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EVIEW OF RESEARCH PROGRESS 

Alexander Hollaender 

Cytogenetics. -:-- During the present quarter. more exact measurements 
of both the amount of hydrogen peroxide formed by a given dose of radiation 
and the amount of effect upon Paramecium have been made; the conclusion 
has been reached that hydrogen peroxide can account for part of. but not all 
the effect of irradiated,D medium. X rays have no m'arked effect on num
ber of mi(!rqnuclei in Parame'cium. except at very high doses. This is In 
contrast tograeshopper neuroblasts wh~re there is a very definite mitotic 
effect of oxygen at low- energy levels. Careful analysis of the genetic struc
ture of bacteriophage T4 has led to an interesting theory of its genetic make
up. Th,e data are compatible with the hypothesis that ge~etic loci are dis
tributed in a linear order and that the recombination values are approxi
mately independent of one another. No detectable effects· were found, on 
mitotic ra~e or cell structure of the grasshopper neuroblast by the pres
ence ofhomogenates of irradiated or unirradiated embryos. Close obser
vations of the respiration of grasshopper embryos brought out that the per
.centage of decrease of oxygen consumption following irradiation is not af- . 
feeled by dinitrophen.ol. No effect of X radiation at low level was found on 
respiration of the individual embryos. To meet the need for more reliable 
data fDr the comparison, of r,ates of X ..,ray-induced mutations in the mouse 
and in Drosophila, a redetermination was made of the mutation rate at 
specific loci m Drosophila melanog'aster. The results obtained in this 
experiment agree with the tentative conclusion. reached from experiments 
that afforded less exact comparison, that the X -ray-~nduced mutation rates 
in Drosophila is cOriSiderablybelow thalreported foX-the mouse. In a par
allel experiinent cytological analysis of X -ray-induced mutations inDro
sophila were, made. Extensive experiments on the mechanism of radiation 
,recovery of Escherichia coli reported previously were continued. A de
tailed analysis of yeast extract constituents which would, support recovery 
is in progress. More detailed investigations