherally to a posi­
tion just beneath a rim of cortical cytoplasm which 
remains essentially devoid of organelles through­
out vitellogenesis (Fig. 6.9.1). A close relation­
ship is established between elements of smooth 
endoplasmic reticulum and memb~anes of the Golgi 
complex. This relationship suggests the transfer 
of material, via coated vesicles, from the former 
to the latter (Fig. 6.9 .2a). Yolk bodies begin to 
form in these Golgi regions and at first appear as 
a collection of small coated and uncoated vesicles 
surrounded by a membrane (Fig. 6.9.2a). As they 
mature, they acquire a core of dense material. 
Finally, as mature yolk bodies they are dense, 
rather homogeneous structures (Fig. 6.9.2b). 

During the final stages of vitellogenesis, micro­
pinocytosis becomes pronounced and the Golgi 
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complex diminishes in size. At this stage the 
direct fusion of internalized micropinocytotic 
vesicles gives rise to yolk bodies which are 
morphologically indistinguishable from those 
formed by the oocyte organelles. Thus, it appears 
that the initial accumulation of yolk occurs by 
intraoocytic processes through the collected ef­
forts of the endoplasmic reticulum and the Golgi 
complex. Later, during the final stages of vitel­
logenesis, yolk or its precursors are internalized 
from an extraoocytic source(s) by micropinocytosis. 
Vitellogenesis in this form is therefore a two-step 
process which involves the" packaging" of yolk 
components presumably synthesized by the oocyte 
as well as the accumulation of components from 
other sources. 
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6.10 COMPARATIVE CHROMATOGRAPHY OF 
TH E YOLK PROTE INS OF TELEOSTS 

D. W. Jared R. A. Wallace 

In a continuing study of the yolk proteins of 
vertebrates, we have used TEAE-cellulose chro­
matography as a method of purifying and character­
izing the yolk proteins of avians, reptiles, am­
phibians, and fishes. The eggs of all such 
oviparous vertebrates, with the exception of the 
teleosts, have either granular or platelet yolk 
proteins which lend themselves well to the chroma­
tographic system we have developed. 1 The eggs 
of teleosts, however, contain a fluid yolk, the 
protein components of which do not adhere to the 
adsorbent when the standard buffer system (10 mM 
citric acid-60 mM 2-amino-2-methyl-l-propanol) is 
used. However , a decrease in the concentration 
of the starting buffer by a factor of 4 proved to be 
a successful modification of the original method 
when applied to teleosts: 2 of the 17 species we 
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PHOTO 86866 

Fig. 6.9.1. An Electron Micrograph Showing the Surface and a Portion of the Cortical Ooplasm of an Oocyte in 

the Early Vitellogenic Stage. The egg is covered externally by the tunica propria (TP). Microvilli (MV), many of 

which branch, pass through channels in the dense vitelline envelope (VE). Micropinocytotic pits and caveolae may 

be seen at the surface (P). A Golgi complex (GC), elements of the smooth endoplasmic reticulum (SER), yolk 

bodies (VB), and a mitochondrion (M) are depicted lying beneath the rim of cortical cytoplasm. 
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PHOTO 86867 

Fig. 6.9.2. (a) The Relationship Between the Golgi Complex (GC) and Smooth Endoplasmic Reticulum (SER). 

Blebs on the membrane of the endoplasmic reticulum coated with a dense material are indicated at the arrows. 

These may be involved in the transport of material from the endoplasmic reticulum to the Golgi complex. A develop­

ing yolk body, composed of coated and uncoated vesicles surrounded by a membrane, is labeled YB. 

(b) Steps in the Maturation of a Yolk Body Such as That Shown in a. The small vesicles gradually disappear 

and a core of dense material (C) develops within the body (YB). The mature yolk body is somewhat smaller and 

electron dense (YB I ). 



have now examined, the yolk proteins of all but 
three (mackerel, menhaden, and flounder) readily 
adhered to the TEAE-cellulose column and could 
be subsequently eluted with the usual gradient 
system. From the yolk of those forms which could 
be successfully chromatographed (alewife, trout, 
mud minnow, stickleback, pipefish, killifish, 
golden shiner, sheepshead minnow, silversides, 
crappie, sauger, butterfish, and toadfish), one to 
multiple lipoprotein components together with one 
or several phosvitin components were recovered. 
The lipoproteins, upon chemical analysis, proved 
to be less phosphorylated than those isolated 
from the eggs of other vertebrates, and the extent 
of phosphorylation was roughly proportional to the 
elution position of each component upon chroma­
tography. 

The existence of multiple lipoprotein (lipovitel­
lin) and phosvitin components may represent a 
heterogeneous collection of yolk proteins in 
teleost eggs or, alternately, a defective phos­
phorylating system such that a homogeneous protein 
is phosphorylated suboptimally (and hence heter­
ogeneously). Some evidence for the latter postu­
late has been presented recently. 3 The relatively 
poor state of phosphorylation in teleosts would 
also help explain the fluid nature of their egg 
yolk, since the granular (and relatively insoluble) 
yolk-protein components of other vertebrate forms 
can be rendered water-soluble by a partial de­
phosphorylation of the proteins. 4 
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6.11 A LIPOPROTEIN FROM HEMOLYMPH 
AND OOCYTES OF THE BLUE CRAB 

Marilyn S. Kerr 

The site of yolk protein synthesis in the Crusta­
cea is unknown. Beams and Kessell concluded 
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from their electron microscopic observations of 
crayfish oocytes that proteinaceous yolk granules 
are synthesized in the stacked cisternae of the 
endoplasmic reticulum. However, several investi­
gators 2 studying the hemolymph of various crusta­
ceans suggested that the egg yolk proteins of 
these animals are synthesized external to the 
oocyte. So far, there have been no definitive 
studies of specific hemolymph proteins similar to 
egg yolk proteins in these invertebrates. 

Previous work3 with the blue crab, Callinectes 
sapidus, indicated the presence of a yellow protein 
in hemolymph taken from some adult females. 
Separation of this carotenoprotein from other 
hemolymph proteins was accomplished by con­
tinuous-flow paper curtain electrophoresis. The 
major soluble lipoprotein of homogenized blue crab 
ovaries or oocytes was isolated by a combination 
of ammonium sulfate precipitation and ultracentri­
fugation (105,400 x g for 20 hr) in a sodium bromide 
solution (density = 1.4). The lipoproteins from the 
two sources were completely cross reactive in im­
munodiffusion analyses and had identical mobili­
ties in starch gel and acrylamide electrophoresis. 

The lipoprotein can also be extracted from the 
oocytes by following the general proced ure de­
veloped by Wallace et aI. 4 for isolating the major 
lipoprotein component or lipovitellin from eggs of 
six different decapod crustaceans. Preliminary 
results of physical and chemical determinations 
indicate that the blue crab lipovitellin is similar 
to those lipoviteUins investigated by Wallace 
et aI. 4 In conjunction with continuing these 
studies, 14C-Iabeled amino acids will be admin­
istered to blue crabs undergoing vitellogenesis in 
an attempt to determine whether the lipoprotein 
found in the hemolymph is being transferred to the 
ovary after synthesis in the hepatopancreas or is 
resorbed by the hemolymph after synthesis within 
the oocyte. 
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6.12 STUDIES ON RIBOSOMAL DEGRADATION 
IN LENS CELLS 

W. F. Zapisek John Papaconstantinou 

Electron microscopic studies of the internal 
structure of the lens cell ha ve indicated that there 
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 com­
pared 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, therefore, with 
those of the electron microscopist. These experi­
ments have been carried out with both chick and 
bovine lenses. Studies are being carried out to 
determine the mechanism of breakdown of the 
ribosomes. 

Results and Discussion. - By comparing the MAK 
column patterns from epithelial cells 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 degradation the rRNA may form 
low-molecular-weight products which have chroma­
tographic properties on MAK columns similar to 
tRNA. Another explanation may be that rRNA 
breaks down completely, 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 incu­
bated in the presence of a complete miKture of l4C_ 
amino acids. The RNA was extracted under acid 
conditions to retain the aminoacyl-tRNA linkage. 
This RNA was then fractionated by DEAE chroma­
tography and by prolonged sucrose density gradient 
centrifugation. In both cases, the optical density 
at 260 mil and the l4C-labeled material formed 
superimposable peaks. 
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Further analyses were carried out with cesium 
sulfate equilibrium density gradient centrifugation. 
A uniform peak having a density of 1.68 gl 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 contami­
nated 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 cells 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 acryl­
amide disk electrophoresis which excludes 28s 
and 18s RNA. From the epithelial cell prepara­
tion it was found that the supernatant fraction con­
tained large RNA species having a molecular 
weight of approximately 3 to 4 x 105. The pellet 
contained RNA species having a molecular weight 
of approximately 4 to 5 X 104. Since these par­
ticles in the pellet could be sedimented by high­
speed centrifugation, it is possible that they were 
initially 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-molec­
ular-weight species of RNA similar to those ob­
served in the epithelial cells. Again, it is 
possible that these small molecules could be 
sedimented because they were bound to protein. 
These preliminary 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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6.13 THE STABILIZATION OF mRNA IN 
LENS EPITHELIAL CELLS 

J. A. Stewart John Papaconstantinou 

Studies on the regulation of protein and nucleic 
acid synthesis in lens cells have shown that, upon 
the differentiation of the epithelial cell to the 
fiber cell, mRNA becomes stabilized and protein 
synthesis is not affected by actinomycin D.l The 
maturation of epithelial cells to fiber cells in the 
lens represents the terminal stage of differentia­
tion in this tissue. One of the characteristics of 
the fiber cell is that it has lost its ability to 
replicate. This cell, therefore, is in a permanent 
stationary phase:. One of the questions that we 
have recently studied is whether the stabilization 
of mRNA occurs in cells which have not lost their 
replicative ability but are in a stationary phase. 

Such a cell may be found in the epithelial layer of 
the adult lens. 2 ,3 

Studies on the mitotic activity of epithelial cells 
in embryonic, early postnatal, and adult lenses 
have shown that the cells of the embryonic lens 
have a high mitotic index and , as the lens reaches 
its maximal size in the adult, the mitotic index is 
essentially negligible. 2 ,3 These cells, in the 
adult, are stationary and will remain in an extended 
G 1 phase of the cell cycle indefinitely. This 
stationary, extended G 1 phase is reversible, how­
ever, and cells in this phase can be induced to 
divide again by either physical damage or by plac­
ing them in tissue culture. 

In the course of our studies on the biochemical 
properties of epithelial cells and fiber cells, it 
became apparent that the epithelial cells of the 
adult lens have properties more similar to fiber 
cells than to epithelial cells of young lenses or 
actively dividing cells in culture. 4 In view of this, 
experiments were carried out to determine whether 
protein synthesis by cells in the stationary, ex­
tended G 1 phase occurs on stable templates and 
whether the degree of stability in these cells is 
greater than that of the actively dividing cells in 
young lenses. 
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Results and Discussion. - Lenses from bovine 
embryos, newborn calves, and adult cows were 
used in these experiments. In each case the rate 
of incorporation of radioactive amino acids into 
proteins and the rate of incorporation of radio­
active uridine into RNA was measured in the 
presence am absence of actinomycin D (30 JIg/ ml). 
The epithelial cells from control and actinomycin­
D-treated lenses were homogenized , and the a-, 
{3-, and y-crystallins were fractionated on DEAE­
cellulose columns. The a-, {3-, and y-crystallin 
fractions eluted from each column were counted to 
determine the degree of inhibition of protein syn­
thesis by the actinomycin D. A summary of these 
experiments is shown in Table 6.13.1. It can be 
seen from these data that protein synthesis in the 
embryonic cells is strongly inhibited by the anti­
biotic and that the synthesis of these same pro­
teins in the adult epithelial cells is essentially 
unaffected. The data also show that there is a 
progressive decrease in the ability of actinomycin 
D to affect protein synthesis as the lenses age. 

Experiments were also done to determine the 
degree of inhibition of RNA synthesis in the 
presence of actinomycin D in embryonic, newborn, 
and adult epithelial cells. Phenol-extracted RNA 
was layered over sucrose gradients, and after 
centrifugation the fractions collected from the 
gradient were counted. It was found that in all 
cases the actinomycin D virtually stopped all RNA 
synthesis. These data indicate that as a result 
of the inhibition of RNA synthesis in the embryonic 
epithelial cells protein synthesis was also 
inhibited, Under similar conditions in which RNA 
synthesis in the adult epithelial cells was in­
hibited, protein synthesis was not affected. The 
results of these studies indicate therefore that 
epithelial cells in the stationary phase employ a 
mechanism in which the RNA templates are 
stabilized. 
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Table 6.13.1. The Effect of Actinomycin D on Crystallin Synthesis in Bovine Lens Epithelial Cells 

Radioactivity (dis / min per 

Crystallin 

Fraction 

milligram of protein) 
Percent Inhibition (-) Lens 

Embryo 

Calf 

Adult 

a 
(3 
y 

a 
(3 
y 

a 
(3 
y 

Control 

46,262 

22,326 

17,060 

3,796 

2,046 

3,896 

4,827 

5,136 

8,172 

6.14 IMMUNOFLUORESCENT LOCALIZATION 
OF a,., (3-, AND y-CRYSTALLINS IN BOVINE 

LENS CELLS DURING GROWTH AND 
DIFF ERENTIATION 

R. E. Shore John Pa paconstantinou 

Through biochemical studies, evidence has ac­
cumulated which indicates that the tissue-specific 
proteins of the lens are specifically localized in 
distinct regions of the lens. The synthesis of y­
crystallins, for example, is associated with fiber 
cell formation.! , 2 A survey of the lens proteins 
in fiber cells in embryonic bovine lenses has shown 
that the distribution of the a - and (3-crystallins 
varies with the age of the animal. 3 Thus, through­
out the growth and differentiation of the lens, the 
synthesis of individual crystallins is initiated and 
repressed at specific times. The initiation of y­
crystallin synthesis at the time of initiation of 
fibrogenesis is a clear example of the regulation 
of protein synthesis at a specific stage of cellular 
differentiation. 

Since the population dynamics of the epithelial 
cells and fiber cells changes as the lens ages, 
that is, both mitosis and fiber cell formation are 
slowed down, experiments were carried out to de­
termine whether there is, at these stages of growth 
and differentiation, a specific regulation of protein 
synthesis. This was done through the use of im­
munofluorescent techniques, which because of 
their sensitivity would show the exact distribu-

Actinomycin or Stimulation (+) 

(3O llg / ml) 

15,590 -65 

10,168 -54 

9,884 -42 

1,948 -49 

1,123 -45 

2,340 -40 

4,508 -7 

5,136 0 

8,172 -7 

tion of the a-, (3-, and y-crystallins in the differ­
ent regions of the lens. In these studies, there­
fore, attempts have been made to map out the 
distribution of the lens proteins in the regions of 
the epithelial cell layer and in fiber cells during 
fibrogenesis. These analyses were carried out 
with embryonic, neonatal, and adult lenses. By 
using lenses from various ages, we are able to 
study this tissue at a time when the epithelial 
cells are either actively dividing (embryonic) or 
in a stationary phase (adult). Similarly, at these 
various ages, the rate of formation of the fiber 
cell is very fast in the embryonic lens when com­
pared with that seen in the adult lens. 

Results and Discussion. - The Distribution of 

Lens Crystallins as a Result of Growth and Dif­
ferentiation. - Experiments were carried out to 
show the distribution of the a-, (3-, and y-crystal­
lins in epithelial and fiber cells at different ages. 
At anyone age, the distribution of each group of 
crystallins was found to be unique. Table 6.14.1 
summarizes the details of these observations. A 
general pattern of a progressive loss of all crystal­
lins from the central region epithelial cells was 
observed. This loss begins sometime after 46 
days and before 112 days of gestation. Thus, it 
can be concluded that crystallin synthesis in the 
epithelial cells occurs in early embryonic lenses 
but becomes localized to the cells of the peripheral 
region of the lens as the tissue ages. 

With respect to the fiber cells, at all ages all 
three crystallins were found in these cells. These 
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Table 6.14.1. Distribution of Lens Crystallins B 

Region of Lens 

Epithelium Fiber 
Age Crystallin 

Fetal 
46 days a 

{3 
y 

112 days a 
{3 
yb 

Calf a 
{3 
y 

Adult a 
(3 
y 

B(_) Protein is not detectable. 
(+) Protein is detectable. 

Central 

C 

+ 
+ 
+ 

+ 

(++) Intensity of fluorescence is greatest. 
(±) Transitional region for this protein. 
C: Cytoplasm. 
N: Nucleus. 

bOat a incomplete. 

N 

+ 

data indicate therefore that as the lenses age the 
synthesis of a-, {3- , and y-crystallins becomes 
localized in the germinative region, which is ad­
jacent to the region where cellular elongation is 
initiated. 

The IntraceIIular Localization of a-, {3-, and y­

CrystaIIins in the Epithelial Cells and Fiber Cells. 
- Within the epithelial cells and fiber cells, the 
a-, {3-, and y-crystallins showed some indication 
of specific localization. 

With respect to the a -crystallins, these proteins 
were specifically localized in the cytoplasm of 
both epithelial cells and fiber cells. 

{3-Crystallins were found in the nucleus and cyto­
plasm. In the epithelial cells these proteins were 
specifically localized in the cytoplasm. They are 
first detected in the nucleus in the cells of the 
region of elongation. This was found to be the 
case for all four ages studied. The {3-crystallins 
are also seen in the nucleus of the fiber cells. 

Germinative Elongation Cortical 

C N C N C N 

+ + + 
+ + ++ ++ ++ ++ 
+ + ++ + 

+ ++ ++ 
± + ± + + 

± ++ ++ 
± + ± + + 
+ + + ± 

++ ++ 
++ ++ ± + + 
± + + ± 

With respect to the intracellular localization of 
y-crystallins, these proteins are also found in the 
cytoplasm and nucleus . They first appear in the 
cytoplasm of the cells of the germinative region. 
In the region of cellular elongation and in the 
region of cortex fiber cells , the y-crystallins can 
be detected in the cell nucleus. 

It can be seen from these observations that both 
{3- and y-crystallins are first detected in the cyto­
plasm and then appear in the cell nucleus. The 
{3-crystallins appear in the nucleus at an earlier 
stage of fibrogenesis than db the y-crystallins. 
Since this is the stage at which terminal cellular 
differentiation is initiated, it is possible that 
either the {3- or y-crystallins may be involved in 
the regulation of fibrogenesis. It is now quite 
obvious that the synthesis of all three groups of 
proteins is regulated such that this synthesis 
becomes localized , in older lenses, to a specific 
region of the lens. The mechanisms of these 
regulations and the significance of the progressive 

.. 



localization of f3- and y-crystallins to the region 
of cells undergoing maturation are being studied. 
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6.15 AN ANALYSIS OF THE PULSE-LABELED 
RNA IN BOVINE LENS EPITHELIAL CELLS 

AND FIBER CELLS 

John Papaconstantinou Emilia M. Julku 

Introduction. - In a continuation of studies on 
the stabilization of mRNA during fiber cell dif­
ferentiation , experiments were carried out to de­
termine the properties of rapidly turning over RNA 
in the epithelial and fiber cells. It was the pur­
pose of these experiments to determine whether 
there are either qualitative or quantitative differ­
ences in the heavy and light species of pulse­
labeled RNA in epithelial and fiber cells. In addi­
tion to this, it was also our purpose to determine 
whether there is a precursor-product relationship 
(in epithelial cells or fiber cells) between the 
heavy and light pulse-labeled RNA. 

In these experiments lenses were pulse labeled 
with 14C-guanidine or 14C_uridine. The' epithelial 
and fiber cells were separated at the end of the 
experiment, and each cell type was phenol-ex­
tracted. The phenol-extracted RNA was fraction­
ated on sucrose density gradients, and each frac­
tion was analyzed for radioactivity. 

In experiments involving pulse-chase analyses, 
the radioactive precursor, either l4C-guanidine or 
14C-uridine, was chased with 100 times the con­
centration of the radioactive precursor using non­
radioactive material. 

Results and Discussion. - Sedimentation Proper­
ties of Pulse-Labeled RNA in Epithelial Cells and 
Fiber Cells. - In each experiment the sedimenta­
tion properties of pulse-labeled RNA were ana­
lyzed on sucrose gradients. To get some indica­
tion of the sedimentation rates of light and heavy 
molecular weight species,S to 20% sucrose gra­
dients were run for 24 , 10, 7, and 5 hr at 24,000 
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rpm. In all cases, the 28s and 18s ribosomal RNA 
peaks were used as markers. Analysis of these 
centrifugations showed major radioactive peaks 
at 45s, 30s, 20s, and 7 to 14s regions. In no case 
could we find significant radioactivity coincident 
with the 28s and 18s ribosomal RNA peaks. There 
were also regions of radioactivity ranging from 
80s to 50s. 

A comparison of the pulse-labeled RNA in epi­
thelial cells and fiber cells did not reveal any 
qualitative differences between the two cell types. 
The major significant difference was quantitative 
in that the rate of RNA turnover in the fiber cells 
was much less than that observed for the epithelial 
cells. 

Because of the high degree of radioactivity in 
the region of 45s and 30s RNA, experiments were 
done to determine whether this RNA is ribosomal 
precursor. In these experiments lenses were 
pulse labeled for 3 hr and then chased for another 
3 hr with the same nonradioactive precursor. 
Analyses were carried out on the pulsed and 
chased epithelial cells and fiber cells. 

An analysis of the pulse-chase epithelial cells 
showed that only a negligible amount of the 45s 
and 30s RNA could be chased into the 28s and 
18s ribosomal RNA peaks. In addition, it was 
found that a significant amount of RNA was chased 
into the 20s region, and the largest amount of 
chased RN A. was found in the 7 to 14s region. 
Thus , there was a rapid decrease of all of the 
puls e-labeled RNA in the 80s to 30s regions and 
an increase in the radioactive RNA of the 20s and 
7 to 14s region. These data indicate that there 
may be a precursor-product relationship between 
puls l!-labeled RNA heavier than 28s and the lighter 
20s and 7 to 14s RNA. Although there was an in­
crease in the radioactivity of the 20s and 7 to 14s 

RNA, this increase did not account for the total 
amount of counts lost from the >28s RNA. Thus, 
a large part of the pulse-labeled RNA may be 
broken down to small, acid-insoluble fragments. 

Similar analyses of the pulse-chase RNA from 
fiber cells were carried out. These experiments 
indicate that there is a significant difference in 
the chase pattern of the relatively small amount 
of rapidly labeled RNA in the fiber cells. It was 
found that none of the >28s RNA could be chased 
into the 28s or 18s ribosomal RNA. In this re­
spect the epithelial and fiber cell chase patterns 
are similar. However, in the fiber cell no precursor­
product relationship could be found. There was 



no indication of an increase in the 20s or 7 to 14s 
RNA. An overall decrease in all regions of RNA 
was found. It was interesting to note, however, 
that the rate of decrease in radioactivity was 
greatest in the >28s RNA and slowest in the 7 to 
14s RNA. 

Taking this into consideration, it is possible 
that tpe pathway of degradation of rapidly turning 
over RNA in epithelial cells and fiber cells is 
qualitatively the same and that our ability to de­
tect a precursor-product relation in the epithelial 
cells and not the fiber cells may be due to (a) the 
decrease in rate of heavy RNA synthesis as the 
stabilization of mRNA proceeds or (b) a decrease 
in the rate of breakdown of heavy RN A as a result 
of the stabilization of mRNA. Experiments are 
now in progress to study the mechanism respon­
sible for this variation in the chase pattern of 
rapidly turning over RNA at two different stages 
of differentiation. 

6.16 THE SYNTHESIS OF LENS PROTEINS BY 
EPITHELIAL CELLS IN TISSUE CULTURE 

John Papaconstantinou J. W. Carr 

Through the work of D. M. Schenck in this lab­
oratory, we succeeded in culturing calf lens epi­
thelial cells which, when treated with vitreous 
humor , would undergo a characteristic cellular 
elongation. The specificity of this reaction was 
indicated by the observation that RA cells (derived 
from human amnion) would not respond to treat­
ment with vitreous. It was also found that the 
lens epithelial cells would not respond to aqueous 
humor, thus indicating that this response may be 
due to a specific component or components of the 
vitreous. Further studies have shown that upon 
treatment of the vitreous with collagenase and 
hyaluronidase before it is added to the culture 
medium will stimulate a stronger response, that 
is, more widespread cellular elongation. 

Since we have now established conditions under 
which lens epithelial cells can be induced to 
either retain their epithelial cell characteristics, 
or to elongate , we have initiated a series of studies 
to determine whether the synthesis of a-, {3-, and 
y<rystallins, in these cultured cells, can be 
regulated. The experiments to be discussed here 
were designed to show whether primary cultures 
of lens epithelial cells can synthesize lens pro-
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teins when they are cultured under concl itions in 
which the epithelial cells do not elongate. Our 
main purpose in carrying out these experiments is 
to study the regulation of tissue-specific protein 
synthesis. 

Resu Its. - The Synthesis of Lens Proteins by 
Epithe lial Cells in Culture. - In these experi­
ments, primary ex plants of calf lens e pithe lial 
cells (both germinative and central region cells) 
were placed in culture for two weeks. The cells 
were grown in Hanks's salts with Eagle's MEM 
and 30% calf serum to maintain the cells in their 
epithelial cell morphology. During the two-week 
culture period, the medium was changed regularly 
to eliminate any of the contaminating fiber cells. 
In addition, during this period of culturing there 
was a significant outgrowth of epithelial cells so 
that the size of the initial explant was negligible 
compared with the outgrowth which occurred in two 

weeks. At the end of the two-week culture period, 
the cells were washed well with Hanks's salts to 
eliminate the amino acid mixture and were incu­
bated for 6 hr in a medium containing a mixture of 
3H-amino acids in Hanks's salts and 30% calf 
serum. After the 6-hr incubation period, the cells 
were a gain washed well with Hanks 's salts and re­
moved from the glass surface by dispersing with 
viocase. The dispersed cells were packed down by 
centrifugation and resuspended in a homogenate of 
calf lens fiber cells, which had been labeled with 
l4C-amino acids. Thus, the fiber cell homogenate 
contained l4C-Iabeled a-, {3-, and y-crystallins , 
which were used as carrier proteins for the 3H-Ia­
beled proteins of the cultured cells. The cells were 
homogenized in 0.005 M sodium phosphate buffer pH 
7.0 and dialyzed exhaustively against the same buf­
fer. The a-, {3-, and y-crystallins were fractionated 
on DEAE columns. Each fraction was analyzed for 
optical density at 280 mil to identify the crystal­
lins 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. Thus, the 14C counts could 
be used to detect the radioactive proteins synthe­
sized by fiber cells and the 3H counts could be 
used to detect the proteins synthesized by the 
cells in tissue culture. In this experiment special 
attention was given to the elution properties of 
the 14C_ and 3H-Iabeled proteins to determine 
whether or not these counts were superimposed as 
they were eluted from the column. In order to de-



termine any slight variation in elution properties , 
a gradient elution system was used in these ex­
periments. The results of this experiment showed 
that: (a) the lens cells in tissue culture synthe­
size a-, {3-, and y-crystallins, (b) there was no 
difference between the 14C and 3H peaks, and (c) 
in all cases both 14C_ and 3H-labeled peaks fol­
lowed the optical density pattern (280 mil). (Simi­
lar results were obtained when a stepwise elution 
system was used.) 

The Synthesis of y -Crysta llins by Cells in Tissue 
Culture. - Since there are several y-crystallins 
making up this group of proteins, experiments were 
carried out to determine whether all of these crys­
tallins 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-crystallins were precipi­
tated 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-crystallins. 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 system 
the y-crystallins can be resolved into five peaks. 
Each fraction was analyzed for 14C and 3H pro­
teins. Again it was found that the 14 C and 3 H 
peaks completely overlapped , and both 14C and 3H 
peaks coincided with the optical density peaks. 
Our preliminary data indicate , therefore, that the 
cells in culture can synthesize y-crystallins simi­
lar to those found in the fiber ce lIs. 

Discussion. - It -has now been established that 
primary epithelial cells in culture can synthesize 
a-, {3-, and y-crystallins. The synthesis of y­
crystallins has been analyzed in detail, and it 
appears that each of these prote ins is synthesized 
to the same extent by cultured cells and fiber 
cells in vivo. We conclude from these experiments 
that after two weeks in culture the ability of lens 
cells to synthes ize their tissue-specific proteins 
is still retained. Immunochemical analyses have 
indicated, however, that this is not the case for 
cells which have passed through several genera­
tions in culture. We propose to repeat these ex­
periments with cells after each subculturing to de­
termine (a) how long it takes for these cells to 
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stop synthesizing crystallins and (b) the sequence 
in w hic h this occ urs . 

The fact that y-crystallins are synthesized in 
culture indicates that these ce lIs may be taking on 
the biochemical properties of fiber cells. This 
may not be the case, however, since R. E. Shore 
has shown by immunofluorescent techniques that 
there are y-crystallins in the equatorial epithelial 
cells (germinative region cells). Our observations 
on the growth of the primary explants indicate that 
it is the cells of the germinative and equatorial re­
gion which replicate when placed in culture. Since 
y-crystallins are already present in these cells be­
fore they are placed in culture, the observations 
reported here may not indicate that the synthesis 
of y-crystallins was induced in tissue culture or 
that the cells are taking on fiber cell character­
istics. On the contrary, since no vitreous was 
added to this culture medium, cellular elongation 
was not observed. Experiments are now in progress 
to determine the pattern of crystallin synthesis in 
vitreous-treated ce lIs. 

6.17 STUDIES ON THE SUBUNIT COMPOSITION 
OF BOVINE LENS ~CRYST ALLINS 

Winnie G. Palmer John Papaconstantinou 

The a-crystallins of the bovine lens have been 
shown to have a molecular weight of 1 x 106 and 
to be composed of several species of low-molecular­
weight c;:;' 2.5 x 104) subunits. 1. 2 Dissociation and 
reassociation of these protein molecules have been 
achieved with 7 M urea, guanidine.HCl, and sodium 
dodecyl sulfate (SDS). The subunits can be iso­
lated by fractionation on DEAE columns in the 
presence of 7 M urea. 

The procedures used to isolate a-crystallins in 
highly purified forms involve isoelectric precipi­
tation at pH 5 followed by fractionation on DEAE 
cellulose. 3 By the use of a stepwise elution sys­
tem, the isoelectric precipitated a -crystallin can 
be resolved into five distinct fractions on DEAE 
cellulose. The molecular weights of these frac­
tions vary from 0.7 x 10 6 to 1.2 X 106

• No differ­
ences between the individual a-crystallins could 
be found by high-voltage electrophoresis of the 
peptides after proteolytic treatment. These ob­
servations indicated that these proteins may not 
have qualitative differences but does not rule out 
the possibility of quantitative differences with 



respect to the number of subunit species found in 
each protein. Since the subunits can be fraction­
ated on urea-equilibrated DEAE columns, the 
individual a-crystallins could be dissociated and 
fractionated into their constituent subunits so 
that any variation in the amount of individual sub­
units within the complex protein molecule may be 
detected. The results of these experiments are 
described below. 

Results and Discussion. - Experiments were 
carried out to determine whether there are quanti­
tative differences in the subunit content of the a­
crystallins prepared by DEAE-cellulose fractiona­
tion. Each a -crystallin fraction was dissociated in 
7 M urea, and the subunits were eluted from a 
urea-DEAE column. The elution system involved 
using an increasing concentration of NaCI and 
phosphate buffer in 7 M urea. Using this fractiona­
tion procedure, the subunits could be identified. 
Although the peaks eluted from the column are not 
homogeneous, there are clear-cut regions of elu­
tion which for the purposes of these experiments 
were designated as subunit regions I, II, and III. 
The variation in the amount of protein (subunits) 
found in these regions for the individual a -crystal­
lins can be seen from the data in Table 6.17.1. 
Peaks E to I represent the intact a-crystallins 
prepared by isoelectric precipitation and fraction­
ated on DEAE columns. It can be seen that the 
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subunits of regions I and II are most concentrated 
in a -crystallin (peak E) and decrease progressively 
in the other a-crystallins, the lowest concentra­
tion of these subunits being found in peak I. The 
reverse is found with the subunit eluted in region 
III. This variation in subunit composition may ex­
plain the elution characteristics of the intact a­

crystallins on DEAE-cellulose, which involves an 
increase in NaCI and phosphate buffer coocentra­
tion. The a-crystallin (peak I) that requires the 
highest concentration of NaCI to be eluted from 
the column contains more of the subunit (III), 
which also requires the highest salt concentration 
to be eluted. 

These preliminary data on a-crystallin subunits 
indicate that the heterogeneity of the a -crystallins 
is due to the quantitative differences in their sub­
unit content. Studies on the synthesis of the 
individual subunits are being carried out in an 
attempt to learn more about the mechanism of 
regulation of synthesis of this complex protein. 
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Table 6.17.1. The Subunit Composition of Adult Bovine Lens a.Crysto II ins 

a.crystallin Peaks Subunit Peaks from a Total 

from a DEAE Urea Column (mg) Protein Percent of Each Subunit in 

Column IT 1lI (mg) I II 1lI 

E 6.7 26 .0 5.5 38.2 17.4 68.1 14.5 

F 7.1 29.4 6.5 43.0 16.4 68.5 15.1 

G 5.4 21.6 10.2 37.2 14.6 57.9 27.5 

H 1.82 8.96 7.91 18.69 9.7 47.9 42.3 

0.96 3.76 5.52 10.24 9.4 36.7 53.9 
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7.1 ACRIDINE EFFECTS IN IRRADIATED 
NEUROSPORA CRASSA 

C. E. Terry 

The effects of pre- and post-uv-irradiation treat­
ment of Neurospora crassa conidia with acridine 
dyes are being studied. When conidia are pre­
treated with 1 Ilg/ml of proflavine, acriflavine, or 
acridine orange before 254 nm irradiation, the dyes 
all exert a protecti ve effect. This protection is 
more pronounced at high uv doses (e.g. , 10,000 
ergs/ mm 2). Protection is greatest wi th proflavine, 
while acriflavine and acridine orange provide less 
protection in that order. There does not appear to 
be a constant dose-reduction factor, since survival 
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for treated samples drops ini tially at the same rate 
as that of untreated suspensions. 

When uv-irradiated conidia are incubated at 37 0 

in the dark, they lose photoreactivability in 120 to 
150 min. In Escherichia coli, loss of photoreactiv­
ability has been correlated with a "dark" repair 
system which excises dimers. 1 Although photore­
activability is lost in Neurospora, repair is not 
evident, since no increase can be seen in survival 
of held samples over that of samples plated im­
mediately following uv irradiation. This result 
could possibly be explained if conidia normally 
undergo dark repair after plating, since no differ­
ences in survival would then be detectable. Ac­
ridine dyes have been shown to interfere with 
host-cell reactivation and thymine-containing 



dimer excision in E. coli, 2, 3 two types of re­
covery involving dark repair. When dark incuba­
tion is carried out in 1 flg/ml of proflavine and 
samples are withdrawn and plated at intervals up 
to 4 hr, survival drops for the first 120 min and 
then remains constant at 180 and 240 min. The 
shape of the survival curve changes from one with 
a large shoulder to one with an essentially linear 
form. This suggests that proflavine prevents re­
pair of damage which becomes irreparable as in­
cubation time progresses. 

References 

98 

lR. B. Setlow and W. L. Carrier, Proc. Natl. Acad. 
Sci . U.S. 51, 226 (1964). 

2R. B. Setlow, J . Cell. Compo Physiol. 64, suppl. 
1, 51 (1964). 

3T. Alper, Nature 200, 534 (1963). 

7.2 CORRELATION BETWEEN INCREASED 
RADIATION RESISTANCE AND INCREASED 

CELL SIZE OF THE BACTERIUM 
ESCHERICHIA COLI 

D. E. Axelrod H. I. Adler 

The bacterial mutant Escherichia coli HfrRs, 1 

selected for increased resistance to the lethal 
effects of x rays, has been found to have a larger 
cell size than the radiation-sensitive parent, HfrH. 
In order to understand the mechanism of radiation 
resistance of this mutant, we have investigated the 
relationship between its increased resistance and 
increased cell size. 

The mutant-to-parent ratios for some cell param­
eters are as follows: 

DNA/ cell 

RNA/ cell 

Dry weight / cell 

Volume / cell 

1.40 ± 0.14 

1.82 ± 0.31 

1.43 ± 0.23 

1.54 ± 0.17 

The resistant mutant is, therefore, larger than its 
parent but is probably not diploid. 

The mutated allele controlling resistance is linked 
to argC in conjugal mating but is not cotransducible 
with metA nor malB. This allele is, therefore, dis-

tinguishable from previously reported alleles con­
trolling radiation resistance to x rays . 

When the mutated allele is transferred by con­
jugation to radiation-sensitive small cells, the 
radiation-resistant recombinants are large cells. 
When the sensitive parent is grown under condi­
tions that temporarily result in increased cell 
size, its radiation resistance also increases. 
Therefore, increased cell size resulting from 
genetic or physiological changes can be corre­
lated with increased radiation resistance. 
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7.3 A MUTATION AFFECTING THE SIZE, 
SHAPE, AND RADIATION RESISTANCE 

OF ESCHERICHIA COLI K-12 

H. I. Adler Alice A. Hardigree 

Escherichia coli K-12 P678 is a small rod­
shaped bacterium. Samples of this organism from 
a log-phase culture consist of regularly shaped, 
rod-shaped cells undergoing division by con­
striction near the midpoint. We have treated this 
organism with the mutagen triethylene melamine 
and isolated several x-ray-resistant mutants from 
it. One of these, labeled P678-7, has an unusual 
morphology when observed during log phase by 
phase-microscope techniques. The cells of this 
mutant are extremely pleomorphic, ranging from 
plump rods to become amoe1iloid forms. Even the 
most unusual forms are capable of growth and dj­
vision, and the culture as a whole grows only 
slightly slower than the nonmutant rod-shaped 
P678 parent. The unusual cell forms are not 
fragile. They survive dilution from complex 
media into distilled water. They form colonies 
on the surface of agar. They are lysed by lyso­
zyme at only one-tenth the rate of the parental 
P678 culture. The distribution of cell forms is 
not affected by the incorporation of diaminopimelic 
acid or high concentrations of sucrose in the 
growth medium. 

Cells of P678-7 retain the genetic markers and 
the ability to mate with donor strains, character-

'. 



istic of P678. Preliminary genetic analysis of 
recombinants indicates that the region controlling 
both radiation resistance and unusual morphology 
in this strain is not near the "Ion" locus pre­
viously studied. 1 The available data suggest a 
locus(i) near those controlling threonine and 
leucine biosynthesis. 
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7.4 A NEW CELL DIVISION MUTANT 
OF ESCHERICHIA COLI 

H. I. Adler 
Amikam Cohen 

Alice A. Hardigree 
D. P . Allison 1 

We have recently isolated a cell di vision mutant 
of Escherichia coli, K-12 P678, that may be useful 
in a variety of studies. In addition to undergoing 
normal cell division near the midpoint of the rod­
shaped cell, cells of this organism frequen tly un­
dergo a secondary division close to one pole (Fig. 
7.4.1). This misplaced division results in the pro­
duction of a class of very small cells. These small 
cells may be separated from the bulk of the popu­
lation and analyzed. They have normal appearing 
walls and membranes and contain reasonable 
amounts of ribonucleic acid and protein. They do 
not, however, contain any detectable amounts of 
deoxyribonucleic acid. Many cytoplasmic enzymes 
can be detected in these small cells, as well as 
in the parental population. With the aid of Dr. Jane 
Setlow, we have shown that the photoreactivating 
enzyme, although present in the parental cells, is 
not detectable in the small cell. 

The genetic locus involved in this mutation is 
very close to the "Ion" locus previously described 
as playing an important role in the control of cell 
division. The mutant strain is also unusually re­
sistant to ionizing radiation. However, genetic 
analysis of recombinants obtained from a cross 
with nonmutant donors suggests that the radiation 
resistance is associated with a locus near, but 
not identical to, the one controlling the unusual 
division behavior. 
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7.5 GENETIC TRANSFER TO MINICELLS 
OF ESCHERICHIA COLI K-12 

Amikam Cohen D. P. Allison 1 

Roy Curtiss III 

The mutant strain 54 of Escherichia coli K- 12 
produces minicells which are about one-tenth the 
mass of normal E. coli cells and which contain 
RNA and protein but no DNA. 2 Since strain 54 is 
an F- recipient, it was feasible to determine 
whether genetic transfer by conjugation to the 
minicells could take place. If such transfer could 
take place, then it would be possible to determine 
whether transcription and translation of the trans­
ferred information occurred. Also the system would 
provide the opportunity to isolate and characterize 
such genetic elements as the fertility factor F. 

We first demonstrated by electron microscopy that 
F +, F' lac +, and Hfr donor strains would efficien tly 
form specific pairs with F - minicells separated 
from the parent cells by differential centrifugation. 
The paired donor and mini cells were often at a 
distance from each other, being connected by a 
donor pilus. We also infected the mini cell pro­
ducing strain 54 with the fertility factor F and 
with an F ' lac + factor. The mini cells separated 
by differential centrifugation from the F + and F' 
lac + 54 strains occasionally possessed donor pili, 
but invariably these pili were attached backward 
as deduced by their inability to attach the donor­
specific DNA phage, fl.3 Specific pairs between 
F +, F ' lac +, or Hfr donors and mini cells from the 
F+ or F' lac+ 54 strains were infrequent. 

By using F +, F ' lac +, and Hfr donors whose DNA 
was labeled with 14C-thymidine, it was possible to 
demonstrate physical transfer of TeA-insoluble 
genetic material to mini cells from the F- 54 strain. 
The amount of l4C-thymidine label transferred to 
F- minicells by F +, F ' lac +, and Hfr donors was 
roughly equivalent. However, no physical transfer 
was detectable to mini cells from either the F + or 
F ' lac + 54 strains. Since most of these mini cells 
from the F + and F ' lac + 54 strains did not possess 
donor pili and did not form specific pairs with other 
K-12 donor strains, it is concluded that donor strains 
may possess a surface component, in addition to 
donor pili, which prevents pair formation with other 
donor cells. We plan to study this surface com­
ponent further by immunological techniques. 

Adler, Fisher, Cohen and Hardigree2 have shown 
that the minicell-producing strain 54 can be induced 
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Fig. 7.4.1. An Electron Micrograph of Escherichia coli Undergoing an Abnormal Division That Yields One Normal 

Cell ond One Smoll Cell Locking Geneti c Moteriol. 

J 



to synthesize f3-galactosidase and that minicells 
separated from a preinduced culture contain f3-
galactosidase. However, mini cells separated from 
an uninduced culture cannot be induced to synthe­
size f3-galactosidase. Thus, it was possible to 
determine whether minicells harvested from the 
F ' lac + minicell-producing strain or mini cells 
having received the F' lac + by conjugation could 
be induced to synthesize f3-galactosidase. In 
both cases there was no induced synthesis of 
f3-galactosidase. Thus, it can be concluded that 
either the lac gene cannot be derepressed, or if 

z 
derepressible cannot be transcribed, or if trans-
cribed the message cannot be translated. 

Much further work with this system is anticipated, 
and present efforts are being directed toward iso­
lating the fertility factor F by the Klineschmidt 
technique. We hope to show in the electron micro­
graphs that F is circular and, based on its length, 
to calculate its molecular weigh t. 
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7.6 ENERGY REQUIREMENTS FOR SPECIFIC 
PAIR FORMATION DURING CONJUGATION 

IN ESCHERICHIA COLI K-12 

Roy Curtiss III D. R. Stallions 

Fisher 1 concluded that specific pai r formation, 
the first step during bacterial conjugation, was 
an endergonic process demanding the utilization 
of a metabolizable carbon source. This conclu­
sion has been reiterated without challenge by 
Jacob and Wollman 2 and by Hayes,3 even though 
it was not until 1962 when de Haan and Gross 4 

defined specific pair formation as a union between 
donor and recipient cells resistant to dilution. The 
realization that Fisher l did not test the energy re­
quirements during specific pair formation and the 
knowledge that donor cells are preendowed with 
appendages, called donor pili, which are respon­
sible for specific pair formation,s. 6 caused us to 
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experimentally determine the energy requirements, 
if any, during specific pair formation. 

Our experiments made use of the fact that NaCN 
at 2 x 10 - 3 M reversibly inhibits electron trans­
port. Thus, we took Hfr and F- parents which had 
been treated with 2 x 10 - 3 M N aCN for either 0, 
1, or 15 min and mated them either in the presence 
or absence of NaCN for 5 min to allow for the 
formation of specific pairs. Following this time for 
pair formation the mating mixtures were diluted 
1: 1000 to prevent further pair formation and to allow 
reversal of the cyanide inhibition. The recombina­
tion frequencies obtained for each 60-min mating 
were the same except for the matings kept in 2 x 
10 - 3 M N aCN throughout; in this last case a 20-
fold reduction in recombinant yield was observed. 
Similar experiments using 10 - 3 M 2, 4-dini trophenol 
were also conducted with similar results. These 
and other results led us to conclude that specific 
pair formation during bacterial conjugation is not 
an endergonic process. 
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7.7 MACROMOLECULAR SYNTHESES AND 
ENERGY METABOLISM DURING 

CONJUGATION IN Hfr x F - MA TINGS 
OF ESCHERICHIA COLI K·12 

Roy Curtiss III Jane A. Mays 
D. R. Stallions 

The need for DNA, RNA, or protein synthesis or 
for energy metabolism by either conjugating parent 
was determined with Hfr and F- mutants unable to 



synthesize thymine, uracil, or amino acids or to 
utilize given carbon sources. 
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We first determined the effects of preventing DNA, 
RNA, or protein synthesis or energy metabolism in 
either or both parents by measuring inhibitions in 
recombinant yield after 30 to 50 min of mating. When 
inhibitions in recombinant yield were observed, in­
terrupted matings were performed to determine 
whether the inhibition was due to an alteration in 
the rate of chromosome transfer or to a lessening 
of the number of cells capable of chromosome 
transfer. When the latter effect was noted, we 
determined whether the synthetic activity was re­
quired during the early stages of mating or through­
out. To do this, Hfr and F- bacteria were mated 
for 5 min in the presence of the needed metabolite 
and then diluted 1:200 into medium with or without 
the metabolite. 

The conclusions, drawn from results of several 
hundred matings, are as follows: (1) Prevention of 
DNA, RNA, or protein synthesis in either or both 
parents does not alter the rate of chromosome 
transfer, although the Hfr parent normally repli­
cates its chromosome during transfer. (2) The 
Hfr parent needs protein synthesis, DNA synthe­
sis, and energy metabolism during the first 5 min 
of mating to allow all the cells to participate. 
(3) Prevention of DNA or protein synthesis in the 
F- parent is without effect on the frequency of re­
combination. (4) The inability of the F- parent 
to utilize the supplied carbon source results in a 
reduced rate of chromosome transfer, whereas the 
inability of the Hfr parent to utilize the supplied 
carbon source does not alter the rate of chromo­
some transfer. 

Based on these and other studies the following 
sequence of events during bacterial conjugation is 
postulated. (1) Specific pair formation occurs with 
no metabolic requirements. 1 This union is medi­
ated by the presence of donor pili on the Hfr par­
ent. 2,3 (2) Protein synthesis is required in the 
Hfr parent (F initiator) to allow chromosome mo­
bilization, which is the production of a chromo­
some that can be transferred linearly. (3) DNA 
synthesis is then required in the Hfr parent to 
propel the chromosome through the conjugation 
tube. From studies by Curtiss and Caro,4 it is 
believed that the donor pilus also acts as the 
conjugation tube. The need for protein and DNA 
syntheses in the Hfr parent during steps 2 and 3 
requires active energy metabolism. (4) Further 
chromosome transfer requires homologous pairing 

between the lead region of the Hfr chromosome and 
the comparable portion of the F- chromosome. 5 

(5) The F- parent "winds in" the donor chromo­
some at a constant rate, ensuring orderly inherit­
ance of transferred genetic material. This F­
conjugal activity is dependent on energy metab­
olism and independent of DNA, RNA, and protein 
syntheses. 

References 

lR. Curtiss III and D. R. Stallions, "Energy Re­
quirements for Specific Pair Formation During Con­
jugation in Escherichia coli K-12," paper 7.6, this 
semiannual. 

2C. C. Brinton, P. Gemski, and J. Carnahan, Proc. 
Natl. Acad. Sci. U.S. , 52, 776-83 (1964). 

3R. Curtiss III and L. Caro, Bacteriol. Proc. , p. 
27 (1966). 

4R. Curtiss III and L. Caro, unpublished (1966). 
sR. Curtiss III and L. J. Charamella, Genetics 

54, 329-30 (1966). 

7.8 MECHANISM OF CHROMOSOME 
MOBILIZATION AND TRANSFER BY F+ DONORS 

OF ESCHERICHIA COLI K-12 

Roy Curtiss III 
D. R. Stallions 

Jane A. Mays 1 

Janet Renshaw 2 

Integration of the fertility factor F into the cir­
cular chromosome of F + donors to allow chromo­
some mobilization and transfer is not necessary. 
The formation of Hfr mutants by this mechanism 
accounts for less than 5% of the recombinants 
formed in F + x F- matings. 3 In studying the 
principal mechanisms for chromosome mobiliza­
tion and transfer by F + donors, we have shown 
that (1) there are some F + cells in the popula-
tion which can transfer any given genetic marker 
soon after commencement of mating; (2) F + donors 
transfer their chromosomes linearly at the same 
rate as Hfr donors; (3) F+ mutant donors, with 
linear chromosomes, transfer markers from either 
end in an oriented manner; (4) completion of vege­
tative chromosome replication is necessary before 
an F + cell can transfer its chromosome; (5) protein 
synthesis is required for chromosome mobilization, 
which can be equated to the linearization of the 
intertwined fully replicated chromosomes; and (6) 



DNA synthesis is not required during chromosome 
transfer. 

These observations are interpreted by a sequence 
of events as follows: (1) Vegetative chromosome 
replication in the F + donor must go to completion, 
resulting in intertwined circular daugh ter chromo­
somes; (2) protein synthesis is then necessary to 
allow separation of the daughter chromosomes to 
produce two temporarily linear chromosomes (note 
that this step is equivalent to the initiation of a 
new round of vegetative chromosome replication); 
(3) if the F+ cell is then paired with an F- re­
cipient, there is a low probability that one of the 
linear F+ chromosomes will be transferred without 
further replication; and (4) by effective homologous 
pairing between the lead region of the F + chromo­
some transferred and the comp arable portion of the 
F- chromosome, the F- parent controls the rate of 
chromosome transfer by winding in the F + chromo­
some. This last postulate is based on results ob­
tained by Curtiss and Charamella. 4 The breaks in 
the circular F+ chromosomes must be randomly dis­
tributed among the cells in the population. Thus, 
this model of chromosome mobilization and transfer 
is compatible with, but does not prove, the theory 
that the origins for ini tiation of vegetative chro­
mosome replication are randomly distributed about 
the genome. 
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7.9 LOCALIZATION OF GENES SPECIFYING 
tRNA SPECIES IN ESCHERICHIA COLI K-12 

G. J. Stine Annie S. Angel Roy Curtiss III 

The purpose of this recently initiated study is to 
develop techniques for isolation of specific gene 
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fragments from Escherichia coli K-12. In order to 
do this, F' elements will be transferred into ap­
propriate mutant derivatives of Proteus mirabilis 
by conjugation. Since E. coli DNA has a 50% G-C 
content and P. mirabilis DNA a 38% G-C content , 
no genetic exchange can 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 mel ting followed by 
column chromatography. The isolated E. coli DNA, 
which is enriched for a specific segment of the 
genome, will then be tested for ability to hybridize 
with E. coli tRNA. Results of these mapping ex­
periments will determine the feasibility of other 
experiments such as in vitro synthesis of bio­
logically active tRNA from a DNA template, de­
termination of whether all tRNA's coding for the 
same amino acid are necessary , etc. 

Presently we have isolated and characterized 
numerous auxotrophic mutants of P . mirabilis 
which were induced by uv or nitrosoguanidine. 
This work is continuing in order to get a more 
complete collection of mutants containing muta­
tions in all parts of the chromosome. 

Simultaneously we are adding to our collection 
of F ' factors by employing the F ' isolation proce­
dure developed by Berg and Curtiss. 1 In doing 
this we are using many different Hfr strains with 
different points of origin in hopes of eventually 
getting a series of overlapping F' factors so that 
every portion of the K-12 genome will be contained 
on at least one F' factor. We now have a series of 
nine different and overlapping F' factor types con­
taining from as little as 0.4 to 10% of the K-12 
genome. These F ' factors collectively contain all 
the information from the ara to gal loci, which is 
about 20% of the total genome. Experiments to de­
termine optimal conditions for the conjugal transfer 
of these F' factors into P. mirabi lis have just begun 
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8.1 VARIATION IN BLAST CELL CYCLE 
DURING LOG-STATIONARY PHASE 

OF SECONDARY ANTIBODY RESPONSE 
INITIATED IN IN VIVO DIFFUSION 

CHAMBER CULTURES 

Toshihiko Sado 

Introduction. - Earlier studies in this laboratory 
showed that the 3H-thymidine index 1 [the ratio of 
the fraction of cells in the DNA synthesis (S) 
phase to the total cell population] of immature 
antibody-forming cells cultured in in vivo diffusion 
chambers changed drastically during the log-sta­
tionary phases of secondary antibody response. 
Such variations could have resulted from: (a) a 
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change in the duration of S phase, (b) a change in 
the generation time, (c) a change in the total num­
ber of cells constituting the cell population under 
examination, or (d) a combination of two or more 
of these variables. Because of its significance 
to the process of suicidal differentiation of anti­
body-forming cells, experiments were carried out 
to estimate the mitosis time as well as generation 
time according to the colchicine method of 
Leblond. 2 

Methods. - Chambers containing 24 x 10 6 primed 
spleen cells and the test antigen (24 x 10 5 sheep 
RBC) were implanted into the peritoneal cavity of 
sublethally irradiated isologous recipients. At 
various intervals after culture, a group of chamber-



bearing mice was injected with colchicine (0.15 
JIlg/ mouse) intraperitoneally. Two hours later 
chamber contents were recovered, cell smears 
were prepared, and the frequency of blast cells in 
metaphase was determined. Another group of mice 
that received no colchicine served as untreated 
controls, and smear preparation from this group was 
used to determine the normal frequency of mitosis 
of blast cells. 

Results and Discussion. - From the data given 
in T"ble 8.1.1, the mitotic (M) and generation time 
(GI) were calculated using the equations M = Pt/ Q 
and GT = 100M/ P, respectively, where P is the 
normal frequency of mitosis and Q represents the 
frequency of blast cells in metaphase observed 
t hr after the administration of colchicine. From 
the table it can be seen that GT of blast cells 
was estimated to be as short as 4.5 hr on day 3 
after antigen stimulation. Between days 4 and 6 
it was approximately 8 hr and on day 9 it was as 
long as 18 hr. The estimated GT of 8 hr between 
days 4 and 6 is consistent with our earlier esti­
mate based on waves of labeled mitosis. 3 In the 
control group, where the isologous mouse RBC 
rather than sheep RBC was introduced in the cham­
ber cultures, the GT of blast cells was two times 
longer than that observed in the antigen-stimulated 
group on day 3 and was comparable on day 9. 

The total number of blast cells changed during 
the period of observation, and this could affect 
the interpretation of the results. However, we 
feel that this variable is not a significant factor 
here because the interval between the time of in­
jection of colchicine and the time of sampling was 
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so short that any possible change in the total num­
ber of blast cells should be minimal. Experiments 
are now in progress to study the variation in du­
ration of S phase using double-labeling autoradi­
ography utilizing 3H_ and HC-thymidine. 
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8.2 CHARACTERIZATION OF ANTIBODY­
SYNTHESIZING CUL TURES 

D. C. Vann 

Introduction. - Investigations of the subcel­
lular mechanism and regulation of antibody syn­
thesis can be greatly facilitated through the use 
of well-characterized cultures of lymphoid cells 
which produce high levels of specific antibodies . 
The present studies were carried out to determine 
the conditions for the production and characteri­
zation of such cultures. 

Methods and Results. - Previous work 1 has 
shown that diffusion chamber cultures of antigen­
ically stimulated spleen cells from primed mice 

Table 8.1. 1. Cell Cycle Time of Blast Cells Undergoing a Secondary Anti-Sheep-RBC Response 

in in Vivo Diffusion Chamber Cultures 

Time After Normal Frequency Frequency of Colchicine- Mitotic Generation 

Group Culture of Mitosis (P) Blocked Metaphase (Q) Time (M) Time (GT) 

(days) (%) (%) (hr) (hr) 

Ag-stimulated 3 129/ 1138 (11.34) 223 / 514 (43.85) 0.517 4.56 

4 68/ 1159 (5.87) 184/ 739 (24.9) 0.471 8.02 

5 49 / 636 (7.70) 58 / 256 (22.6) 0.681 8.84 

6 17 / 403 (4.20) 42 / 178 (23.6) 0.356 8.48 

9 9 / 676 (1.30) 36 / 316 (11.4 ) 0.230 17.69 

Control 3 51/645 (7.90) 133 / 593 (22.89) 0.690 8.73 

9 23 / 390 (6.20) 139 / 1109 (12.53) 0.990 15.96 



incorporate 14C-Iabeled amino acids into gamma 
globulins when removed from their hosts and 
cultured in vitro for short periods of time. Cham­
bers containing 2 x 10 8 primed spleen cells and 
2 x 10 7 sheep red blood cells, the immunizing 
antigen, or 2 x 10 7 mouse red blood cells, non­
stimulated controls, were implanted in sublethally 
irradiated recipient mice. Six days after implan­
tation the chambers were removed from their hosts 
and wiped clean with sterile gauze. The cham­
bers were then opened with a razor blade and 
placed in culture medium containing 10 Ilc / ml 14C 
algal protein hydrolysate without further manip­
ulation. Samples were taken after increasing 
periods of culture at 37°C. Incorporation of HC 
amino acids into total protein was followed by the 
filter paper disk method. Label in yG globulin 
was measured by specific precipitation with rabbit 
antimouse yG globulin, and label in specific anti­
bodies was determined by binding to stroma of 
sheep erythrocytes. 2 Radioimmunoelectrophoresis 
and sucrose-gradient centrifugation analysis of 
the total culture media and eluates from the stroma 
were used to characterize the labeled materials. 

It was found that the kinetics of appearance of 
TCA-precipitable radioactivity was essentially 
linear for the first 6 to 8 hr and tended toward 
plateau values by 20 to 24 hr. More than 85% of 
the counts which were precipitable by anti mouse 
yG globulin would also bind to sheep stroma. The 
increase in incorporated label in cultures which 
received antigenic stimulation over those which 
did not was identified as yG globulin with a sedi­
mentation value of approximately 7S by radioim­
munoelectrophoresis and sucrose-gradient cen­
trifugation. Evidence obtained from experiments 
in which identical amounts of radioactive algal 
protein hydrolysate were mixed with culture me­
dium supplemented with 20% mouse serum to serve 
as a cell-free control indicated an association of 
labeled material with some of the preexisting pro­
teins. This binding occurred primarily with al­
bumin and a globulin and was not significant with 
y globulins. These difficulties can be overcome 
through the use of selected labeled amino acids. 

Discussion. - These findings indicate that spe­
cific antibody synthesis by diffusion-chamber cul­
tures of lymphoid cells can be monitored in vitro. 
The conditions of culture can be varied in a variety 
of ways which may provide insight into the regu­
lation of antibody synthesis at the subcellular 
level. 
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8.3 SYNTHESIS OF ANTIBODY BY SPLEEN 
CELLS AFTER EXPOSURE TO KILOROENTGEN 

DOSES OF IONIZING RADIATION 

Takashi Makinodan Paul Nettesheim 1 
Toshiteru Morita 

Introduction. - During the height of antibody 
response, most fully differentiated, mature anti­
body-synthesizing cells disappear randomly with a 
very short half-time of about two days. Previous 
cytokinetic studies 2 on antibody formation and on 
the effects of physical and chemical insults on 
immune competence indicated to us that these 
cells disappear not because of "old age" but be­
cause they are "forced to" by oncoming waves of 
newly differentiated antibody-synthesizing cells. 
We thus reasoned that mature antibody-synthesizing 
cells should persist for a longer length of time, 
provided that proliferating precursor cells were 
eliminated immediately after the first wave of ma­
ture antibody-synthesizing cells appears. Ac­
cordingly, mouse spleen cells in diffusion cham­
bers were studied in an effort to assess the 
radiation survival curves of lymphoid cells during 
the different serologic phases of immune response 
and to characterize morphologically and metabol­
ically those radiation resistant cells. 

Results and Discussion. - The results showed 
that the capacity of immunocompetent progenitor 
cells to proliferate and differentiate into antibody­
synthesizing cells was highly sensitive to x ir­
radiation. The Do assessed serologically in 
terms of plateau titers was 209 r (95% confidence 
limits of 161 rand 251 r) and an extrapolation 
number of 2.17 (95% confidence limits of 1.37 and 
3.43). The fully differentia ted progenies, which 
were made up mainly of mature plasma cells, were 
resistant. As judged by serological and isotope 
incorporation studies these radioresistant cells 
were able to synthesize antibody effectively for 
as long as several days after their exposure to 
radiation doses up to 10,000 r. 



, 
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As a result of these studies a method with a 
high recovery yield was devised for obtaining a 
highly purified preparation of dispersed monospe­
cific antibody-synthesizing cells . This was done 
by simply exposing primed spleen cells to 10,000 r 
at the end of the log phase of response and har­
vesting the culture several days later. 
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8.4 THE INVOLVEMENT OF THE SPLEEN 
IN SENESCENCE AND DEATH IN AN INBRED 

STRAIN OF MICE 

J. F. Albright Takashi Makinodan 

Introduction. - There is a steady decline in the 
number of immunologically competent cells in the 
senescing animal 1 and it has been argued 2 that 
depletion of these cells is causally related to 
aging and death. During attempts to immunolog­
ically rejuvenate senescent animals by infusing 
spleen cells from syngeneic donors, it was ob­
served that when the donors themselves were old 
animals , the recipients died at a considerably 
faster rate than they did lacking spleen cell "ther­
apy." In order to learn more about the cause of 
such hastened death , experiments were performed 
that included assessment of the weights of vari-
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ous organs - particularly the spleen - at the time 
of death. Some of the data are presented here. 

Methods and Results. - Mice of the BC3F 1 

strain (C57BL <.i? x C3H d) F 1 were caged in 
groups of ten. Several hundred mice of age 76 
weeks were employed in the experiments. They 
were divided into six groups, five of which were 
exposed to 400 r x irradiation. After irradiation, 
mice in four of the groups were injected intra­
venously with spleen cells from syngeneic donors 
of various ages as outlined in Table 8.4 .1. Mice 
of a sixth group remained unirradiated and served 
as normal, untreated controls. After treatment 
the mice were housed five per cage and observed 
at regular intervals until all were dead. The time 
at which 50% of the mice in a given group had died 
is recorded in the table. Whenever possible mice 
were removed shortly after death and autopsied. 
The means of body weights and spleen weights are 
recorded in Table 8.4.1. It is clear that the time 
at which 50% of the recipients of spleen cells had 
died was related to the age of the donors and the 
degree of enlargement of the donor spleen. The 
pronounced enlargement at the time of death of 
the spleens of recipients of cells from aged donors 
is obvious. 

Discussion. - We assign considerable signifi­
cance to splenic enlargement during senescence 
as a clue to the cause(s) of death. Immunolog­
ically competent cells are greatly depleted in such 
spleens in old mice. 2 Whether or not such spleens 
are cancerous, and whether the factor stimulating 
enlargement is cellular or noncellular, will be 
determined. 

Table 8.4.1. Shortening of Mean Life Span and Concomitont Splenic Enlorgement of Recipients 

of Spleen Cells from Aged Syngeneic Donors 

X-Ray Exposure 

(r) 

o 
400 

400 

400 

400 

400 

Number of Donor 

Spleen Cells 

Age of Donors 

(weeks) 

12 

76 

100 

100 

BMean spleen weight of normal, 100-week-old controls = 125 mg. 

bFrom enlarged spleens (mean, 328 mg). 

Time of 

50'10 Dea th 

(weeks) 

128 

128 

132 

114 

96 

91 

Autopsy Data 

Mean Body Mean Spleen 

Weight (g) Weight (mg) 

26 427B 

25 328 

24 453 

30 458 

36 1,103 

36 1,750 
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8.5 PRIMARY AND SECONDARY ANTIBODY 
RESPONSE BY MICE AND THEIR SPLEEN 

CELLS TO HUMAN GAMMA GLOBULIN 

A. E. Sassen E. H. Perkins 

Introduction. - The cytokinetics of antibody 
production in response to particulate antigens 
(heterologous red blood cells) have been exten­
sively studied in the intact mouse, the cell trans­
fer system, and the diffusion chamber culture sys­
tem. However, a comparable study in response to 
a soluble antigen is lacking. The present work 
was therefore undertaken to determine the efficacy 
of human gamma globulin (HGG), a simple soluble 
protein, as an immunogen in the intact mouse and 
in the cell transfer and diffusion chamber culture 
systems. 

Results. - Heat-aggregated HGG proved to be a 
potent antigen. The size of the aggregates did not 
seem important, as soluble aggregates were as 
effective as insoluble aggregates. Aggregated 
HGG induced (a) an excellent primary and second­
ary response in the intact mouse , (b) a poor pri­
mary but an excellent secondary response in the 
cell transfer system, and (c) was ineffective in 
inducing a primary response but induced a good 
secondary response in the diffusion chamber cul­
ture system. 

As expected, antibody response was antigen­
dose-dependent, but the effective dose of antigen 
was broad; that is, a maximum primary response in 
an intact mouse and a maximum secondary response 
in the cell transfer and diffusion chamber culture 
systems could be induced with aggregated HGG in 
doses ranging from 10- 5 to 10- 7 g. A dose as 
low as 10- 12 g was still effective in inducing a 
secondary response in intact mice and in the cell 
transfer system. When the mice were primed with 
aggregated HGG an excellent secondary response 
was obtained even with use of nonaggregated HGG. 
At the limiting antigen dose level (10- 11 to 10- l2 

g) it was not possible to deduce with certainty 
which form was superior. 
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Discussion. - The results presented here show 
that HGG is an excellent immunogen. Thus, anti­
body response was detected with doses as low as 
10- 9 to 10- 12 g. This means that it is compa­
rable , if not superior, to flagellen antigen, the 
most potent protein antigen known to date . Studies 
are now in progress to assess the cellular mani­
festations of immune response using HGG as the 
test antigen. 

8.6 ERYTHROPOIETIC POTENTIALITIES 
OF CELLS OF THE EMBRYONIC YOLK SAC 

J. F . Albright 1 Julia W. Deitchman 

Introduction. - During ontogeny of the mouse 
and other mammals the erythrocytes that appear 
initially are generated by the yolk sac. These 
erythrocytes are readily distinguished from those 
of the adult because they are 3 to 4 times as large 
and are nucleated. We are interested in the pro­
genitor cells of the yolk sac that give rise to this 
"primiti ve" series of yolk sac. Specifically, we 
wished to determine whether or not the progenitor 
cells could, under proper conditions, generate 
adult-type , definitive erythrocytes. 

Methods and Results. - Yolk sacs were surgi­
cally removed from nine-day-old fetuses of 
C57BL/ 6 mice. The yolk sacs were disrupted, 
the cells dispersed and counted. The dispersed 
yolk sac cells were placed in diffusion chambers 
(2 to 5 x 106 cells / chamber), and these prepara­
tions were implanted into the peritoneal cavities 
of irradiated adult culture mice. At intervals 
during culture, chambers were removed , the cells 
recovered and counted , and slides prepared for 
evaluating the proportions of cells of various 
types, particularly of primitive (embryonic type) 
and definitive (adult-type) erythrocytes . It was 
found that during culture in the irradiated adult 
environment , the yolk sac progenitors rapidly 
ceased production of primitive erythrocytes and 
initiated production of definitive erythrocytes. 

Discussion. - The results suggest that the dif­
ferentiative pathway of erythrocyte progenitors in 
the yolk sac may be altered under the influence 
of factors present in the adult environment. The 
mechanism(s) that are subject to modification of 
expression may include those involved in the pro­
duction of specific macromolecules that charac­
terize the erythrocyte. 
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8.7 SHEEP STROMA AS AN IMMUNOABSORBENT 

R. A. Brown W. R. Somers 
Takashi Makinodan 

Introduction. - There is currently a widespread 
interest in immunoabsorbents. Most, if not all, of 
this work has had as a goal the purification of 
antibodies directed against a well-defined antigen 
using hyperimmune sera. These immunoabsorbents 
are in general ill suited for work with early im­
mune sera because of high" noise" levels and a 
low affinity for the antibody. This is a report of 
the successful use of sheep stroma as an immuno­
absorbent for early primary and secondary sera. 

Experimental. - Stroma was prepared by lysis 
of red blood cells in hypotonic saline and exten­
sive washing to remove hemoglobin. Mice were 
immunized by injecting sheep red blood cells or 
stroma and the mice bled at appropriate times. In 
some experiments the mice were injected with 14C 
amino acids 4 to 6 hr prior to bleeding. Antibody 
was adsorbed to the stroma for 2 hr at 25°C and 
16 hr at 4°C. After washing the stroma with cold 
saline, the antibodies were eluted at low pH and 
then the pH of the supernatant brought to 7. The 
purified antibodies were centrifuged on a sucrose 
gradient and the gradients analyzed either in a 
spectrophotometer using a. flow cell or in a scintil­
lation counter using paper disks. Selected cuts 
containing pure macroglobulin were analyzed by 
short-column equilibrium sedimentation. 

Results. - Data obtained both by monitoring the 
ultraviolet absorption of the sucrose gradients and 
14C activity would indicate that antibodies with a 
purity of 95 to 99% can be obtained by elution 
from stroma after extensive washing. Recovery is 
of the order 25 to 50%. By the use of less exten­
sive washing the recovery of antibody can be 
doubled with some sacrifice in purity. 

At five days in the primary response there is 
approximately three times more 7 S antibody than 
there is 19 S antibody. This is contrary to what 
is found by means of hemagglutination; but it is 
probable that hemagglutination detects only a 
limited class of antibodies. 1 
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Macroglobulin antibodies obtained by this tech­
nique are homogeneous in molecular weight with a 
value of %0,000. Further manipulation of the 
pure antibody (freezing and thawing or ultrafil­
tration) leads to degradation of the molecule. The 
lability of the purified molecule may explain the 
lower molecular weight values obtained by other 
investigators. 2 

References 

lW. Pollack et al., Transfusion 5, 158 (1%5). 
2F. Miller and H. Metzger, J. BioI. Chern. 240, 

3325 (1965). 

8.8 EFFECT OF X IRRADIATION ON RNA 
METABOLISM OF PHA· TRANSFORMED 

LYMPHOCYTES IN VITRO 

Hiroo Yamamoto 

Introduction. - Phytohemagglutinin (PHA) stimu­
lates the transformation of human peripheral lymph­
ocytes to blast cells in vitro. Many of these 
lymphocytes survive and transform under high lev­
els of irradiation. This study was designed to 
define the relationship between RNA synthesis 
and blastogenesis in both irradiated and nonir­
radiated PHA-stimulated lymphocytes. To this end 
a 22-hr assay system has been devised. Purified 
lymphocyte suspensions were prepared from nor­
mal heparinized blood. PHA was added as stimu­
lant to the culture containing 14C-uridine. RNA 
was extracted by successive suspensions and 
centrifugations in trichloroacetic acid and ethanol­
ether and the radioactivity determined in a scintil­
lation counter. Under the culture conditions of 
the assay system, there was no synthesis of DNA 
as measured by incorporation of 14C-thymidine. 

Results and DiSGussion. - RNA synthesis rose 
rapidly in the initial 24 hr, began to level off by 
72 hr, and dropped off by % hr in stimulated cul­
tures. The maximal dose response to PHA was 
established with 0.01 to 0.005 unit. To elicit max­
imal RNA synthesis PHA was continuously re­
quired during the assay period of 22 hr. RNA syn­
thesis increased linearly with increase in the 
number of lymphocytes from 1 x 105 to 2 X 10 6 

cells / ml. Cells from different normal donors re­
sponded similarly to PHA. 

The determination of the classes of synthesized 
RNA is currently under investigation. 
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9.1 EFFECT OF THE INTERVAL BETWEEN X 
IRRADIATION AND CONCEPTION ON MUTATION 

FREQUENCY IN FEMALE MICE 

W. L. Russell Elizabeth M. Kelly 

Recently published results on female mice ex­
posed to fission neutrons show that the interval 
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between irradiation and conception has a tremen­
dous effect on mutation frequency. 1 Conceptions 
in the first seven weeks after irradiation with ap­
proximately 63 rads yielded 59 specific locus mu­
tations in 89,301 offspring. After that, no muta­
tions were found in a total of 120,483 offspring. 

It was obviously important to find out whether 
the result was a peculiarity of neutron irradiation 



or a general radiation effect. Early work with 
gamma irradiation at low dose rate suggested that 
the phenomenon might be general, but the data were 
not extensive enough to be statistically conclu­
sive. 2 Experiments with x rays were accordingly 
started, despite the handicap of having to work 
with a low dose (50 r). With higher doses, at the 
dose rate used (81 r/ min), the females become 
sterile too soon after irradiation. This difficulty 
was greatly reduced in the neutron work because 
the relative biological effectiveness for mutation 
induction was much higher than that for effects on 
fertility. An additional handicap was discovered 
during the x-ray experiment which was, however, of 
great importance in itself. This was the finding 
that the mutation frequency in the early mating 
period was lower than expected from the frequen­
cies at higher doses on the assumption of a 
straight-line relation between mutation frequency 
and dose. This has been discussed in an earlier 
report. 3 

The extensive data so far collected to overcome 
these difficulties are presented in Table 9.1.1. 
They have reached the point where the mutation 
frequency in the later period is significantly below 
that in the early period (P = 0.026). Thus, the 
phenomenon appears to be general and, therefore, 
of much greater importance than if it had been 
solely a neutron effect. 

The cause of the effect presumably lies in the 
nature of the oocyte follicle stages involved. The 
early period is long enough for the conception of 
two litters. The low mutation frequency in the 
later period must have come from oocytes that were 
in less mature follicle stages at the time of irradia­
tion. It is not yet known whether the marked dif­
ference in mutation frequencies is due to a low mu­
tational sensitivity of oocytes in early follicle 

Table 9.1.1. Frequency of Specific-Locus 

Mutations at Two Intervals After Exposure 

of Female Mice to a Dose of 50 r 

of 81 rl min X Irradiation 

Interval Between Number of Number of 

Irradiation and Offspring Mutations 

Conception at Seven Loci 

Up to seven weeks 145,585 11 

More than seven weeks 57,538 0 
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stages, to an efficient repair mechanism in these 
stages, or to cell selection. The accompanying 
report by Oakberg et al., which reveals a high met­
abolic activity of oocytes in early follicle stages 
and a dramatic decrease in activity in later stages, 
strengthens the possibility that repair is involved. 

Wh8.tever the cause, it is extremely effective. It 
was pointed out 1 that in the neutron data even the 
upper 99% confidence limit of the zero mutation 
frequency in the later period is lower than the 
spontaneous rate in male mice. Almost half as 
many more offspring in this period have now been 
added by the x~ray experiment, and still no muta­
tions have been observed. 

Application of this result to the estimation of 
genetic effects in women should be made with 
great caution until more is known about the com­
parability of the oocyte stages involved in the two 
species. Some information might be obtained by 
analyzing the genetic data from human radiation 
exposures in terms of the time interval between ir­
radiation and conception. 
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9.2 CH EMICALLY INDUCED DOMINANT 
LETHALS IN MALE MICE 1 

U. H. Ehling 
R. B. Cumming 

H. V. Malling2 
Sandra W. Huff 

Compounds with known specific mutagenic action 
in microorganisms were tested for the induction of 
dominant lethals in male mice. Methyl methane­
sulfonate (MMS) and ethyl methanesulfonate (EMS) 
are both alkylating compounds which react with 
the bases in the DNA in the following decreasing 
order: guanine > adenine > cytosine. The tertiary 
phosphate groups of the sugar-phosphate backbone 
of the DNA are also alkylated but to a smaller 
extent than the bases; there is no indication that 
this latter reaction results in mutations. The al­
kylated bases may induce base-pair transitions by 



erroneous pairing, or they may be deleted from the 
DNA leaving a "gap" in the sequence of the 
bases. There exists a comparable probability that 
any base can be incorporated opposite to a gap, 
which will result in a base-pair transition, trans­
version, or restoration of the original base-pair 
sequence. Gaps might also lead to single base­
pair deletions or cross-linkage of the DNA. Evi­
dence from studies in phage and bacteria indicates 
that cross-linkage of the DNA gives rise to larger 
aberrations. Since methylated purines have a 
greater chance than ethylated purines to be deleted 
from DNA, MMS should be more effective than EMS 
to induce chromosome aberrations. In phages the 
base-pair transitions induced by MMS and EMS are 
preferentially from GC to AT. N-Methyl-N ' -nitro­
N-nitrosoguanidine (MNNG) induces in Neurospora 
mainly or exclusively base-pair transitions pre­
dominantly in the direction from AT to GC. 3 If the 
induced genetic alteration in mammals is similar 
to that in microorganisms, one would expect a high 
frequency of dominant lethals after treatment with 
MMS, an intermediate frequency after treatment 
with EMS, and a very low frequency after treatment 
with MNNG. This prediction was tested in the fol­
lowing experiment. 

Hybrid male mice, (101 x C3H)F l' 10 to 12 
weeks old, were injected intraperitoneally with a 
single nontoxic dose of the test compound (Table 
9.2 .1), or with an equal volume (1 cm 3 ) of Hanks's 
solution. Immediately following injection each 
male was caged separately with two (101 x C3H)F 1 

females, 34 to 37 weeks old. A second and a third 
mating were made after 7 and 14 days, respectively, 
at which time each male was transferred to a fresh 

Table 9.2.1. Toxicity of Compounds in Male Mice 

Compound Dose Number of Survival 

(mg/ kg) males ('70) 

MMS 300 6 0 

200 4 50 

150 14 100 

EMS 500 6 67 

400 6 100 

300 6 100 

MNNG 100 6 50 

75 6 67 

50 30 100 
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set of two females. This transference of males 
separates gametes treated as spermatogonia or late 
and early spermatids. 4 Matings were detected by 
daily examination of females for vaginal plugs. 
The uterine contents of fertilized females were 
examined 14 to 17 days postconception. The in­
duction of dominant lethals was calculated in the 
following way: 

embryos experimental group/~ x 100 
100 - -------------

embryos control group/~ 

If the treatment is ineffective the value for domi­
nant lethals will be zero in an ideal sample size. 
The range of the variability in these experiments 
is indicated by small deviations in both directions. 
In Table 9.2.2 only positive values are given. 

The effects of the treatment on the fertility of 
males, the percentage of dead implants, and the 
induction of dominant lethals are summarized in 
Table 9.2.2. Fertile matings 1 to 14 days after 
injection of MMS are significantly below the inci­
dence of fertile matings in the control group. The 
treatment with EMS does not affect the frequency 
of fertile matings. The percentage of fertile mat­
ings 1 to 7 days after treatment with MNNG is 
lower than in the corresponding control group. The 
P value for this difference is 0.06. 

In aging virgin females the frequency of total 
implants decreases, the frequency of dead implants 
increases. Hybrid virgin females 34 to 37 weeks 
old have about 17% fewer implants than 10- to 12-
week-old hybrid females. The number of dead im­
plants is twice as high in older females as in 
younger. 5 This observation accounts for the high 
frequency of dead implantations in the controls of 
Table 9.2.2. After treatment with MMS the frequen­
cy of dead implants is significantly higher than in 
the control group. In only one mating group, 8 to 
14 days after injection of 200 mg of EMS per kilo­
gram of body weight, was a significant increase of 
dead implants over the controls observed. The 
injection of MNNG had no effect on the frequency of 
dead implants. 

The injected doses of MMS induced more domi­
nant lethals in spermatozoa and late spermatids 
than the irradiation of hybrid male mice with 1000 
r. 5 The frequency of dominant lethals after injec­
tion of 200 mg of EMS per kilogram of body weight 
in late spermatids is similar to the effect of 600 r 
of x rays.5 The highest frequency of dominant 
lethals after irradiation is induced in early sper-



matids. Contrary to the x-ray effect, the early 
spermatids are less susceptible to the induction 
of dominant lethals after injection with MMS or 
EMS than the spermatozoa and late spermatids. No 
induction of dominant lethals was observed after 
injection of 50 mg/kg of MNNG. 

The results of our experiments, summarized in 
Table 9.2.2, are in remarkable agreement with the 
prediction of the effect of the chemicals based on 
work with microorganisms. This conclusion sup­
poses that the injected chemicals reach the testes. 
In an experiment with a negative result, for ex­
ample, after injection of MNNG, we have until now 
no proof that the supposition is correct. However, 
it should be noted that the percentage of fertile 
matings 1 to 14 days after injection of MNNG is 
lower than the corresponding control matings. 
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9.3 ANALYSIS OF GENETIC CHANGES 
IN A SHORT REGION OF LINKAGE 

GROUP II OF TH E MOUSE 

Liane B. Russell Kathren F. Stelzner 
Martha M. Larsen Mary H. Steele 

H. M. Thompson, Jr. 

Detailed analysis of a short region of a mouse 
chromosome has been made possible by the avail­
ability of a large number of independent genetic 
alterations in that region. A variety of mutation­
rate experiments carried out over several years has 
utilized the closely linked markers d, dilution, and 
se. short ear (recombination, 0.16%) on linkage 

Table 9.2.2. Induction of Dominant Lethals in Male Mice 

Mating Fertile Dead 
Induced 

Dose 
Period Number of Matings Number of Number of Implants 

Dominant 
Compound (mg/ kg) (mM/ kg) (days) Females 

(%) 
Implants Embryos 

(%) 
Letha1sB 

('70) 

MMS Control 1-21 36 77.8 240 214 10.8 0 

1-7 24 20.8 22 7 68.2 81.7 

150 13.62 8-14 24 0 

15-21 24 87.5 152 124 18.4 22.7 

1-7 24 25 .0 22 5 77.3 89.1 

100 9 . 08 8-14 24 29.2 22 11 50.0 79.4 

15-21 24 87.5 158 129 18.4 19.6 

EMS Control 1-21 36 83. 3 247 213 13.8 0 

1-7 24 75.0 146 120 17.8 6.1 

200 16.11 8-14 24 83.3 142 77 45.8 45.8 

15-21 24 91.7 186 168 9.7 0 

1-7 24 83.3 173 158 8.7 0 

100 8.05 8-14 24 83.3 163 135 17.2 4.9 

15-21 24 87.5 179 160 10.6 0 

MNNG Control 1-21 36 80.6 252 212 15.9 0 

1-7 48 58.3 231 208 10.0 0 

50 3.40 8-14 48 64 .6 267 239 10.5 0 

15-21 48 83.3 353 305 13.6 0 

BSee text for method of calculation. 



group II. Mutant chromosomes recovered are those 
which in combination with the d se test chromosom€ 
give either d, se, or d se phenotypes. On the basis 
of complementation-test results, these mutants 
have now turned out to be of a variety of different 
types. 

Material s. - Additional markers available in the 
region studied (but not included in the test stock) 
are sv, Snell's waltzer, and tk , tail kink, giving 
respectively 2 and 6% recombination with d se, and 
both on the same side. Mutants giving a d pheno­
type in combination with the d se test chromosome 
have, when tested, fallen into three broad classi­
fications on the basis of their effect in the homo­
zygote: dX mutants are viable but usually darker 
than di d; dO P mutants (which form the great major­
ity of all d mutants) are dilute, with opisthotonic 
convulsions that prove lethal, generally by the 
time of weaning; dp1 mutants are prenatally lethal. 
Mutants giving an se phenotype in combination 
with the d se also have fallen into three broad 
classes: "se, " homozygous viable (and generally 
indistinguishable from the test-stock marker); 
sep1 , homozygous lethal, prenatally; and sesv, 
homozygous short ear and waltzer (only one found). 
Mutants giving a dilute, short-eared phenotype with 
the test-stock markers are for the most part defi­
ciencies, prenatally lethal in homozygous condi­
tion. As outlined in the last report,l they fall into 
two broad groups on the basis of tests with sv, 
namely, Df (d se) and Df (d se sv). None of the 
deficiencies has included the tk locus. 

Resul ts. - Well over 300 combinations of mutants 
are being studied. Although tests are not yet com­
plete, a number of interesting results have already 
emerged. 

About SO combinations of various d with various 
se mutants have so far yielded only wild-type 
(color, ears, behavior) with good viability. This 
includes dP1/sep1, dP1l se sv, dOPI sep1, and 
c?PI sesv genotypes. 

Combinations of seven dp1 mutants with sv have 
all produced wild-type. However, of five different 
sep1 / sv combinations, one waltzes in a manner 
indistinguishable from svl sv. (The remainder are 
wild-type.) It is concluded that this particular 
sep1 mutation is in fact Df (se sv) and that the 
order of markers must be d se sv tk. Tests show 
that the se sv deficiency does not include the tk 
locus. 

Tests of dilute mutants with each other give the 
following results: dOP I dOP (36 combinations) and 
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c?P I dp1 (seven combinations) have all produced 
the dilute opisthotonic phenotype. Of 21 dP1 I dp1 

combinations set up, 12 have been prenatally 
lethal; and, surprisingly, two have been dilute 
opisthotonic (seven others not yet complete). 

Tests of se mutants with each other yield the 
following results. Forty-five combinations of ten 
viables tested in all possible pairs gave no com­
plementation for the ear phenotype. All of 20 
"se"/ sep1 and four sesvIsep1 combinations made 
to date also were short-eared viable and non waltz­
ing. Of ten sep11 sep1 combinations now being 
produced, four, so far, have been prenatally lethal; 
two, surprisingly, have shown complementation 
for the lethal effect, being short-eared, completely 
viable. The combination sesv/ tk is wild-type. 

Both the "short" and "long" d se deficiencies, 
that is, Df (d se) and Df (d se sv) types, respec­
tively, have been tested with dO P mutants (18 com­
binations) and dp1 mutants (19 combinations). The 
phenotypes of ~P / Df are invariably dilute opis­
thotonic, and those of dp1/ Df are prenatally lethal. 
Similarly" se" / Df and sep1/ Df are short-ear viable 
and prenatally lethal, respectively, for both "short" 
and "long" d se deficiencies. As expected sesv / 
Df (d se) is short-eared, nonwaltzer, while sesv/ 
m(d se sv) is short-eared waltzer, with the waltz­
ing behavior possibly more extreme than it is in 
sesv /se sv. 

Conclu sion s. - The results outlined fit the com­
plementation map (as yet incomplete) shown in 
Fig. 9.3 .1. The relative positions of "d" and 
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"op" are arbitrary. Work still in progress may 
further define the margins of the deficiency types 
and possibly yield subgroupings. The ses v "mu­
tation" best fits the assumption of a double event 
since it fails to meet various criteria for being an 
se sv deficiency. Recombination tests are in 
progress to test this assumption. 
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9.4 3H-URIDINE LABELING 
OF MOUSE OOCYTES 

E. F. Oakberg 
Evelyn C. Lorenz 

Roselynn A. Dynesius 
Diane W. Slover 

During preovulatory growth of the oocyte, a store 
of ribosomes, endoplasmic reticulum, nucleic acid, 
and possibly messenger RNA is accumulated in the 
cytoplasm for use in early cleavage divisions of 
the embryo. This suggested the use of 3H-uridine 
as a method for timing oocyte development in the 
mouse, and for studying the metabolic activity of 
the growing oocyte. 

Adult 101 x C3H hybrid female mice, eight weeks 
old, were injected intraperitoneally with 75 /1c of 
3H-uridine and killed at intervals ranging from 15 
min to 35 days after injection. Ovaries were fixed 
in Carnoy's acetic alcohol (3: 1), embedded in 
paraffin, sectioned at 3 /1, and dipped in Kodak 
NTB2 liquid emulsion diluted 1: 1 with a 0.1% solu­
tion of Dreft. Exposures of six and eight weeks 
were used. 

Oocytes were classified into eight stages on the 
basis of their follicular development: (1) only a 
few follicle cells, (2) a complete layer of flattened 
follicular cells, (3) a single layer of cuboidal 
cells, (4) two layers of follicle cells, (5) multi­
layered follicle, no antrum, (6) antrum forming, (7) 
single antrum of moderate size, and (8) mature 
Graafian follicle. 

Degeneration of follicles owing to internal radia­
tion from 3H-uridine incorporated by follicle cells 
precluded the timing of oocyte development by this 
method. The changing pattern of 3H-uridine with 
growth of the oocyte, however, was clearly re­
vealed. 
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Labeling of both nucleolar and nonnucleolar 
regions of the nucleus occurred by 15 min and con­
tinued to increase in heaviness and in number of 
oocytes labeled until 1 hr after injection. A high 
level of labeling was maintained until 24 hr, after 
which frequency of oocytes with either nucleolar 
or nonnucleolar label decreased. Except for a few 
cells, cytoplasmic labeling did not appear until 12 
hr and remained high for 15 days. Thus the general 
pattern of nuclear 3H-uridine uptake by the nucleo­
lus and nucleus and subsequent transfer to the cy­
toplasm as observed in a variety of other cells 
also occurs in the mouse oocyte. 

The extent of 3H-uridine incorporation, however, 
was related to stage of follicular development. 
Stage 1 oocytes had a turnover rate similar to that 
of ovarian stromal cells. Stages 2 to 4 showed 
heavy labeling which first appeared over the nu­
cleus and later over the cytoplasm, where it per­
sisted until the oocytes degenerated. The rate of 
incorporation slowed somewhat in stage 5, was very 
low in early stage 6, and stopped altogether in late 
stage 6 oocytes. Stage 7 and 8 oocytes never 

showed incorporation of 3H-uridine. 

The changing pattern of 3H-uridine incorporation 
with growth of the oocyte may indicate general 
levels of metabolic activity which could be impor­
tant in response of the oocyte, both to radiation­
induced cell killingl and to mutation. 2 In a study 
on the effect of the interval between irradiation and 
conception on mutation frequency in female mice, 
Russe1l 2 observed that all mutations came from 
young conceived within the first seven weeks after 
irradiation, a period which usually is sufficient for 
the production of two litters. No mutations were 
observed in an even larger number of progeny con­
ceived more than seven weeks after irradiation, 
that is, in young derived from oocytes that probably 
were in immature follicle stages at the time of ir­
radiation. Russe1l 2 emphasized the importance of 
finding out whether the marked difference in muta­
tional frequencies is due to a low mutational sen­
sitivity of oocytes in early follicle stages, to an 
efficient repair mechanism in the immature oocyte, 
or to cell selection. The supply of late 6' and 
stage 7 and 8 oocytes , where metabolic activity is 
low, may be sufficient to give the first two post­
irradiation litters, in which the mutation rate is 
high. Conversely, those litters conceived more 
than seven weeks after irradiation could have been 
derived from oocyte stages which were metaboli­
cally active at the time of radiation exposure. It 



seems likely that metabolic activity would be 
closely correlated with capacity for repair. Thus 
the data on 3H-uridine incorporation suggest that 
changing capacity for repair of genetic damage may 
be an important factor in the change in mutation 
frequency with time after irradiation as observed 
by Russell. 2 
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10.1 THE CONTROL OF CELL DIVISION IN 
ESCHERICHIA COLI BY SUBSTANCES IN 

CELL EXTRACTS 

W. D. Fisher H. I. Adler! 
F. W. Shull, Jr. 

We have shown previously2-4 that cell-free ex­
tracts of E. coli can control cell division (cross­
septation) in radiation-induced filaments of certain 
strains of E. coli such as AB1899MN. We are at­
tempting to isolate and identify the active sub­
stances present in the cell extracts. 

Results and Discussion. - The supernatant from 
high-speed centrifugation (150,000 x g for 300 min) 
is inactive in promoting division in irradiated cells 
unless a particulate fraction is added back to the 
supernatant. 2 However, a material which promotes 
cell division can be separated from an inhibitory 
Inaterial in the supernatant by ethanol fractionation 
at pH 4.5. The materials may also be separated by 
ion exchange resins; the stimulatory material is 
retained on cation exchangers and the inhibitory 

117 

material on anion exchangers. From gel filtration 
data, the inhibitor and stimulator appear to have 
molecular weights of 500 to 1000. 

As a working hypothesis, we propose that the 
inhibitory material may be a poly cation and the 
stimulatory material a polyanion. Cell division 
would then be controlled by the balance of the two 
materials. 

Current efforts are in two directions: (1) attempts 
at isolation and (2) testing of known compounds for 
biological activity on irradiated cells. 
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11.1 THE EFFECT OF HYPOXIA ON 
MORTALITY FROM SECONDARY DISEASE 

C. C Congdon M. L . Simmons 
R. E. Toya, Sr. 

Introduction. - In a study carried out by Wede­
meyer and Simmons 1 it was observed that normal 
mice placed in a hypoxia chamber shortly after or 
shortly before injection with an antigen responded 
to the hypoxia by extreme erythropoietic hyper-
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plasia. They failed, however, to initiate an im­
mune response in the usual manner seen in non­
hypoxic controls. This finding suggested that a 
lethally irradiated animal under hypoxia might 
show a delay in developing the immunologic pro­
liferation of the graft vs host reaction after foreign 
marrow transplant. Presumably the hemopoietic 
components of the transplant would proceed nor­
mally, but the immunologic component might ex­
perience sufficient retardation to make the re­
sponse ineffectual. 



... 

Results and Conclusions. - A preliminary ex­
periment in which mice were given 950 r of x ir­
radiation and 40 x 10 6 isologous bone marrow 
cells and were placed in hypoxia chambers at 5 
to 6% oxygen 2 for two weeks showed that the ex­
periment could be successfully carried out under 
these circumstances. A few mice developed cen­
tral nervous system symptoms and lesions 3 on 
removal from the chamber, but the final 90-day 
cumulative mortality in 32 animals was only 12.5%. 
It was also noted that hypoxia had relati vely little 
effect on the time of death of x-ray control mice. 

In the critical experiment 64 1C3F 1 male and 
female mice were given 950 rand 40 x 10 6 B6D2F 1 

bone marrow cells. Four replicates with 16 mice 
each were run in this experiment. Half of each 
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Fig. 11.1.1. Cumulative Mortality in Hypoxic and Non­

hypoxic X-Irradiated Mice Given Homologous Bone 

Morrow. Symbols: 950 r plus 40 X 106 homologous bone 

morrow cells,e--e; 950 r plus 40 x 106 
homologous 

bone morrow cells and two weeks hypoxia, 0---0 ; 950 
r plus 40 x 106 isologous bone morrow cells and two 

weeks hypoxia, .l--.l. 

replicate was exposed to hypoxia for two weeks 
immediately following irradiation and half was 
kept in regular mouse cages. 

Figure 11.1.1 shows the expected high incidence 
of death from secondary disease under regular cag­
ing conditions but unusually low mortality of the 
hypoxic mice. Some of the replicate runs are not 
yet at 90 days after irradiation. Tests for chi­
merism of six 90-day survivors in the hypoxia 
groups and one 90-day survivor in the nonhypoxia 
mice showed 100% red blood cells of the donor 
type. 

These findings support the idea of a priority in 
transplantation of hemopoietic and lymphatic tis­
sues in the irradiated host with hemopoiesis taking 
precedence over a graft vs host reaction. In this 
context Kretchmar has pointed out the importance 
of a competition parameter and an environmental 
component which together determine the so-called 
"carrying capacity" of the host in analog com ­
puter models of the erythropoietic system . 4 
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11.2 SERIN E-3- 14C MET ABOl ISM IN 
IRRADIATION CHIMERAS: RESPIRATION 

PATTERN ANALYSIS 

A. L . Kretchmar 1 C. E. Phipps 2 

Introduction. - We have reported previously 3 a 
study of serine-3- 14C metabolism in normal mice 
utilizing the experimental technique of respiration­
pattern analysis. To study metabolism of a com­
pound with this technique, one follows specific 
acti vity of expired CO 2 after injection of the com­
pound labeled with 14C. We found that by simul­
taneously injecting unlabeled compounds that were 
metabolically closely related to serine, informa­
tion about certain specific reactions could be ob­
tained from in vivo experiments . 

Rate of appearance in respiratory CO 2 of an 
animal of 14C from injected serine will clearly 



depend upon many factors, among which are the 
relative activities of all enzymes of these and 
other pathways for serine, glycine, and formate 
metabolism; pool sizes of each of the intermedi­
ates; and the free serine and glycine concentra­
tion in liver, plasma, and muscle. Because of 
this complexity, respiration pattern analysis can­
not be expected to give very detailed and quanti­
tative information. The technique can, however, 
give useful qualitative and quite suggestive in­
formation, and it has the advantage of being a 
nondestructive analytical tool that can be applied 
with relatively minor disturbance to the intact 
organism. 

Methods. - The techniques have been de­
scribed. 3 Three groups of mice (eight to ten an­
imals in each group) were studied: normal unir­
radiated mice and lethally irradiated animals 
(950 r total-body x irradiation) given either isol-

6 
ogous bone marrow (IBM) cells (20 x 10 ) or 
homologous (HBM) cells (20 x 106

). 

Results and Discussion. - Simultaneous injec­
tion of unlabeled compounds with labeled serine 
influences respiration pattern in a specific way. 
Results are consistent with the following interpre­
tation. When glycine is injected with the labeled 
serine, NI0-hydroxymethyl-THFA tends to react 
with glycine, thus inhibiting the appearance in the 

formate pool of l4C from serine-3- 14C. With added 
glycine present, specific activity of respiratory 
CO 2 is lower than control for 45 min. On the other 
hand, when ammonium formate is injected with 
labeled serine, THF A can react with serine and 
then the N 10-formyl-THFA pool becomes more _ 
highly labeled . Moreover, l4C in this pool would 
tend to become :'trapped" in an expanded tissue 
formate pool and would be oxidized rapidly to 
14C02. When formate was injected with labeled 
serine, specific activity of respiratory CO 2 was 
greater for 60 min than when labeled serine alone 
was injected. The bicarbonate pool of the animal 
is, of course, much larger than the formate pool so 
that addition of cold CO 2 from injected formate is 
relatively less important than the "trapping ef­
fect" of the increase in tissue formate. 

Figure 11.2.1 shows that serine metabolism in 
irradiated mice treated with HBM is altered (21 
days after treatment). Similarly irradiated mice 
given IBM have a nearly normal respiration pat­
tern. The greater specific activity of respiratory 
CO 2 of mice treated with HBM could be due to 
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less dilution of injected serine since we have 
previously shown 4 that at 21 days the concentra­
tion of free serine of liver tissue of chimeras is 
only about one-half that of normal mice or of ir­
radiated animals given IBM. However, the effect 
of inj ecting unlabeled glycine or formate is dif­
ferent. In normal animals the simultaneous in­
jection of glycine delays the appearance of 14C 
from injected serine-3- l4C in respiratory CO 2; 
whereas, the injection of formate increases l4C 
in respiratory CO 2, The results' are similar in 
lethally irradiated mice treated with IBM. In ir­
radiated mice given HBM, however, the effect of 
glycine is several times greater and the effect of 
formate is reversed. Thus, in chimeras, both gly­
cine and formate decrease the rate of appearance 
of 14C from serine into respiratory CO 2' This 



suggests the possibility that in chimeras the met­
abolic system of Fig. 11.2.1 is somehow set to 
favor the production of serine and THFA . 

To understand the biochemical details of this 
change in the metabolism of serine in chimeras 
will require experiments of a different kind than 
reported here, but respiration pattern analysis 
.provides a useful tool for the survey of compounds 
whose metabolism might be altered in chimeras, 
and the results suggest specific reactions for fur­
ther study. 
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11.3 PARASITES IN THE ALIMENTARY TRACT 
OF RADIATION CHIMERAS 

W. H. McArthur 1 

Introduction. - Previous work from this labora­
tory regarding metabolism studies has suggested 
that homologous-bone-marrow-treated (HBM) ani­
mals, remaining in positive nitrogen balance, lose 
weight. Weight loss and nitrogen retention sug­
gests storage in some abnormal compartment or 
compartments in animals with secondary disease. 2 

This report is a continuation of previous studies 
on intestinal flagellates of mice with additional 
quantitative results ill attempts to identify ab­
normal nitrogen storage. 

Methods. - A total of 182 (101 x C 3H)F /cum 
male or female mice 12 to 16 weeks old were used 
as follows: 52 normal, 24 x ray, 53 isologous bone 
marrow (IBM), and 53 HBM-treated animals. Mice 
were killed by decapitation on days 1, 4, 7, 10, 
13, 14, 16, 20, 21, 25, and 30. Quantitative mea­
surements of intestinal protozoa were made (flagel­
lates per milligram of feces), smears were exam­
ined, and later, permanent slides were stained by 
a method previously reported. 3 The following fla-
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gellate parasites were encountered and identified 
in this study: Giardia muris, Trichomonas muris, 
and Hexamita muris . Endameba muris, a rhizopod , 
was found frequently. 

Results and Conclusions. - In approximately 30% 
of the normal mice flagellates were not detected. 
When flagellates were found their numbers varied 
from about 10 to 10 4 in different mice. X-ray con­
trol animals showed a similar variation except that 
only 10% were flagellate free and several mice 
showed flagellate numbers in the millions. Com­
pared with normal mice, IBM- and HBM-treated ani­
mals usually contained more flagellates, and a 
smaller percentage of the mice were flagellate free. 
In both marrow-treated groups flagellate numbers 
were variable from mouse to mouse (i. e., 10 to 
10 8

), and a clear trend of numbers with time after 
treatment is not apparent. Comparison of the two 
marrow-treated groups does not reveal a significant 
difference in the numbers of these intestinal pro­
tozoa. The data thus far indicate that intestinal 
flagellates probably contribute little to the nitro­
gen retention associated with secondary disease. 
Continued efforts are being made, however, to im­
prove the quantitati ve and qualitative aspects of 
the method. 
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11.4 ERYTHROPOIESIS IN THE MOUSE 

L. H. Smith T. W. McKinley, Jr. 

Introduction. - For several years we have used 
59Fe uptake by the spleen as a measure of prolif­
eration of transplanted hemopoietic tissue to ir­
radiated mice. 1 This end point is used to eval­
uate radiation effects on cells in terms of their 
reproductive capacity. Factors responsible for 
variation in results obtained by this method are 
not well defined; in fact, little is known about 
kinetics of iron uptake relative to age, sex, and 



type of mouse. Therefore, a series of experiments 
was planned in an attempt to examine these vari­
ables , specifically in regard to how they might af­
fect iron uptake values as measures of erythro­
poiesis. Results of the first part of this series 
are herein reported and describe the effects of age 
and sex on 59Fe uptake in spleens and circulating 
erythrocytes of normal mice. 

Materials and Methods. - (C3H x C57BL)F 1 mice 
were studied. Twenty-four-hour 59Fe uptake in 
spleen and erythrocytes was measured 2 in males 
and females which were 7, 13, or 20 weeks old . 

Results. - Figure 11.4.1 shows the percentage 
of injected 59Fe appearing in the spleen and 
erythrocytes as a function of mouse age. The 20-
week-old males and females showed a slight but 
significant (P = 0.05) increase in erythrocyte 59Fe 
over the 7- and 13-week-<>ld animals. On the other 
hand , spleen 59Fe uptake was essentially con­
stant with age, although uptake was consistently 
higher (P < 0.05) in females than in males. 

Discussion and Conclusions. - In general these 
results show that in normal (C3H x C57BL)F 1 

mice between 7 and 20 weeks of age, 24-hr uptake 
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by spleen and erythrocytes is not grossly altered. 
Whether or not the slight increase in erythrocyte 
iron at 20 weeks is the beginning of a trend will 
only become apparent when values for 30- and 40-
week-<>ld mice become available. In addition, in­
crease in erythrocyte iron may only reflect a de­
crease in blood volume with age rather than an 
increase in erythropoiesis. The sex difference 
in spleen iron uptake (female '"" 1.6 times male) 
is not due to differences in spleen weight. On 
the contrary, average spleen weight for males is 
slightly higher than that for females, and there­
fore, the erythropoiesis in the female spleen may 
be greater than that for the male of this hybrid. 
For both sexes there is also a slight rise in 
spleen weight with age which, in the face of 
constant iron uptake, would suggest a decrease 
in specific activity (counts min- 1 mg- 1

) of 59Fe 
uptake with age. 
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11 .5 FURTHER STUDIES ON MODIFICATION 
OF POOR GROWTH OF PARENTAL MARROW 

CELLS IN F 1 HYBRID MICE 

Joan Wright Goodman H. Brownell Wheeler 1 

Introduction. - In parent-hybrid combinations in 
which the poor-growth phenomenon has been ob­
served, pretreatment of F 1 hybrid mice with pa­
rental spleen, either in the form of slice grafts 
placed on cut kidney surface or of dissociated 
cells administered intraperitoneally, results in 
good growth of subsequently transplanted parental 
bone marrow. 2 Pretreatment with suspensions of 
parental bone marrow, thymus, liver, lymph nodes, 
and spleens showed that only viable, immunologi­
cally competent cells produced a large augmenta­
tion in marrow growth. The present data are the 
result of investigation of two pretreatment param­
eters: (1) interval between pretreatment and ir­
radiation (followed by marrow transplantation), 
and (2) pretreatment cell dose. 

Materials and Methods.-Inbred parental lines 
were C57BL/ Cum (called B) and C57BL/ 6 Jax 



(B6), and their hybrid offspring: (B 9 x C3 Anf 
Cum d')F 1 or BC3F I' (B6 9 x DBA/ 2 d')F 1 Jax 
or B6D2F I ' and (B6 9 x A d')F 1 Jax or B6AF l' 
Hybrids were exposed to 900 r whole-body x ir­
radiation and 18 to 22 hr later were gi ven 10 6 

parental bone marrow cells intravenously. Seven 
days after marrow transplantation proliferation of 
erythropoietic elements was assessed by measur­
ing 24-hr 59Fe incorporation into erythrocytes and 
spleens of chimeras. 

Pretreatment consisted of an intraperitoneal in­
jection of a given number of eosin-negative pa­
rental spleen cells at a specified period of time 
(e.g., ten days) before irradiation. 

Results and Conclusions. - Because early ex­
periments had suggested that modification of poor 
growth varied with time of pretreatment, three ex­
periments were carried out to explore this variable. 
The results are shown in Fig. 11 .5 .1 with a stand­
ard pretreatment spleen cell dose of 3 x 10 7

• It 
can be seen that this number of cells has a max­
imum effect when administered two to three weeks 
before marrow transplantation. This augmentation 
decreases after three to four weeks , but the actual 
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course of the decline is obscured by experimental 
variability. The fact that time i s required for the 
modification to take place could mean that the 
spleen cells must proliferate in order to be effec­
tive. If this is the case, then one should be able 
to obtain the same degree of augmentation by 
shortening the interval between pretreatment and 
irradiation and administering a greater spleen cell 
dose . 

Two experiments in which the pretreatment-ir­
radiation interval was constant and spleen cell 
dose was varied are shown in Table 11 .5.1. In 
the first experiment B6 cell doses varying from 
10 to 160 million cells were administered ten days 
prior to irradiation. Subsequent erythropoiesis 
generally increased with increasing spleen cell 
dose, although differences from one group to the 
next were not significant at the 5% level. In the 
second experiment lower doses of these B6 
spleen cells , varying from 3 x 10 4 to 10 7 cells, 
were administered 16 days prior to irradiation. 
All doses tested showed some increase over the 
control group , but at the low dose ranges this 
increase was so slight as to be inconclusi ve . 
Again, there tended to be an increased response 
noted in the higher dose ranges. Although a more 
thorough exploration of these possibilities in re­
peated experiments might reveal a clear-cut pre­
treatment dose effect , the experiment is limited 
on the one hand by the difficulty in supplying cell 
numbers that might be comparable with the prog­
eny of any given inoculum after a logarithmic 
growth phase and on the other, by physiologic 
factors that might limit the persistence and growth 
of parental spleen cells in the hybrid host. 
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11.6 A FACILITY DESIGNED FOR PATHOGEN· 
FREE INBRED MOUSE PRODUCTION 

M. L. Simmons L. P . Wynns 1 

E . E. Choat 1 

During the past three years a new building has 
been designed and constructed at the Biology Di-
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Table 11.5.1. Effect of Pretreatment Cell Dose on Modification of Poor Growth 

PretreatmentB 

Irradiated 

Recipient 
Dose of Spleen Numbers 

59Fe Uptake byb 

Cells (Millions) of Mice Erythrocytes Spleen 

86D2F 1 10 26 8.4 iLl 6.3 i 0.6 

20 21 4.9 i 0.8 3.7 i 0.6 

40 86 25 8.3 iLl 9.1 i 0.9 

80 19 11.1 i 1.2 11.7 i 0.9 

160 24 13.0 i 1.7 10.7 i 1.0 

160 86D2F 1 24 1.0 iO.1 0.4 i 0.0 

0.03 31 2.13 i 0.2 0.86 i 0.2 86AF 
1 

0.3 30 1.74 i 0.1 0.59 i 0.0 

1 86 28 2.45 i 0.3 1.13 i 0 .2 

3 30 2.71 iO.4 1.78 i 0.3 

10 22 7.89 i 1.5 4.88 i 0.8 

10 86AF 1 32 1.16 i 0.1 0.38 i 0.0 

BAll spleen cells given intraperitoneally 10 days in first and 16 days in second experiment before x rays and 10 6 

86 bone marrow. 

bMeans is. E. 

vision. It was designed to produce pathogen-free 
animals or to receive pathogen-free animals from 
commercial sources for use in the 6th Floor Ex­
perimental Animal Facility and Carcinogenesis 
programs . The building is now completed and 
will be utilized as a mouse production facility 
for the production of inbred mice. 

The concept of using animals with a known or 
defined flora - "gnotobiotes" - is not a new one. 
It has been studied in this laboratory extensively 
by Upton and collaborators. However, the concept 
of utilizing a "barrier" type animal facility capa­
ble of being used for pathogen-free animals in com­
bination with a filter-top cage system 2 is quite 
recent. 3 We believe that by defining "specific­
pathogen-free" animals as animals free of known 
pathogenic viruses, bacteria, and parasites we 
can utilize the combination facility and filter-top 
system to achieve an SPF -type animal production. 
It is anticipated that the filter-top caging, so ef­
fective in preventing infection from occuring in a 
conventional environment, 4. S will be a major factor 
as a final line of defense within a barrier system. 

The facility was built for the specific purpose 
of controlling the environment such that a minimal 
number of infectious organisms enter the area in 

which these animals live. This is accomplished 
by controlling the movement and condition of air , 
supplies, personnel, and animals. There are five 
basic methods of entry into the barrier area. One 
is for personnel, and four are for materials and 
equipment. Personnel may enter only through a 
change and shower area. Materials may enter 
through chemical sterilization, high-vacuum steam 
sterilization, ethylene oxide sterilization, and the 
combination cage and bottle washing machine. 

We anticipate that this facility will be in opera­
tion and producing animals during the next few 
months. 
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11.7 DISTRIBUTION OF ANTIBODY TO 
VIRUSES IN EXPERIMENTAL MICE 

R. W. Tennant Roberta K. Reynolds 
K. R. Layman 

Introduction. - The consequences of epizootic 
virus diseases in experimental mice are well doc­
umented, particularly in the cases of ectromelia 
and epizootic diarrhea of infant mice. Less well 
known are the effects of enzootic infections in 
experimental animals, primarily since evaluation 
of the loss of an experiment often requires addi­
tional investigative effort. Indicative of the mag­
nitude of this problem are the recent findings that 
69 of 71 experimental tumors harbor at least one 
extraneous murine virus. I 

Methods. - Sera from mice were tested against 
the various viruses by hemagglutination inhibi tion 
or complement fixation with techniques previously 
described. 2 All tests were performed in the Micro­
titer system, and positive and negative control 
sera and antigen and complem ent titrations were 

included with each test series. Tests were re­
jected when these controls varied more than two­
fold in dilution or greater than two CH 5 0 comple­
ment units. 

Conclusion. - The testing program, in effect 
since November 1966, has yielded the following 
preliminary conclusions based upon the data pre­
sented in Table 11. 7.1: (a) Virus infections which 
are not present in mice from the major suppliers 
are perpetuated in experimental animal facilities. 
(b) Conversely, germfree mice and mice reared 
under barrier conditions in the Biology Division 
are free from antibody to the test viruses. (c) 
Mice deri ved from germfree stock but reared under 
conventional conditions in filter-top cages are 
spared common virus infections. 
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Table 11.7.1. Antibody Status by Vlrus B 

Polyoma Mouse 

Reovirus Pneumonia Encephalomyelitis (Parotid Newborn Sendai M ouse Hepatitis Rat 
Test Animal Type 3 Virus of (GDVII) Tumor) Pneumonitis (Pneumonitis) Adenov irus (Polyvalent Virus 

Mice (PVM) 
Virus (K Virus) Antigen) (Kilham) 

Outside Sources 

Balbc / Cum 0/2 5 0/ 25 18/ 25 0 / 25 0/ 25 0 / 25 0/ 16 1/ 8 

7. + 72 12 

C3H/ An! / Cum 0 / 22 0/ 23 18 / 18 0/ 20 0/ 24 0 / 25 0 / 22 0/ 7 

7. + 100 

DBA2 / JAX 21 / 25 3 / 25 0/ 25 0 / 25 0/ 25 0/ 25 0/ 25 5 / 25 

l'. + 84 12 20 

Rats 0/ 35 16/ 36 0/ 36 0/ 36 0/ 36 15 / 36 0 / 36 8 / 36 21 / 36 

7.+ 44 47 31 59 

Interno I Sources 

BC3F ,1C 0 / 15 16 / 17 14 / 17 0/ 17 0/ 17 16 / 17 0/ 11 0/ 15 

7. + 94 82 94 

RFM/ 9N (6th floor 1/22 4 / 21 19/ 25 6 / 25 0/ 29 18 / 25 0/ 19 2 / 6 

9207) 7. + 5 19 76 24 72 33 

B6D 2F 1 14 / 28 26/26 19 / 30 1 / 29 0 / 28 26 / 26 0/ 30 20/ 30 

7.+ 50 100 63 3 100 66 

Germfree (9207) 0/ 20 0 / 25 0 / 25 0 / 24 0/ 25 0/ 21 0/21 0 / 20 

Barrier (92 11 ), 0 / 64 0 / 70 0/ 68 0/ 68 0/ 67 0 / 68 0/ 66 0/ 60 

C57B /6 

Conventional filte r top, 0/ 50 0/ 5 0/ 50 0/ 50 0 / 50 0 / 50 0/ 50 0/ 50 

C578 /6 (9769) 

8Number positive / total tested. 



11.8 THE ISOLATION OF SALMONELLA POONA 
AND A NONMOTILE VARIANT FROM 

LABORATORY MICE 

J. A. Franklin C. B. Richter 

Introduction. - Laboratory mice may carry sal­
monella as part of their intestinal flora without 
any overt effects. However, high mortality may 
occur in an epidemic situation . The Salmonella 
species most often encountered in laboratory mice 
are S. typhimurium and S. enteritidis. 

Results and Discussion. - During the course of 
routine fecal sampling of mice arriving at the re­
ceiving and quarantine facility of this laboratory 
we have isolated and identified Salmonella poona, 
which heretofore has not been reported in labora­
tory mice. The organism was isolated from three 
inbred strains of mice, all of which came from the 
same commercial source. This organism produces 
the typical salmonella biochemical reactions, ag­
glutinates in group G antisera, and possesses 
somatic antigens 13 and 22 and flagellar antigens 
Z, 1, and 6. Prior to the isolation of this organism 
all salmonella isolates from this commercial sup­
plier's mice had been SalmoneIla typhimurium var. 
copenhagen. 

An interesting sidelight to the isolation of S. 
poona has developed in that some of the recent 
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isolates have been nonmotile. These nonmotile 
Salmonella possess the same somatic antigens as 
S. poona but, being devoid of flagella, cannot be 
specifically typed. Rakieten 1 and Rakieten and 
Bornstein 2 reported the isolation of a bacterio­
phage from sewage which was capable of lyso­
genizing S. poona, a process which caused con­
comitant loss of motility and H antigens. 

We have performed the conventional techniques 
(chloroform extraction and ultraviolet irradiation) 
with the S. poona and the nonmotile salmonella 
cultures isolated. Both methods have failed to 
demonstrate the presence of phage or prophage. 
In addition, repeated subculturing of both organ­
isms to a variety of media has not resulted in any 
change in their motility. This suggests that the 
character of this particular salmonella is not due 
to phage action . 

All specific typing of isolates was conducted 
through the courtesy of Dr. W. H. Ewing, Enteric 
Bacteriology Unit, Communicable Disease Center, 
Atlanta, Georgia. 
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12.1 PRELIMINARY DATA ON THE LONGEVITY 
AND LEUKEMIA INCIDENCE IN MICE OF THE 

BARRIER-SUSTAINED RFM/ UnF SUBLINE 
TO BE USED IN THE LOW(MEDIUM) 

LEVEL EXPERIMENT 

All Members of Pathology-Physiology Section 

Introduction. - RFM/ UnF mice derived from 
germfree ancestors and specifically contaminated 
with a defined , nonpathogenic microflora are being 
used to investigate the long-term somatic effects 
of low-level whole-body gamma irradiation. 1 To 
compare the response of these mice with that of 
their conventionally reared counterparts, a pilot 
experiment is being carried out on the animals 
preparatory to the main experiment. Preliminary 
results of the pilot study, concerning the longevity 
and incidence of leukemia in the mice of the new 
subline , are summarized in the following. 

Results and Discussion. - Data from animals 
followed until 20 months of age imply that mice 
of the barrier-sustained subline have a higher 
·incidence of radiation-i~duced lymphomas and a 
lower incidence of granulocytic leukemias than 
their conventional counterparts (Fig. 12.1.1). Com· 
parable differences in longevity are not evident, 
although the results suggest that males of the new 
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~ubline may outlive their conventionally reared 
counterparts; that is, more than 60% of the nonir­
radiated barrier-sustained males have survived for 
700 days , whereas the mean survival time of con­
ventionally reared non irradiated males is 595 days. 

The lower incidence of myeloid leukemia in the 
mice of the new subline is consistent with results 
in germfree mice and mice of another barrier-sus­
tained colony . 2 It may tentatively be attributed , 
at least in part , to the pathogen-free nature of the 
microflora in the barrier-sustained mice. It is 
noteworthy that the lower incidence of granulocytic 
leukemia is paralleled by a higher incidence of 
lymphoid leukemia, with the result that the combined 
incidence of both neoplasms in the new subline is 
similar to that in the old. 

Although the results to date are preliminary, they 
give no indication that the barrier-sustained sub­
line will be unsatisfactory for the Low (Medium) 
Level Experiment. They do, however, indicate 
differences in radiation response between the new 
subline and the old, which must be considered in 
the final design of sample sizes for the experiment. 
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12.2 POLYPLOIDY AND MATURATION OF 
MEGAKARYOCYTES 

T. T. Odell, Jr. C. W. Jackson 
Rebecca S. Reiter 

Introduction. - The maturation of megakaryocytes 
is still not well understood, although it is known 
that mature megakaryocytes are polyploid, some 
of them having ploidy values up to 32N (16 times 
the diploid amount of DN A). Based on earlier 
work, it has been postulated that megakaryocytes 
first go through a period of DNA replication to 
attain superdiploid values, and then their cyto­
plasm matures. These investigations were under­
taken to study the relation between megakaryocyte 
morphology and DNA content. 

Results and Discussion. - Megakaryocytes of 
rat bone marrow were classified into type:::. I, IIa, 
and lIb, largely by the amount of granulation in 
their cytoplasm. Type I cells had no granulation, 
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Table 12.2.1. Distribution of Morphological Types of Megakaryocytes in Various Ploidy Classes 

Distribution of Megakaryocytes in Ploidy Classes B All Ploidy 

Classes, B 

4N-·32N 
Morphological 

Type 
8N 16N 32N 

Number Percent Number Percent Number Percent Number Percent 
Number Percent 

IIa 

lib 

6 

o 

o 

100 

o 

o 

32 

13 

22 

48 

19 

33 

14 

2S 

90 

11 

19 

70 

2 

11 

14 

7 

79 

S4 

39 

123 

2S 

18 

S7 

BThe values shown are based on a total of 2 16 megakaryocytes analyzed in one rat. 

b.;.N = diploid chromosome complement (no recognizable megakaryocytes were encountered with 2N ploidy). 

type IIa cells a small amount, and type lIb a 
moderate to large amount. The amount of DNA in 
individual nuclei was determined by microspectro­
photometry (Table 12.2.1). Type I cells had ploidy 
values of 4N to 32N (no type I cells were encount­
ered with 2N ploidy). The majority of type lIa and 
lIb cells had DNA values in the 16N or 32N range, 
but some were BN. The finding that only type I 
cells were initially labeled after a single injection 
of tritiated thymidine and that the label was pro­
gressively seen in cells of the remaining types 
indicated a progression of labeled megakaryocytes 
through these morphological compartments. 

From these results it appears that a megakaryo­
cyte must have a DNA value of at least BN before 
its cytoplasm can differentiate beyond the morpho­
logical type I stage; the majority of cells with 
maturing cytoplasm have ploidy values of 16N or 
32N. These results confirm the prediction that 
megakaryocytes with various ploidy values may be­
come cytoplasmically mature. They also imply 
that platelets may be derived from megakaryocytes 
of different ploidy values. 

12.3 ESTIMATION OF THE FREQUENCY 
DISTRIBUTION OF MEGAKARYOCYTES 

IN PLOIDY CLASSES 

D. G. Gosslee 1 T. T. Odell, Jr. 
C. W. Jackson 

Introduction. - A procedure for estimating the 
proportion of megakaryocytes in each of several 
stages of nuclear replication (ploidy) was pre­
viously reported. 2,3 Recent measurements of the 
DNA content in each of 3000 cells from nine male 

rats were analyzed in a similar manner. In addi­
tion, two other statistical methods of estimation 
were used. The three methods were compared by 
their performance on the experimental data and 
particularly on numbers generated to simulate the 
data. 

Results and Discussion. - The three methods of 
estimation are: (1) least squares with the weight 
for each interval equal to the expected frequency 
of cells in the interval, the method previously re­
ported; (2) least squares with the weight equal to 
the reciprocal of the variance of the expected fre­
quency; and (3) maximum likelihood. Since dif­
ficulties in obtaining convergence are not uncommon 
with nonlinear least-squares computing programs 
having a large number of parameters, assumptions 
of equal variances and known distances between 
means were made for methods 1 and 2 in order to 
reduce the number of parameters. Since the com­
puting procedure for method 3 is faster and more 
direct, and thus feasible for more parameters , the 
assumptions were relaxed for this method. 

Random normal deviates, which have a mean of 
zero and a variance of 1, N(O, 1), were transformed 
into normal populations, Ni(Mi , 0-

2
), i = 1, 2, 3, 

with frequencies chosen to simulate the megakaryo­
cyte data (see "target percentages" in Table 
12.3.1). In addition, the variance was changed to 
obtain five sets of three populations each with 
varying degrees of overlap. Each method was 
applied to the simulated data to demonstrate its 
accuracy and efficiency in estimating the known 
proportions (Tab Ie 12.3.1). 

As would be expected, all three methods yielded 
excellent estimates when the variance was small. 
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Table 12.3.1. A Comparisan of Three Methods of 

Estimating Frequencies in a Mixture of Three 

Distributions 

The test data used were generated to simulate 

the observed distribution of megakaryocytes 

in three ploidy classes 

a; 
Standard 

Deviations 

0.0418 

0.05225 

0.0627 

0 . 07315 

Method b 

Percentage of Population 

in Each Ploidy Class 

8N 16N 32N 

TargetS 

9.275 71.304 19.420 

Calculated 

1 9 71 20 

2 9 71 20 

3 9 71 19 

1 8 71 21 

2 10 71 19 

3 10 71 19 

1 8 74 18 

2 9 72 19 

3 10 71 19 

1 9 72 18 

2 10 71 19 

3 10 70 20 

SThe target percentages and standard deviations (Cn 
were chosen to be typical of values observed in data on 
rat me gakaryocytes. 

bThe three methods are described briefly in the text. 
Number of "cells" = 345. 

As the variance increased, method 1 became less 
accurate than the other two methods. Methods 2 
and 3 were demonstrated to be accurate within the 
range of overlap in the experimental data. Method 
3 is preferred since it can be applied without re­
strictions on the means and variances. All three 
methods have approximately the same efficiency 
as judged by the standard errors of the estimates 
of the proportions. The means and variances were 
estimated well by all three methods. The estimates 
of percentages (proportions) in corresponding stages 
between the two sets of megakaryocyte data dif­
fered by 1% (0.01) or less for method 3 but by a 
larger amount for methods 1 and 2. 
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12.4 INFLUENCE OF THE MICROBIAL 
ENVIRONMENT ON THE DEVELOPMENT 

OF MYELOID LEUKEMIA IN X-IRRADIATED 
RFM MICE 

H. E. Walburg, Jr. G. E. Cosgrove 

Introduction. - Mice of the RF strain have 

demonstrated a markedly increased incidence 
of myeloid leukemia following exposure to ioniz­
ing radiation. 1 To determine what role, if any , the 
microflora plays in the pathogenesis of myeloid 
leukemia, the incidence of the disease has been 
studied in irradiated sublines maintained in dif­
ferent microbial environments. 

Results and Discussion. - Five- to six-week­
old male and female RFM mice were exposed to 
300 r of x radiation and examined throughout their 
life-span for mortality and incidence of diseases. 
Only one case of myeloid leukemia was observed 
in germfree mice (Table 12.4.1), giving an inci­
dence of 1% in the germfree males, whereas the 
incidence in their conventionally reared counter­
parts was 13%. A similar difference in incidence 
occurred between germfree and conventional fe­
males. Males subjected to microbial shock by 
transfer from an environment containing a limited 
number of bacteria to a conventional microbial 
environment showed the highest incidence (namely 
25%), approximately twice that seen in males ex­
posed to the conventional microbial environment 

Table 12.4.1. Incidence af Myeloid Leukemia in 

Irradiated RFM Mice Reared in Different 

Microbia I Env iranments 

Sex 

Male 

Female 

Germfree 

1/79 (1.3'70 ) 

0 / 91 (0.0'70) 

Conventional 

12 / 94 (12.8'70 ) 

7 / 85 (8.2'70 ) 

Barrier to 

Conventional 

22 / 86 (25.6'70 ) 

8 / 123 (6.5'70 ) 

.. 



throughout life. Genetic differences were minimal 
since all mice were less than five generations 
removed from a common inbred ancestor. 

These results suggest that the incidence of 
myeloid leukemia varies inversely in relation to 
the bacterial "cleanliness" of the environment, 
possibly as a result of associated variations in 
the rate of granulocytopoiesis. Such an interpre­
tation, if true, would help to explain the reduced 
incidence of myeloid leukemia that has been re­
ported 2 in x-irradiated conventionally reared mice 
over the past several years, during which many im­
provements in husbandry and sanitation have been 
instituted in our animal colonies. 
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12.5 METHYLCHOLANTHRENE-INDUCED 
MYELOID LEUKEMIA IN GERMFREE RFM MICE 

H. E. Walburg, Jr. G. E. Cosgrove 

Introduction. - Myeloid and lymphoid leukemia 
have been produced in conventional mice of the RF 
strain by oral administration of 20-methylcholan­
threne, and the latent period of such leukemias 
has been reduced by painting the mice with a croton 
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oil-benzene solution. 1 This experiment was under­
taken to determine whether similar treatment would 
induce myeloid leukemia in germfree RF mice, 
which are relatively resistant to the induction of 
the disease by radiation. 

Results and Discussion. - Five- to six-week-old 
germfree RFM mice , which show a greatly reduced 
incidence of radiation-induced myeloid leukemia 
when compared with their conventionally reared 
counterparts, were treated orally three times a 
week with 0.1 ml of an 0.8% solution of 20-methyl­
cholanthrene in olive oil. In addition, half the 
mice were painted on the abdomen twice a week 
with a 5% solution of croton oil in benzene. All 
groups of mice which received methylcholanthrene 
had an incidence of leukemia approaching 100% 
(Table 12.5.1). In all but one group these leuke­
mias were exclusively of the lymphoid type. In 
male RFM mice which received both methyl­
cholanthrene and croton oil-benzene, four cases 
of myeloid leukemia were observed. This inci­
dence, 10.5%, is approximately that seen in ir­
radiated conventional males of the same strain 
(13%) and is considerably higher than that seen in 
irradiated germfree males (1%). 

Irino and coworkers 1 saw an increase in periph­
eral granulocytes following painting with croton 
oil in benzene, suggesting an increase in granulo­
cytopoiesis. The increase in incidence of methyl­
cholanthrene-induced myeloid leukemia in germ­
free RFM males painted with croton oil in benzene 
may, therefore, be due to increased' granulocyto­
poiesis. 

Table 12.5.1. Incidence of Methylcholonthrene-Induced Leukemio in Germfree RFM Mice 

Sex Treatment Myeloid Leukemia Lymphoid Leukemia All Leukemia 

Female Methy1cholanthrene only 0 / 27 (0.00/0) 25 / 27 (92.6'70 ) 25 / 27 (92.6'70 ) 

Female Methylcholanthrene + 0 / 30 (0.00/0) 28 / 30 (93.3'70 ) 28 / 30 (93.3 '70 ) 

croton oil in benzene 

Male Methy1cholanthrene only 0 / 21 (0.00/0) 20 / 21 (95 .2'70) 20 / 21 (95.2 '70 ) 

Male Methylcholanthrene + 4 / 38 (10.5'70 ) 34 / 38 (89,5')'0 ) 38 / 38 (100.00/0) 

croton oil in benzene 

Female Croton oil in benzene only 0 / 11 (0.00/0) 0/ 11 (0. 00/0) 0 / 11 (0.00/0) 

Male Croton oil in benzene only 0/ 11 (0.00/0) 0/ 11 (0. 00/0) 0 / 11 (0.00/0) 

Female No treatment 0 / 10 (0. 00/0) 0 / 10 (0.00/0) 0 / 10 (0.00/0) 

Male No treatment 0 / 7 (0.00/0) 0 /7 (0.00/0) 0/7 (0.00/0) 
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12.6 SOME CHARACTERISTICS OF 
TRANSPLANTABLE MYXOF IBROSARCOMAS 

R. L. Tyndall 
R. C. Brown 

Ernestine Teeter 
J. A. Otten 

Introduction. - It was previously reported that 
an established culture of BALB/c mouse spleen 
and thymus cells OLS V6) can be transformed 
morphologically by the Rauscher leukemia virus. 
This transformation is characterized by loss of 
contact inhibition and marked production of muco­
polysaccharide (MPS). Such cells injected into 
newborn BALB/c mice form myxofibrosarcomas 
at the site of inoculation. Uninfected cells, on 
the contrary, show no such MPS production and 
are less tumorigenic on injection into newborn 
mice, in which they give rise to spindle -cell 
sarcomas instead of myxofibrosarcomas. 1 This 
study was carried out to characterize further the 
transformation induced by the Rauscher virus. 

Results and Discussion. - To study the MPS 
associated with the myxofibrosarcomas, unstained 
sections of tumor were overlaid with bovine and / or 
bacterial hyaluronidase, trypsin , or sialidase for 
18 hr at 37°C. Following this incubation, the 
sections were stained for MPS with colloidal iron. 
It was seen that tumors treated with either bovine 
or bacterial hyaluronidase were devoid of MPS, 
whereas those treated with trypsin or sialidase 
showed little or no effect on MPS content. These 
results indicate that the MPS in the tumor is com­
posed primarily of hyaluronic acid derivatives. 

To study the tumorigenicity of transplantable 
myxofibrosarcomas, 1 x lOS tumor cells were in­
jected subcutaneously into one-, two-, three-, or 
four-day-old BALB/c mice. It was seen that 
tumors developed in all mice injected at one or 
two days after birth, whereas mice injected three 
days after birth were only partially susceptible to 
tumor induction, and mice injected four days after 
birth were resistant. These results imply that the 
myxofibrosarcoma cells can be recognized as anti­
genic by an immunologically competent mouse, as 
has been suggested also by the observation that 
newborn mice are protected against challenge with 

these tumor cells if their mother has been immunized 
with Rauscher virus vaccine. 2 

Electron microscope studies, undertaken to de­
termine if virus particles are present in the pas­
saged myxofibrosarcomas, have revealed leukemia 
virus-like particles in the tumor and in spleen 
tissue from tumor-bearing animals. Studies are 
continuing in an effort to ident ify the observed 
virus particles and to explore their role in the 
antigenicity and MPS production of the myxo­
fibrosarcoma cells. 

References 

1 R. L. Tyndall et al. , Intern. J. Cancer 1, 565 
(1966). 

2R. L. Tyndall et al., BioI. Div. Semiann. 
Progr. Rept. July 31, 1966, ORNL-3999, pp. 120-
21. 

12.7 ALTERED ESTERASE ZYMOGRAMS 
ASSOCIATED WITH LEU KEMIA VIRUS 

INFECTION 

R. L. Tyndall R. C. Allen 
Dorothy J. Moore 

Introduction. - Gross cytopathic effects (CPE) 
have been observed in an established culture of 
BALB/c mouse spleen and thymus cells following 
infection with the Rauscher leukemia virus. The 
infected cultures OLS V5) also show a marked 
increase in mucopolysaccharide (MPS) production, 
with a concomitant loss of contact inhibition. The 
decreased contact inhibition results in a trans­
formed, "crisscross" growth pattern. Such in­
fected, transformed cells are highly tumorigenic 
when -injected into newborn BALB/ c mice. The 
resultant tumors are rich in MPS and are classified 
as myxofibrosarcomas. 1 The un infected control 
cells OLS V6) do not show CPE or transformation 
and are much less tumorigenic. Moreover, the 
tumors that do result from injection of noninfected 
control cells are classified as spindle-cell sar­
comas. 1 The stimulation of MPS formation as­
sociated with the neoplastic transformation in­
duced by the Rauscher virus prompted an investiga­
tion into the effect of the virus on protein and 
enzyme synthesis. 

Results and Discussion. - Cell pellets of dif­
ferent sublines of control OLS V6) and infected 
OLS V5) cultures were homogenized with tissue 
grinders, and esterase zymograms of the resultant 



extracts were prepared by disk electrophoresis as 
previously described. 2 Extracts from infected cells 
in each of three separate experiments showed a 
marked increase in esterase activity which was 
attributable to the appearance of " new" esterase 
bands (Fig. 12.7.1). 

The significance of the increase in esterase 
activity and the presence of "new" esterase 
isozymes in relation to the altered MPS synthesis 
and oncogenicity of Rauscher-virus-infected cells 
requires more extensive investigation. A question 
of particular interest is whether the code for the 
"new" esterases is of cellular or v ira 1 origin. 
Moreover, it is of primary importance to determine 
whether the alteration of esterase patterns seen 
in the infected cells is a peculiarity of this par­
ticular cell-virus system or repre:;ents a general 
phenomenon associated with viral neoplastic trans­
formation. 
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12.8 THE USE OF GERMF RE E MICE TO 
MONITOR THE MICROBIOLOGICAL 

ENVIRONMENT 

R. C. Allen 
R. T. Jones 
L. T. Serrano 

J. H. Chandler, Jr . 
G. W. Fortner 

Introduction. - In order to supplement routine 
bacteriological methods for determining the ef­
fectiveness of a barrier animal facilityl in reduc­
ing the microbial content of the environment, five 
cages of germfree mice and two cages of mono­
contaminated mice were placed in a part of the 
facility previously decontaminated with /3-pro­
piolactone vapor. 

Results and Discuss ion. - Within the first 24 
hr after the cages were placed in the facility, 
Staphy lococcus albus was found in feces from mice 
in one of the seven cages. By the end of seven 
days, an organism (or organisms) with fusiform 
morphology was found in fecal samples from mice 
in all cages, a Corynebacterium species was 
present in one cage, and Streptococcus faecalis 
var. liquifaciens was present in all but one cage. 
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Fig. 12.7.1. Esterase Zymagrams of Control and Rauscher-Virus-Infected Cell Cultures, with Corresponding 

Densitometric Recordings. (a) Control cells, 15.1 mg protein extract, showing only one enzyme bond and corre­

sponding densitometric recording. (b) Cells infected with Rauscher virus, 9.93 mg protein, showing seven resolvable 

bonds of esterase activity and their corresponding densitometric recording. Figures to left of a and 'b are the integrated 

values of the area under eack peak in the densitometric recording delineated by the vertical slash marks. 



All of the above organisms except the fusiform 
bacteria were detected by means of surface swab­
bing, contact plates, and air-sampling. The fusi­
form bacteria could be detected only on direct 
examination of smears of feces from the mice and 
could not be cultured on ordinary aerobic or anaer­
obic media. However, it has since been found 
that at least three morphologic types of fusiform 
bacteria can be isolated from the mice by heat 
shock and subsequent culture on specialized media 
developed for fastidious anaerobic bacteria. The 
organisms are spore-forming bacteria thought 
presently to be types of clostridia. 
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The source of the fusiform bacteria and the 
enterococcus, both of which are ind igenous to con­
ventional mice, is under investigation. The ability 
of the germfree mouse to enable the detection of 
bacteria such as the fusiform organism, which 
would go undetected by conventional techniques, 
extends our ability to characterize the microbial 
composition of the environment. 
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13.1 GROWTH PROMOTION AND INHIBITION 
RESULTING FROM REIRRADIATION OF 

GAMMA·PLANTLETS 

A. H. Haber Pat C. Kerr 
D. E. Foard 

Introduction. - After receiving doses of 500 to 
800 kilorads, wheat seedlings ("gamma-plantlets") 
can germinate and grow without undergoing cell di­
visions but otherwise show no detectable injury re­
sulting from the seed irradiation. One possible test 
of the notion that except for the absence of cell di­
vision there is little other radiation injury might be 
expected to come from a study of the sensitivity of 
growing gam~a-plantlets to seedling reirradiation. 
This report presents some results of such an in­
vestigation as well as some unexpected findings 
concerning a possible mechanism for radiation­
induced growth stimulation. 
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Photosynthesi s (13.5) 

W. A. Arnold J. R. Azzi 
W. F. Bertsche C. W. Smith 
L. W. Jones! 
R. M. Pearlsteing 

eLeave of absence to Cambridge University, Cam-
bridge, England (until Nov. 1, 1966) 

!Research participant 
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Results and Discussion. - Gamma-plantlets from 
either 500- or 800-kilorad seed irradiation differed 
in growth only very slightly. When such gamma­
plantlets were reirradiated as three- or four-day-old 
intact seedlings, that is , attached to the endosperm, 
there was a significant reduction of growth by only 
50 kilorads. After reirradiation with 20 to 25 
kilorads, however, there was an increased growth of 
both the first and second foliage leaves, but not of 
the coleoptile. When the growing gamma-plantlets 
were removed from their endosperm reserves just 
before reirradiation, their subsequent growth could 
be supported by a nutrient medium containing su­
crose. Under these conditions, however, the seed­
lings removed from their endosperm showed no 
radiation-induced stimulation but rather a reduction 
of leaf growth after 25 kilorads. These results on 
promotion and reduction of gamma-plantlet growth 
by seedling reirradiation doses that are small rela­
tive to the seed irradiation doses given initially 
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emphasize the normal aspects of gamma-plantlet 
growth even with respect to irradiation itself. The 
requirement of the endosperm for the stimulation of 
leaf growth by 20- to 25-kilorad reirradiation sug­
gests that this stimulation is mediated by an endo­
sperm effect. Preliminary experiments indicate that 
the activity of a -amylase remaining in and released 
from the irradiated seeds is stimulated by reir­
radiation with 25 kilorads. It remains to be seen 
whether this increased enzyme activity results from 
greater de novo synthesis, greater release of pre­
formed enzY(l1e, or altered contents of activators or 
inhibitors of enzyme activity. Nevertheless, the in­
crease in a -amylase activity, which could contrib­
ute to seedling growth only when the endosperm 
is present, may underlie the growth stimulation from 
25 kilorads. 

13.2 ACTIONS OF GAMMA RADIATION ON 
SENESCENCE AND DEATH IN EXCISED 
WHEAT LEAF TISSUE AFTER NORMAL 

CESSATION OF CELL GROWTH AND DIVISION 

A. H. Haber W. D. Willis 

Introduction. - Excised leaf culture is a system 
that has been of great interest and value in the 
study of senescence. This is especially true with 
excised wheat leaves. We showed previously that 
doses as high as 100 kilorads did not appreciably 
alter the time course of senescence in this tissue. 1 

Presumably, the great radioresistance of this senes­
cence can be attributed to the absence of the typi­
cal radiation effects of genic imbalance resulting 
from chromosome breakage in dividing cells, ra­
diation-induced mitotic inhibition, and radiation­
induced growth inhibition. 

This report describes the effects of gamma ra­
diation on the dark senescence of excised mature 
wheat leaf tips, using for an index of senescence 
the decay of chlorophyll, which reflects deterio­
ration of chloroplasts. In darkness, moreover, no 
anabolism of chlorophyll occurs. The dark decay 
was also compared with decay in illuminated tis­
sues. Senescence, which leads to death, is, 
nevertheless, distinct from death. To complement 
the findings of radiation sensitivity of senescence, 
this study also attempts to establish doses and 
biological criteria for radiation-induced death itself 
in this non growing, nondividing system. 

Results and Di scussion. - Wheat grains were 
germinated and grown in an illuminated (16-hr photo-

period) growth chamber. On the seventh day after 
sowing, the apical 2 cm of the first foliage leaf was 
harvested and floated on distilled water in 60-mm 
plastic petri plates. Cell elongation and cell di vi­
sion had already ceased in this tissue before the 
time of harvesting. After this time, the tips were 
stored, transferred, and gamma irradiated in dark­
ness. Aft-=r irradiation the leaf tips were floated on 
an aqueous 10- 3 M potassium phosphate buffer at 
pH 6.0 or on 10- 5 M kinetin in 10- 3 M phosphate 
buffer at pH 6.0 in darkness in growth chambers 
with various constant temperatures between 10 and 
40° C. The leaf tissue was collected at intervals 
and analyzed for chlorophyll content. It was pos­
sible to establish the occurrence of gamma-ra­
diation-induced death by four criteria: (1) photo­
destruction of chlorophyll in the light, (2) inhibition 
of chlorophyll decay in darkness, (3) loss of chem­
ical regulation of chlorophyll decay, and (4) abo­
lition of a temperature optimum (at 30° C) for 
chlorophyll decay in darkness. By all four criteria, 
gamma-radiation-induced death occurs only after 
doses greater than 0.5 megarad. Doses up to 0.5 
megarad did not appreciably affect any of the fol­
lowing dark decay characteristics: rate at any of 
the temperatures studied, temperature optimum, and 
sensiti vity to kinetin. These results indicate that 
sufficiently massive doses, greater than 0.5 megarad, 
can kill this tissue. However, massive doses less 
than 0.5 megarad are neither lethal nor do they 
significantly promote senescence. This insensi­
tivity of senescence to gamma radiation is in marked 
contrast to our findings, in these same experiments, 
concernIng the ease with which senescence can be 
altered by chemicals or temperature. These results 
provide further evidence that senescence per se is 
much more resistant to radiation than might be in­
ferred from studies in which the three typical ra­
diation effects, mentioned in the introduction, con­
tribute to damage. Some of the findings in this 
study have been extended to the ultrastructural 
level in the electron microscope study described in 
the immediately following report. 2 
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13.3 EFFECTS OF ACUTE GAMMA 
IRRADIATION ON SUBSEQUENT CHANGES IN 

CHLOROPLAST UL TRASTRUCTURE IN 
EXCISED, NONILLUMINATED WHEAT 

LEAF TISSUE 

Patricia L. Walne Sarah A. Angel 
A. H. Haber 

Introduction. - Previous investigations! of the ef­
fects of acute gamma irradiation on excised wheat 
leaves have assumed that declining chlorophyll con­
tents are an index of chloroplast deterioration. After 
recei ving lethal doses, leaf tips kept in darkness 
showed a slower rate of chlorophyll decay and 
smaller losses of insoluble nitrogen than did either 
leaf tips kept in the light or unirradiated controls. 
This report describes a correlative electron micro­
scope investigation to study radiation effects on 
chloroplast morphology and integrity at the ultra­
structural level. 

Results and Discussion. - Apical portions (2 cm) 
of wheat leaves were excised from one-week-old 
plants and were given 1 megarad of 60Co gamma ra­
diation in darkness. Another group of leaf tips 
served as non-gamma-irradiated controls. These 
2-cm-Iong leaf tips were floated on 10- 3 M potas­
sium phosphate buffer at pH 6 in darkness for 
various times before fixation for electron microscopy. 
For controls some non-gamma-irradiated tissue was 
fixed immediately at the time of excision; some 
gamma-irradiated tissue was fixed immediately afteI 
cessation of gamma irradiation. In all cases, the 
tissue studied was chlorenchymatous mesophyll, 
approximately 1 cm from the leaf apex. 

All tissues were fixed in 3% glutaraldehyde-3% 
acrolein buffered with 0.2 M sodium cacodylate. 
Aliquots were post-fixed either in 2% osmium tetrox­
ide buffered with sodium cacodylate or in 2% un­
buffered aqueous potassium permanganate. After 
dehydration in a graded series of ethanols , ma­
terials were embedded in a mixture of Araldite and 
Epon and were sectioned with a diamond knife on a 
Sorvall Ultramicrotome II. Sections were after­
stained with uranyl acetate and lead citrate and 
were viewed wi th an RCA-3D electron microscope. 

Chloroplasts of leaves fixed immediately after ir­
radiation and of unirradiated controls fixed at the 
same time appeared no different from each other. 
However, examination of irradiated and control ma­
terials fixed after two days in darkness and again 

after five days in darkness revealed differences in 
chloroplast structure. After two days in darkness, 
chloroplasts of unirradiated controls evinced some 
vacuolation of lamellar elements, some apparent 
decrease in density of matrix material, an increase 
in size and number of dense, osmiophilic granules, 
and some general degradation of entire chloroplasts, 
due probably to breakdown of portions of chloroplast 
envelopes. After five days in darkness, chloroplasts 
of unirradiated controls were virtually nonexistent, 
with only occasional traces of large vacuolated 
lamellar elements and associated dense osmiophilic 
granules. 

In marked contrast, chloroplasts of the irradiated 
leaf tissue after two days in darkness appeared 
nearly normal in structure and showed only slight 
vacuolation of lamellae and no observable difference 
in density of the matrix. After five days in darkness, 
irradiated chloroplasts in gamma-irradiated tissue 
evinced oonsiderable degradation, but not as severe 
as that in non-gamma-irradiated tissue. Although 
some vacuolate lamellae were observed, the usual 
configurations of grana and stroma lamellae were 
discernible. Matrix material, though less dense, 
was identifiable, and large portions of the chloro­
plast envelope were intact. An increase in size and 
number of dense osmiophilic granules was observ­
able, but in general, chloroplast structural integrity 
was not as markedly disrupted as in the unirradiated 
controls. 

These results confirnJ the assumption that gamma­
radiation-induced differences in chlorophyll decay 
in darkness are indeed correlated with correspond­
ing differences in loss of chloroplast integrity at the 
ultrastructural level. Since the loss. of chloroplast 
structure in darkness may be considered one aspect 
of senescence at the subcellular level, it is perhaps 
of developmental interest that this aspect of senes­
cence can be suppressed by a lethal dose of irra­
diation. These findings are consistent wi th the 
findings suggesting that at the histological level 
also senescence is developmentally programmed, as 
described in the immediately following report. 2 
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13.4 EVIDENCE FOR HISTOLOGIC 
PROGRAMMING OF SENESCENCE SEPARATE 

FROM CELL GROWTH AND DIVISION 

D. E. Foard Sarah A. Angel 
Carolyn P. Richardson 

Introduction. - The usefulness of the gamma­
plant1et (Le., a wheat seedling growing without 
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cell division after heavy gamma irradiation of the 
unsown grain) for investigations of senescence has 
been suggested in a previous report. 1 All organs of 
the gamma-plantlet are determinate; thus roots of 
gamma-p1antlets do not have the capacity to grow 
indefinitely. Typically the apical region of an un­
irradiated, normal root has the potential to elongate 
indefinitely; moreover, basal regions of roots have 
the capacity to form branch roots from the pericycle. 
Associated with the elongation of the root, as well 
as with the formation of branch roots, are mitoses 
and cell divisions in the apical region and basally 
in the pericycle.. Assuming that loss of capacity to 
make insoluble RNA is an indicator of senescence, 
in this report we describe a means to demonstrate in 
roots of gamma-p1antlets the morphologic programming 
of senescence in the absence of the cell growth and 
division that normally occur in the apical growth in 
length of parent roots and the basal growth in the 
pericycle during initiation of branch roots. We have 
exposed lower lateral seminal roots of gamma­
p1antlets of various ages to tritiated uridine for 2 hr 
and observed the pattern of incorporation into in­
soluble RNA by means of autoradiographs of serial 
sections. 

Results and Di scussion. - Two and three days 
after sowing, lower lateral seminal roots of gamma­
p1antlets (500 kilorads) were increasing in size 
throughout their lengths. The labeling pattern in 
these roots was characteristic for RNA with 100% 
of the cells labeled, heavy nucleolar labeling, and 
cytoplasmic labeling. Four and five days after 
sowing, roots were still growing in length, although 
the most basal cells had stopped growing or were 
growing very slowly. Incorporation of the labeled 
uridine into insoluble RNA in these roots was found 
in all cells except the outermost root-cap cells and 
the most basal epidermis, cortical parenchyma, and 
vascular tissue. The only labeled cells in the most 
basal part of the roots were in the pericycle, the 
tissue in which branch roots are initiated. By 11 
days after sowing, lower lateral seminal roots had 
stopped growing. Labeled cells occurred in the 

most proximal layer of the root cap and in all the 
parenchymatous cells of the apical 200 to 300 p. of 
the root proper. Basal to this apical zone, labeled 
cells occurred only in the pericycle, extending some 
200 to 300 p.. In roots of gamma-p1antlets 21 days 
after sowing, all parenchymatous cells of the apical 
100 to 200 p. were labeled. Labeled cells in the 
pericycle may occur 100 to 400 p. basal to the labeled 
apical zone. By 27 days after sowing, roots of 
gamma-p1antlets may have some labeled cells in the 
apical 100 p. of the root proper; some roots at this 
time are unlabeled. 

These results show that histologic differences in 
senescence within the gamma-p1antlet root parallel 
histologic differences in development within the 
normal, unirradiated root. Thus regions of gamma­
p1antlet roots corresponding to those regions of un­
irradiated roots normally "programmed" to perpetuate 
development are the ones that "outlive" those regions 
normally "programmed" to cease development. These 
results are evidence for histologic programming of 
senescence separate from cell growth and cell 
division. 
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13.5 PHOTOSYNTHESIS 

W. A. Arnold 
W. F. Bertsch 
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R. M. Pearlstein 
J. B. Davidson 1 

Photosynthesis is the process in which green 
plants reduce carbon dioxide to carbohydrate and 
oxidize water to oxygen. The energy comes from 
sunlight absorbed by chlorophyll. The time scales 
relating to fluorescence of chlorophyll in vivo, 10- 9 

sec, and to steady-state turnover time of the enzy­
matic systems, 10- 2 sec, are seven orders of mag­
nitude apart. This means that although the excita­
tion energy was no longer freely able to excite 
chlorophyll within 10- 9 sec after the initial absorp­
tion act, this energy did not appear as stabilized 
chemical products unti11O- 2 sec after absorption. 
It follows that in the intermediate time range there 
is a storage of energy in metastable forms. We have 
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developed several methods of studying this energy 
storage by measuring reemission of light from plants 
and plant fragments. The reemission is due to low­
yield reexcitation of chlorophyll by the metastable 
stored energy. Work with mutant algae has shown 
that the reemission of light is due to energy storage 
by that part of the photosynthetic apparatus which 
has been defined as photoreaction II, the oxygen­
evolving photoreaction. 

Delayed Light Studies on Chloroplasts. 2 - The de­
layed light emission from angiosperm chloroplasts in 
the presence and absence of hydrogen acceptors has 
been measured from 1 to 20 X 10- 3 sec after the 
centers of repeating flashes of exciting light. These 
experiments allow study of the interaction between 
energy storage and activation of the electron trans­
port enzymes associated with photoreaction II at 
times earlier than the turnover time of the enzymes. 

Extraction of chloroplasts from leaves resulted in 
millisecond dark decay kinetics which were very 
slow. These flat decay curves were quite unlike 
those observed in whole leaves or in whole algal 
cells, but resembled the decay kinetics previously 
observed from cells poisoned with DCMU 3 or from 
cells in which photoreaction I was nonfunctional 
due to mutation. Activation of noncyclic electron 
transport in chloroplasts by either K

4
Fe(CN) 6' 

NADP/ FD, DCPIP , or methyl viologen (pseudocyclic) 
resulted in increased intensity of emission at 1 msec 
and in more rapid dark decay of the emission, so 
that the shape of decay curves from activated 
chloroplasts approached that from whole leaves. 

Heating of chloroplasts to 50° C for 5 min was 
shown to destroy the Hill-reaction capacity of 
photoreaction II without affecting the ability of 
photoreaction I to reduce NADP in the presence of 
FD with reduced DCPIP as the electron donor. 
These chloroplasts did not emit delayed light. 
This result confirms for angiosperms the earlier 
conclusion that algae emit delayed light due to en­
ergy storage by photoreaction II. This conclusion 
is strengthened by two other observations with 
chloroplasts. First, concentrations of DCMU which 
eliminated the Hill reaction had only a small effect 
on the millisecond emission in the absence of hydro­
gen acceptors, but eliminated the effect of adding 
the hydrogen acceptors. Second, only a small ef-
fect was noted on delayed light due to activation of 
cyclic electron transport by PMS or pyocyanine, both 
of which are cofactors of a cyclic phosphorylation 
which utilizes very little energy from photoreaction II. 

We interpret these results in terms of modulation 
of energy storage by photoreaction II , due to acti va­
tion of enzymatic electron transport in a two-photore­
action scheme. Activation of the enzymatic steps 
results in a transient increase in the energy which 
is stored at times somewhat faster than the turnover 
time of the enzymes and also results in more rapid 
utilization of this stored energy during the times 
that the enzymes are functioning. The increase in 
energy storage can be explained in terms of an 
electron-hole picture of the energy handling 
processes at the reaction center of photoreaction II. 
Acceptance of a reducing equivalent by an enzymatic 
process would result in a mobile hole being left in 
the reaction center; acceptance of an oxidizing 
equivalent by a different enzymatic process (spatially 
separated from the first) would leave a mobile elec­
tron in the reaction center. Thus activation of enzy­
matic acceptors would result in additional energy 
storage in the chlorophyll system, and this additional 
energy storage would persist until the charge which 
was left in the pigment system could be accepted by 
the proper enzymes. Delayed light emission would 
result from reexcitation of chlorophyll due to occa­
sional charge recombination on occupation of a single 
chlorophyll molecule by both an electron and a hole. 

Demonstration of the Biphotonic Nature of Delayed 

Light Emission from Whole Algal Cells. - The elec­
tron-hole hypothesis given above to explain the 
transient increase in energy storage due to acti va­
tion of the enzymatic reactions of photoreaction II 
would also require that two different sites in the 
reaction center be energized before delayed light 
emission could take place. Thus both the delayed 
light emission and the evolution of oxygen should 
require two absorption acts in photoreaction II. We 
have found that the intensity of delayed light at 
10- 1 sec from cells previously kept in darkness 
varies as the square of the exciting light given as a 
flash. Joliot has given evidence that oxygen evolu­
tion, from cells similarly kept in darkness, requires 
two absorption acts in photoreaction II. 

Energy Storage at Low Temperature. - Algal cells 
frozen to -196° C are able to store energy from a 
single flash of light, as shown by the reemission of 
light on heating the cells to 100° C. Such frozen 
cells also emit delayed light while in the frozen 
condition. The electron-hole picture predicts that 
the delayed light should not be emitted from frozen 
cells after the reaction centers are completely en­
ergized, since the enzymatic acceptors would be 
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nonfunctional and there would be no way for addi­
tional charge to be formed in the chlorophyll system. 
We have found that the delayed emission from frozen 
cells does die away after the first few flashes of 
exciting light. Furthermore, the light emission on 
heating shows that such cells were indeed charged. 

Excitation of in Vivo Chlorophyll Fluorescence by 
Beta Particles. - It is clear that there is a need to 
study energy storage at times in the range of the 
lifetime of the in vivo singlet state of chlorophyll 
(10- 9 sec), since we have no information at all 
about the nature of the storage mechanism which 
first accepts energy from the excited singlet. A 
first step in this direction would be to determine 
when the decay of fluorescence becomes nonexpo­
nential, and to determine what factors affect the 
kinetics of fluorescence decay. Since sufficiently 
short light flashes are not available, it is proposed 
to excite the chlorophyll by beta particles. Prelimi­
nary results on leaf plugs excited with a 147Pm beta 
source indicate that light emission from plants may 

be excited by beta particles. The emission shows 
the spectral characteristics of chlorophyll fluores­
cence. It is hoped to develop this experiment in 
order to study the decay characteristics of in vivo 
chlorophyll fluorescence. 
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14.1 FREEZING OF ESCHERICHIA COLI 

Peter Mazur Janice J. Schmidt 

The initial experiments reported previously 1 have 
been extended. Stationary phase cells of E. coli 
B/ r ORNL were washed and suspended in 0.006 M 
phosphate buffer, distilled water, or 0.006 M NaCI, 
cooled to -196°C at rates ranging from 14 to 
4200 0C/ min, and warmed slowly (1 °C/ min) or rap­
idly (1000 to 35,000 °C/ min). The chief results are 
summarized in Fig. 14. 1.1. 

Cells in Buffer or Water. -
1. As the cooling velocity was increased, sur­

vival rose to a maximum with cooling at 38°C/ min 
and then dropped to a minimum at 560°C/ min. A 
still higher cooling velocity (4200 °C/ min) produced 
no further shift in survival when warming was slow 
but yielded higher survival (72%) when warming was 
rapid. This higher survival could have been due to 
the fact that" rapid" warming in this case was 30 
times higher (35,000 °C/ min) than in the case of the 
samples cooled at 14, 38, or 5600C/ min, which 
warmed at 10000C/ min. The difference came about 
because the sample containers in the former case 
were thin capillary tubes. 

2. Rapid warming yielded higher survival than 
did slow warming, and the difference became greater 
with higher cooling velocities. 
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warming was lOOOo C/ min except for the two points 

labeled UR, where it was 35,OOOo C/ min. 
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3. These results are quite analogous to those ob­
tained with yeast, 2 and we hypothesize that the same 
factors were involved; namely, slow cooling at 14°C/ 
min produces slightly lower survivals than cooling at 
38 °C/ min because it produces a longer exposure to 
the solutes that are concentrating during freezing. 
Increasing the cooling velocity shortens the expo­
sure time, and hence survi val rises. But when the 
cooling velocity rises above 38 °C/ min this bene­
ficial effect of more rapid cooling is counteracted 
by the appearance of intracellular ice. The se­
quence of ultrarapid cooling and ultra rapid warming 
produces high survival, because it keeps the intra­
cellular ice crystals from becoming injuriously 
large. 

4. The results differ from yeast in two important 
respects: (a) The cooling velocity for optimum sur­
vival occurs between 38 and 560°C/ min, whereas 
in yeast it occurs between 1 and 10 °C/ min. This 
was predicted because of the higher surface-to­
volume ratio in E. coli. 3 (b) Some 30% of E. coli 
cells survive rapid cooling at 560 to 4200 °C/ min 
and slow warming, whereas only 10- 6% of yeast 
survive comparable treatment. The basis for the 
greater resistance of E. coli remains to be deter­
mined. 

Cells in Saline. - Cells suspended in 0.006 M 
NaCl responded entirely differently to freezing. 
The simplest explanation is that E. coli is sen­
sitive to concentrated solutions of sodium chloride. 
Thus, the longer the time they spend between 0 and 
-21°C (the eutectic point for NaCl solutions), the 
lower the survival. The exposure time is greatest 
when both cooling and warming are slow; it is min­
imal when both are rapid. This sensitivity to sus­
pending media containing NaCl has been noted by 
others,3 but its basis is unknown. 
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14.2 FREEZING OF BACTERIOPHAGE T4B 

S. P. Leibo Peter Mazur 

One of the following physical-chemical changes is 
undoubtedly responsible for the inactivation observed 
in frozen-thawed suspensions of bacteriophage T4B: 
(1) the temperature decreases, (2) ice crystals form, 
(3) liquid water is removed, (4) solutes are concen­
trated, (5) sal t crystals form, or (6) interactions of 
the above changes occur. To distinguish between 
them, phage T4B suspended in water or various salt 
solutions has been cooled and warmed at controlled 
rates from subzero temperatures . The following con­
clusions may be drawn from recent results. 

1. Decreased temperature by itself does not in­
activate phage. As long as the suspension does not 
freeze, 100% of T4B in distilled water survives cool­
ing and warming from -15°C, and 100% of T4B in 
5.2 m N aCl survi ves cooling and warmin g from 
-40°C. 

2. Ice crystal formation does not necessarily in­
activate T4B. Approximately 95% of T4B suspended 
in 0.00052 m N aCl survi ves cooling at about I °C/ 
min and subsequent warming at the same rate from 
temperatures as low as -76°C. In this case, ice 
crystals are visibly present and the entire suspen­
sion must be frozen. 

3. The removal of 99.999% of liquid water of the 
whole suspension by freezing does not inactivate 
phage. More than 85% of T4B suspended in 0.00052 
to 5.2 m N aCl solutions survives rapid cooling and 
slow warming from - 20°C, a temperature slightly 
above the eutectic point of aqueous NaCl solutions. 
Although the concentration of a solution is constant 
at a given temperature, at temperatures above the 
eutectic point the ratio of unfrozen to frozen is a 
function of the initial concentration of the solution. 
We observe that phage survival is essentially inde­
pendent of that ratio, at least to the point at which 
only 0.001% of the volume of the entire suspension 
remains unfrozen. 

4. Concentrated solutes do not inactivate phage 
T4B. The phage is completely stable in 1.15 m 
KN0 3, 3.0 m LiCl and MgS0

4
, 3.3 m KCl, 4.6 m 

NH 4 Cl, and 5.2 m N aCI. As Ion g as neither salt 
crystals nor ice crystals are present, this state­
ment is true in all cases at 25 °C, and is also true 
between room temperature and _10 °C (KNO ), 

3 
- 20 °C (KCl), and - 30 °C (NaCl). 
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5. The formation of salt crystals as water is re­
moved as ice from a phage suspension may be re­
sponsible for the inactivation of T4B. Mazur l • 2 

has observed by means of electrical resistance 
measurements that liquid is present in frozen salt 
solutions at temperatures almost lO oC below the 
eutectic point, a temperature at which complete 
solidification of sal t and water should theoretically 
be observed. The discrepancy is due to super­
saturation. We find that T4B suspended in eutectic 
concentrations of KN0

3
, KCI, and NaCI is com­

pletely stable at subzero temperatures approximately 
BOC below the eutectic point of the solution, even in 
the presence of ice, but that more than 90% of the 
phage is inactivated when exposed to temperatures 
lO oC or more below the eutectic point. This is so 
regardless of the cooling or warming rates. In other 
words, the phage are inactivated only when complete 
solidification of the dissolved salt has occurred. 
Moreover, decreasing the proportion of salt crystals 
in a frozen suspension by decreasing the initial 
concentration of the salt results in increased phage 
survival. This is shown by the results in Fig. 
14.2.1. The inactivation of phage under these con­
ditions may result from a competition for "bound 
water" between the salt and the phage or from an 
incompatibility between the structure of water 
ordered by the salt and that ordered by the phage. 
This suggestion is currently under investigation. 3 
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14.3 CORRELATION BETWEEN WATER 
ACTIVITY AND SURVIVAL OF 

BACTERIOPHAGE T4B 

S. P. Leibo Peter Mazur 

In the course of several experiments, we observed 
that bacteriophage T4B was inexplicably inactivated 
when suspended in concentrated solutions of some 
salts but not in others. By plotting phage survival 
as a function of the osmotic coefficients of the var­
ious solutions, a correlation became apparent. Ex-
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tending this analysis, we plotted phage survival as 
a function of the water activity of the solutions, 
calculated from the expression 

where a
w 

is water activity , v is the number of ions 
per molecule of electrolyte, m is molality, M w is 
the molecular weight of water, and ¢ is the osmotic 
coefficient. The results in Fig. 14.3.1 show that 
phage T4B is completely inactivated when sus­
pended in salt solutions whose water activity is 
less than 0.72, but is completely stable in solu­
tions whose water activity is greater than about 
O.BO. Although T4B is also inactivated when sus­
pended in 6.60 m NaBr and 4.26 m NaI, calculated 
water activities for these solutions are not included 
since corresponding osmotic coefficients are not 
available. However, a comparison of phage survival 
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and the water activities of these two solutions, es­
timated by extrapolation, indicates that the corre­
lation also holds for them. 

Survival of the phage is independent of salt con­
centration, ionic strength, and the indi vidual ions 
in solution, since T4B survives suspension in 
3.0 m LiCI, 5.2 m NaCI, 6 .0 m CsCI, and 3.0 m 
MgSO 4 but does not survive suspension in 6.0 m 
LiCI, 3.8 m CaCI

2
, and 3.0 m MgCl

2 
in addition 

to solutions of N aBr and N aI. Interpretation of 
these results must await further study. 
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14.4 SURVIVAL OF SUPERCOOLED YEAST 

Peter Mazur Janice J. Schmidt 
Margaret R. Kasschau 

Fewer than 1 yeast cell in 100 million survives 
the sequence of cooling at rates above lOO oC/ min 
to below - 60 °C and slow warming at 1°C/ min. 
The death of the majority has been shown to be due 
to the formation of intracellular ice. 1 However, 
even when cooling is low enough to preclude intra­
cellular freezing (1 °C/min), 50% of the cells are 
still killed below -30°C. The possible causes of 
the death of this 50% are: (1) Death is the result 
of a lowering in temperature. (2) Death is the re­
sult of ice formation and the concomitant concen­
tration of solutes. (3) Death is a result of the in­
teraction of ice formation and reduced temperature. 

Ice formation itself has several consequences: 
It subjects the cells to the forces resulting from 
the phase transition (e.g., pressure and shear); 
it removes water from the cells by depositing it 
as ice; it, therefore, concentrates all solutes and 
decreases the spatial separation of macromole­
cules. Finally, if the temperature drops sufficiently 
low, ice formation eventually results in the precipi­
tation of all cell solutes. 

It is difficult to unravel the effects of these 
factors and the effect of temperature during the 
freezing of solutions (including protoplasm) be­
cause a partially frozen solution has only one 
degree of freedom at constant pressure. Specifying 
the temperature, for example, determines the solute 
concentration and vice versa. This restriction is 
removed in supercooled solutions. The present 
study is concerned, therefore, with determining the 
effects of temperature and solute con! ,tration on 
the survival of supercooled suspensions of yeast. 

Method. - Cells of Saccharomyces cerevisiae were 
suspended in distilled deionized water or in 2 M 
NaCI solutions. Before use, the suspending media 
were filtered through 0.45-fl Millipore filters. Small 
samples of the suspension (0.02 ml) were transferred 
by syringe to glass tubes and cooled at about l°C/ 
min to -18 to - 20CC. With proper precautions, ap­
proximately half of the samples remained super­
cooled at these temperatures. After 10 min, the 
samples were warmed slowly at 1°C/min and their 
cell survival determined by plate count assay. 



Results. - Preliminary results indicate that the 
survival of the cells in supercooled suspension re­
mains close to 100% relative to room-temperature 
controls. However, inters ample variability has 
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been too high to permit a definitive statement about 
absence of injury. The survival in suspensions that 
froze at -18 to - 20 De was 1% or less. 
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15.1 NUCLEOSIDE SEQUENCES 
IN TRANSF ER RNA 

Identification of Rare Nucleotides (Mayo Uziel, 
Chongkun Koh). - The rapid cation exchange anal­
ysis scheme for nuc1eosides has been improved 
with a new resin (BioRad A-6 in place of Amberlite 
CG 120, III, or Beckman AA-27) to permit detec­
tion, by separation, of pseudouridine, uridine, ribo­
thymidine, inosine, 4-thiouridine, guanosine, N­
dimethylguanosine, adenosine, cytidine, N-dimeth­
yladenosine, 1-methylguanosine, and 7-methyl­
guanosine, in that order. Several of these did not 
separate quantitatively in the previous scheme, 
which took about 1 hr. The present, more complete 
analysis requires 6 hr, largely because of the 
strong affinity for the cation exchanger of those 
nucleosides following cytidine. The bases of the 
major nucleosides, if present, also separate in the 
new scheme. However, some of the rare nucleo­
sides (N 6-methyladenosine, N 2-methylguanosine, 
and 3-methylcytidine) are not separated from the 
major nucleosides. 

The application of this higher resolution system 
to nucleoside mixtures derived from alkaline or 
enzymic hydrolysates of yeast or E. coli tRNA 
showed at least 17 different components. 

Dihydrouridine, a component of tRNA that does 
not absorb uv light in the usual (240 to 300 mil) 
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range, must be detected by other means. A col­
orimetric test for ureido compounds, with an ex­
tinction coefficient of 9100, has been modified for 
use with tRNA. Yeast and E. coli tRNA's give 
values by this new test of 3.7 and 1.6 residues, 
respectively. per tRNA molecule. 

Sequences in tRNAPhe (E. coli) (Mayo Uziel, 
H. G. Gassen, A. Jeannine Bandy). - In addition 
to the T1 RNase (from Takadiastase) hydrolysates 
analyzed previously, we have begun the analysis 
of the RNase I (pancreatic ribonuclease) fragmenta­
tion of tRNA P h e (E. coli). The number of bonds 
cleaved, measured in a pH-stat, is 29 ± 2, as ex­
pected on the basis of previous analyses. The 
largest fragment isolated appears to be a hexanu­
cleotide of composition (G 3' A 2)U, The dinucleo­
tides AC, GC , and GU have been identified. 

15.2 OLIGONUCLEOTIDE INTERACTIONS 

S. K. Niyogi 

The interactions between nucleic acid materials 
are being studied in simplified systems in which 
one component is a synthetic oligo- or polynucleo­
tide. The interaction of adenine oligonucleotides 
with polyuridylic acid (oligo A plus poly U) has 
been investigated 1 by measuring the temperature 



at which the complex, absorbed on a hydroxylap­
atite column, releases the oligo A. This "melt­
ing" temperature is directly proportional to the 
chain length of the oligo A. Magnesium ion in­
creases the "melting" (elution) temperature; there­
fore it increases the stability of the oligo A· poly 
U complex. From the proportionality between 
chain length and elution temperature, the melting 
temperatures of poly A· poly U in the presence and 
absence of Mg2 + can be estimated. 

We have also sought to determine the minimum 
number of nucleotides required to form a specific, 
stable complex. 2 RNA synthesized in vitro on a 
T4 or T7 phage DNA template by RNA polymerase 
was degraded with T1 RNase (from Takadiastase) 
and fractionated according to chain length. The 
fractions were then annealed to denatured T4 or 
T7 DNA that had been immobilized on a nitrocel­
lulose filter, and the complex was digested with 
RNase . A chain length of 10 or more was required 
to form a complex resistant to RNase, under the 
optimum conditions. The shortest oligonucleotides 
forming complexes did so with considerable species 
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specificity; that is, T4-produced oligonucleotides 
complexed with T4 DNA only. A considerable 
degree of homology was observed between T3 and 
T7 and between T2 and T4 phage DNA's in that 
oligonucleotides produced by T7 would bind to T3 

but not to T4 or T2, etc. Homology is known to be 
greater between two odds or two evens in contra­
distinction to an odd and an even phage DNA. 

The stability of such homologous oligoribonu­
c1eotide-denatured DNA complexes has been inves­
tigated by the release of the oligoribo compound 
from the DNA-filter as a function of temperature. 
The "melting" temperature increased with the 
chain length of the oligo and also showed a de­
pendence on its base composition. 
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16.1 PURIFICATION OF T2 MESSENGER RNA 

Elliot Volkin W. S. Riggsby 

Our early experiments with chloramphenicol re­
vealed an interesting facet of the synthesis of mes­
senger RNA, that is, that the prevention of protein 
synthesis blocks the turnover of messenger RNA. 
We are presently attempting to exploit this phenom­
enon for the purpose of accumulating and preparing 
relatively large quantities of T2-specific mes­
senger RNA's. The addition of chloramphenicol 
some 6 min after infection with T2 allows the syn­
thesis, without noticeable degradation, of some T2 
messenger RNA but also allows the continued and 
vigorous synthesis of T2 DNA. By inserting an 
inhibitor of DNA synthesis (S-fluorodeoxyuridine) 
simultaneously with the addition of chloramphen-
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icol, we can eliminate this source of massive com­
petition for nucleic acid precursors and accumulate 
large amounts of what appears to be T2-specific 
messenger RNA (labeled "F" RNA). The "F" 
RNA has a gross nucleotide composition similar 
to the T2 DNA. It is of interest that the extent of 
isotope incorporated into RNA in these experiments 
is the same order of magnitude as that calculated 
from a T2-infected, uninhibited culture had there 
been no turnover of the messenger RNA. Hybrid­
ization experiments confirm that much, if not all, 
of the accumulated, labeled RNA anneals specif­
ically to denatured T2 DNA. 

"F" RNA was fractionated on a cellulose column 
using an ethanol-buffer gradient. RNA fractions 
obtained in this manner were tested for their abil­
ity to hybridize with T2 DNA immobilized on nitro­
cellulose disks. The amount of labeled RNA 



which would bind to an excess of DNA varied from 
about S% to about 40% among the cellulose column 
fractions. Those fractions which contained a high 
proportion of hybridizable label yielded saturation 
curves when high RNA/ DNA ratios were used in 
the hybridization mixtures. The less efficient 
fractions did not yield saturation plateaus even 
with RNA/ DNA ratios of 300 to 400. When pla­
teaus are obtained, they represent hybridization of 
40 to SO% of the immobilized DNA. 

Unfractionated and partially fractionated "F" 
RNA preparations were further purified by adsorp­
tion to and elution from columns of DNA bound to 
nitrocellulose powder. More than 80% of this 
purified RNA is hybridizable with excess DNA on 
disks. The large capacity and relative simplicity 
of the column fractionation technique, together 
with the large amount of labeled RNA produced by 
the method described, may make possible the isola­
tion of large amounts of genetically specific RNA. 

16.2 REPAI R OF PARENTAL T5 
BACTERIOPHAGE DNA AFTER INFECTION 

OF ESCHERICHIA COLI 

R. K. Fujimura Elliot Volkin 

Meselson 1 has presented evidence that, in the 
case of ,\ phage, recombination occurs by breakage 
and reunion without DNA replication, but he has 
some indication that new synthesis of polynucleo­
tide may be necessary to join the breaks. The 
length of newly synthesized polynucleotide is 
probably short and should have little, if any, effect 
on the density of DNA. TS has a higher recombi­
nation frequency than ,\ phage, and the DNA is not 
glucosylated as are the T -even phages; thus TS 
may be a better subject for biochemical investiga­
tion than either ,\ phage or the T -even phages. We 
have looked for the repair of parental DNA in TS­
infected cells and its possible involvement in re­
combination of DNA molecules. For this purpose 
we used a TS mutant (TSts S3) which produces a 
temperature-sensitive DNA polymerase. A culture 
of E. coli F was grown in a medium containing 
32p and BUdR and shifted to a higher temperature 
just before infection with TS. All 32P-Iabeled E. 
coli and newly synthesized TS DNA, if any, will 
be labeled with BUdR, and thus denser than infect­
ing parental TS DNA. Under these conditions a 
low but significant amount of 32p incorporation 
into parental TS DNA has occurred that could be 
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identified after recentrifugation of parental DNA 
band in an alkaline CsCI density gradient. This 
should be due to repair of DNA probably without 
using the TS DNA polymerase. According to 
Abelson and Thomas, 2 however, there are natural 
nicks in TS DNA which are repaired upon infection 
of bacteria. Thus the 32p incorporation observed 
may be the repair of these nicks, but the nicks, in 
turn, may be the "hot spots" of recombination ob­
served by Fattig and Lanni. 3 

Another possible explanation is that the 32p_ 
labeled material is the E. coli DNA. This is still 
being investigated even though E. coli DNA is ex­
tensively degraded in the infected system. 
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16.3 AN ENDONUCLEASE FROM T2-INFECTED 
ESCHERICHIA COLI 

C. G. Mead 

In the course of purification of the oligodeoxy­
ribonucleotide transferase system from extracts of 
T2-infected E. coli cells , a DNA endonuclease 
activity has consistently been detected after each 
step in the purification procedure. After step 4, 
the elution from hydroxylapatite, no detectable 
exonuclease activity is present whereas the endo­
nuclease activity remains. Some of the properties 
of this activity have been examined by following 
the reaction by means of sucrose density gradient 
centrifugation using labeled native T2 DNA as a 
substrate. The endonuclease has no heavy-metal 
requirement and is thus distinct from endonuclease 
I of E. coli. 1 ATP is not required as it is in the 
oligodeoxyribonucleotide transferase reaction. The 
most interesting property of this enzyme is with 
respect to its product. With time of incubation the 
product appears as a distinct slower-sedimenting 
band in a sucrose density gradient and is quite 
distinct from the sedimentation profile of the sub­
strate DNA. Furthermore, there appears to be a 
lack of intermediate-sized pieces at early times of 
incubation or smaller-sized pieces after extended 



incubation with the enzyme. Further work is in 
progress on characterizing this endonuclease ac­
tivity and to determine whether it is involved in 
the oligodeoxyribonucleotide transferase reaction. 

References 

II. R. L.ehman, G. G. Roussos, and E. A. Pratt, 
]. BioI. Chern. 237, 819 (1962). 

16.4 MITOCHONDRIAL SPECIFIC TRANSFER 
RNA'S AND AMINOACYL-RNA SYNTHETASES 

W.E.Barnett 
J. L. Epler 

D. H. Brown i 

Diane J. Goins 

Neurospora mitochondria have been isolated by 
sucrose gradient zonal centrifugation and analyzed 
for the presence of transfer RNA's (tRNA's) and 
amino acyl-RNA synthetases. The following ob­
servations have been made: (1) Mitochondria 
contain tRNA's and synthetases for all 19 amino 
acids tested; (2) the mitochondrial aspartyl-, phe­
nylalanyl-, and leucyl-RNA synthetases were found 
to be distinct from those found in the cytoplasm on 
the basis of chromatographic properties and spec­
ificities in acylation, that is, mitochondrial syn­
thetases acylate mitochondrial tRNA's but not 
those from the cytoplasm; and (3) the mitochondrial 
aspartic acid, phenylalanine, and leucine tRNA's 
were also found to be distinct from those found in 
the cytoplasm. 

We are currently examining in detail the mito­
chondrial synthetases and tRNA's for other amino 
acids in order to ascertain whether, as the results 
obtained so far indicate, all of the tRNA's and 
synthetases present in mitochondria are unique to 
this organelle. 
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16.5 TH E USE OF TH E CETYL TRIM ETHYL­
AMMONIUM CATION IN NUCLEOTIDE 

SEQUENCE ANALYSES 

J. X. Khym Mayo Uziel i 

A terminal nucleoside of a polyribonucleotide 
releases its purine or pyrimidine base through re­
action of the nucleoside with period ate in the 
presence of an amine. After such a reaction the 
polyribonucleotide now contains a 3 ' -terminal 
phosphate group. Treatment of this 3 ' -phospho­
monoester end group with alkaline phosphatase 
yields a compound having a new terminal nucle­
oside. By repeating the reactions in a cycle, the 
base sequence of a polyribonucleotide can be de­
termined. Neu and Heppel have determined opti­
mum conditions for this stepwise cleavage reaction 
involving the release of a terminal base. 2 

Our aim is to use this method in sequence studies 
on transfer ribonucleic acid (tRNA). In higher­
molecular-weight polyribonucleotides such as 
tRNA, the separation of the parent product from its 
released base involves several complicated manip­
ulations. We have been investigating the use of 
the cetyltrimethylammonium (CT A) cation to sim­
plify this step in the procedure. 

The CT A salt of tRN A is soluble in 1 M chloride 
solutions and insoluble in 0.2 M chloride solutions. 
This is the property that is being used to separate 
quantitatively the parent product from its released 
terminal base in the stepwise degradation proce­
dure. The following is a typical example of this 
method now being developed. After incubation at 
46° in 1 M lysine monochloride-O.Os M NaIO <4 at 
pH 8.0, the CTA salt of tRNA is precipitated by 
the addition of water. After a few minutes of 
centrifugation, the terminal base is recovered in 
the supernatant fluid. The parent product, now 
containing a 3 ' -terminal phosphate group, is dis­
solved in 1 M lysine monochloride at pH 8.5 and 
is then treated with alkaline phosphatase. After a 
short incubation period, the tRNA-CTA salt is 



again recovered by dilution with water. The cycle 
is repeated by dissolving the precipitate in the 
lysine-IO 4 - solution, which liberates a new ter­
minal base. Standard analytical methods are being 
modified to give quantitative data on the extent of 
the release of terminal base in each cycle. 
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16.6 BIOSYNTHESIS OF ADENINE 
DERIVATIVES BY NAUPLII 

OF ARTEM/A SALINA 

F. J. Finamore Rose P. Feldman 

Introduction. - Recently 1 we have found that 
nauplii of the brine shrimp, Attemia salina, are 
incapable of synthesizing purines de novo, but, 
as differentiation proceeds, total adenine in­
creases at the expense of total guanine. Further­
more, pi ,p" -diguanosine tetraphosphate appears 
to serve as a direct precursor of ATP, with its 
guanine moiety being converted to adenine in the 
transition. 

To gain further insight into the mechanics of the 
conversion of guanine to adenine, we have exposed 
nauplii to a variety of purine derivatives labeled 
with 14C and have measured their conversion to 
adenine. 

Methods. - Nauplii obtained under sterile condi­
tions were placed in small covered dishes which 
contained 5 ml of sterile artificial seawater and 
either 4-amino-5-imidazole carboxamide- 14C (spe­
cific activity 23 mc/millimole), 14C-xanthosine 
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5' -phosphate (specific activity 30.6 mc/ millimole), 
14C-inosine 5 '-phosphate (specific activity 30 
mc/ millimole), or HC-guanosine 5 ' -phosphate 
(specific activity 42 mc / millimole) was added to a 
final concentration of 2 Ilc per milliliter of incuba­
tion medium. After incubation at 30° for 4 hr the 
nauplii were collected, washed, and the acid­
soluble fraction prepared. Free purines were ob­
tained from this fraction by acid hydrolysis and 
were separated by column chromatography using 
Dowex 50-H +. 

Results and Di scu ssion. - Our preliminary 
investigations indicate that the above precursors 
are converted to adenine in the following relative 
order of effectiveness: 

IMP » GMP » XMP 

= 4-amino-5-imidazole carboxamide . 

The results suggest that, in the conversion of 
guanine to adenine, hypoxanthine may be an inter­
mediate and that a reductase similar to that dis­
covered by Mager and Magasanik 2 may be active 
in converting guanine to hypoxanthine. Further­
more, the fact that hypoxanthine is readily con­
verted to adenine indicates that adenylosuccinase 
is functional in the nauplii. 

We are currently engaged in a search for both 
adenylosuccinase and GMP reductase in the nau­
plii and are attempting to determine the entire 
sequence and metabolic regulation ih the conver­
sion of guanine to adenine. 
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17.1 CHEMICAL PROTECTION 

D. G. Doherty Margaret A. Turner 

We have been interested in the mechanism of 
action of the naturally occurring sulfhydryl peptide 
L-glutathione. In order to determine whether any 
enzyme mechanisms or specific surface binding 
steps were involved in either its radiation pro­
tective activity or its ability to detoxify other 
sulfhydryl compounds, we have synthesized the 
other optical isomers of glutathione, for example, 
y-D ·glutamyl-L-cysteinylglycine, y-D-glutamyl-D­
cysteinylglycine, y-L-glutamyl-D-cysteinylglycine , 
and the alpha peptide L-isoglutathione. All of 
these peptides were equivalent in radiation pro­
tective activity to L-glutathione when injected 
intraperitoneally into BC3F 1 mice 15 min prior to 
a lethal (900 r) dose of x radiation. Their detoxi­
fication activity with other sulfhydryl compounds 
was also the same as glutathione. Thus it seems 
that glutathione is acting as a nonspecific sulf­
hydryl compound, as none of the isomers would 
have the same binding properties on either cell or 
enzyme surfaces. 

17.2 GLYOXALASE I 

D. G. Doherty Margaret A. Turner 

Although widely present in biological systems, 
the role of glutathione in physiological processes 

Margaret A. Turner 
W. A. White B 

is still relatively obscure. It has been definitely 
implicated as a coenzyme in four and possibly 
in two additional enzyme systems. In these its 
chemical properties of reaction with a carbonyl or 
olefinic group are involved, and its most striking 
property of oxidizability is of no importance. In 
order to further examine glutathione's role as a 
coenzyme we have chosen to investigate the 
glyoxalase I system. The glutathione optical 
isomers that were prepared for radiation protection 
studies are particularly suitable for this purpose. 
All of the glutathione isomers formed hemimercap­
tals with the substrate for glyoxalase I - for ex­
ample, methylglyoxal. However, in the presence 
of the enzyme only L-gluthione and y-D-glutamyl­
L-cysteinylglycine gave rise to the formation of 
the thiol ester lactoyl glutathione. The y-D-D and 
L-D isomers were totally inactive, as was , con­
trary to a previous report, the alpha isomer L-iso­
glutathione. The rate with the D-L isomer was 
approximately 60% of that with glutathione. Thus 
it seems that the L-cysteine configuration is es­
sential for 'the glutathione peptides to function as 
a coenzyme. Kinetic and inhibition studies are 
currently in progress to determine the nature of 
this binding to the enzyme and gain some insight 
as to the active center of glyoxalase I. 
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18.1 COMPARISON OF MITOCHONDRIAL 
AND CYTOPLASMIC tRNA 

FROM NEUROSPORA CRASSA 

D. H. Brown G. David Novelli 
W. E. Barnett 1 

Introduction. - This is a continuing investiga­
tion to determine whether mitochondria have a 
system for synthesizing protein that is completely 
independent of the cytoplasmic system. In a pre-

Participation in Cooperative Programs: 
AEC-NIH Chemical Carcinogenesis (22.2-22.7) 

eVisiting investigator from abroad 

[Temporary 

IlStudent trainee 

hChemical Technology Division, Oak Ridge National 
Laboratory 

vious report 2 we described a method for the large­
scale preparation of mitochondria from Neurospora 

crassa and of the isolation of RNA from the mito­
chondria. We use aminoacyl RNA synthetases 
from mitochondria and from the cytoplasm to amino­
acylate their respective tRNA 's. 3 The two species 
of tRNA are charged with the same amino acid but 
with a different radioactive label. The two sam­
ples of charged tRNA are mixed and cochromato­
graphed on the reverse-phase column developed by 
Kelmers et a1. 4 
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Results. - To date we have examined leucine 
tRNA with this procedure. The results indicate 
that of the five leucyl-tRNA's obtained from a 
whole-cell preparation, two species are cytoplas­
mic in origin and three species are mitochondrial. 
The salt gradient used (0.4 to 0.7 M NaCl) resulted 
in the complete separation of the cytoplasmic 
leucyl-tRNA from the mitochondrial leucyl-tRNA. 

We intend to systematically explore the possible 
differences in the other specific tRNA's with this 
method. 
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18.2 BIOCHEMICAL PROCESSING. 
LARGE-SCALE FERMENTATION 

E. F. Phares Mary V. Long 
G. David Novelli 

The major activity with the large fermentation 
system has continued to be E. coli production for 
the joint tRNA project. One approach to circum­
venting phage infection in the extremely sensitive 
E. coli B was to employ batch fermentation on a 
two-shift-per-day basis . This method allowed re­
duced manpower and took advantage of the high 
cell concentrations possible in the system. In 
one particular run, a yield of 63 g of wet cells per 
liter was obtained in a culture which apparently 
still was in the log phase of growth. 

The production of Neurospora on the 100-gal 
scale was accomplished with excellent results. 
Compared with growth in 10-liter flasks, mycelia 
were obtained in two-thirds the time with consid­
erably higher content of mitochondria, a result 
of the excellent growth conditions in the large 
tank. A B-4 zonal ultracentrifuge (on loan from 
the Chemical Technology Division) has been set 
up in the pilot plant to aid in isolation of these 
mitochondria. 
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A scale-up of tissue culture for the L-cell proj­
ect has been carried out successfully in a modi­
fied New Brunswick 14-liter fermentor. With the 
latter as a model, a special lightweight tissue 
culture apparatus has been fabricated . 

The production operations are summarized in 
Table 18.2.1. 

18.3 STUDIES ON ANTIBODY 
BIOSYNTHESIS 

C. J. Wust 

In a previous report 1 it was postula ted that the 
synthesis of rat 7S gamma globulin (IgG) was under 
the control of at least two genetic loci, as has 
been demonstrated by others in humans and rab­
bits . The subunits of a molecule of IgG consist 
of two heavy (H) and two light (L) polypeptide 
chains of approximately 20,000 molecular weight 
for Land 50,000 for H. The proposal was sug­
gested that the translation of genetic information 
for the Land H chains was accomplished on dif­
ferent classes of ribosomal aggregates. Since 
that report, Scharff reported findings that verify 
this hypothesis. 2 We have continued the studies 
with rat IgG synthesis. 

Fraction C-2 (gamma 2 globulin) was prepared 
from rats and the subunits isolated as previously 
described. 1 Antisera to the Hand L chains were 
made in rabbits and their C-2 fractions isolated. 
This serum component was labeled with 1251 and 
used as a reagent to be added to ribosomal prep­
arations obtained from rat spleens . 3 The addition 
of 1251-labeled anti-rat globulin L chain to ribo­
somal suspensions before final isolation and wash­
ing was made. Following centrifugation of these 
ribosomes through sucrose density gradients, sam­
ples were examined for 1 251 using a Packard well­
type gamma counter. Radioactivity was found in 
the region of aggregates of five to nine ribosomes 
with the peak at six to seven. When the samples 
were examined for specific activity (counts min- 1 

OD-;;o ffip)' discrete peaks were found with a 
tendency to be shifted from the optical density 
peaks to a slightly faster sedimentation. 

The ability of 1251-labeled anti-rat L chain to 
combine with these ribosomes was determined at 
4-hr intervals after the injection of antigen (sheep 
erythrocytes) into the rats. At 8 to 12 hr after 
injection, the level of combination is about one­
third of that found in control animals and at 24 hr 
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Table 18.2.1. Summary of Cell Production 

Organism Runs 
Volume Yield 

Group 
Cell Components 

(liters) (kg of wet cells) to Be Recovered 

E. coli B 8 2400 

E. coli B 2 400 

E. coli B, T2-infected 2 600 

Photobacterium phosphoreum 3 980 

Photobacterium fischeri 2 700 

E. coli B I N 1 20 

Desulfovibrio gigas 2 800 

Neurospora crassa 4 1250 

Clostridium pasteurianum 1 400 

S. cerevisiae 200 

after injection. The latter two values were not 
significantly different. This phenomenon is be­
lieved to indicate a transition period from" nor­
mal" globulin translation to "immune" globulin 
translation and the beginning of the production 
phase of the immune response. 
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18.4 STUDIES ON RNA DURING 
THE IMMUNE RESPONSE 

C. J. Wust D. G. Ridner 

Introduction. - The analyses of various RNA's 
isolated from mammalian tissue and microorganisms 
suggest that regulation of protein biosynthesis may 
be the result of the quantity and activity of certain 
RNA species. The role of mRNA is well estab-
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lished, and evidence is accumulating to indicate 
that the specificity of tRNA may be a factor in 
control mechanisms. During the immune response 
nucleic acid synthesis increases concurrently 
with the proliferation of particular cell types and 
the production of antibody. Analyses of ribosomal 
and soluble RNA synthesized during the immune 
response has been initiated. 

Results and Discussions. - Previous studies 
with ribosomes 1 showed that ribosomes could be 
isolated from rat spleen either by altering the 
ionic strength of the medium or by the use of 
sodium deoxycholate. The 10,000 x g pellet of 
the homogenate contains unbroken cells, intact 
nuclei, and tissue debris. Attempts to isolate 
ribosomes from this pellet by direct treatment with 
deoxycholate resulted in the release of fibrous 
DNA from which little if any material could be fur­
ther fractionated. We have found that 1% Triton 
X-100 treatment of this pellet releases a quantity 
of ribosomes that can be isolated and analyzed. 

Ribosomes obtained from the 10,000 x g pellet 
when analyzed by centrifugation in sucrose den­
sity gradients show a large amount of polysomal 
aggregates. The optical density profiles of these 
ribosomes are distinctively different from those 
obtained during routine isolation. 



RNA has been isolated from ribosomes using 
methods previously described 1 (cytoplasmic ribo­
somes) and from those released by treatment of 
the 10,000 x g pellet with Triton X-I 00. The 
typical profile after centrifugation through a 9 to 
36% glycerine gradient reveals two characteristic 
patterns for the two preparations. The profile of 
the cytoplasmic ribosomes shows the usual small 
amount of 4S and large amounts of 16S and 28S in 
addition to a distinct but small peak having a 
sedimentation greater than 30S. Profiles of RNA 
from ribosomes of the 10,000 x g pellet show the 
4S, 16S, 28S, and a pronounced peak at a sedi­
mentation greater than 30S. The latter peak is 
approximately two-thirds that of the 16S. In ad­
dition, there is a suggestion of a fifth peak of 
sedimentation greater than 40S . These prepara­
tions have little amino acid acceptor activity in a 
cell-free system. They are presently being studied 
in their role in stimulating amino acid incorporation 
onto ribosomes. In preliminary experiments , no 
differences could be found in the profiles and 
yields between "normal" and "immune" ribo­
somes. 

Transfer RNA has been isolated from spleen 
homogenates and is under current study. It is of 
interest that little tRNA can be isolated from a 
105,000 x g supernatant fluid from spleen, in con­
trast to the amount isolated from liver. 
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18.5 ACTIVITY STUDIES ON 
E. COLI POL YSOMES 

Peter Pfuderer Donna G. Shaffer 

Polysomes produced by the addition of small 
amounts of actidione to a relaxed mutant of E. 
coli K-12 are currently being characterized by 
their ability to incorporate amino acids under var­
ious conditions. These polyribosomes have pre­
viously been shown to consist of long lacelike 
networks containing of the order of 50 to 100 ribo­
somes for the larger species. The smaller poly­
ribosomes, containing from 1 to 10 ribosomes, are 
very similar in appearance to mammalian polyribo-
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somes , that is, appear "clustered" under appro­
priate conditions in the electron microscope. The 
activity of sucrose density gradient fractions of 
these polyribosomes to synthesize protein was 
measured. They can apparently be divided into 
classes by their ability to use their own endoge­
nous messenger RNA or to respond to a synthetic 
message . Whether this is due to actual differences 
in polyribosome structure, to a repressor function­
ing at the polysome level, or simply some mes­
sages being read faster than others is not known. 

18.6 STUDIES OF THE BINDING OF RNA 
POLYMERASE TO POLYNUCLEOTIDES 

Audrey L. Stevens 

The binding of highly purified RNA polymerase 
from E. coli to different polynucleotides has been 
studied. 

Earlier experiments had shown that binding of 
3H-Iabeled enzyme to native lambda DNA was not 
affected by temperature or presence of ribonucleo­
side triphosphates but was very sensitive to ionic 
strength. The maximum amount of enzyme bound 
was 2 p.g per microgram of lambda DNA, or about 
80 molecules per molecule of lambda DNA. Fur­
ther studies have shown that enzyme bound in the 
absence of ribonucleoside triphosphates is ex­
changeable with free enzyme or free template , 
while enzyme bound in the presence of ribonu­
cleoside triphosphates (a condition allowing RNA 
synthesis) is irreversibly bound. That each bound 
enzyme molecule may be capable of initiating RNA 
synthesis is suggested by the finding that the 
maximum number of RNA molecules that can grow 
on a molecule of lambda DNA is about 100. 

Further studies of the binding of RNA polym­
erase to tRNA have been carried out. The binding 
reaction shows the same general features as the 
DNA-enzyme reaction - that is , it proceeds as 
well at 0 as at 37° and is unaffected by metal. 
Two complexes of tRNA and enzyme can be iso­
lated by density gradient centrifugation. One is 
a 16S complex, the other a 20 to 22S complex. The 
20 to 22S complex shows the sensitivity to ionic 
strength of the DNA-enzyme complex , while the 
16S complex is considerably more stable. Certain 
studies of the two complexes suggest that they 
represent two different forms of the enzyme, both 
binding one or two molecules of tRNA. Analyses 
to see if these two forms are the previously de-
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scribed monomeric and dimeric forms are currently 
being carried out. 

18.7 THE BINDING OF tRNAPhe 
TO PHENYLALANYL-RNA SYNTHETASE 

M. P. Stulberg K. R. Isham 

Introduction. - The number of binding sites in 
tRNA for aminoacyl-RNA synthetases is unknown, 
although it can be assumed that the recognition 
site and the - CAA terminus are responsible for 
part or all of the interaction. We are using the 
technique of inhibition of phenylalanyl-RNA for­
mation by various altered tRNA 's phe (ref. 1) in 
an attempt to determine the total number of bind­
ing sites in tRNA phe for phenylalanyl-RNA syn­
thetase. 

Results and Discussion. - Periodated tRNA ph e 

and tRNA ph e that has been hydrolyzed to various 
limit residues with venom phosphodiesterase have 
been examined kinetically for their inhibitory ca­
pacities: 

Treatment 

P e r iodation 

4.6'70 hy drolys i s 

46'70 h ydrolysis 

6 .1 X 10-7 

8.2 X 10-7 

3 .1 X 10-6 

Bya comparison of the inhibitor constants it can 
be concluded that (1) the intact - CCA terminus 
(difference between the periodated and 4 .6% hy­
drolyzed treatments), (2) the sequence between 
4.6% hydrolyzed (elimination of - CCA terminus) 
and 46% hydrolyzed tRNA , (3) the remaining in­
hibition (recognition site) in the 46% hydrolyzed 
residue all contribute to the binding of tRNA phe 

to the synthetase. The inhibition represented by 
the undefined sequence between the 4.6 and 46% 
hydrolyzed residues could also be interpreted as 
being due to a more favorable conformation for 
binding to the enzyme rather than an additional 
binding site. Once the recognition site has been 
destroyed by further hydrolysis, 1 no inhibition is 
observed by the remainder of the molecule. 
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18.8 EFFECT OF METHYLATION 
ON PHENYLALANINE TRANSFER RNA 

FROM ESCHERICHIA COLI 

L. R. Shugart M. P. Stulberg 

Introduction. - In a continuing effort to obtain 
preparations of tRNA 1 in a high state of purity, 
we have reinvestigated the technique of reversed­
phase column chromatography as a tool for the 
separation of tRNA ph e from mixtures of tRNA's 
synthesized by an RC r e l mutant of E. coli before 
and after methionine starvation. 

Results and Discussion. - Initial separation of 
normal and undermethylated tRNA phe has been 
accomphshed by reversed-phase column chroma­
togra phy with a type I organic phase 2 (dimethyl­
dilaurylammonium chloride in isoamylacetate). 
Rechromatography of the tRNA ph e fractions on 
similar columns with a type II organic phase 3 

(tricapry ly lmethy lammonium chloride in tetra­
chlorotetrafluoropropane) has resulted in further 
resolution and purification of normal and under­
methylated tRNA Ph e. The various species of 
tRNA phe obtained are being characterized by 
their (1) degree of methylation, (2) amino acid 
accepting capacity, and (3) end group base anal­
ysis. Initial studies based on total amino acid 
acceptance and the rate of reaction indicate that 
the undermethylated species are 50 to 75% as 
reactive as normal tRNA Ph e . 

After in vitro methylation and isolation of methyl­
deficient tRNA Phe, a decay in phenylalanine ac­
ceptance activity has been noted. This has been 
tentatively attributed to insufficient removal of 
contaminating nucleases present in the methylating 
enzyme preparation. Attempts are under way to 
isolate the in vitro methylated tRNA phe by fast 
separation from the nucleases with DEAE chroma­
tography. 
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18.9 LARGE·SCALE ISOLATION 
OF PHENYLALANYL·RNA SYNTHETASE 

FROM E. COLI B 

R. L. Pearson 1 M. P. Stulberg 

Introduction. - The adaptation of the method of 
isolation of phenylalanyl-RNA synthetase to large­
scale procedures has been largely completed after 
the introduction of several modifications in the 
procedure. 2 A relatively large-scale isolation has 
been accomplished , and the experience gained 
should allow us to initiate routine pilot-scale prep­
arations of this enzyme and other aminoacyl-RNA 
synthetases. 

Results and Discussion. - We have discovered 
that impurities in the final enzyme product can be 
largely attributed to enzyme that has been de­
natured under the unavoidable conditions of large­
scale procedures. The denatured protein can 
easily be separated from the active enzyme by 
DEAE chromatography . Therefore this fraction­
ation has been introduced as a final step in the 
enzyme purification. The use of DEAE chroma­
tography for concentrating the more pure but dilute 
fractions of the enzyme has been investigated 
and has proved to be a valuable adjunct to per-
va pora ti on-d ial ys is techni ques . 

We now have available sufficient quantities of 
materials to prepare large fractionation columns 
and anticipate a complete production run without 
limitations on anyone fraction size. 
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18.10 OPTICAL STUDIES OF THE STRUCTURE 
AND FUNCTION OF tRNA 

M. P. Stulberg J. W. Longworth 1 

Introduction. - The availability of pure prepara­
tions of tRNA phe and phenylalanyl-RNA synthe­
tase has made feasible the use of optical rotary 
dispersion (ORD) to examine the conformation of 
the tRNA molecule and the use of specific fluo­
rescence techniques in studying the interaction of 
these macromolecules. 
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Results and Discussion. - The combination of 
synthetase and tRNA produces a fluorescence 
quenching at 335 mJl that is attributable to changes 
at the tryptophan residues in the protein. This 
phenomenon seems to be specific for tRNA ph e and 
requires the presence of ATP, MgH, and phenyl­
alanine. The relation of the reactivity and tertiary 
structure of tRNA phe is being examined by ORD. 
Preliminary results indicate a dependence on an 
unaltered - CCA terminus for the maintenance of 
the normal conformation and full reactivity of the 
molecule. 
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18.11 ISO ENZYMES: THEIR REGULATION 
AND GENETIC CONTROL 

K. B . Jacobson J. B. Murphy 

Introduction. - The alcohol dehydrogenase of 
Dros ophila melanogaster exists in five electro· 
phoretic forms. Since they appear to be under con­
trol of a single genetic locus it is suggested that 
a common protein moeity exists for each isoenzyme 
and that their electrophoretic differences are the 
result of ligand binding or conformational reorgani­
zation. 

Results. - After treating a homogenate with n­
butanol the alcohol dehydrogenases may all be 
adsorbed onto DEAE-cellulose. The isoenzyme 
form that is eluted seems to be a function of the 
length of time the enzyme was in contact with the 
DEAE-cellulose. When elution by a salt gradient 
took 12 hr, 95% or more of the activity emerged as 
ADH 5. If the elution was carried out in 4 hr the 
ADH 5 constituted 70% of the eluted activity and 
ADH 3' 30%, with an overall recovery of 90% of the 
enzyme applied to the column. This demonstrates 
an interconversion of ADH 3 to ADH 5 and thus is 
direct evidence for the common protein moeity 
existing for each of these two isoenzymes. 

The two major isoenzymes, ADH 3 and ADH 5' 

may be distinguished further on the basis of ther­
mal inactivations; ADH3 is stable at 37°, whereas 
ADH 5 can be completely inactivated in an hour at 
this temperature. To characterize the fractions 
obtained by DEAE-cellulose chromatography the 
stability to heating was examined. A fraction 

.' 

t 



consisting of ADH 3 was rechromatographed and 
allowed to convert to ADH 5' Testing the ADH 5 

derived from ADH 3 for thermal inactivation showed 
that it was inactivated. Therefore, by the cri­
teria of electrophoresis , chromatography , and 
thermal inactivation, not only can ADH 5 be dis­
tinguished from ADH 3 but the ADH 5 derived from 
ADH 3 is similar to the ADH 5 normally present. 
Therefore the direct interconversion has been sub­
stantiated . 

Discussion. - With regard to the tertiary struc­
ture of ADH 3 and ADH 5 ' the transition from a 
thermal-stable to a thermal-unstable form along 
with the change in charge configuration will be 
given some attention. We cannot yet state whether 
a change in ligand binding or configurational re­
arrangement is the mechanism for alteration, but 
either will be of interest. Of further interest will 
be the exploration of the effect of butanol treat­
ment, since the enzyme does not adsorb to DEAE­
cellulose unless so treated; yet no alteration of 
the electrophoretic behavior results from this treat­
ment. 

18.12 FURTHER STUDIES ON TH E AMINO­
ACYLATION OF E. COLI tRNA FRACTIONS 

BY NEUROSPORA CRASSA 
PHENYLALANINE tRNA SYNTHETASES 

Virginia L. Holten K. B. Jacobson 

Introduction. - Previous observations demon­
strated that a phenylalanine tRNA synthetase 
from Neurospora crassa could phenylalaninate the 
tRNA's of E. coli that normally accepted valine 
and alanine. In the present study attention is 
focused on the maximal amount of phenylal<i nine 
that can be esterified to these species of tRNA. 

Methods. - The phenylalanine-tRNA synthetase 
of Neurospora, the valine-tRNA synthetase of E. 

coli, and the alanine-tRNA synthetase of E. coli 
were characterized for optimal activity with 
tRNAcoli as a function of pH, magnesium concen­
tration , ATP concentration, enzyme concentration, 
phenylalanine concentration, and NaCl concen­
tration. 

The fractionation of tRNAcoli on "Freon col­
umns" was performed by J. Weiss (Chemical Tech­
nology Division), who kindly made fractions avail­
able to us. 
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Results. - In an unfractionated sample of 
tRNAcoli the amounts of amino acid accepted 
from E. coli enzyme were: valine, 19.63; alanine 
10.65; and phenylalanine, 5.68 micromicro-
moles / A 260' for a total of 36. Phenylalanine is 
accepted by all three of these tRNAc oli's from 
the N eurospora enzymes, and the amount was 
11.36 micromicromoles / A 260' Thus less than 
one-third of the total available accepting sites 
were occupied by phenylalanine. A possible ex­
planation of this phenomenon would be that only 
selected species of the isoaccepting forms of each 
aminoacyl tRNA were reactive and others were ex­
cluded by the Neurospora enzymes. 

By chromatography on "Freon reverse-phase 
columns, " tRNAcoli was fractionated into three 
tRNAala ,s and two tRNAval,s . Testing these 
fractions with the N eurospora enzyme demonstrated 
that all three tRNAala,s and both tRNA val>s ac-

cepted phenylalanine. The amount of phenylala­
nine accepted compared with either valine or ala­
nine from E. coli enzymes ranged from 26 to 47% 
among these fractions. A variety of experiments 
were performed to demonstrate that the N eurospora 

enzyme was stable, was not contaminated with 
phenylalanine, and was not degrading the phe­
tRNA val and phe-tRNA ala once they were formed. 
Thus we conclude that these fractions of tRNA~~L 
and tRNA~~ii are all partially reactive with this 

N eurospora phenylalanine-tRNA synthetase. The 
partial reactivity may be due to a number of fac­
tors: (1) the fractions may consist of more than 
one species of tRNA that were not resolved; (2) 
a given tRNA species may be able to exist in 
several forms indistinguishable by chromatography 
or the homologous enzyme but that do present 
distinguishable conformations to the heterologous 
enzyme. With regard to the latter possibility, an 
implicit assumption is that the alanine-tRNA syn­
thetase of E. coli and the phenylalanine-tRNA 
synthetase of Neurospora recognize the tRNA ala 
according to different topographical features; in 
other words they do not utilize a common site on 
the tRNA molecule for "recognition. " There 
have been suggestions that the anticodon is also 
employed as the enzyme recognition site, but this 
would clearly be inconsistent in the case of inter­
action of the Neurospora phe-tRNA synthetase 

with either tRNA~~~i or tRNA~~ii. 
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19.1 ENZYME TURNOVER IN VIVO: 
EFFECTS OF INHIBITORS OF RNA 

AND PROTEIN SYNTHESIS 

F. T. Kenney Joseph Kendrick 
L. E. Roberson 

Introduction. - By labeling rat liver tyrosine 
transaminase in vivo with 14C·leucine, then meas· 
uring the rate of loss of radioactivity as labeled 
enzyme is replaced with unlabeled enzyme, we 
have determined the half-life of this enzyme to be 
1.5 ± 0.3 hr. 1 Turnover of the bulk of the liver 
proteins proceeds with a half-life of about three 
days, so it is apparent that this transaminase is 
metabolically quite labile. This rapid turnover 
renders the enzyme level unusually sensitive to 
changes in the rates of enzyme synthesis and 
degradation, making this enzyme a useful model 
for the study of these processes. In the present 
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study we are analyzing the effects of actinomycin 
D and cycloheximide, inhibitors of RNA and pro­
tein synthesis, respectively, upon transaminase 
degradation. While much is known of the processes 
by which enzyme proteins are synthesized, very 
little has been done towards understanding the 
equally significant processes of enzyme degrada­
tion. 

Results and Discussion. - Cycloheximide (100 
/lg/ 100 g) will block hormonal induction of tyrosine 
transaminase but has no effect on the basal level 
of enzyme over a 4- to 6-hr period. Since this 
interval encompasses several half-lives, the 
enzyme level would be expected to drop precipi­
tously if synthesis were blocked and degradation 
continued at the normal rate. When the rate of 
enzyme synthesis was determined by pulse-label­
ing and immunological isolation, it was found that 
cycloheximide reduced synthesis virtually to zero 
over the entire 4-hr period tested. The conclusion 



- that degradation as well as synthesis must be 
stopped by cycloheximide - was confirmed in ex­
periments in which turnover of labeled enzyme was 
measured in rats treated with cycloheximide. The 
labeled enzyme was retained under these condi­
tions , showing that degradation of this enzyme re­
quires the synthesis of protein. Thus "degrada­
tion" is not simply the result of proteolytic 
activity, but represents a specific process which 
may involve an inactivation of the enzyme. 

Inhibition of RNA synthesis by actinomycin , at 
a dose (100 f.Lg/ lOO g) which will block hormonal 
induction, has caused variable effects on synthesis 
of the basal enzyme. In some experiments enzyme 
synthesis appears to be unaffected, which would 
indicate that synthesis occurs on stable templates. 
However, in others this drug markedly inhibits both 
synthesis and degradation. Interpretation of 
hormonal regulation of enzyme synthesis demands 
a knowledge of the stability of the RNA components 
involved, and we are currently trying to resolve 
these conflicting results. 
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19.2 HORMONAL REPRESSION OF ENZYME 
SYNTHESIS IN "PATHOGEN-FREE" RATS 

F. T. Kenney Joseph Kendrick 
L. E. Roberson 

Introduction. - We have experienced considerable 
variation in experimentation with the repression of 
hepatic enzyme synthesis by growth hormone, as 
discussed in a previous report. 1 Data now avail­
able (see Sect. 19.4, this report) indicate quite 
clearly that growth hormone does not act directly 
on the liver cells, but probably depends upon an 
initial extrahepatic effect which in turn causes 
repression of enzyme synthesis in the liver. An 
elucidation of the relationships involved here will 
undoubtedly be of great interest but is not perti­
nent to our primary aim, which is to analyze the 
mechanisms of repression. To do this requires a 
readily reproducible test system. Recently we 
gained access to rats from the Division's isolator 
breeding program. These animals are free of the 
common pathogens and exhibit none of the symp-

161 

toms (e. g. , respiratory distress) that we usually 
encounter in rats from commercial sources. They 
are being maintained in filtered cages in an isolated 
room until used in experiments. 

Results and Discussion. - In the past, using 
rats from commercial channels , at least 25% of 
repression experiments were completely negative, 
and another 50% yielded so much variation that 
interpretation was impossible. These animals 
usually were found to harbor multiple infections 
when tested on entry into the Division. Prior to 
our experiments they must be either adrenalecto­
mized or hypophysectomized, and these necessary 
manipulations undoubtedly contributed to the gen­
eral malaise which they almost invariably exhibited 
during our experiments. In preliminary experi­
ments with "pathogen-free" animals we have not 
yet encountered any difficulty in reproducibly elicit­
ing repression of enzyme synthesis with growth 
hormone. The response is uniform, and it appears 
that the test system we require for analysis of 
mechanism is available in these animals. 

These results imply that the response one sees 
to hormone administration can be profoundly in­
fluenced by the state of health of the animals used 
in experimentation. The difficulty becomes greater, 
of course, as knowledge and techniques become 
more precise and the parameters analyzed increase 
in complexity. Research in the area of hormone 
action is noted for inconsistency. When one con­
siders the probable pathogen count of most animal 
colonies this is not particularly surprising. 
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19.3 PREPARATION AND PROPERTIES OF 
FETAL RAT LIVER POLYRIBOSOMES 

W. D. Wicks 

Introduction. - Polyribosomes have been pre­
pared from 20-day fetal rat liver and a few of their 
properties examined, especially the incorporation 
of [14C]-valine and -phenylalanine. 

Results and Discussion. - Homogenates of fetal 
liver were centrifuged at 30,000 x g for 30 min and 
the supernatant fraction applied to a 1.5 x 90 cm 



Sephadex G-75 column. The column was developed 
with 0.02 M Tris pH 7.6 containing 0.01 M Mg(OAc)2' 
0.04 M NaCI, 0.10 M KCI, and 0.006 M {3-mercapto­
ethanol at 3° . Fractions were collected and read 
at 260 and 280 mJl. A large amount of ultraviolet­
absorbing material came off just after the void 
volume. This material was yellow colored and 
presumably contained all the polysomes, mono­
somes, activating enzymes, and other components 
involved in protein synthesis. The next peak had 
a low 260/280 ratio and all the fractions were red, 
indicating the presence of hemoglobin. A later 
peak exhibited a high 260/ 280 ratio and was color­
less and represented transfer RN A. 

The initial peak from the column was concen­
trated by the addition of dry Sephadex G-25 and 
centrifugation. The final clear yellow solution 
was used in all subsequent experiments. 

Glycerol density gradients of this Sephadex 
fraction revealed several well-defined peaks of 
ribonucleoprotein material. Peaks corresponding 
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to the presence of one, two, three, four, five, six, 
and seven ribosomal units were clearly separated. 
Components of higher molecular weight were present 
in somewhat smaller amounts and were not well 
resolved. The main polysome fraction generally 
contained five to six ribosomal units. At least 
three-fourths of the ribosomes of all preparations 
were in the form of polysomes. The addition of 
detergent had no effect on the polysome profile, 
suggesting that the bulk of fetal liver ribosomes 
were not bound to membranes in vivo. The RNA 
content of these preparations ranged from 10 to 
20%. 

The incorporation of [14 C]-valine and -phenyl­
alanine by these preparations was quite vigorous 
even in the absence of added transfer RNA. Up to 
400 micromicromoles of valine was incorporated 
per milligram of polysomal RN A during a 45-min 
incubation. Incorporation was absolutely depend­
ent upon a supply of ATP and on the presence of 
Mg2 + and NH4 + ions. The omission of 12C-amino 
acids removed the stimulatory effects of added 
transfer RNA, and the omission of GTP was par­
tially inhibitory. Optimal MgCl2 concentration was 
about 6 x 10- 3 M. The amino-acid-incorporating 
activity of these polysome preparations was re­
tained for at least three weeks when stored under 
liquid nitrogen. 

Although the addition of small amounts of trans­
fer RNA stimulated amino acid incorporation about 
twofold, larger amounts were inhibitory. These 

results may be explained on the basis that endog­
enous transfer RN A is bound to polysomes and is 
cycling somewhat more efficiently than added trans­
fer RNA. Alternatively, there may be inhibitors in 
the transfer RNA preparations, although steps were 
taken to remove known inhibitors. The inhibitory 
effects of added transfer RNA were not due to any 
effects on aminoacyl-RNA formation. 

[14C]-Valyl-transfer RNA was not incorporated 
very readily, and the reaction was complete by 15 
min, whereas it continued past 30 min when [14 C]­
valine and transfer RNA were used. 

The addition of poly U stimulated phenylalanine 
incorporation 10- to 20-fold, but poly UG had very 
little effect on the incorporation of valine. 

Although the addition of fetal ribosomal RNA or 
ribosomal precursor RN A had little effect on valine 
incorporation, the addition of DNA-like RNA vir­
tually abolished it. This effect was obtained only 
if the RN A was added during the first few minutes 
of incubation. The explanation of this phenomenon 
is presently unknown. 

19.4 HORMONAL CONTROL OF ENZYME 
SYNTHESIS IN THE ISOLATED, 

PERFUSED RAT LIVER 

C. B. Hager F. T. Kenney 
G. R. Holloway 

Introduction. - Previously described experi­
ments from this laboratory have identified three 
nonadrenal, protein hormones which regulate the 
synthesis of hepatic tyrosine transaminase. Ad­
ministration of pancreatic insulin or glucagon to 
adrenalectomized rats brought about a three- to 
fivefold induction of the enzyme. 1,2 Hypophyseal 
growth hormone was found to repress the synthesis 
of hepatic tyrosine transaminase. 3 

The question arises as to whether the response 
of tyrosine transaminase to these nonadrenal hor­
mones occurs as a result of their direct influence 
on hepatic cells. This problem is currently being 
investigated in the isolated, perfused rat liver. 

Results and Discussion. - The rat liver perfu­
sion technique of Miller et aI. 4

, 5 is being used, 
employing livers from adrenalectomized rats. The 
perfusion medium consists of heparinized whole 
rat blood from adrenalectomized animals with an 
equal volume of Krebs-Ringer bicarbonate buffer 
solution containing added glucose, casein hydrol­
ysate, L-tryptophan, penicillin, and streptomycin. 
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With such a system the level of tyrosine trans­
aminase remains fairly constant for several hours. 
Hydrocortisone (1.5 to 2.0 mg per 100 g body weight 
of the liver donor) elicits a two- to threefold in­
crease in the activity of the enzyme when added 
to the perfusion medium at the start of the experi­
ment and infused into the medium at a constant 
rate. This level of induction corresponds to that 
reported previously in the isolated, perfused rat 
liver. 6 

,7 Following a lag period of 1 to 2 hr, 
enzyme synthesis increases linearly for the next 
2 or 3 hr. 

Insulin and glucagon are also found to stimulate 
tyrosine transaminase activity in the isolated, per­
fused rat liver. Consequently, this response can 
be assumed to result from a direct action in the 
liver of these hormones. Both the insulin and 
glucagon effect can be observed 1 hr after addition 
of either hormone to the perfusion medium. Insulin 
is as effective as hydrocortisone at dosage levels 
corresponding to those employed in the in vivo 
studies. However, preliminary investigations us­
ing glucagon imply a lesser effect of this hormone 
in the isolated, perfused rat liver than observed 
when this hormone is administered in vivo. Also, 
while the enzyme level begins to return to normal 
about 3 hr after insulin or glucagon treatment in 
vivo the level continues to increase linearly 
throughout the duration of the perfusion in the 
isolated rat liver (4 to 6 hr). Since these hormones 
are constantly infused into the perfusion medium , 
these data indicate that the decrease in enzyme 
level following hormonal induction in vivo occurs 
as the result of the catabolism of the hormones. 

Unlike the direct effects of insulin and glucagon 
on tyrosine transaminase activity noted in the 
isolated, perfused rat liver, repression by growth 
hormone is not observed. The question now arises 
as to how growth hormone, when administered to 
the rat in vivo, brings about repression of this 
enzyme. Further experiments are now in progress 
which we hope will elucidate this problem. 
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19.5 RNA SYNTH ESIS IN RAT LIVER UNDER 
THE ACTION OF INSULIN 

Claudio Pellegrino F. T . Kenney 

Introduction. - It was previously shown in this 
laboratory that hydrocortisone , insulin, and glu­
cagon are all able to increase the hepatic levels 
of tyrosine transaminase in rats that were adrenal­
ectomized or hypophysectomized or both. 1 Pulse 
labeling of the enzyme by 14C-amino acids and its 
isolation by precipitation with specific antiserum 
showed that this effect, in the case of each of 
these three hormones, was due to a stimulation 
(three- to sevenfold) of the rate of synthesis of 
this enzyme. 

Actinomycin inhibits tyrosine transaminase in­
duction by hormones , hence the conclusion that 
transcriptional events must be involved in this 
process. In fact, hepatic RNA synthesis is in­
creased by hydrocortisone, 2 ,3 insulin ,4 and growth 
hormone. s , 6 

It is thus clear that hormones of different chemi­
cal structure (two proteins and a steroid) give rise 
to similar effects on rat liver. In an effort to ana­
lyze further their mechanism of action, a study of 
the modifications of RNA synthesis induced by 
insulin has been undertaken. 

Results and Discussion. - The results so far 
obtained are preliminary and seem to indicate that 
a fraction of microsomal RNA, salt-precipitable, 
with a sedimentation constant of about 4 s, shows 
a higher specific activity 2 hr after insulin ad­
ministration. Analysis of this and other RNA frac­
tions with various techniques is planned. 

References 

1 F. T. Kenney, D. Holten, and W. L. Albritton, 
in Symposium on Enzymatic Aspects of Metabolic 



Regulation, Mexico City, 1966 (in press}. 
2W. O. Wicks, O. L. Greenman, and F. T. Kenney, 

J. BioI. Chem. 240, 4414 (1965). 
30. L. Greenman, W. O. Wicks, and F. T. Kenney , 

J. BioI. Chem. 240, 4420 (1965). 
40. F. Steiner and J. King, Biochim. Biophys. 

164 

Acta 119,510 (1966). 
sG. P. Talwar, S. H. Gupta, and F. Gros, 

Biochem. J. 91, 565 (1964). 
6 A. Korner, J. Cellular Compo Physiol. 66(suppl. 

1), 153 (1965). 



Microbiology 

Electron Transport Mechanisms in Microorganisms 

S. F. Carsona 

M. I. Dolin 

BDua! assignments 

20.1 KINETICS OF MALIC-LACTIC 
TRANSHYDROGENASE 

M. I. Dolin 

Interest in malic-lactic transhydrogenase of 
Micrococcus lactilyticus stems from considera­
tions that have been summarized previously. 1 In 
order to obtain some insight into the mechanism 
of the reaction, the steady-state kinetics of the 
transhydrogenation have been under investigation. 

The enzyme can be prepared in a form in which 
90% of the total NAD is in the form NADH. This 
firmly bound NADH is 20 times as fluorescent as 
free NADH. On the addition of pyruvate, a stable 
nonfluorescent complex is formed from which lac­
tate is not liberated until malate is added. The 
steady-state kinetics of the reaction in the direc­
tion of lactate formation require the formation of 
abortive complexes between reduced enzyme 
(E·NADH) and malate and between the nonfluo­
res cent complex and an additional molecule of 
pyruvate. Initial steady-state kinetics are de­
scribed by the following equation: 

in which A = pyruvate, B = malate, and Kia and 
K. are respectively the dissociation constants 
fo'rbthe abortive complexes formed with pyruvate 

and malate. The coefficients CPo' CP1' and CP2 are 
composed of rate constants and are expressed in 
the notation of Dalziel. 2 Equations of this form 
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can be derived for several mechanisms involving 
binary or ternary complexes of enzyme and sub­
strates. All the parameters have been evaluated, 
and it has been shown that the theoretical rate 
equation matches the experimental data over a 
100-fold range of malate and pyruvate concentra­
tion. 

The coefficient CP1 is the reciprocal of the 
second-order rate constant for the reaction of 
enzyme with pyruvate. Both steady-state and 
stopped-flow kinetics give the same value for 
this constant ("-' 8 x 104 M- 1 sec - 1). The other 
coefficients, CPo and CP2' may be composed of 
single rate constants or combinations of constants, 
depending on the exact mechanism of transhydro­
genation . More precise definition of the reaction 
mechanism will require a study of the kinetics 
in the direction of malate formation. As a prelim­
inary step, it was necessary to define the condi­
tions under which the rate of enolization of oxal­
acetate does not limit the rate of oxalacetate 
utilization. Computer solutions have been 
obtained 3 which should aid in the design of these 
experiments. 
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21.1 ROLE OF THE REPRESSOR 

R. A. Weisberg 

Temperature ShlIt experiments using lysogens of a 
mutant of bacteriophage A (A 857) whose repressor 
(coded for by the cI gene of the phage) is inacti­
vated at high temperature and becomes active again 
when the temperature is lowered show that (a) de­
tachment of the prophage from the bacterial chromo­
some occurs independently of and earlier than com­
mitment of the prophage to vegetative multiplication 
(and concurrent commitment to cell death); (b) de­
tachment of the prophage requires protein synthesis 

166 

Radiation Biophysi cs 

R. B. SetlowB W. L. Carrier 
J. S. Cook ] anet R. McGrath 
J. E. Donnellan, ] r. R. W. Williams 
R. A. McGrath R. S. Stafford 
P. A. Swenson Barbara A. Hamkalo~ 

X.Ray Diffraction 

J. R. EinsteinB 

F. C. HartmanB 

C. H. Wei B 

Participation in Cooperative Programs: 

AEC·NIH Chemical Carcinogenesis (22.12-22.14) 

eResearch participant 
fLoanee 
~ORAU Predoctoral Fellow 

while the phage repressor is inactivated; and (c) 
commitment to vegetative multiplication and cell 
death requires thymine while the repressor is ina'c­
tivated. These experiments demonstrate the exist­
ence of two repressor-sensitive functions in phage 
A. The first is the synthesis of a protein(s) nec­
essary for prophage detachment; the second is a 
thymine-requiring function - presumably the initi­
ation of phage DNA synthesis - which, when 
"completed," enables the phage to multiply and kill 
the cell in the presence of active repressor. 

Two other A mutants with temperature-sensitive 
repressors have been studied. The first (A U32) -

r 
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believed on the basis of other evidence to synthe­
size a repressor which is irreversibly inactivated by 
heat - is induced to multiply even when protein 
synthesis is blocked or thymine is withheld at high 
temperature. In addition, it is not possible in 
lysogens of this phage to separate prophage detach­
ment from vegetative multiplication by the appropri­
ate temperature-shift experiments. These findings 
are consistent with the idea of irreversi ble heat in­
acti vation of the repressor in this mutant. 

The second mutant (At1) is believed to synthesize 
a repressor which is inactivated at high temperature, 
but which is only partially reactivated when the tem­
perature is lowered. Our experiments show that: (a) 
prophage detachment can be dissociated from com­
mitment to vegetative multiplication by the appro­
priate temperature-shift experiments; (b) protein 
synthesis at high temperature is required for pro­
phage detachment to occur; and (c) thymine is not 
required at high temperature for commitment to vege­
tative multiplication to occur. These findings, while 
not inconsistent with the idea of a partially reversi­
ble heat inacti vation of the repressor in this mutant, 
are not as yet interpretable in a simple and unam­
biguous way. 

21.2 STUDI ES OF PLASTI D RI BOSOMES 

Ann B. Jacobson Peggy P. Hester 

Introduction. - Our previous reportl suggests that 
ribosomal RNA from proplastids of etiolated com 
leaves may contain at least one component which 
sediments differently than the RNA of nonplastid 
cytoplasmic ribosomes. The evidence for this state­
ment was derived from correlated studies combining 
electron microscope autoradiography with biochemi­
cal isolation procedures. It was shown that under 
conditions where cells from etiolated leaves synthe­
size primarily plastid RNA, the sedimentation rate 
of the heavy ribosome component from plastids was 
slightly slower than the same component from cyto­
plasmic ribosomes. This argument was indirect, and 
it remained necessary to confirm these observations 
with RNA from pure proplastid preparations. 

Methods and Results. - In recent months it has 
proved possible to obtain relatively clean plastid 
preparations. The major contaminant in the prepara­
tions has been bacteria which grow on the leaf sur­
faces of the plants themselves. In order to elimi­
nate these bacteria completely it appears necessary 
to grow the plants in a sterile environment. How-

ever, careful differential centrifugation has permitted 
us to reduce the level of bacterial contamination to 
approximately 0.0001%. It has also been possible to 
improve the yield of proplastid per gram fresh weight 
of leaves at least SO-fold over our previous values. 
Thus 200 g of etiolated com leaves currently yields 
3 x 10 9 very clean proplastids, or 1.2 mg of pro­
plastid RNA. 

Figure 21.2.1 presents some data obtained with 
clean proplastid RNA. The top curve (A) shows a 
sucrose gradient (17 to 34%) run for 48 hr with whole­
leaf RNA. The component peaks have been labeled 
I, II, III, IV, and V. Both II and IV are not normally 
seen in RNA from other tissues. DNAse removes 
only component IV. The middle curve (B) shows 
plastid RNA run on a similar gradient. The bottom 
curve (C) was obtained by placing equal amounts of 
whole-leaf and plastid RNA on the same gradient. 
Clearly, peak II is the heavy component of plastid 
ribosomal RNA, and it sediments more slowly than 
the RNA (I) of the nonplastid ribosomes. 

Recently, a similar observation has been made 
with ribosomes from mature chloroplasts in another 
laboratory.2 The authors report sedimentation 
values of 23S and 16S for ribosomal RNA from 
chloroplasts and 2SS and 16S for cytoplasmic 
ribosomes. The chloroplast values are identical 
with values obtained for bacterial RNA. It is not 
clear yet whether our RNA will give these same 
values or not. 

References 

1 A. B. Jacobson and D. P. Allison, BioI. Div. 
Semiann. Progr. Rept. July 31, 1966, ORNL-3999, 
p.166. 

2E. Stutz and H. Noll, Proc. Natl. Acad. Sci. U. S., 
in press. 

21.3 SATELLITE DNA'S OF CRUSTACEA 

Dorothy M. Skinner L. L. Triplett 

Ten to thirty percent of the DNA of certain 
Crustacea (various species of the genus Cancer) 
is a satellite which can be separated by its buoyant 
density in CsCI from the so-called main band DNA. 
Whereas this satelli te is composed of 97% adenine 
and thymine, the rest of the DNA is composed of the 
four bases in amounts more nearly equal to each 
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Fig. 21.2.1. Compari son of Sedimentation Rate of Proplastid and Cytoplasmi c Ribosomal RNA. (A) Whole leaf 

RNA, (B) proplastid RNA, (C) mixture of equal amounts of proplastid and cytoplasmic RNA. 

other. I Many of the chemical and physical proper­
ties of the adenine-thymine-rich satellite have been 
studied by other workers; however, nothing is known 
of its localization in the cell, mode of synthesis, or 
its biological role, if any. We have found the AT 
satellite DNA in the tissues of another crustacean, 
the land crab Gecarcinus lateralis. In addition, we 
find another DNA satellite, high in GC, in the tis­
sues of G. lateralis and also in DNA isolated from 
the testes of one of the species of Cancer (C. 
pagurus) previously studied. The existence of the 
poly AT was thought to be characteristic of the genus 
Cancer, having been found previously in eight spe­
cies of that genus. It is absent from Carcinus, 

which is another crab in the cancroid group of the 
subsection Brachygnatha. Gecarcinus, which con­
tains the AT satellite, and Maia squinado, which 
does not, are grapsoids, members of the other major 
group of the Brachygnatha. Thus it is evident that 
the distribution of this particular satellite does not 
coincide with the classification of these animals on 
a taxonomic basis, as was once suggested. 
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21.4 UV-IRRADIATION STUDIES OF 
NATURALLY OCCURRING "POLY d(A-T)" 

Dorothy M. Skinner R. B. Setlow 

A naturally occurring DNA with physical charac­
teristics similar or identical to those of alternating 
d(A-T) has been isolated from the crab Gecarcinus 
lateralis. If the purified "d(A-T)" is irradiated 
with ultraviolet at wavelength of 280 mil, there is a 
decrease in the absorption at 'V 270 mil' This de­
crease can be reversed by subsequent irradiation 
with 239 mil. This behavior is characteristic of 
polynucleotides containing adjacent pyrimidines, as 
they form cyclobutane dimers. Furthermore, the ex­
tent of the spectral change, as well as the rates of 
change with dose, indicates that thymine-thymine 
dimers are being formed. It appears that the natu­
rally occurring polymer contains at least 2% adjacent 
thymines and that the remainder of the molecule is 
probably alternating adenine and thymine residues. 

21.5 INTERRUPTIONS IN THE CHROMOSOMAL 
DNA OF A SLIME MOLD 

R. A. McGrath R. W. Williams 

Centrifugation in alkaline sucrose gradients 1 has 
been used to determine the average size of single­
stranded pieces of DNA in synchronously dividing 
cultures of the slime mold Physarum polycephalum. 
We calculate from this size the fewest number of 
pieces of DNA into which the average chromosome 
dissociates under alkaline conditions. 

Methods. - Synchronous cultures of slime mold 
were grown in the presence of 3H-thymidine for one 
or more cycles of division and DNA synthesis in 
order to label DNA. Nuclei were isolated at inter­
phase (determined by microscopic examination of 
samples from the culture) by a modification of 
Mohberg's technique. Approximately 2 x 10 6 nuclei 
in a volume of 20 to 50 III were pipetted into a layer 
of 0.5 N NaOH that was floating on top of a 5 to 20% 
alkaline (pH 12.0) sucrose gradient. Preparations 
were allowed to remain at room temperature for 1 hr 
in order to disrupt nuclei and denature the DNA 
before centrifugation at 30,000 rpm for 2.5 hr at 
20° C in an SW-39 rotor of a Spinco model L centri­
fuge. After centrifugation the tubes were punctured 
and two-drop fractions were collected on filter paper 
disks. Disks were processed to remove acid-soluble 

radioactive material and were counted in a liquid 
scintillation counter. 

Results. - Figure 21.5.1 shows that single­
stranded DNA obtained from slime mold nuclei by 
this procedure has a sedimentation constant (S 20 ,w) 
of about 59. Since our handling methods allow de­
tection of pieces of DNA as large as 2 to 4 X 10 8 

daltons, it is clear that the small pieces isolated 
from slime mold do not result from uncontrolled 
breakage or shearing of larger pieces. Since there 
is no difference in the sedimentation constant of 
DNA from slime mold whether incubated prior to 
centrifugation for 1 or 16 hr in 0.5 N NaOH, the small 
size of the pieces of DNA cannot result from alka­
line degradation of larger pieces. To test whether 
nucleases had degraded DNA during the nuclear 
isolation procedure, labeled cultures were frozen in 
liquid nitrogen, ground to a fine powder, and this 
powder was sprinkled directly on top of a layer of 
0.5 N NaOH floating on top of the alkaline sucrose 
gradient. Subsequent centrifugation and analysis of 
data showed that the sedimentation constant of DNA 
isolated in this manner was not larger than that ob­
tained from isolated nuclei. These results show 
that nuclear DNA is not reduced in molecular weight 
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during the nuclear isolation procedure. When cul­
tures of slime mold were labeled with RNA or pro­
tein precursors and then subjected to alkaline 
sucrose gradient centrifugation, 95 and 99%, respec­
tively, of the radioactivity was found in regions of 
the gradient other than that in which DNA sediments 
(see Fig. 21.5.1). If the DNA were contaminated 
with either RNA or protein this should lead to an 
impression of higher sedimentation constant, that is , 
fewer pieces of DNA than that obtained. 

On the basis of an average chromosome number of 
50 per nucleus and a nuclear content of 6 x lOll 
daltons of DNA (a sedimentation constant of 59 is 
approximately equal to a molecular weight of 4 x 10 7 

daltons), we are led to conclude that each chromo­
some dissociates into (or contains) about 300 
single-stranded pieces of DNA. It is possible that 
the intact chromosome is held together by alkaline 
labile linkers that break down under our experi-
mental conditions, or that true gaps or interruptions 
exist between adjacent pieces of DNA. Alternatively, 
the presence of breaks or interruptions at any time 
may reflect maintenance (i.e., correction of every-
day wear and tear) of the DNA. 
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21.6 REPAI R OF DAMAGED DNA IN SEVERAL 
STRAINS OF X-IRRADIATED ESCHERICHIA COLI 

Sandra J. Roland R. A. McGrath 

Alkaline sucrose gradient centrifugationI' was used 
to detect and assay both breakage and rejoining of 
breaks in DNA of bacteria following x-ray exposure. 
Five strains of E. coli were used: WP 2 Hcr- Try-, 
AB1884, AB1885, AB1886, and B

S
_3. Survival after 

x-ray exposure was measured by counting colonies 
on nutrient agar plates. Labeling and radiation ex­
posure conditions, as well as the assay technique 
following centrifugation in alkaline sucrose, have 
been described elsewhere. 1 A comparison of non­
irradiated, irradiated-unincubated, and irradiated­
incubated (in growth medium after x-ray exposure) 
cells were made. Immediately after exposure to 20 
kr of x rays the molecular weight of pieces of DNA 

in all strains studied was reduced by a factor of 2. 
During a subsequent 40-min incubation period in 
growth medium all strains other than B

S
_3 showed 

evidence of break-rejoining, that is, the molecular 
weight of DNA reduced by x-ray exposure was ob­
served to increase. Increases between 23 and 40% 
occurred. By comparison, it was previously shown 
that strain Bir increased by about 100% and B

S
_

1 
showed, like B

S
_3' no increase. 1 A correlation 

exists between survival after exposure and the 
capacity of particular strains to repair damaged DNA. 
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21.7 ENZYMES INVOLVED IN DIMER EXCISION 
IN VITRO 

W. L. Carrier Janet R. McGrath 
R. B. Setlow 

Extracts of Micrococcus lysodeikticus are able to 
excise pyrimidine dimers from uv-irradiated DNA. 1 

Excision is measured by the ability of the extract to 
remove dimers from the acid-insoluble fraction of 
uv-irradiated DNA labeled with 3H-thymidine. Dimers 
excised from the DNA appear as parts of acid­
soluble oligonucleotides. 

Chromatography of a streptomycin-treated fraction 
of the extract on DEAE-cellulose has yielded two 
fractions necessary for the excision of dimers in 
vitro. The first component involved in the excision 
process does not stick to DEAE-cellulose. It is an 
endonuclease which shows a specificity for uv­
irradiated DNA. We assay for this nuclease by its 
ability to make starting points in uv-irradiated DNA 
for the subsequent action of highly purified venom 
phosphodiesterase. 

The second component needed to render dimers 
acid-soluble elutes ffOm DEAE-cellulose with 0.5 M 
phosphate buffer, pH 7.5. This fraction also con­
tains DNA polymerase activity. We have not detected 
in it any nuclease acti vi ty that is specific for uv­
irradiated DNA. When irradiated DNA is allowed to 
react with the uv-specific endonuclease, then heated 
at 62°C for 10 min, the addition of the second com­
ponent results in the excision of dimers. Treatment 
of irradiated DNA with the second component fol-

... 
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lowed by the uv-specific endonuclease does not re­
sult in dimer excision. Thus, as expected, the first 
step in the excision of dimers in this system is the 
action of an endonuclease specific for uv-irradiated 
DNA. 
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21.8 CHAIN BREAKS AND CROSS LINKS IN 
DNA IRRADIATED IN VIVO WITH 

UL TRAVIOLET LIGHT 

R. B. Setlow R. W. Williams 

Many experiments on DNA irradiated in vitro have 
shown that uv radiation causes chain breaks and 
cross links. Similar results were observed for the 
DNA of irradiated T7 phage. 1 We have observed 
chain breaks and cross links in bacterial DNA ir­
radiated in vivo. 

Methods and Results. - E. coli B (a nonre-
5-1 

pairing strain) was labeled with 3H-thymidine and 
irradiated wi th 265-mfL radiation. The cells were 
lysed and centrifuged in alkaline sucrose to deter­
mine the distribution of single-stranded DNA among 
the various molecular weight dasses. 2 The number­
average molecular weight decreased as the radiation 
dose increased, and the distribution of molecular 
weights contained pieces both smaller and larger 
than found in unirradiated bacteria. The data are 
consistent with the notion that uv radiation induces 
one alkali-stable cross link for each two alkali­
labile chain alterations (breaks). There are ten­
fold fewer breaks than would have been predicted 
from the data on bacteriophage. A dose of 200 
ergs/ mm 2 makes on the average 1000 pyrimidine 
dimers but only one break and one-half a cross link 
per bacterial chromosome. 
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21.9 EXCISION OF PYRIMIDINE DIMERS IN 
ESCHERICHIA COLI 

R. B. Setlow W. L. Carrier 

Introduction. - Dimers between adjacent pyrimidines 
in DNA act as lesions in bacteria, and radiation­
resistant strains recover from the effects of dimers 
by processes that include the excision of dimers from 
DNA. Sensitive strains - in particular Hcr- ones -
do not excise when tested at the same doses as used 
for resistant cells. We report data that indicate (a) 
that excision of dimers in resistant cells is not as­
sociated with the growing point of the bacterial 
chromosome and (b) that sensitive cells do not ex­
cise dimers even at doses low enough for appreciable 
numbers of cells to survive. 

Methods and Results. - Excision and Growing 
Points. - Cells of E. coli 15T- were fully labeled 
with 14C-thymidine, then given a 5-min pulse of 3H_ 
thymidine to label the chromosome region near the 
growing point, transferred to nonradioactive medium, 
and immediately irradiated with 200 ergs/ mm 2 of 
265 mfL to make "-' 1000 dimers per chromosome. Cells 
were incubated for various periods of time and the 
acid-insoluble fractions analyzed for dimers labeled 
with 3H and 14C. The results in Fig. 21.9.1 show 
that excision is rapid and , within ±5%, is the same 
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for the newly synthesized region and the average 
DNA. A selective excision mechanism does not act 
in the region of the growing point of the chromosome. 

Excision in Sensitive Strains. - Several Hcr­
strains were labeled with 3H-thymidine and irradi­
ated with doses that make 100 to 150 dimers per 
chromosome. The acid-insoluble fractions were 
analyzed for dimers at 0 and 60 min after irradiation. 
At the latter time DNA synthesis had resumed in the 
irradiated culture. The results are given in Table 
21.9.1. Even at doses in the "biological range" for 
these sensitive strains there is little, if any, exci­
sion. The rate of dimer excision is ~1% of that ob­
served in Hcr + strains (compare Table 21. 9.1 and 
Fig. 21.9.1). It is important to recognize that most 
Hcr- strains survive to form colonies and resume 
DNA synthesis even though many dimers remain in 
their chromosomes. 

21.10 DIRECT DEMONSTRATION THAT YEAST 
PHOTOREACTIVATING ENZYME AND LIGHT 

MONOMERIZE THYMINE·CONTAINING 
DIMERS IN UV·IRRADIATED DNA 

J. S. Cook 

Although it is generally accepted that the repair of 
uv-irradiated DNA by photoreactivating enzyme and 
light involves the reversion of cyc1obutane-contain­
ing pyrimidine dimers to pyrimidine monomers, the 
reaction has been directly demonstrated only for the 
case of cytosine-containing dimers. 1 In the present 
work, the reaction is quantitatively demonstrated for 
the thymine-containing dimers in E. coli DNA. 
Ultraviolet-irradiated DNA labeled with 3H-thymine 

was mixed with unirradiated DNA labeled with 14C_ 
thymine; the mixture was exposed to light in the 
presence of yeast photoreactivating enzyme, then 
hydrolyzed and chromatographed. As photoreacti­
vation progresses, the loss of 3H activity in the 
dimer region of the chromatogram is accompanied by 
the stoichiometric increase in the 3H/ 1 4C ratio in the 
thymine region. In order to demonstrate this reversion 
of dimers to monomers, it is necessary to allow for a 
small but real chromatographic separation of 3H_ and 
14C-labeled thymine. 
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21.11 DISTRIBUTION OF PHOTOREACTIVATING 
ENZYMES 

J. S. Cook Janet R. McGrath 

The existence of photoreactivating enzyme in a 
tissue may be inferred from (1) the ability of an 
extract of the tissue in the presence of light to re­
verse the biological effects of ultraviolet irradiation 
on transforming DNA and (2) the loss of this ability 
after the extract has been heated to 65° C for 10 min. 
Other criteria (nondialyzability of the active compo­
nent of the extract; ability of the extract in the 
presence of light to split pyrimidine dimers formed 
in DNA by ultraviolet irradiation) may be and have 
been used to demonstrate the existence of the photo­
reactivating enzyme in a particular tissue. 

Table 21.9.1. Radioactivity in Dimers (Percentage of Total) in the Acid·lnsoluble Fraction of the 

UV ·Irradioted Strains of Escherichia coli 

Time After UV (20 to 30 erg5/ mm 2, 265 rnf1.) 
Strain 

o min 60 min 

WP2 her - 0.018 0.018 

B 
5-8 

0.018 0.024 

B 5 • 1 
0.022 0.021 

AB1884 0.023 0.021 

B 
8·3 

0.015 0.013 
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Since the enzyme is found in some tissues which 
are never exposed to light (e.g., sea urchin testis; 
the sperm, which are exposed to light on being 
extruded into seawater, do not contain the enzyme) , 
it is possible that the enzyme serves some function 
other than photoreactivation. As a preliminary to 
investigating this possibility, a survey has been 
made of the distribution of the enzyme. 

Phylogenetically, the enzyme has been found in 
echinodermata, crustacea, insects, fish, amphibia, 
and bird (chick) embryo. The enzyme has not been 
found in Tetrahymena, adult chick, nor, despite an 
intensive search under a wide variety of conditions, 
in mammals. The tissue distribution is also broad; 
in animals where acti vity is found at all, it is found 
in virtually every tissue except blood serum. 

The cellular distribution is under investigation. In 
frog liver the enzyme appears to be in the soluble 
fraction. It is readily separable from mitochondria 
and mitochondrial enzyme activity and from nuclei 
and DNA. Whether the dissociation of the enzyme 
activity from the nuclei is an artifact of preparation 
is not yet certain. There is physiological evidence 
in other cellular systems (particularly sea urchin 
eggs) that the enzyme is active in the cytoplasm as 
well as the nucleus; that the enzyme is apparently 
in the soluble fraction is thus not contradictory to 
physiological data. 

21.12 DELAYED RESPONSE IN THE 
PHOTOREACTIVATION OF TRYPTOPHANASE 

INDUCIBILITY IN ESCHERICHIA COLI B 

P. A. Swenson 

Ultraviolet radiations inhibit the formation of in­
duced enzymes in Escherichia coli B. Three induced 
enzymes, ,a-galactosidase, tryptophanase, and 0-

serine deaminase, are about equally sensitive to 
2537-A radiation in both a radiation-resistant strain 
(BIr) and in a radiation-sensitive strain (B s.)' The 
three enzymes differ, however, in their abilities to 
be photoreacti vated. The criterion for photoreacti va­
tion (P. R.) is an increase in enzyme-forming ability 
above that for cells not receiving the P. R. treatment. 
Ultraviolet doses of about 400 ergs/mm 2 to Bir in­
hibit the formation of the three enzymes by 90 to 
95%. Following P. R. treatment at room temperature, 
immediate induction, and incubation at 37° C, ,a­
galactosidase shows the most P. R. (21~ times in­
crease). o-Serine deaminase shows about one-third 

the photoreacti vability of ,a-galactosidase, but 
tryptophanase shows no photoreacti vability. 
Tryptophanase, however, shows a delayed P. R. ef­
fect. If, following uv and P. R. treatment, B/r cells 
are preincubated at 37° C for 10, 20, or 30 min before 
induction, a graded amount of P. R. is obtained. 
When cells are induced immediately after P. R., a 
small amount of P. R. occurs after about 60 min. No 
immediate P. R. is obtained when P. R. treatment is 
carried out at 37° C. 

When BI rand B cells are irradiated at lower 
S-l 

doses, 'V 120 ergsl mm 2, immediate photoreacti vation 
of tryptophanase is obtained if P. R. treatment is 
given at 37° C but not if given at room temperature. 
Delayed P. R. is observed in Bir under the latter 
conditions, 30 min after addition of inducer. As is 
the case with B/ r at high doses, delayed P. R. is 
also obtained when either strain receives P. R. treat­
ment at room temperature and a preincubation period 
of 30 min is allowed before addition of inducer. 

The results suggest that temperature-dependent 
steps following the photochemical events in the P. R. 
of the tryptophanase gene are necessary for the ex­
pression of this gene. 

21.13 EFFECTS OF ULTRAVIOLET 
IRRADIATION ON RESPIRATION OF RADIATION· 

RESISTANT AND SENSITIVE STRAINS OF 
ESCHERICHIA COLI 

Barbara A. Hamkalo P. A. Swenson 

The effect of uv irradiation on the respiration of 
strains of E. coli which differ in radiation sensi­
tivity, as determined by survival, is being studied 
by Warburg manometry. Unirradiated log-phase cells 
of Bir and B 1 show an exponential increase in s-
oxygen consumption with time. After a heavy dose 
of uv ('V 400 ergsl mm 2), both strains respire at the 
same rate as the controls for 1 hr. After this time 
oxygen consumption in B/ r, the radiation-resistant 
mutant, ceases, whereas the sensitive mutant, B

S
• 1' 

continues to respire at a linear rate. 

If cells are irradiated in stationary phase, there is 
no apparent effect of the same dose of uv on oxygen 
consumption. This result rules out a direct effect of 
uvon the respiratory enzymes. Minicells 1 which are 
derived from a K12 parent strain of E. coli and which 
possess no DNA 1 also show no effect of uv on res­
piration. The uv-damaged respiratory activity in log­
phase cells can be photo reactivated. Since log-phase 
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cells which are synthesizing DNA ar~ more uv sensi­
tive than stationary cells, the uv effect on respira­
tion may be a reflection of damage to a process 
dependent on DNA synthesis. 

References 

lH. 1. Adler et al. , 1966, in press. 

21.14 ACTION SPECTRA FOR SURVIVAL AND 
PHOTOPRODUCT PRODUCTION IN 

B. MEGATERIUM SPORES 

J. E. Donnellan, Jr. J. L. Otis 
R. S. Stafford 

Introduction. - The photoproducts formed by ultra­
violet irradiation of bacterial spores have been pos­
tulated to be involved in the mechanism leading to 
spore death. 1 It should follow, therefore, that col­
ony formation and photoproduct production should 
share the same functional dependence on the wave­
length of irradiation. We have determined the action 
spectra for these two events. 

Results and Di scussion. - Spores of B. megaterium 
labeled with tritiated thymidine were irradiated with 
light of various wavelengths and survival curves and 
rates of production of photoproducts determined. It 
was difficult to obtain reproducible results until we 
recognized that the age of the spores and the con­
ditions under which they are produced can affect 
both survival and photoproduct production. The most 
accurate data have been obtained at wavelengths of 
2378, 2652, and 2804 A. At these wavelengths there 
is no difference in the survival curves or in the rate 
of photoproduct production. They are all equally ef­
fective. Other less precise data suggest that minima 
occur in the action spectra for both events at 2483 A 
and that the action spectra decrease at 2894 A. 

From these data we conclude that colony formation 
and photoproduct production share the same func­
tional dependence on the wavelength of uv irradiation. 
This result strengthens the hypothesis that spore 
photoproducts are involved in spore death. 
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21.15 THE ULTRAVIOLET PHOTOCHEMISTRY 
OF GERMINATING SPORES 

R. S. Stafford J. E. Donnellan, Jr. 

Introduction. - Ultraviolet irradiation of bacterial 
spores produces thymine-containing photoproducts 
different from the thymine photoproducts produced in 
vegetati ve cells. 1 The spore photoproducts are in­
vol ved in the mechanism leading to spore death. 2 

Stuy and Irie et al. have shown that germinating 
spores go through a stage in which they become 
immune to uv irradiation as exhibited by tailing of 
survival curves. 3 We have confirmed their findings 
and have studied the production of thymine photo­
products in spore DNA during germination. 

Methods. - Spores of B. suhtilis strain W168 ind-, 
thy- were placed in growth medium, and, after vari­
ous times, aliquots were removed for studies of uv 
survi valor photoproduct production. For the latter 
studies spores were produced in medium containing 
tritiated thymidine. In some experiments spores of 
B. megaterium strain QMB1551 were used. Photo­
products were isolated by paper chromatography and 
measured in a liquid scintillation counter. 

Results and Discussion. - Survival curves of 
germinating B. suhtilis exhibited tails which were, 
within experimental error, unaffected by further uv 
exposure. This type of survival curve is observed 
with many organisms at very low survival. With 
germinating spores, however, the level of survival at 
which the survi val is independent of dose is a func­
tion of the germination time of the spores. It goes 
through a maximum of 7 to 10% survival after 10 min. 
This is best shown by plotting the level of survi val 
for a single large dose of irradiation vs the time of 
germination. Similar single-dose experiments were 
performed using B. megaterium spores. Spores of 
this organism germinate very rapidly, the process 
being complete after about 3 min. It would be ex­
pected that during long irradiations all spores in the 
population would enter or leave the resistant state 
during the period of irradiation. It should be pos­
sible, however, to find an irradiation time during 
which some spores neither enter nor leave the re­
sistant state, that is, the time during which the 
spore remains in that state. This time should yield 
the highest survival in the single-dose experiments. 
We have irradiated germinating B. megaterium spores 
with 4000 ergs/mm2 for exposure times of 150, 15, 
and 5 sec and find maximum survivals of 7, 25, and 
32% respectively. It is possible that shorter ex­
posures may yield slightly higher maximum survivals. 
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The production of photoproducts in germinating 
spores of B. subtilis was studied. After various 
periods of germination labeled spores were irradi­
ated with a single dose and the amounts of spore 
photoproducts or thymine dimers measured. As a 
function of germination time the production of spore 
photoproduct decreases after a very brief lag. The 
production of thymine dimer, however, is delayed for 
a longer period of time. These results suggest that 
the DNA of bacilli is found in three states. One 
state is that found in bacterial spores. In this state 
thymine dimers are not formed but spore photo­
products are. A second state is that of vegetati ve 
cells or DNA in solution in which normal thymine 
dimers are produced. The third state is the very 
transient one found in germinating spores. In this 
state no thymine photoproducts are produced and the 
cells are very resistant to ultraviolet radiation. 
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21.16 THE BIOLOGICAL SIGNIFICANCE OF A 
NEW PHOTOPRODUCT FORMED IN DNA AT 77°K 

R. o. Rahn Jane K. Setlow 1 

Introduction. - A thymine-containing photoproduct 
found in DNA irradiated at 77° K has many properties 
similar to those of a photoproduct found in irradiated 
bacterial spores 2 and is probably the same compound. 
The spore photoproduct is not repaired by photo­
reactivating enzyme from yeast. The nonphotoreacti­
vability of the photoproduct has been used to obtain 
evidence for its lethal effect on transforming DNA. 

Methods and Results. - The loss of transforming 
ability of Hemophilus influenzae DNA was measured 
as a function of dose at 298 and 77°K at two ultra­
violet wavelengths with and without maximum photo­
reactivation, and chromatographic analysis was made 
of the photoproducts. After 298° K irradiation at 

2800 A or at 2380 A, more than 80% of the damage is 
photoreactivable with yeast enzyme (and the thymine­
containing dimers, known to be a substrate for the 
photoreactivating enzyme, are the main photoproduct). 
However, following 2800-A irradiation at 77°K, where 
the dimer and the spore-type photoproduct appear in 
equivalent amounts, less than 60% of the damage is 
photoreactivable. At 2380 A, the photoreactivable 
sector is less than 50% for the low-temperature ir­
radiation, in accordance with the proportionally 
larger amount of spore-type photoproduct formed under 
these conditions. 

Conclusions. - The new photoproduct formed in 
DNA at 77° K inhibits transformation. 

References 

lCytology and Genetics section. 
2 J. E. Donnellan and R. S. Stafford, BioI. Div. 

Semiann. Progr. Rept. July 31, 1966, ORNL-3999, 
pp. 171-72. 

21.17 NATURE OF PHOTOPRODUCT FORMED 
IN DNA AT 77° K 

R. o. Rahn J. L. Hosszu 

It was established previously that thymine dimer 
formation is severely retarded when DNA is irradi­
ated at 77° K. However, evidence has been obtained 
that a new thymine photoproduct is formed at 77° K. 
This new photoproduct is of interest because of its 
similarity with the thymine photoproduct found in ir­
radiated spores. The following features have been 
identified for the new photoproduct obtained when 
DNA is dissolved in a 50% ethylene glycol mixture 
and irradiated with 2800 A at 77° K. 

1. RF = 0.4 for butanol/water/acetic acid solvent 
with phosphate buffer present, 

2. stable to formic acid hydrolysis, 170° C, 

3. nonreversible with short-wavelength uv, 

4. competes with thymine dimer for adjacent thymine 
moieties, 

5. growth rate parallels that of thymine dimer, both 
approaching a maximum at 'V 1 %, 

6. at low doses, 200 ergs/mm 2, the rate of forma­
tion is about 3 times less at 77° K than that of 
thymine dimer at 298° K. 
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The first four properties are similar to those found 
for the spore photoproduct. 

21.18 PYRIMIDINE DIMER FORMATION IN 
POLYTAT77° K 

R. o. Rahn J. L. Hosszu 

Photoproduct formation in poly T at 77° K was in­
vestigated for the polymer dissolved in 50% ethylene 
glycol solutions. Absorbance measurements were 
made at 298° K following irradiation at 77° K. For 
irradiation at 280 nm, poly T in 0.05 M NaCI, which 
underwent 74% conversion to the dimer at 298° K, 
showed only 24% conversion at 77° K (Fig. 21.18.1). 
However, the initial rate of change in absorbance 
was 5 times faster at 77 than at 298° K. This result 
is consistent with a model in which (1) at 77° K only 
a fraction of the bases are suitably oriented to form 
dimers and (2) the quantum yield of dimer formation 
for those bases which can form dimers is an order of 
magnitude higher at 77 than at 298° K. By succes­
sively thawing, refreezing, and reirradiation, 70% 
conversion to the dimer was obtained. Presumably, 
more bases are made available for dimer formation 
by refreezing. For irradiation with 2537 A, the 
photo steady-state distribution at 77° K was shifted 
towards the dimer, since reirradiation at 298° K leads 
to an increase in absorbance. 
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Fig. 21.18.1. Relative Change in Absorbance of Poly 

T in 50% Ethylene Glycol as a Function of Dose at 298 

and 77° K. Irradiation at 2800 A. 

21.19 ELEMENTAL COMPOSITION OF TISSUES 
AS A LIMITING FACTOR IN THE 

SPECIFICATION OF DOSE OF 
IONIZING RADIATION 

M. L. Randolph 

Introduction. - Estimation of the dose of ionizing 
radiation received by a biological tissue is normally 
obtained by multiplying a physically measured value 
of exposure or of dose in a radiation detector by a 
factor supposedly compensating for the difference in 
energy absorption of the detector and tissue of inter­
est arising from differences in their compositions. 
The elemental composition of the tissue is usually 
taken as equivalent to that of muscle l except for the 
irradiation of bone or fat or irradiation by neutrons. 
The results of a study on the uncertainty introduced 
in dose estimates by the assumption that tissues are 
dosimetrically equi valent to muscle are presented 
here. 

Results. - To first approximations wherein molec­
ular binding effects , density of irradiated media, and 
relativistic effects are ignored, relative doses de­
livered to different media by various mechanisms of 
physical interaction can be calculated from atomic 
numbers (Z j) and concentrations (Pj) of the ele­
ments (i) composing the media and their overall 
electron concentrations (no). The dose per unit ex­
posure for the photoelectric effect was taken as 
proportional to 

for the Compton effect as proportional to no; for pair 
production, 

for collision losses by charged particles, no; for 
radiative losses by high-energy electrons, 

~ pjZj(Zj + 1.3) 

Aj 

and for elastic scattering of fast neutrons, 0.9 [H] + 
0.1, where [H] is the concentration of hydrogen. For 
a number of tissue compositions and a few molecules 
of potential interest (culled from literature too ex­
tensi ve to ci te here in detail) the relative doses in 
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Table 21.19.1. Dosimetric Significance of Elemental Composition 

Relative Doses 

Absorbing Medium ( Reference) 
Photoelectric 

Effect 

Compton Effect 

and Collision 

Losses of 
Pair 

Production 

Radiative 

Loss of Fast 

Electrons 

Fast 

Neutrons 

"Tissues" 

Muscle (ICRU, 1964) a 1.00 

(Yamamoto, 1963) 0.91 

Standard man (ICRP, 1955) ~ 1.35 

Water 0.99 

Bone (ICRU, 1964) 3. 7 

Fat from rat (Yamamoto, 1963) 0 . 6 

Liver - ay chicken and cat (Bioch. Handbook) 0.91 

Lens, ox (Sioch. Handbook) 0.93 

Egg yolk, hen (Bioch. Handbook) 0.83 

Silkwonn, pupae (Murakami, 1966) ""' 1.2 

l arvae, day 0 (Murakami and Kondo, 1964) 

larvae, day 7 (Murakami and Kondo, 1964) '" 1.2 

Tradescantia inflorescences (Conger and Giles, 1950) 1.02 

Vicia laba root tips (Neary, 1959) 1.07 

Whole seeds - radish (Troitskii and Arramko, 1964) 

wheat (Troitskii and Arramko, 1964) 

"Molecular species" 

DNA (approx) 1. 36 

Proteins ( range o f several) 0.6-0.9 

Lipids (range) 0.4-0.9 

Chlorophyll a 0.60 

Carbohydrates 0.78 

BStandard tissue. 

a sufficiently large homogeneous mass of the media 
have been calculated and are presented in Table 
21.19.1. 

Discussion and Conclusion. - Evidently , from the 
ranges of values given in Table 21.19.1, only for the 
Compton effect and collision losses by charged par­
ticles is the assumption of tissue equivalence to 
muscle generally valid to ±2%. For collision losses 
in charged particle irradiations the dependence on 
mean ionization potential, which is not included here, 
may introduce further uncertainty of a similar magni­
tude. LET values, as usually calculated in Mev cm 2 

g-l for water, have the same dependence on compo­
sition and ionization potential as do collision losses 
of charged particles. Values given for molecular 
species are only suggestive rather than directly 
applicable. The overall conclusion is that unless 

± Particles 

1.00 1.00 1.00 1.00 

1.00 0.99 0.99 0.98 

1.00 1.06 0.99 0.98 

1.00 1.02 1.02 1.08 

0.97 1. 30 1.24 0.67 

1.01 0.85 0.88 1.11 

1.00 0.97 0.98 1.01 

1.00 0 .97 0.99 0.95 

1.00 0.94 0.94 1.04 

1.00 1.00 1.01 1.00 

0. 97 1.05 1.02 0.87 

1.00 1.02 1.02 1.03 

1.00 1.02 1.01 1.03 

1.00 1.00 1.01 1.02 

0.99 0.94 0.94 0.93 

0.98 1.03 1.01 0.79 

0.94 1.04 1.02 0.46 

0.96-0.98 0.87-0.94 0.89-0.94 0.67-0.73 

0.98-1.04 0.75-0.90 0.80-0.91 0.78-1.36 

0.98 0.84 0.89 0.81 

0.97 0.94 0.95 0.69 

detailed consideration is given to elemental compo­
sition of the tissue volume of interest, which is the 
tissue of interest and a surrounding layer of thick­
ness approaching the range of ionizing secondaries 
produced, the uncertainties of composition make 
meaningless to radiobiology physical measurement or 
dose specification to much better accuracy than ±2% 
even under favorable irradiation conditions. 

References 

1I.C. R.U. (International Commission on Radiological 
Units and Measurements) Report lOb, Physical As­
pects of Irradiation, U. S. Nat!. Bur. Std. Handbook 
85, Washington, D. C. , 1964. 



Cooperative Programs 

AEC-NIH CHEMICAL CARCINOGENESIS 

Biochemi stry of Carcinogenesi s (22.1) 

Stanfield Rogers 
J. H. Evansa 

B. L. Cain 
W. L. Fox 
Mary L. Hummel 
D. W. Parsons 
T. J. Stephens, Jr. 

Enzymology of Chemical Carcinogenesi s 
(22.2-22.7) 

G. David Novelli b 

Audrey N. Best b 

Lawrence Rosen b 

Bery 1 Ortwerth b, c 
L. C. Waters b: c 
Wen-Kuang Yangb, d 

Kiki B. Hellman b 

Shigemi liyama b 

E. L. Murrayb 

Mammalian Chemical Carcinogenesis (22.8, 22.9) 

A. C. Upton b 

N. K. Clappb 
J. W. Conklin b 

K. W. Cole b 

Chromosomal Effects o"f Chemicals and Radiation 
(22.10) 

E. H. Y. Chub 
J. E. Trosko b 

E. Virginia Merriame 

Lana T. Covington b 

Margaret R. Kasschau b 

Patricia A. Brimer 

Effects of Radiation and Chemicals 
on Paramecium (22.11) 

R. F. Kimball b 

BConsultant 

bDual assignments 

E. G. Bailiffb 

Barbara R. Bussell b 

Carrie L. Wells b 

C American Cancer Society Fellow 

dVisiting investigator from abroad 

178 

Biophysics of Carcinogenesis (22.12-22.14) 

R. B. Setlow b 

J. R. Einstein b 

F. C. Hartmanb 

J. W. Longworth b 

C. H. Wei b 

W. A. White b 

Chemical Mutagenesis in Microorganisms (22.15) 

F. J. de Serres b 

H. V. Mallingb 
D. S. Carroll b 

J. S. Wassom b 

Inhalation Carcinogenesi s (22.16-22.22) 

D. G. Dohertyb 
J. O. Brick 
M. G. Hanna, Jr. 
A. P. Harrison, Jr. 
Paul Nettesheim 
C. T. Bahnera 

Alfred Hellman e 
R. F. Newell e 

T. E. Bankert 
O. D. Boyd 
Gertrude H. Brummett 
J. G. FarrellyB 
Mary W. Francis 
J. L. Grey 
Anna S. Hammons 
R. J. Holbrook 
F. J. Lacina 
E. W. Leach 
D. H. Martin 
Leona C. Peters 
Vivian E. Raabe 
R. C. Satterfield 
B. E. Sise 
G. G. Smiley 
A. K. Szakal 
J. R. Webb 
Mary Lou Williams 
J. E. Whittlesey 
L. J. Wopschall 

Biochemi cal Regul ation (22.23-22.25) 

F. T. Kenneyb 
J. R. Reelb,h 
Claudio Pellegrino b 

eUSPHS Postdoctoral Fellow 

iTemporary 

Joseph Kendrick b 

liOn leave of absence, as NSF Predoctoral Fellow, 
to attend the University of Tennessee, Knoxville 

hLoanee 

• 



22.1 STUDIES WITH CERTAIN ONCOGENIC 
AND PLANT VI RUSES 

Stanfield Rogers 

Induction of a Lipoprotein by Mutant Shope Papil­
loma Virus Recoverable in Domestic Rabbits. - In 
efforts to purify this virus for comparison with the 
wild type, a bandab1e protein in a 25 to 50% su­
crose gradient not occurring in domestic-rabbit 
papillomas induced with wild-type virus was en­
countered. Sporadic low infectivity was found as­
sociated with the band. Its amino acid composition 
is considerably different from the protein coat of 
wild-type virus. The density of the band is much 
less than the density of banded wild-type virus. 
The percentage nitrogen in the protein is only 8% 
as compared with about 16% for the wild-type virus 
protein coat. The pellet stains with Sudan IV, 
indicating the presence of lipid. Electron photo­
micrographs made by Dr. Harris of the Molecular 
Anatomy Group revealed structures containing no 
capsomeres and resembling most tiny fat droplets. 
Thinking that this lipoprotein might be nonspe­
cifically absorbed on the surface of infective virus 
DNA, and thereby protecting it to a degree to make 
it infective using standard inoculation procedures , 
the DNA obtained from purified wild-type virus was 
incubated with this lipoprotein. It had no effect 
upon the infectivity of the DNA. It is not yet clear 
whether the infectivity of extracts of these do­
mestic-rabbit recoverable line papillomas is the 
result of infective DNA somehow protected from 
DNAase or whether this lipoprotein is forming the 
protein coat of the virus. 

Does the Mutation Responsible for Virus Re­
coverability in Recoverable line Papillomas 
Involve the Structure of the Arginase Induced by 
the Vi ru s? 1 - In metabolic studies of the papil­
lomas induced by the mutant virus, the arginase 
activity of the tumors is about half that found in 
tumors induced by wild-type virus. The free argi­
nine pool in these tumors is considerably higher 
than the pool in tumors induced by wild-type virus. 
That the growth rate of the recoverable line tumors 
is much less than those induced with wild-type 
virus adds further weight to our conclusion that the 
low arginine pool in Shope-virus-infected cells is 
the cause of the depletion of arginine-rich his tones 
in the papillomas, which in turn derepresses DNA 
and allows thereby for the rapid growth of the 
cells. 2.3 The arginine pool in normal squamous 
cells of the rabbit is much higher than in the 
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tumors induced by either of these two virus lines. 
The lysine-arginine ratio in normal skin is 1 : 40, 
in wild-type papillomas 15: 1, and in recoverable 
line papillomas 4 : 1. 

That the arginase activity of the papillomas 
induced with the recoverable line virus was less 
raised the question as to whether the number of 
enzyme molecules is less or whether the enzyme 
had been rendered less effective because of the 
mutation. Should this latter be the case, it would 
prove unequivocally that the information of the 
synthesis of the enzyme is virus information. 
Though our chemical and immunological data 
strongly indicate that this is SO,4,5 it remains 
inferential to a degree. Efforts were therefore 
made to purify the arginase induced with the re­
coverable line virus and to compare it with the 
enzyme induced with wild-type virus. The purifica­
tion of the recoverable line virus induced enzyme 
is not complete, at least in the quantities required 
for peptide analysis. However, we already have 
found that it moves differently on carboxymethyl 
cellulose than does the enzyme induced with wi1d­
type virus. Whether the structural difference re­
sponsible for this difference in elution from the 
column will be reflected in a change in the peptide 
pattern and amino-acid content will be seen 
shortly. 

Efforts to Put Synthetic Information on the 
Tobacco Mosaic Virus RNA. - The RNA of this 
virus was kindly supplied by Dr. C. A. Knight of 
the Virus Laboratory at Berkeley. Both 14C and 
cold UDP have been used in conjunction with poly­
nucleotide phosphorylase obtained from commercial 
sources and derived from Micrococcus lysodeik­
ticus. The enzyme from this source requires an 
RNA primer. In the first tests 8000 counts min- 1 

cm- 3 were found associated with the TMV-RNA. 
Biological tests in Xanthi tobacco plants revealed 
the RNA remained infective. Tests under way on 
a larger scale and using both Xanthi and Turkish 
tobacco plants are being carried out to find 
whether there is detectable polyphenylalanine in 
the infected leaves and whether in the systemic 
infection of the Turkish variety, the new sys­
temically transmitted TMV will also have po1y­
phenylalanine in the leaves not inoculated. If so, 
it would be indicative that the RNA with po1yuri­
dine added was being copied with po1yuridine still 
incorporated. The hunt for po1yphenylalanine is 
being done in conjunction with Dr. pfuderer of the 
Enzymology Group. 
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22.2 ETHIONINE CARCINOGENESIS 

Beryl Ortwerth G. David Novelli 

When ethionine, an analogue of methionine, is 
added to the diet of rats for five months, hepatomas 
will develop in almost all of the animals. 1 It has 
also been shown that the nucleic acids of rat liver, 
especially the sRNA fraction, will become labeled 
shortly after the injection of l4C-ethyl-labeled 
ethionine. 2 In an attempt to correlate these ob­
servations, a kinetic and chromatographic compari­
son was made between crude tRNA fractions iso­
lated from normal liver and hepatoma tissue. 

Results. - Preparations of tRNA isolated from 
rat livers following a 48-hr exposure to l4C-ethyl­
labeled ethionine were subjected to both reverse­
phase and Freon chromatography. 3,4 These pre­
liminary separations indicated that there are 
certain tRNA species which are ethylated to a 
greater extent than others. This is in contrast to 
the random labeling patterns obtained with l4C_ 
methyl-labeled methionine under the same condi­
tions. 

Crude tRNA fractions have also been prepared 
from the livers of normal rats and rats fed the 
ethionine-containing diet for five months. Pre­
liminary measurements of amino acyl-accepting 
capacity for ten different amino acids have been 
carried out on the above tRNA preparations. No 
difference in amino acid accepting ability was ob­
served with five of the amino acids tested; how­
ever, with the others the tRNA from the ethionine­
fed rats showed a 10 to 30% decrease in total 
charging. This also suggests that the effects of 
ethionine on tRNA are variable. Currently the 
changes in the individual tRNA species due to the 
ethionine feeding are being investigated. This is 
accomplished by cochromatographing the two tRNA 
preparations which have been precharged with 14C_ 
and 3H-labeled amino acids. 
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22.3 STUDIES ON AMINO ACID ACTIVATION 
IN MOUSE PLASMA CELL TUMORS 

Wen-Kuang Yang G. David Novelli 
C. J. Wust l 

Introduction. - The origin of immunological spec­
ificity and physicochemical heterogeneity of im­
munoglobulins has been the subject of various 
hypotheses. Recently a possible control mech­
anism of immunoglobulin biosynthesis was dis­
cussed, 2,3 although no experimental proof or dis­
proof is available. In the present investigation, 
cell-free amino acid activation is being studied as 
the first step of a systematic research on this 
problem, because the multiplicity and individual 
specificity of various amino acid tRNA-synthetase 
systems possibly provides a candidate for the 
control mechanism. As the plasma cell tumor 
produces a rather homogeneous population of my­
eloma protein which is similar to the immunoglob­
ulins and for which the primary structure has been 
extensively studied, this kind of functional tumor 
was chosen for study. 

Results and Discussions. - Mouse mineral-oil­
induced plasma cell tumors, MOPC-31B and MOPC-
31C, supplied by Dr. M. Potter of the NIH, have 
been successfully maintained by subcutaneous 
transplantation in Balb/cum mice. The genetic 
constancy of these tumors in myeloma protein 
production has been ascertained by immunoelec­
trophoretic analysis using specific antisera pre­
pared against L-chain and papain Fc fragment of 
the myeloma protein. Ascites forms of these 
tumors have also been produced. 

Transfer RNA was prepared by phenol extrac­
tion, 1 M NaCl extraction, and DEAE-cellulose 
chromatography. Initial homogenization of the 
tissue in hypertonic sucrose medium and removal 
of nuclei were found necessary for the prevention 



of DNA contamination. Synthetase preparations of 
the liver and tumor tissues were made by conven­
tional methods except that 10% glycerol was added 
to the homogenizing medium and that Sephadex G-
100 gel filtration was performed. The synthetase 
preparations were found to be very active for all 
19 amino acids tested. The optimal Mg2+/ ATfl 
ratio of the synthetase was determined for every 
amino acid and found to be different from other 
systems, such as those of E. coli and yeast; es­
pecially remarkable for the tumor synthetases are 
those of leucine (0.5 to 1) and glutamate (2.0 to 
2.5). When the amount of incorporated 19 14C_ 
amino acids and added tRNA were calculated on a 
molar basis, a 50 to 55% value was obtained. Chro­
matographic studies of tumor tRNA on Freon col­
umns 4 have been initiated. Good separation was 
obtained both at pH 4.5 and 7.5. A simple direct 
assay on the filter paper disks was devised for 
screening chromatographic fractions for the amino 
acid accepting ability of tRNA. Preliminary re­
sults showed that from the pH 4.5 Freon column 
four to five leucine tRNA's , three lysine tRNA's , 
and two histidine tRNA's were observed. Cochro­
matography of precharged 14C_ and 3H-aminoacyl 
tRNA will be performed on the column with samples 
from MOPC-31B and 31C tumors to see if any 
change in tRNA can be related to the production of 
mouse Bence-Jones protein. 

As a sideline of interest , mouse plasma cell 
tumor tissue was found to have a soluble system of 
arginine incorporation into protein, which is much 
more remarkable than the system found in the rat 
liver.s Further studies will be performed aiming at 
an understanding of the physiological meaning of 
this phenomenon. 
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22.4 PHYSIOLOGICAL PARAMETERS OF L-M 
CELLS PROPAGATED IN VIVO AND IN VITRO 

Kiki B. Hellman R. B. Cumming l 

Alfred Hellman G. E. Cosgrove 2 

G. David Novelli 

The capacity of the L-M cell to initiate tumor 
formation in vivo when inoculated into C3H 
(Andervont substrain) mice has provided a means 
of obtaining large quantities of tissue for biochem­
ical studies. Studies of uridine and thymidine in­
corporation, alkaline phosphatase activity, chro­
mosomal characteristics, and growth rate of the 
cell population have been undertaken. The results 
suggest that , although one loses a small portion of 
the L-M marker chromosomes, other morphological 
and biochemical characteristics remain relatively 
stable. The only biochemical instability encoun­
tered is apparently sex dependent. The increased 
uridine incorporation observed in L-M cells ob­
tained from tumor-bearing female mice is correlated 
with a decrease in the percentage of tumor regres­
sion. 

In addition to the studies of tumorigenesis , the 
large-scale cultivation of L-M cells in vitro has 
continued with the result that consistent harvests 
of approximately 2 g/ liter are obtained. The rou­
tine propagation of cells in 5-liter volumes con­
tained in a modified New Brunswick fermentor has 
been established. As a result, systems are now 
available for obtaining material in sufficient quan­
tities for comparative studies of the in vitro and in 
vivo state of the L-M cell. 
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22.5 LEUCYL-tRNA FROM T2-INFECTED 
E. COLI B 

L. C. Waters Elliot Volkin 1 

G. David Novelli 

It has been reported 2 that leucine tRNA from E. 
coli which had been infected for 2 hr with T2 
phage is chromatographically distinct from that 
isolated from normal or 6-min-infected cells. The 
main distinction is that two new peaks, IV and V, 
appear in the 2-hr infection. It was prevlOusly 



reported 2 that these peaks (IV and V) are present 
in normal cells but at a very low level. Further 
evidence showed that only three peaks, I, II, and 
III, were observed with leucyl-tRNA from normal 
E. coli under the chromatographic conditions used. 
Therefore current studies have been efforts to 
elucidate problems concerning the origin and func­
tion of peaks IV and V of leucyl-sRNA, which ap­
pear to be unique to T2-infected E. coli. 

Timing studies show that the new peaks appear 
as early as 25 min after infection. The addition 
of chloramphenicol (to inhibit protein synthesis) 
and fluorodeoxyuridine (to inhibit DNA synthesis) 
6 min after infection does not prevent the appear­
ance of the new peaks. Chloramphenicol added 3 
min prior to infection does prevent their appear­
ance. These results suggest that protein synthesis 
early in the infectious cycle is necessary for the 
appearance of the new peaks. They also rule out 
the possibility that the new peaks are an artifact 
of isolation in the presence of large amounts of 
DNA. Studies with methyl-deficient tRNA rule out 
undermethylation as the cause of the appearance of 
the new peaks. 

Experiments were done using 32p to label the 
tRNA in control and infected cells in order to in­
vestigate the possibility of de novo synthesis. 
The results were ambiguous, possibly due to con­
tamination with rapidly labeled mRNA and turnover 
of the - C - C - A terminal groups in the tRNA. 
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22.6 STUDIES ON THE PURIFICATION 
AND CHARACT ERISTICS OF tRNA 

PYROPHOSPHORYLASE 

Audrey N. Best G. David Novelli 

Introduction. - We have continued our investiga­
tion into the properties of the enzyme(s) that in­
corporates AMP and CMP from ATP and CTP into 
the terminal position of tRNA: 

tRNA---- + ATP + 2 CTP 

~ tRNA ---- pCpCpA + 3 PP . 1 .2 

182 

The substrate tRNA for the initial assays of the 
enzyme has been prepared from a partially purified 
tRNA fraction from E. coli w by periodate oxidation 
followed by amine cleavage and subsequent treat­
ment with alkaline phosphatase. When the enzyme 
has been purified to the desired degree of homo­
geneity, it will be studied extensively and char­
acterized, and the pure preparation can be of use 
in the investigations of various tRNA's. 

Results and Discussion. - An enzyme prepara­
tion from E. coli B that incorporates AMP (from 
ATP) into oxidized tRNA can be purified approxi­
mately 100-fold by chromatography on diethylami­
noethyl cellulose (DEAE) and hydroxylapatite, but 
the preparation was not of the desired purity. Pre­
liminary experiments have indicated that chroma­
tography on DEAE followed by chromatography on 
carboxymethyl cellulose might result in a more 
purified preparation. Experiments are now in 
progress to improve the present chromatographic 
procedures and to expand them for large-scale 
production of the enzyme. 
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22.7 ISOLATION OF THE PRODUCT FORMED 
BY THE SOLUBLE AMINO ACID 

INCORPORATING SYSTEM 

Lawrence Rosen Shigemi Iiyama 
G. David Novelli 

Introduction. - The soluble system which in­
corporates phenylalanine into a hot TCA-insoluble 
product is resistant to RNAase and is found in the 
high-speed supernatant from trout liver homoge­
nate. 1 The product which is formed is totally ex­
cluded by Sephadex G-50, and more than 80% of 
the incorporated radioactivity can be recovered by 
passage through G-50. 2 This report deals with 
the isolation of the radioactive product or products. 

Results and Discussion. - Overnight storage at 
2° of the excluded G-50 fraction (peak A), which 
contains the incorporated phenylalanine, leads to a 
solubilization of 50 to 70% of the TCA-insoluble 

• 



product. This is not unexpected, since passage 
through G-50 removes phenylalanine and A TP and 
the removal of only the latter leads to a rapid deg­
radation of the product. 2 This is the reason that 
the incorporated radioactivity is not completely 
recovered by passage through G-50, since removal 
of free phenylalanine and ATP is accomplished 
before the G-50 fractions can be assayed for TCA­
insoluble radioactivity. In spite of this difficulty 
the following procedure was used to separate two 
stable radioactive fractions from peak A. 

After overnight storage at 2° , peak A is again 
passed through Sephadex G-50. Two radioactive 
peaks, accounting for more than 90% of the radio­
activity, are recovered: an excluded fraction ap­
pearing just after the void volume, peak AI, and 
a fraction , peak A2 , which appears near one bed 
volume. More than 80% of the radioactivity in 
peak Al is TCA-insoluble, whereas peak A2 is 
entirely TCA-soluble. Fractionation of peak A2 
on a Biogel P2 column yields two radioactive 
peaks, with RF values of 0.70 and 0.48. In two 
separate experiments , the radioactivity in the peak 
eluting earlier (R F = 0.70) accounted for more than 
90% of the recovered radioactivity. An RF of 0.7 
on Biogel P2 indicated a molecular weight greater 
than 600, based on an RF of 0.48 for phenylalanine, 
which is the same R F as exhibited by the second 
peak, which also moves identically on paper with 
l2C-phenylalanine using n-butanol: acetic acid: 
water 3 as the developing solvent. 

Exclusion by Sephadex G-50 indicates that the 
molecular weight of peak A is greater than 10,000, 
which suggests that part of the protein fraction 
necessary for activity serves as an acceptor mol­

ecule for phenylalanine, as has been found for the 
soluble system purified from E. coli, which utilizes 
an acceptor protein molecule." Suggestive evi­
dence for this has been the isolation of a crude 
ammonium sulfate fraction, inactive by itself, 
which increases the extent of incorporation when 
added to an active preparation. 

With respect to the other radioactive product 
(R F = 0.70 on Biogel P2) the data demonstrate 
that it represents a breakdown product from orig­
inally TCA-insoluble product. It may be composed 
of heterogeneous molecules all of approximately 
the same molecular weight. Concentration of this 
material under reduced pressure at room tempera­
ture followed by chromatography in n-butanol: 
acetic acid: water shows the presence of free 
phenylalanine and two other radioactive peaks. 
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This indicates that some of the radioactivity in 
peak A2 is a bound form of phenylalanine which is 
labile to the conditions of chromatography. 

A plausible interpretation of the data is that peak 
A breaks down to peak Al and a smaller fragment 
(peak A2), but other possibilities cannot be ex­
cluded. Such a possibility is that peak AI' is a 
stable component of peak A and did not arise from 
the degradation of large radioactive molecules in 
peak A, although peak A2 does arise from such 
degradation. These results indicate that the in­
corporation and degradation reactions of the pres­
ent system are more complex than a simple incor­
poration of phenylalanine followed by its removal 
from product as free phenylalanine. 
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22.8 PRELIMINARY OBSERVATIONS 
ON THE COMBINED LATE SOMATIC EFFECTS 

OF X RAYS AND TRIETHYLENE 
MELAMIN E IN MICE 

J. W. Conklin W. D. Gude l 

Introduction. - The radiomimetic alkylating 
agent triethylene melamine (TEM) has been found 
to resemble x rays in certain late somatic effects 
on RF mice. 2 These include shortening of the 
life-span, leukemogenic effects on the thymus, the 
induction of tumors in the lung, ovary, and other 
organs, and the formation of lens opacities. The 
present study was undertaken to explore the com­
bined effects of TEM and x rays administered con­
currently, with the aim of determining whether the 
effects of the two agents would be additive to a 
degree consistent with a common mode of action. 

Results and Discussion. - Ten-week-old female 
RF I Un mice were subjected to: (1) I-P injection 
of TEM, 0.25 to 4.0 mg/ K; (2) 25 to 500 r whole-



body 300-kvp x irradiation (80 r/ min); or (3) both 
TEM and x irradiation (TEM injected 1 to 5 min 
before irradiation). Preliminary results 20 months 
after treatment show that each agent given alone 
shortened the life-span, the mean survival time 
decreasing from about 20 months in the controls to 
about 13 months in mice exposed to 500 r of x 
rays, and to about 16.5 months in mice injected 
with 4.0 mg/K of TEM. In mice receiving both 
agents, the extent of life shortening exceeded that 
induced by a comparable total dose of either agent 
alone, especially at high dose levels (Fig. 22.8.1). 
Likewise , each agent alone induced thymic lym­
phomas, the incidence rising from 4% in controls 
to 24% in mice exposed to 400 r and to 14% in mice 
injected with 4.0 mg/ K TEM; when both agents 
were administered together, the incidence ex­
ceeded that induced by either agent alone , and the 
dose-incidence curve showed less tendency to 
plateau at high dose levels than it did with either 
agent alone (Fig. 22 .8.2). 

These results indicate that the combined life­
shortening and leukemogenic effects of the two 
agents administered together were additive. The 
results suggest, moreover, that the combined leu­
kemogellic effects of the two agents were more ad­
ditive than the combined cytotoxic effects , causing 
the agents to be synergistic in their leukemogenic 
action on the thymus at high dose levels. Since, 
however, other types of lesions induced by the two 
agents remain to be analyzed, the significance of 
the combined effects in terms of possible mecha­
nisms is yet to be determined. 
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22.9 LEUKEMOGENIC EFFECTS 
OFMETHYLCHOLANTHRENE 

ON THE MOUSE THYMUS 

Lou C. Satterfield 1 Mildred G. Hayes 1 

A. W. Craig 2 

Introduction. - The combined administration of 
methylcholanthrene and croton oil has been re­
ported by lrino et a1. 3 to cause a high incidence 
(50%) of myeloid leukemia in RF mice, having an 
average latency of two to three months. This ob­
servation contrasts with our failure to induce my­
eloid leukemia in RF mice with radiomimetic chem­
icals, although we have been able to induce it 
readily with x rays. To investigate the action of 
methylcholanthrene in RF mice of the Oak Ridge 
subline, we have attempted to repeat the experi­
ments of Irino et al. 

Results and Discussion. - Approximately 50 RF 
mice of each sex were treated as follows: 0.1 ml 
of an 0.8% solution of 20-methylcholanthrene in 
olive oil was given orally via stomach tube three 
times a week. Twice a week a shaved area on the 
back of each animal was painted with a solution of 
5% croton oil in benzene, using a No.8 brush. The 



treatment was begun when the animals were six 
weeks old and continued until death. Fifty-three 
percent of the mice died with thymic lymphomas at 
14 to 34 weeks of age and 7% with nonthymic lym­
phomas or reticulum-cell sarcomas at 14 to 28 
weeks of age (Fig. 22.9.1). Forty percent of the 
animals died without leukemia at 8 to 34 weeks of 
age, primarily from abscesses associated with the 
trauma of treatment. The leukemia mortality in 
untreated control RF mice was less than 1% and 
the total mortality about 4% for a comparable time 
period. Almost all the animals developed papil­
lomas up to 5 mm in diameter in the area of croton 
oil treatment. The papillomas ranged in numbers 
from one to two in mice dying with a short latency 
to 30 or more in .mice dying after several weeks of 
treatment. 

Although these results fail to confirm the induc­
tion of myeloid leukemia in RF mice by treatment 
with methylcholanthrene, they do reveal the induc­
tion of thymic lymphomas in large numbers. The 
difference between the types of leukemia induced 
in our RF mice and those predominating in mice of 
the Japanese RF sub line remains to be explained. 
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22.10 SELECTION FOR GEN ETIC VARIANTS 
IN MAMMALIAN SOMATIC CELLS IN VITRO 

E. H. Y. Chu E. Virginia Merriam 
Patricia A. Brimer 

Various selective techniques have been employed 
in an attempt to isolate variants from an estab­
lished line of Chinese hamster cells in culture. 
The parental cells have a near-diploid constitution 
(23 chromosomes), an average generation time of 
about 15 hr, and 70% plating efficiency. 

Taking advantage of the fact 1 that hydroxyurea 
(HU) at appropriate concentration kills these cells 
during DNA synthesis but not at other stages of the 
cell cycle , clones with altered nutritional require­
ments might be obtained by exposing cells alter­
nately to normal growth medium and to that contain­
ing HU but deprived of one exogenous metabolite. 
We observed in two experiments that one round of 
HU treatment killed 50% of the population and two 
rounds further reduced the surviving fraction to 
17%. The elimination of wild-type cells can be 
made more effective by increasing the number of 
such cyclic treatments and by mitotic synchroniza­
tion prior to the HU exposure. 

The second selective technique used was the 
"thymineless death" method of DeMars and 
Hooper. 2 During the period of thymine deficiency 
created by aminopterin (AP), prototrophs would die, 
whereas auxotrophs cease to grow and thus are 
spared from killing in the absence of a particular 
metabolite. The auxotrophs resume growth when 
returned to normal medium without AP. 

To date, selections have been made for proline 
(a nonessential amino acid for mammalian cells) 
autotrophs as well as for variants that presumably 
fail to effect the enzymatic conversion of citrulline 
to arginine (an essential requirement). Experiments 
are in progress to test and characterize, both ge­
netically and cytologically , these clonal isolates. 

Work has also begun in the third type of screen­
ing involving the recovery of drug-resistant vari­
ants. It is hoped that these variants, if proven to 
be mutants, would serve as useful markers for 
cytogenetic studies such as mutagenesis and so­
matic cell hybridization. 
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22.11 COMPARISON OF MUTATION INDUCTION 
BY X RAYS, ULTRAVIOLET RADIATION, 

TRIETHYLENE MELAMINE, AND 
NITROSOGUANIDINE 

R. F. Kimball 
Barbara R. Bussell 

E. G. Bailiff 
Stella W. Perdue 1 

Introduction. - Previous work 2 with x rays and 
with the trifunctional alkylating agent triethylene 
melamine (TEM) has led to the conclusion that at 
least part of the mutations induced by these agents 
arise from premutational damage that is not fixed 
as final mutation until DNA synthesis and is sub­
ject to elimination, probably by repair, before fixa­
tion. Evidence for the existence of this mechanism 

is provided by postmutagen treatment with strepto­
mycin. This treatment reduces the mutation yield if 
started before DNA synthesis but is ineffective 
after DNA synthesis. Less direct evidence is pro­
vided by the observation that the longer the interval 
between exposure to the mutagen and DNA synthe­
sis , the less the mutation yield. Presumably the 
rate of decrease of mutation as the time to DNA 
synthesis increases is a measure of the rate of 
elimination of premutational damage. Both kinds 
of evidence have now been obtained for two other 
mutagens - 2537-A ultraviolet radiation (uv) and 
the chemical mutagen N-methyl-N ' -nitro-N-nitroso­
guanidine (NG). 

Results and Discussion . - The mutation yields 
for uv and NG are decreased by posttreatment with 
streptomycin just as are those with x rays and TEM. 
The curves relating mutation yield to time of treat­
ment in the cell cycle are shown in Fig. 22.11.1 
for uv and NG, with lines representing the previ­
ously published curves for x rays and TEM for com­
parison. Cells treated just before DNA synthesis 
(2 to 3 hr after division) show the maximum yield, 
presumably because there is a minimum time for 
elimination of premutational damage. Cells treated 
just after DNA synthesis show a minimum yield, in 
part at least because the time for elimination of 
damage is long. The uv and NG curves are very 
similar and suggest that repair is rapid enough so 
that nearly all damage is eliminated in cells 
treated just after division. Repair seems to be 
slower with TEM, so that appreciable mutation 
yields are obtained by treatment in the latter part 
of the division cycle. The x-ray data are more 
complex, showing among other things a peak yield 
in those cells treated during midmitosis. This sug­
gests that x rays, unlike the other three mutagens, 
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induce some mutation by processes that have other 
end points than DNA synthesis. It may also be 
that repair of x-ray-induced damage occurs at dif­
ferent rates in different stages of the cell cycle. 

The four mutagens must differ from each other 
completely in their initial interaction with DNA 
and possibly in the kinds of mutations which they 
produce. Yet they all have in common that a con­
siderable part of all the mutation they produce re­
sults from initially reparable premutational damage 
that is fixed as final mutation at DNA synthesis. 
Despite this similarity there are obvious differences 
in details, such as apparent rates of repair, that 
make the sensitivity pattern during the cell cycle 
different for these four mutagens. 
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22.12 TALES OF TYROSINE IN POLYMERS 

J. W. Longworth 

Is There a Second Tyrosine Component in the 
Luminescence of Bovine Serum Albumin? - Tryp­
tophan absorbs and fluoresces to the red side of 
tyrosine; hence its contribution to an emission 
spectrum can always be measured and removed 
from an emission where both tyrosine and trypto­
phan contribute, leaving only the tyrosine compo­
nent. The tyrosine part of the fluorescence of 
B.S.A. at pH 7 and 298° K consists of two bands, 
one at 304 nm and a shoulder to longer wave­
lengths. In acid-denatured B.S.A. there is only 
the 304-nm band. If the acid tyrosine profile is 
normalized at 295 nm to the neutral tyrosine bands 
and subtracted, then a band is found at 340 nm. 
This is the location of the tyrosinate anion fluo­
rescence. 

The excitation spectra of the 305- and 340-nm 
tyrosine contribution are essentially similar to 
neutral tyrosine absorption. Though the peak of 
the 350-nm band lies to the red of the 305-nm band, 
the latter appears to extend to the same long­
wavelength edge. The interpretation is that the 
350-nm peak originates in a "buried" tyrosine, 
which looses the hydroxyl proton in the excited 
state to the carboxylate cation paired with it. The 
305-nm fluorescence is from both "external" and 
"buried" tyrosines. Similar 350-nm peaks are 
seen from the "photoreactivating enzyme" and 
amino-acyl synthetase, though not from ribonu­
clease (where the "buried" tyrosines are believed 
to be nonfluorescent). 

The Cause of the Red Shift in the Phosphores­
cence of Tyrosine Residues in Ribonuclease. -
RNase at pH 7 has a small fluorescence quantum 
yield compared with tyrosine at both 298 and 77° K. 
Its phosphorescence is red-shifted to 410 nm from 
that of tyrosine at 390 nm. Identical behavior is 
found for polY-L-tyrosine and for oxytocin, which 
has only one tyrosine. The model compound L­
tyrosyl-diketopiperazine, which has a small quan­
tum yield at 298°K, behaves identically to tyrosine 
at 77° K. Since the luminescence of RNase most 
probably originates in the "external" tyrosines, 
and the x-ray structure indicates that they do not 
lie near each other, it is hard to offer an explana­
tion for the differences found between tyrosine and 
RNase, as is also the case in the monopeptide 
oxytocin, other than the common presence of tyro­
sine next to an S-S bridge. 
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Enzyme-Inhibitor Complex of Ribonuclease. -
ATP is a competitive inhibitor for RNase, and 
forms a complex which from uv difference spectra 
resembles that of protonated N 1 ATP. The neutral 
form of ATP luminesces, whereas the protonated 
ATP at 77°K is nonluminescent , but at 298°K flu­
oresces at 390 nm. Provisional observations on 
the complex at pH 5.2 are (a) fluorescence of tyro­
sine increased at 298 and 77° K; (b) phosphores­
cence of tyrosine quenched tenfold; (c) no 390-nm 
fluorescence at 298° K; (d) 30% quenching of ATP 
phosphorescence and 2 nm red shift; (e) no ATP 
fluorescence at 77 ° K. Hence there is most cer­
tainly an interaction between ATP and RNase tyro­
sines - furthermore, tyrosine 115 is at the active 
site, but remote from the other "external" tyro­
sines 73 and 76. One could suggest that there is 
a complex formed between ATP and tyrosine 115, 
with energy transfer from tyrosines 73 and 76 to 
such a complex, but clearly a more detailed in­
vestigation is essential before any interpretation 
can be confidently made. 

22.13 X-RAY CRYSTALLOGRAPHY 

J. R. Einstein C. H. Wei 

Instrumentation. - 1. Instrumentation for the 
automation of x-ray diffraction data collection has 
been installed. The system utilizes a PDP-8 com­
puter (Digital Equipment Corporation) as the con­
trolling element. Programs for the various diffrac­
tometer functions are stored in the computer mem­
ory. Commands to initiate the various programs, 
and necessary parameters, are transmitted by the 
operator to the computer via a teletype unit, which 
is also used for data output. The system was de­
signed principally by Dr. W. R. Busing of the Chem­
istry Division of ORNL and was assembled and 
installed by the Instrumentation and Controls Divi­
sion, with Mr. R. T. Roseberry as supervisor. 

2. Work is in progress on the design and fabrica­
tion of a cooling system for maintaining protein 
crystal specimens at finely controlled low tempera­
tures, while mounted on the diffractometer. Assis­
tance has been given by members of Bio-Engineer­
ing, the Machine Shop, and the Instrument Engineer­
ing Department of Y -12. 

Structure Studies. - 1. Two photoproducts, thy­
mine dimer and I-methyl thymine dimer, were fur­
nished by J. W. Longworth, R. O. Rahn, and J. L. 
Hosszu. Although our attempts to prepare HCI and 



HBr addition products for these compounds have 
not been successful, crystal data for I-methyl thy­
mine dimer were obtained, as follows. Space group 
P2/c, a = 7.50 A, b = 6.20 A, c = 14.43 A, f3 = 

117°, Z = 2. Intensity data are to be collected on 
the automated diffractometer, and the structure is 
to be determined either by direct methods or by 
the application of Patterson and Fourier methods. 

2. Crystals of BUpT photoproduct, made avail­
able to us by Dr. R. J. Drewer of the California 
Institute of Technology, were examined with Weis­
senberg and precession camera photographs. The 
crystals, which are highly mosaic, were shown to 
have orthorhombic symmetry, with probable space 
groups 1222, 12 12 12 1, lmm2, and lmmm. In an at­
tempt to obtain a suitable single crystal for fur­
ther investigation, the sample was recrystallized 
from ethanol solution. It is planned that an inten­
sive examination be carried out on this material. 

3. Molecular and crystal structures of a series 
of bis(N - t-butylpyrrole-2-aldiminato) M(II) (where 
M = Co, Ni, Cu, and Zn) complexes 1 have been 
previously determined 2 systematically from data 
collected by the multiple-film technique. An iso­
tropic least-squares refinement of the nickel com­
plex, however, resulted in unusually high thermal 
motions for two of the butyl carbon atoms. In 
order to obtain data of higher accuracy, a complete 
three-dimensional set of counter data was collected 
using the automated diffractometer in the Chem­
istry Division of ORNL (courtesy of Dr. H. A. 
Levy). Processing of the data is in progress. A 
detailed comparison will be made of structural 
features based on the two different sets of data. 

The refinement of the structure for bis(N -t-
buty Ipyrrole-2-aldiminato) Cu(lI) (tegragonal) was 
completed by one of us (CHW). 

4. Three-dimensional film data for a tetrameric 
cobalt-carbonyl mercapto complex [Co(CO)­
(SC 2Hs)2]4 were previously collected at the Uni­
versity of Wisconsin. Structural analysis was car­
ried out at the Biology Division. 3 
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22.14 INCORPORATION OF HEAVY ATOMS 
INTO PROTEINS 

F. C. Hartman 

The present work is directed toward the develop­
ment of chemical methods for incorporating heavy 
atoms into proteins at specific sites to facilitate 
the elucidation by x-ray diffraction of three-dimen­
sional protein structure. 

Approach. - (a) To synthesize chelating reagents 
containing functional groups capable of reacting 
covalently with proteins. (b) To synthesize pro­
tein reagents which contain covalently bonded 
heavy atoms. 

Current Status of Work. - (a) Two protein re­
agents, which possess the features described in a 
and b above, respectively, have been prepared. 
These compounds, both of which should react spe­
cifically with protein amino groups, are methyl a­

(N, N -dicarboxymethylanilino )-acetimidate (I) and 
methyl a -(p-iodophenyl)-acetimidate (II). 

CH 2 COOH 
I 
N-CH 2 COOH 

QH 
CH 2C-OCH 3 
I 

I 

o 
~-OCH3 

NH 
II 

(b) Ferredoxin from C. pasteurianum and ribonu­
clease T 1 are being isolated for use as model pro­
teins for modification with the above two reagents. 
These proteins have been chosen primarily on the 
basis of their low amino content. 

22.15 THE RELATIONSHIP BETWEEN 
CARCINOGENICITY AND MUTAGENICITY 

OF ETHYLATING COMPOUNDS 

H. V. Malling F. J. de Serres 

The biological effect of many carcinogens de­
pends on metabolic activation, which then leads 
to formation of the proximate carcinogens or ulti­
mate carcinogens. 1 Diethylnitrosamine (DEN), 
which is a potent carcinogen in many rodents, 



,. 

presumably needs to be metabolized before be­
coming tumorogenic. Metabolism results in for­
mation of ethylating agents, and it is presumably 
through the formation of these compounds that 
DEN is able to alkylate the nucleic acids in liver 
cells and other organs . 

The nitrosamines show mutagenic activity 
in Drosophila but not in microorganisms. All 
suggestions about the active metabolic product 
involve an initial enzymatic hydroxylative N-de­
alkylation of the nitrosamine. The lack of muta­
genicity in both bacteria and Neurospora may be 
because these organisms are not able to carry out 
this hydroxylation. The hydroxylating process, 
however, can be carried out in an enzyme-free 
system. 2 Under these conditions, it was shown 
that hydroxylation of DEN led to formation of com­
pounds which were able to induce reversions of an 
ad-3B mutant of Neurospora crassa. 3 

This assay, however, gives no information about 
the ability of these compounds to break chromo­
somes. In view of the potent and specific carcino­
genesis of DEN, we felt that this information was 
important, and a separate study of the ability of 
DEN to induce chromosome breakage and produce 
mutation by chromosome deletions in Neurospora 
was carried out in the two-component heterokaryon 
system of de Serres. 4 

Since the breakdown of DEN dissolved in the 
enzyme-free hydroxylating system only occurs 
when oxygen is present, the effect of DEN and the 
hydroxylating mixture alone can be studied by bub­
bling through with nitrogen instead of oxygen. 

Conidia from the heterokaryon were treated with 
the hydroxylating mixture with or without DEN and 
under either oxygen or nitrogen bubbling. After 
the treatment the conidia were assayed for sur­
vival and mutation induction in the ad-3 region by 
the direct methods. Ad-3 mutants were only ob­
tained from the combined treatment of DEN dis­
solved in the hydroxylating mixture under oxygen 
bubbling. The mutation frequency after treatment 
with DEN + O

2 
was 15 .3 x 10- 6 purple mutant per 

survivor and after DEN + N 2' 0.13 X 10- 6 purple 
mutant per survivor. The latter was not signifi­
cantly higher than the control. The survival fre­
quencies were respectively 89 and 86%. These 
results confirm our first finding that hydroxylation 
is a necessary step in the mutagenic action of 
DEN. 

Ethyl methanesulfonate is a potent mutagen, is 
able to ethylate RNA and DNA, but is a weak 
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carcinogen. 5 If a part of the mechanisms for in­
duction of cancer is similar to those in the in­
ductions of mutations, the comparison of the prop­
erties of mutants induced by DEN + O

2 
with those 

induced by EMS might provide indications for 
which genetic alterations are likely to lead to 
cancer. Unfortunately, there is as yet no analysis 
of EMS mutants induced in the heterokaryon. The 
EMS-induced mutants are obtained after treatment 
of the haploid wild-type strain 74-0R23-1A; with 
this strain ad-3 mutation resulting from chromo­
some deletion cannot be recovered (Table 22.15.1). 

The results show clearly that DEN + O
2 

does not 
induce multilocus chromosome deletions. The 
ratio of ad-3A to ad-3B mutants is the same after 
treatment with DEN + O

2 
or EMS. The percent of 

nonpolarized mutants is higher among the mutants 
induced by DEN + O

2 
than among mutants induced 

by EMS and vice versa for the percent of noncom­
plementing mutants. The percent of leakiness is 
higher after treatment with DEN + O

2 
than after 

treatment with EMS. The data indicate that a 

Table 22.15.1. Distribution af ad-3 Mutants Induced 

After Treatment of a Two-Component Heterokaryon 

of Neurospora crassa with DEN + 02 or a Haploid 

Wi Id- Type Strain with EMS with Respect to Genotype, 

Complementation Group, and Leakiness 

Chromosome deletions 

(AB; ABnic, Bnic) 

Point mutations 

ad-3A 

ad-3B 

NP (nonpolarize"d) 

P (polarized) 

NC (noncomplementing) 

Unknown 

Total ad-3 mutants 

Leaky 

Nonleaky 

Total ad-3 mutants 

Frequency ('}'c) 

DEN + 02 EMS 

o a 

28.2 24.6 

45.7 27.8 

5.4 10.3 

20.7 34.9 

0 2.4 

100.0 (92)b 100.0 (126)b 

30.4 10.1 

69.6 89.9 

100.0 (92)b 100.0 (126)b 

aNo data available (see text). 

bThe total number of mutants analyzed. 



higher percentage of the mutations induced by 
DEN + O2 result in single amino acid substitutions 
in the polypeptide chains specified than those 
mutations induced by EMS. Due to the lack of i .. 
formation at the present time on other compounds, 
for example, methylating compounds with potent 
and weak carcinogenic activity, it is difficult to 
correlate this observation with the carcinogenesis 
of DEN. 
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22.16 INHALATION CARCINOGENESIS 

D. G. Doherty 
J . O. Brick 
M. G. Hanna, Jr. 

Alfred Hellman 
Paul Nettesheim 
R. F. Newell 

Previous reports I have fully described the pro­
tocol and experimental procedures used in setting 
up the inhalation chamber program. The current 
status of the chamber operations is summarized in 
Table 22.16.1. At this time three groups of ani­
mals in the inhalation chambers have reached a 
year or more total exposure to chamber conditions, 
and a few differences are beginning to emerge. 
The death rate is higher for those animals living 
in wire cages whether they are subjected to cham­
ber exposure or not when compared with similar 
pretreated groups living in plastic pans. This 
seems primarily due to the increased incidence of 
urogenital and gastrointestinal disease and der­
matitis in the animals on wire (Table 22.16.2). 
There also seems to be a trend towards urogenital 
disease in the animals exposed to chromic oxide 
dust and towards a low incidence of gastroin­
testinal disease in all the virus-treated groups. 
Sections of lungs of animals exposed to dust 
clearly show chromic oxide in the alveolar macro-
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Chamber 

Number 

II 

III 

IV 

V 

VI 

Table 22.16.1. Chamber Operations 

Pretrea tment 

\ irradiated 

\ irradiated 

\ irradiated 

Chemical 

o 

Cr 203' 53 ppm 
27 ppm 

Ozone, 1 ppm; 

gasoline, 30 ppm 

\ irradiated - Ozone, 1 ppm; 

all virus gasoline, 30 ppm 

\ irradiated - Cr 20 3, 53 ppm 

all virus 27 ppm 

\ irradiated - 0 

all virus 

o 

Irradiated 

Virus 

Irradia ted -

virus 

\ irra dia te d 

45 pans 

45 pans 

45 pans 

45 pans 

45 pans 

\ irradiated - 45 pans 

virus 

Exposure 

(hr) 

1399 

1243 
363 

1500 

1207 

723 

363 

993 

o 

o 

o 

o 

o 

o 

aNo exposure in the chambers - kept in pans to com­
pare with chamber I and VI controls. 

b No exposure in chambers - kept in wire cages to 
compare with chambers I, VI, VII, VIII, IX, and X con­
trols. 

phages and the desquamated macrophages in the 
bronchus. Changes are also being seen in the 
lungs of animals exposed to the gasoline smog. 
Hair loss is more severe and occurs to a greater 
extent in all the animals living on wire than those 
controls in the plastic pans. So far no demonstra­
ble pathology, bacteriology, or parasitology of the 
skin of affected animals can be seen. This is 
apparently a stress response brought about by the 
conditions of chamber living or living on wire. 
Routine monitoring of the chamber animals and 
those in pans has revealed no significant dif­
ferences, all animals remaining free of internal 
and external parasites, pseudomonas, and sal­
monella and the nine viruses that can be typed for 
at present. 

'. 



Table 22.16.2. Gross Autopsy Diagnosis 

Chamber I II III IV V VI VII VIII IX X XI XII 
Starting date 1-18-66 11-15-65 12-13-65 2-28-66 4-5-66 4-29-66 3-8-66 4-11-66 6-24-66 7-14-66 9-8-66 9-16-66 

Hydrocephalus 2 1 1 1 2 

Thymoma 1 2 3 1 

Starvation (long teeth) 3 4 2 3 1 2 2 3 2 2 2 

Wasting (cause unknown) 3 5 1 1 

Physical injury 1 7 1 1 1 

(handling, etc.) 

Dehydration 2 
.... 
10 .... 

Urogenital disease 34 47 19 36 25 16 2 1 2 2 

Gastrointestinal disease 6 1 9 9 10 1 3 1 6 

Respiratory disease 2 2 4 4 2 3 2 2 3 

Leukemia 3 2 1 1 1 

Myocarditis 2 1 2 1 

Undetermined 21 48 18 13 10 8 7 18 7 11 7 

Other (dermatis, etc.) 17 44 22 5 7 10 2 9 1 

Total deaths in chambers 89 166 72 74 58 50 20 36 16 20 7 19 



Four small inhalation chambers have been in­
stalled and calibrated. They are currently being 
used to determine the toxicity of a calcium chro­
mate dust that is to be used in two additional 
large chambers that are currently being installed. 
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22.17 REDUCED IMMUNE POTENTIAL 
OF AGED MICE: SIGNIFICANCE OF 

MORPHOLOGIC CHANGES 
IN LYMPHATIC TISSUE 

M. G. Hanna, Jr. Paul Nettesheim 
Takashi Makinodan 1 

Introduction. - Recent studies of the immuno­
logic potential of aged mice by Makinodan and 
Peterson 2 have shown: (1) there is a decrease in 
the primary antibody-forming potential in 2.5- to 
3-year-old mice, and (2) this is mainly due to a 
reduction in the number of potential antibody­
forming cells. These results were obtained from 
intact animals as well as from the in vivo culture 
method in which a given number of spleen cells 
from donors of different ages are cultured together 
with the test antigen in heavily x-irradiated young 
adult isologous recipients. 

Any study of the immune reaction in lymphatic 
tissue of aged animals is complicated by a ·number 
of specific and unspecific pathologic variables 
associated with aging. It was of importance to 
determine in connection with the studies of Ma­
kinodan and Peterson 2 whether the observed re­
duction in the number of potential antibody-forming 
cells is caused by specific pathologic changes in 
lymphatiC tissue such as lymphoma or by more 
general changes associated with aging such as 
atrophy. It was also necessary to find out to what 
extent the spleen is representative of the immuno­
logic capacity in the intact aged animal. 

Methods. - Male and female BC 3F 1 mice 12 to 
14 weeks and three years of age were used. The 
median life-span of both sexes is known to be 
'" 138 weeks. 
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The first study was carried out in order to obtain 
preliminary information on the types and frequency 
of lesions likely to be encountered in three-year­
old BC 3F 1 mice. Thirty-one mice were killed and 
autopsies were performed. All tissue samples 
were fixed in Bouin's fluid and stained with hema­
toxylin and eosin (H & E). 

The second study was to determine the hemag­
glutinin response to 1 ml of 1% sheep erythrocytes 
(2 x 108 SRBC) in young adult (12 to 14 weeks of 
age) and three-year-old BC 3F 1 mice. Young adult 
and three-year-old mice were injected intrave­
nously with 1 ml of 1% SRBC and groups of mice 
(between five and ten) were killed at days 1, 2, 3, 
4, 6, 10, and 20 after injection. Along with serol­
ogy, autopsies were performed on each animal. 

The third study was to determine the response 
of splenectomized young adult and three-year-old 
mice to 1 ml of 1% and 10% sheep cells respec­
tively. Blood was obtained by orbital bleeding 
one week prior to splenectomy to determine the 
level of natural SRBC hemagglutinin. Seven days 
after splenectomy, groups of young adult and 
three-year-old mice were intravenously injected 
with 1 ml of 1% and 10% SRBC respectively. On 
days 6, 10, and 15 after antigen, groups of sple­
nectomized and nonsplenectomized young adult and 
three-year-old mice were killed. Blood was taken 
for serology, and autopsy was performed on each 
mouse. 

Results and Discussion. - The results of the 
hemagglutinin response to test antigen (SRBC) in 
intact aged animals show a marked reduction in 
comparison with young adult mice. At both the 
1% and 10% SRBC antigen doses the overall hemag­
glutinin response measured in the aged intact mice 
was less than 10% of the response in young adult 
animals. This reduction in primary antibody­
forming capacity was determined in senile animals 
having no specific pathologic disorder of lymphatic 
tissue, suggesting that this is primarily due to 
unspecific atrophy or degenerative changes. Thus, 
this reduction in immune potential could well be a 
result of loss of progenitor cells or a decrease in 
the capacity of uncommitted immunologically 
competent cells due to preoccupation to other anti­
gens, as is also indicated by the large number of 
mature plasma cells in the medulla of superficial 
lymph nodes. 

The histopathology of the lymphatic tissue of 
"normal" non-antigen-stimulated old mice showed 
that atrophy and degenerative changes in spleen 



Table 22.17.1. Hemagglutinin Production of Sheep Erythrocytes in Splenectomized Young Adult and Three·Year·Old Se3 F! Male Mice B 

Treatment 

Nons p1enec tomized 

Splenectomized 

Nons p1enectomized 

Splenectomized 

Background 

Log 2 Titer 

1.2 ± 0.3 

1. 7 ± 0.7 

Day 6 

Log 2 Titer, 1 m1 1'70 SRBC 

Day 10 Day 15 

Young Adult Mice 

10.0 ± 0.1 (10) 10.0 ± 0.2 (10) 

5.0 ± 0.5 (10) 5.3 ± 0.5 (10) 

Aged Mice 

8.3 ± 0.3 (6) 3.3 ± 0.4 (7) 

1.6 ±0.5 (7) 2.3 ± 0.3 (2) 

Log 2 Titer, 1 m1 10'70 SRBC 

Day 6 Day 10 

10.0 ± 0.1 (10) 9.5 ± 0.1 (10) 

5.1 ± 0.6 (9) 6.3 ± 0.8 (10) 

6.3 ± 1.0 (9) 6.0 ± 1.0 (8) 

2.3 ± 0.4 (8) 2.9 ± 0.6 (7) 

BNumber of mice used at each point in parenthesis. Each mean presented with one standard error. 

Day 15 

9.5 ± 0.2 (10) 

5.6 ± 0.4 (9) 

6.3 ± 0.9 (9) 

3.7 ± 0.6 (7) 

I-' 
10 
W 



lymphoid tissue were less pronounced than in 
other nonsplenic lymphatic tissue. This suggested 
that the spleen was the major source of immuno­
logical competence in the intact aged animals. 
The results of splenectomy (Table 22.17.1) 
showed that with the lower antigen dose, loss of 
splenic lymphatic tissue completely eliminates 
any measurable immunological potential in these 
aged mice, while with the higher antigen dose 
there was a weak hemagglutinin response from 
nonsplenic sites which was only threefold higher 
(log2 titer) than background and 12.0% of that 
achieved in the splenectomized young adult mice. 
This promotes the idea that in mice of this age 
group the spleen is representative of the immune 
capacity of the intact animal, but that it is, how­
ever, not necessarily representative of the immune 
potential of the other lymphoid organs. 

A major limitation of this study is that we were 
working with a very select group of animals, that 
is, those that survived to three years of age. The 
complexities of the physiologic and pathologic 
states of these aged mice also complicate the 
interpretations of the present studies. However, 
the importance for further systematic studies of 
this type in order to es tablish a base line for the 
old animal is clear. From these parameters we 
might better understand the changing incidence of 
diseases which accompany old age. Also, the 
role of environmental factors during aging can be 
more readily evaluated once the physiologic and 
pathologic states of the aged animals are more 
clearly defined. 
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22.18 SUBCELLULAR FRACTIONATION 
STUDIES OF 1251-S0LUBLE ANTIGEN 
RETENTION IN SPLEEN LYMPHATIC 

TISSUE AND LIVER 

Mary W. Francis M. G. Hanna, Jr. 
W. D. Fisher 1 

The early localization of intravenously injected 
soluble antigen in the spleen germinal centers re-
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ported by Hanna et al. 2 has posed the question of 
the form of the antigen at this site. This localiza­
tion precedes measurable serum titer, but it has 
been associated with a definite reaction by the 
host to the antigen at a later time. 

Garvey and Campbell 3 and Ada and Lang 4 have 
both studied the form of the antigen being retained 
in the liver and in the lymph node. Their experi­
ments determined that soluble antigens (BSA and 
HSA) were associated with the soluble portions of 
the cell. These investigations were not mainly 
concerned with the spleen during early intervals 
of the primary response. 

The following is a series of preliminary experi­
ments in primary stimulated mice designed to 
determine the location of the antigen within the 
cell and to evaluate the lability of the 1251 anti­
gen under the conditions of the experiments. 

Methods. - Eleven-week-old BC 3F 1 male mice 
were injected intravenously with 12 51-labeled 
human gamma globulin (30 llC / animal). Spleens, 
livers, and sera were collected 2 hr, 1,4, 6, 7, 15, 
and 18 days after the injection. Homogenates 
(10%) of liver and spleen were made in 0.25 M 
sucrose containing 0.01 M Tris buffer and 0.01 M 
CaC1 2. Homogenization was accomplished with a 
Teflon-pestle Potter-Elvehem motor-driven homog­
enizer. Microscopic examination of the homog­
enates confirmed cellular disruption. 

The homogenates were layered (0.3 ml) onto 
individual sucrose gradient tubes (15 to 55% 
sucrose with 2.0 ml of 66% sucrose as a cushion, 
all made with 0.01 M Tris and 0.01 M CaC1 2). A 
1.5-ml overlay of 0.01 M Tris was placed over the 
homogenate. The tubes were placed in the SW-25 
rotor and spun at 20,000 rpm for 2 hr in the Beck­
man model L centrifuge. The gradients were 
pumped from the bottom of the gradient tubes and 
monitored for protein in a 0.2-mm flow Gell in the 
Beckman DB. Fractions were collected in 15-drop 
aliquots and counted in the Packard Autogamma 
counter. 

The fractions were divided roughly into nuclei 
and cellular debris, mitochondria and large par­
ticles, and the "soluble" portions. The soluble 
fractions of days 4, 6, and 7 were pooled and spun 
at 105 x 10 3 g's for 5 hr. The supernatants and pre­
cipitates from these fractions were separated, and 
specific activity was determined by Autogamma 
counting and protein analysis, using a modification 
of the Lowry method for protein determination (re­
sults expressed as counts per microgram of pro-
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tein). There are "particles" in the soluble portion 
of this division, as shown by the precipitation with 
rigorous centrifugation. The specific activity of 
the supernatant of this process is nondia1yzab1e, 
as shown by the specific activity after dialysis. 

To deterrnine how labile the I 251-HGG was in 
these supernatant fractions they were dialyzed at 
5°c against 0.01 M Tris buffer at pH 7.4 and then 
concentrated with poly glycol. Specific activity 
was again deterrnined. A trichloroacetic acid 
precipitation on the whole "pools" was used to 
estirnate the total arnount of nonassociated label. 
Three washes of the precipitates were found to 
yield only a few rnore counts than the original su­
pernatant. 

After concentrating the dialyzed pools, paper 
electrophoresis at pH 8.6 was used to assess the 
nature of the protein/ proteins with the label. The 
paper strips were cut into bands after being rnon­
itored on the Beckrnan Ana1ytro1, and the bands 
were counted. 

Results and Discussion. - The separation of 
large particles (nuclei and cellular debris), srnall 
particles (rnitochondria and large granules), and 
cell "soluble" portions was rnade on the basis of 
the rnonitored record and rnicroscopic exarnination. 
It is recognized that this is only a rough division, 
but it is sufficient for these prelirninary experi­
rnents . 

In both spleens and livers , at 24 hr '" 60% of the 
label recovered was in the "soluble" cut, with 
"'30 and 10% in the large- and srnall-particle cut 
respectively. Between days 7 and 15 the "solu­
ble" cut rernained constant between 50 and 60% 
recovered activity, while a shift in the activity 
was rneasured between the large- and srnall-particle 
cuts (rneasured activity was'" 15 and 34%, respec­
tively, at day 15). 

Electrophoretic analysis of these dialyzed pools 
indicated that the label is prirnarily associated 
with a protein having the sarne rnobility as that of 
serurn garnrna globulin. It is as yet undeterrnined 
whether this labeled protein is associated with 
the rnouse globulin or is free hurnan garnrna globu­
lin. 

Further protein separations are planned which, 
along with deterrninations of the antigenic and 
physical properties of the labeled protein, rnay 
yield inforrnation of the nature of the antigen as­
sociated with the gerrninal center at the later 
intervals of the irnrnune response . 
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22.19 ULTRASTRUCTURAL STUDIES 
OF ANTIGEN LOCALIZATION IN SPLEEN 

LYMPHATIC TISSUE 

A. K. Szakal M. G. Hanna , Jr . 

Introduction. - Recent experirnents of spleen 
lyrnphatic tissue in rnice intravenously injected 
with 1251-labeled isologous and heterologous 
rnacroglobulins have shown by light-rnicroscopic 
autoradiography the retention and localization of 
heterologous soluble antigen in the gerrninal cen­
ters. 1 To supplernent this finding electron-rnicro­
scopic autoradiography was used to rnore accu­
rately define the cell types in lyrnphatic tissue 
gerrninal centers involved in the retention of 
antigen. It was also expected that this technique 
would dernonstrate the intracellular sites of anti­
gen localization. 

Methods. - Young adult BC 3F 1 rnice were intra­
venously injected with 1 rn1 of 1.5 rng / rnl of 1251_ 
labeled hurnan garnrna globulin (HGG) having a 
specific activity of 20 /lc / rng. The anirnals were 
sacrificed at 2 hr and at 1, 2,5, 10, 15, and 20 
days after the tirne of injection. After rernova1 
the spleen was bisected longitudinally, and the 
two halves were fixed in 1% glutaraldehyde in 
three-fourths-strength Tyrode's solution at pH 7.2 
for \ hr to enhance the dissection of individual 
lyrnph nodules. Following the dissection of lyrnph 
nodules the fixation in glutaraldehyde was con­
tinued for another 1 '12 hr. Postfixation was ac­
cornplished in pH 7.2 phosphate-buffered osrniurn 
tetroxide. Subsequently , the tissues were ern­
bedded in epoxy resin. The individual gerrnina1 
centers were localized on l-/l-thick sections 
stained with a rnixture of rnethylene blue and 
azure II. After locating the gerrninal center, ultra­
thin sections were cut for electron-rnicroscopic 



autoradiography. The sections were stained with 
uranyl acetate and lead citrate and prepared for 
autoradiography according to the techniques de­
scribed by Caro 2 using Ilford L-4 nuclear research 
emulsion. The grids were then stored in the dark 
for eight to nine weeks to attain proper exposure 
of the emulsion. After development of the speci­
mens in Kodak Microdol-X the sections were 
examined by an HUllB Hitachi electron micro­
scope. 

Resu Its. - Uptake of antigen, as represented by 
silver grains of the microautoradiographs in red 
pulp, lymphatic nodules, and germinal centers, was 
most prominent in the cells of the germinal center 
and, to a lesser degree, in the surrounding white 
pulp. The red pulp did not show any appreciable 
concentration of label in any of its cell types. In 
animals killed after 2 hr and one and two days, 
small numbers of silver grains indicating the pres­
ence of HGG were apparent extracellularly and 
attached to erythrocytes in the red pulp. In the 
white pulp silver grains were in the cytoplasm of 
small- and medium-size lymphocytes among the 
numerous free ribosomes (Fig. 22.19.1A) and in 
a small fraction of macrophages containing cel­
lular debris in their cytoplasm. An increased 
number of silver grains were found in cells of the 
germinal center in animals sacrificed at later in­
tervals. Based on ultrastructural morphology 
these cells were distinguished as large lympho­
cytes, plasmablasts, and plasmacytes. In these 
cell types silver grains were located in some of 
the mitochondria and in close association with the 
cisternae of the endoplasmic reticulum (Fig. 
22.19.1B). 

The results of this preliminary experiment do 
not permit any interpretation or elaboration on the 
possible significance of the location of silver 
grains in germinal center cells. These findings 
need confirmation by a similar experiment pres­
ently in progress. 
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22.20 FACTORS INFLUENCING THE X-RAY 
RECOVERY OF SECONDARY 

ANTIBODY-FORMING POTENTIAL 

Paul Nettesheim Mary Lou Williams 

Introduction. - Previous studies in our labora­
tory have been concerned with the recovery po­
tential of immunologically competent progenitor 
cells from x irradiation. We were able to show 
that the compartment of immunologically uncom­
mitted progenitor cells (PC 1)' that is, the primary 
antibody-forming potential, has the capacity to 
recover from an x-ray insult. In contrast, the 
compartment of immunologically committed pro­
genitor cells (PC 2)' that is, the secondary anti­
body-forming potential, was shown to lack the 
capacity to recover from x irradiation under the 
conditions tested (mice were primed with "'10 8 

rat red blood cells four weeks before irradiation). 
Preliminary experiments indicated, however, that 
altering the amount of antigen given as primary 
injection or the time interval between priming and 
x irradiation did have some effect on the second­
ary-response recovery. 

Materials and Methods. - Therefore, eight-week­
old male and female C31F1 mice were primed in­
traperitoneally with rat red blood cells (rbc) as 
test antigen, varying the dose over a 1000-fold 
range (10 7 to 10 10 rat rbc). Four weeks later 
they were irradiated with either 0 or 400 r. Their 
spleen cells were then tested various times after 
x irradiation for antibody-forming potential using 
the in vivo culture technique (Le., a fixed number 
of spleen cells is mixed with optimum amounts of 
antigen, injected into lethally irradiated recipients, 
and the antibody produced on day 8 after culture 
is determined). 

Results and Discussion. - The experiments are 
summarized in Fig. 22.20.1, in which the antibody­
forming potential of irradiated spleen cells is ex­
pressed as percent of the O-r controls. The initial 
x-ray suppression of the antibody-forming potential 
amounted to '" 90% regardless of the priming dose. 
Definite though incomplete recovery was seen 
only in the groups receiving 10 9 and 10 10 rat rbc 
as priming dose. However, no recovery was ob­
served in the groups receiving 10 7 and 10 8 rat 
rbc, as described previously. In subsequent ex­
periments mice were primed with 10 8 rat rbc and 
were irradiated two weeks later (rather than four 
weeks). Rapid recovery occurred during the first 
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PHOTO 86870 

Fig. 22.19.1. Electron Microscope Autorodiograph, Showing Localization af 1251_Labeled HGG in the Cytoplasm 

of a Small Lymphocyte (A), 22,SOO x , and Plasmablast (B), 30,187 x . 
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four weeks after irradiation. These data confirm 
and extend our previous results. They indicate 
that the PC 2 cell compartment does not recover 
after an x-ray insult unless antigen is persisting 
at the time of x irradiation in amounts large enough 
to prime PC 1 cells - which are known to recover 
after irradiation - thereby refilling the PC 2 cell 
pool. Studies are under way to clarify the mech­
anism of secondary-response recovery occurring 
under the conditions described. 

22.21 AMINOACYL sRNA LEVELS 
IN VIRAL AND NONVIRAL INFECTED 

MAMMALIAN CELLS 

Alfred Hellman L. J. Wopschall 
D. H. Martin 

Alteration in sRNA and aminoacyl sRNA syn­
thetase levels of phage-infected E. coli were 
previously reported . This suggested to us an 
investigation of the influence of vaccinia virus 
and polio virus infection on the levels of aminoacyl 
sRNA synthetases in HeLa cells propagated in 
suspension culture. Similarly we determined the 
temperature sensitivity of these synthetases when 
exposed to 50°C for 10 min. We have quantita­
tively investigated the charging activity of the 
normal and viral-infected HeLa cells for 15 amino 
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acids. Possible quantitative changes in synthe­
tase levels and alteration in temperature sensi­
tivity of HeLa cells propagated at 40°C rather 
than at our customary 34°C incubation temperature 
are also being investigated. The rationale for the 
400C incubation was the apparent genetic vari­
ability of the attenuated and virulent polio viruses , 
the latter being able to be propagated at 40°C. We 
have observed temperature stability of threonyl 
sRNA synthetase and a threefold increase in 
charging activity of glycyl sRNA s ynthetase after 
exposure of the enzyme to 500 C for 10 min. How­
ever, we could not distinguish any s i gnificant 
differences in enzyme levels between the infected 
and noninfected cell population. 

22.22 IN VIVO PROTEIN DAMAGE 
TO ESCHERICHIA COLI BY BENZO(a)PYRENE 

WITH 355 mJ1. ILLUMINATION 

A. P. Harrison , Jr. Vivian E. Raabe 

In vitro photodynamic inactivation of protein 
with methylene blue involves a preferential photo­
oxidation of the aromatic amino acids and his­
tidine . l ,2 (Aliphatic amino acids such as leucine 
are not attacked .) Preferential attack of these 
amino acid moieties in vivo has not been de­
scribed. 

We have wished to be able to monitor in vivo 
protein damage during illumination with photo­
sensitizer. The research reported here was under­
taken to devise a method for this and also to de­
termine whether the amino acids of intracellular 
protein exhibit the same relative susceptibility 
to photodynamic attack as described in vitro. 

Preliminary work has employed Escherichia 
coli 15H- T -L-, a triple auxotroph requiring 
histidine, thymine, and leucine. Illumination was 
with a pair of G.E. BLB "blacklight" fluorescent 
tubes emitting symmetrically about 355 mJ1. and at 
a dose rate of 80 ergs mm - 2 sec- l . Benzo(a)py­
rene was photosensitizer. It was administered 
as a colloid at a concentration of 1 J1.g/ ml in 
0.03 M sodium phosphate buffer. 

One batch of cells was grown in uniformly la­
beled 3H-L-histidine. A second batch of cells 
was grown in 3H-L-leucine. We assume that 
photodynamic damage to a tritiated amino acid 
will cause loss of tritium from that amino acid 
into the medium; thus the amount of radioactivity 
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in the medium will reflect the degree of protein 
damage. The composition of the cultivation me­
dium and the amount of label were carefully ad­
justed so that each batch of cells incorporated 
the respective amino acid at identical specific 
acti vities. 

When a culture had attained a concentration of 
5 x 10 8 cells / ml, incorporation of radioactive label 
was diminished by adding a 100-fold excess of un­
labeled amino acid, and the culture was permitted 
one further doubling. The log-phase cells were 
then harvested and were washed three times at 
the centrifuge. The cells were resuspended in 
phosphate buffer with and without benzo(a)pyrene. 
Ten-milliliter cell suspensions were dispensed 
into three small petri dishes. One dish containing 
benzo(a)pyrene was illuminated, another was held 
in darkness (dark control). A dish lacking ben­
zo(a)pyrene was illuminated (illumination con­
trol). Histidine- and leucine-labeled cells were 
tested simultaneously; thus an experiment com­
prised a total of six petri dishes. The temperature 
was held at 6°C by means of ice surrounding the 
petri dishes. Periodically, a 1-ml sample was 
withdrawn from each dish, was centrifuged, and 
the cell-free supernatants were assayed for radio­
activity. 

Negligible radioactivity was detected from the 
dark and illumination controls with either 3H_ 
histidine- or 3H-Ieucine-Iabeled cells. On the 
other hand, 3H-histidine-Iabeled cells in the il­
luminated dish with benzo(a)pyrene released radio­
activity into the medium; the 3H-Ieucine-Iabeled 
cells did not. In replicate experiments with higher 
specific radioactivities some release of label oc­
curred from both 3H-histidine- and 3H-Ieucine­
labeled cells in the illuminated dishes with hydro­
carbon, but always the loss of label ,from the former 
was much greater (6 to 8 times greater) than that 
from the latter. These experiments, as already 
noted, were carried out at 6°C. When they were 
carried out at 34°C the rate of tritium release from 
both classes of labeled cells in the illuminated 
dishes with hydrocarbon was about the same and 
was much greater than at 6°C. 

The following interpretation is considered and 
is tentative. Preferential photooxidation of the 
histidine moieties of protein in E. coli may occur. 
But at metabolic temperatures additional reaction 
may also occur. Release of tritium from protein 
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labeled with 3H-histidine may serve as a con­
venient and sensitive indicator of in vivo photo­
dynamic damage to E. coli protein. 
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22.23 HORMONAL REGULATION OF ENZYME 
SYNTHESIS IN SUSPENSION CUL TURES 

OF THE REUBER HEPATOMA 

J. R. Reel F. T. Kenney 
J. D. Regan 1 

Introduction. - In earlier studies with monolayer 
cultures of the Reuber hepatoma 2,3 it was found 
that the hormonal inducers of tyrosine transami­
nase in rat liver 4 (hydrocortisone, insulin, and 
glucagon) could also induce the enzyme in these 
neoplastic "mutants." These studies were com­
plicated by the variation found to occur from one 
culture bottle to another. While this variation was 
not as large as that encountered in a population 
of living animals, it was large enough to compli­
cate the experimentation and in this' sense to 
negate the value of this in vitro test system. 
Methods were developed to permit the hormonal 
studies to be carried out in suspension cultures 
from which identical aliquots can be taken at 
different points in time. 

Results and Discussion. - Addition of hydro­
cortisone (10- 6 M) to suspension cultures elicited 
a six- to tenfold increase in tyrosine transaminase 
levels. The hydrocortisone response was maximal 
by 12 hr and remained at this elevated level as 
long as 24 hr. Insulin (10 milliunits / ml) or glu­
cagon (10 /lg/ ml) initiated a doubling of the enzyme 
level within 6 hr following hormone addition. 
Thereafter, the enzyme level gradually declined 
and by 24 hr had reached control levels. From the 
results presented ~ere it is clear that suspension 
culture of the Reuber hepatoma offers a convenient 
in vitro system in which to study hormonal control 
of enzyme synthesis in this tumor without the 
masking influence of the in vivo environment. 

, , 
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22.24 TYROSINE TRANSAMINASE 
IN REGENERATING LIVER 

Claudio Pellegrino F. T. Kenney 

Introduction. - Previous work has shown that 
the level of tyrosine transaminase in fetal r?t 
liver is less than 10% of that in the adult at all 
stages of gestation and that the enzyme is not 
inducible. 1 Subsequently it was seen that de­
capitation of the fetus permits a moderate degree 
of induction, suggesting that pituitary factors are 
implicated in the repression of the synthesis of 
this enzyme. 2 It was thought that a study of re­
generation of the adult liver after partial hepa­
tectomy, in which the liver cells undergo rapid 
multiplication, might give useful elements for a 
comparison with the fetal situation. This would 
enable us to determine if impairment of regulatory 
responses is characteristic of growing tissues. 

Results and Discussion. - The results obtained 
so far show that levels of tyrosine transaminase 
are elevated above the normal in rats partially 
hepa tectomized 24 and 48 hr earlier and with intact 
adrenals. Hydrocortisone administered to adre­
nalectomized animals partially hepatectomized 24 
hr earlier gave enzyme induction comparable with 
that obtained in adrenalectomized, sham-operated 
rats. 

It is thus clear that regenerating liver at 24 hr 
after operation (a time interval at which the cells 
are about to undergo mitosis) shows no impairment 
in tyrosine transaminase induction by hydrocorti­
sone. A difference with the behavior of tryptophan 
pyrrolase, which, according to recent reports, 3,4 
is less inducible by hydrocortisone at this same 
time interval after hepatectomy, is apparent. 
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22.25 REGULATION OF ENZYME SYNTH ESIS 
BY HYDROCORTISONE IN ORGAN CUL TURES 

OF FETAL RAT LIVER 

W. D. Wicks 1 J. D. Regan 2 

Introduction. - A previous report described at­
tempts undertaken to induce tyrosine transaminase 
in fetal rat liver in utero by hydrocortisone. 3 Ear­
lier workers had been unable to increase the ac­
tivity of this enzyme with a variety of agents 
known to induce the adult enzyme. 4 Hypophysec­
tomy of fetuses allowed hormonal induction in a 
few cases , but extreme variations in response 
prompted a shift in experimental procedure. It 
was decided to maintain fetal liver in organ cul­
ture in an effort to remove (and perha ps identify) 
potential factors which interfered with enzyme 
induction. 

Results. - Livers from 16- to 22-day fetuses 
were cut into 2-mm 3 cubes and placed on stainless 
steel grids in tissue culture dishes. The livers 
were kept in contact with a medium composed of 
Eagle's minimal essential medium (76%), tryptose 
phosphate broth (14%), and calf serum (10%). The 
cultures were kept at 37° in a humidified atmos­
phere composed of 98% air and 2% CO 2' 

Histological examination revealed that hepato­
cytes retained a normal appearance for at least 
three days in culture except for the loss of their 
glycogen deposit. The incorporation of [l4C]_ 
valine into protein also remained constant during 
this period. 

During the first 12 hr in culture no change in 
transaminase activity was produced by the addition 
of 10- 5 to 10- 7 M hydrocortisone. Thereafter, 
however, and up to at least 72 hr, reproducible 
fivefold increases in enzyme activity were achieved 
with 10- 7 M hormone. The specific activity of 
the enzyme depends upon both the age of the donor 
fetuses and the time in culture. The level of ac­
tivity increased slightly during gestation and rose 
slowly during the period in culture. In spite of , 
this the extent of induction, usually fivefold, and 
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the time course of induction were identical with 
livers from donors of all ages and at any hour in 
culture (up to 72). The maximum response to 
hormone was usually attained within 5 to 10 hr, 
and the induced level was maintained for at least 
24 hr. If hormone is removed by changing the 
medium, the elevated level was seen to fall in a 
preliminary experiment after a lag of 2 to 3 hr. 

Aims of future experiments are, among others, 
determining whether de novo synthesis of the en­
zyme is involved in the hormonal response, and 
estimating the half-life of the enzyme immuno­
chemically. 

Discussion. - These results clearly show that 
the fetal liver possesses the biochemical machin­
ery required to respond to hydrocortisone by an 
elevation of tyrosine transaminase activity in 
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spite of the very low activity and essential non­
inducibility of this enzyme in utero. The results 
suggest further that certain agents may be cir­
culating in the fetal environment which act to 
restrain the activity of this enzyme until birth. 
Attempts will be made to locate and identify these 
as yet hypothetical agents. 
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22.26 THE NEUROSPORA EXPERIMENT 
ON BIOSATELLITE A 

F. J. de Serres B. B. Webber 

The mission of the Biosatellite program is to in­
vestigate the interaction of living organisms with 
certain aspects of the space environment. The 
three-day flights were designed primarily to study 
(1) the effects of weightlessness on basic biolog­
ical processes and (2) the effects of irradiation 
under weightlessness on such genetic effects as 
killing, mutation induction, and production of 
chromosome rearrangements. In the three-day 
flights the spacecraft has a built-in radiation 
source ( 8SSr) to make it possible to obtain known 
doses of radiation so that dose-effect curves for 
various genetic effects can be obtained under 
"weightlessness. " 

The Neurospora experiment utilizes conidia of a 
genetically marked two-component heterokaryon 

Space Biology - Gemini Shots (22.29) 

M. A. BenderB 
F. J. de Serres B 

P. Carolyn GoochB 

H. F. Smith, Jr. B,e 

W. T. Smith, Jr.B,e 
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F. M. FaulconB 

Paula E. Harris 
Della W. Ramey 
Ida C. MillerB, c 

bOn Leave of Absence to Division of Biology and 
Medicine, United States Atomic Energy Commission, 
Washington, D.C. 

cConsultant 

dResearch Associate 

ey -12 Engineering 

collected on the surface of Millipore filters in a 
sealed package. The experiment is designed to 
study (1) inactivation of the heterokaryotic conidia 
which with ionizing radiation results from one-hit 
events believed to be terminal chromosome de­
letions and (2) gene mutation resulting from both 
one- and two-hit events. The type of one-hit event 
resulting in mutation is qualitatively different from 
the one-hit event resulting in cell inactivation. 
The two-hit mutations result from chromosome de­
letion and are expected to respond to changes in 
environmental conditions in the same way as the 
one-hit events resulting in cell inactivation. 

In the Biosatellite the Neurospora samples ob­
tain an almost continuous array of gamma-ray ex­
posures ranging from about 500 to 6000 r in the 
flight vehicle as well as in a control experiment on 
the ground with an identical radiation source in a 
simulated spacecraft. Samples were also placed in 
the shielded sections of both vehicles to serve a!" 
unirradiated controls. Samples of conidia are 
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analyzed by the direct method to obtain dose-re­
sponse curves for survival and induction of purple 
adenine mutants resulting from mutation in the 
ad-3 region. 

The flight of Biosatellite A took place in mid­
December 1966. The spacecraft was launched 
successfully on December 14, 1966, from Cape 
Kennedy, and the telemetry data indicated that the 
radiation source holder opened approximately 1 hr 
after launch and closed about 65 hr later on sched­
ule. However, the retrorocket failed to operate at 
time for deorbit, so that the satellite and its pay­
load remained in orbit. 

Since the in-flight samples were not recovered, 
only the samples from the ground control experi­
ment were analyzed. The dose-response curves 
are in excellent agreement with other experiments 
with 8 SSr and 13 'Cs gamma rays at the same dose 
rate and with 250-kv x rays at 10 r/min. Never­
theless, the first attempt at flight, provided the 
only set of control data obtained with flight hard­
ware, which will provide important control data 
for evaluation of data from in-flight samples from 
the flight of Biosatellite B, tentatively scheduled 
for mid-Apri11967. 

22.27 THE FLIGHT OF BIOSATELLITE A 

R. C. von Borstel 
R. H. Smith 
Anna R. Whiting 
R. L. Amy 
D. H. Grosch 1 

L. R. Valcovic 
M. B. Baird 
Katherine T. Cain 
Joan W. Reel 
Martha S. Jones 

Margaret L. Haye 

The first Biosatellite was launched from Cape 
Kennedy at 1420 hr on December 14, 1966. When 
signaled to reenter the earth's atmosphere on 
December 17, 1 %6, the retrorocket did not fire. 
Biosatellite A is still in orbit, and recovery of the 
dead Habrobracon from it is not expected. The 
ground-based control for the experiment is being 
carried through to completion. Further details on 
the planning and execution of the Habrobracon 
experiment in the Biosatellite Project are given 
elsewhere. 2-4 
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22.28 HABROBRACON SURVIVAL 
AND DOMINANT LETHALITY IN THE GROUND­

BASED CONTROL FOR THE 301 WALK- THRU 
TEST OF THE BIOSATELLITE EXPERIMENT 

R. H. Smith M. B. Baird 
Anna R. Whiting Katherine T. Cain 
R. C. von Borstel Joan W. Reel 
L. R. Valcovic Martha S. Jones 

Margaret L. Haye 

Introduction. - The purpose of this experiment 
was to obtain data during a complete dress re­
hearsal on the backup (301) Biosatellite vehicle. 
Following the test we examined Habrobracon for 
their survival and measured dominant lethality 
induced by 8SSr over a 4~2-day period. This was 
to mimic the conditions of the actual flight. The 
analysis was carried out only on animals used in 
the ground-based control, since only this part of 
the experiment was carried through to completion. 
The 301 flight vehicle was not used beyond the 
time of the artificially scheduled launch. 

Results. - Table 22.28.1 summarizes the sur­
vival of lemon males within each module position. 
The higher survival in the 4000- and 2000-r nomi­
nal dose positions was undoubtedly because the 
youngest males were placed in these modules. 
Low survival values occurred in the center layer 
of each module of the controls. This was probably 
due to the crowding effect on the center layer by 
the outer and inner layers. This effect was elimi­
nated in subsequent tests by placing younger 
animals in each layer. The lemon males from each 
dose level were mated to virgin females of the 
Raleigh strain. Eggs were counted, and hatch­
ability was recorded. Dominant lethality in terms 
of diploid embryo survival is summarized in Table 
22.28.2. The percent fertilization and frequency 
of induced dominant lethality were computed ac­
cording to the method of von Borstel and Reke­
meyer. 1 

Discussion. - This is the fourth test in which 
both survival and dominant lethality measurements 
were taken under conditions simulating the actual 



Table 22.28.1. Survival of Lemon Moles 

in 301 Walk-Thru Test 

Nominal Module Number Number Percent 

Dose (r) Position of Wasps of Survivors Survival 

4000 UL 

2000 

1000 

LR 

UL 

LR 

UL 

LR 

500 UL 

Control 

Inner 

Middle 

Outer 

Inner 

Middle 

Outer 

LR 

UL 

LR 

Table 22.28.2. 

20 20 

20 20 

20 20 

20 20 

20 16 

20 19 

20 17 

20 16 

20 17 

20 9 

20 17 

20 16 

20 9 

20 18 

Diploid Embryo Survival 

in 301 Walk-Thru Test 

100 

100 

100 

100 

80 

95 

85 

80 

85 

45 

85 

80 

45 

90 

Nominal Measured Number Diploid Embryo 

Dose (r) Dose (r) of Eggs Survival 

0 2 .6 357 0.939 

500 492 1001 0.822 

1000 1070 959 0.650 

2000 1920 1028 0.498 

4000 3440 1053 0.235 

radiation conditions of the flight. The data are 
in accord with the previous tests. 2-4 
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22.29 THE GEMINI XI S-4 EXPERIMENT. 
II. THE NEUROSPORA EXPERIMENT 

F. J. de Serres Diane B. Smith 1 

Ida C. Miller Sohe i Kondo 2 
M. A Bender 

In the S-4 blood experiment on Gemini III an 
apparent synergism between space-flight con­
ditions and radiation was found which resulted in 
a significantly greater rate of single-break chro­
mosome aberrations. 3 The S-4 blood experiment 
was repeated on the Gemini XI miss ion. A Neuro­
spora experiment was also flown on Gemini XI to 
permit an independent evaluation of the genetic 
effects of irradiation during space flight. This 
would make it possible to determine whether the 
apparent synergism on the Gemini III mission was 
the result of a general synergism between "weight­
lessness" and radiation. The design of the 
Neurospora experiment, however, also made pos­
sible a completely independent evaluation of the 
genetic effects of radiation and space-flight 
parameters both on chromosome breakage and 
production of gene mutations at specific loci. 

The apparent synergism (a significantly greater 
rate of single-break chromosome aberration pro­
duction) observed in the S-4 blood experiment on 
Gemini III should be reflected in lower levels of 
survival and higher frequencies of gene mutation. 
Conidia (from a genetically marked two-component 
heterokaryon) were collected on the surface of 
Mil1ipore filters (standard procedure) or in sus­
pension (to mimic the S-4 blood experiment) and 
simultaneously irradiated with different exposures 
of 32p beta rays both on the ground and in flight 
during the orbital phase of the Gemini XI mission. 
The same device that was designed for the S-4 
blood experiment on Gemini III was used for the 
S-4 Neurospora experiment. 

After launch of Gemini XI the in-flight experi­
mental device remained essentially "weightless" 
during all the irradiation period (approximately 
38 hr) except for the two Agena PPS burns (which 
each lasted approximately 22 sec and produced 
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an acceleration of about 1.2g). The in-flight sam­
ples remained "weightless" until about 3 \ hr 
prior to retrofire. On recovery of the irradiation 
device from the spacecraft, the Neurospora sam­
ples were removed from both the in-flight and 
ground devices, refrigerated, and returned to ORNL 
for genetic analysis. The samples were thus sub­
jected to three days postirradiation storage prior 
to analysis. 

Results. - The analysis of the dose-effect 
curves for survival and forward mutation for all 
the in-flight and ground control samples has been 
completed. The more detailed genetic analysis of 
the ad-3 mutations in each sample is in progress. 

The data from the analysis of samples on filters 
show no significant difference in survival curves 
(Fig. 22.29.1) or forward-mutation curves (Fig. 
22.29.2). The data from the samples in suspension 
show that a significantly higher (P = 0.02) sur­
vival was obtained with the in-flight samples than 
with the ground control samples. There is no dif­
ference in the slopes of the dose-effect curves 
for forward mutation, and if we assume that they 
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are identical, then covariance analysis of these 
data indicates a highly significant difference be­
tween these two curves (F = 236.7 with one and 
five degrees of freedom). 

The difference in the dose-effect curves for 
mutation between the filter samples and those in 
suspension can be attributed primarily to the pro­
tection obtained by irradiation under conditions of 
anoxia. Anoxia gives higher levels of survival if 
the conidia are plated immediately; the difference 



in the effects observed, from those expected, can 
be attributed to postirradiation storage, which 
affects the survival of conidia in suspension but 
not conidia on filters. 

Discussion. - The data from the S-4 Neurospora 

samples on Millipore filters show that there is no 
synergism between radiation and space flight with 
regard to the dose-effect curves for inactivation 
or mutation induction and that the genetic effects 
are identical with those found in ground-based 
experiments. In fact, the estimates of the forward­
mutation frequencies obtained with 32p beta rays 
are in excellent agreement with those obtained 
with 250-kv x-ray and 137Cs or 8 SSr gamma-ray 
exposures at similar dose rates. 

Irradiation of Neurospora conidia on filters was 
adopted as a standard procedure for experiments 
with various ionizing radiations because (1) they 
remain aerobic even in sealed containers and (2) 
there is no appreciable effect of postirradiation 
storage (up to ten days) on either the survival of 
heterokaryotic conidia or the radiation-induced 
forward-mutation frequency. The irradiation of 
Neurospora conidia in suspension, however, is 
more complex because they become anaerobic 
(the rate dependent on concentration and tempera­
ture). In addition, postirradiation storage under 
anaerobiosis gives a very rapid decrease in sur­
vival (the rate dependent on temperature, and 
most probably radiation exposure). 

The Neurospora samples flown as suspensions 
were included, primarily, to mimic more closely 
the conditions of the S-4 blood experiment. A 
high concentration of conidia was used so that 
the suspensions would become anaerobic rapidly 
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(within 75 min at 25°C) and remain anaerobic 
throughout the irradiation period. The main dif­
ference expected between the dose-effect curves 
for conidia on filters and those in suspension is 
the protection obtained by irradiating under con­
ditions of anoxia (higher survival levels and 
lower forward-mutation frequencies); but the dose­
effect curves are modified (decrease in survival) 
by the prolonged (three days) postirradiation 
storage at 4°C. Thus, the radiation response of 
Neurospora conidia on Millipore filters' is es­
sentially temperature-independent, while that of 
conidia in suspension is markedly temperature­
dependent. We have concluded, therefore, that 
the difference in the dose-effect curves for the 
in-flight and ground control suspensions reflects 
unintentional differences in the physiology of 
these two sets of samples (due to unavoidable 
differences in in-flight and ground device tem­
peratures) rather than evidence for antagonism 
between radiation and some space-fli ght parameter. 
In summary, the S-4 Neurospora experiment, like 
the S-4 blood experiment on Gemini XI, (1) failed 
to confirm the apparent synergism seen in the 
Gemini III S-4 blood experiment and (2) indicated 
that there is no difference in the genetic effects 
of irradiation during space flight from the genetic 
effects obtained in ground-based experiments. 
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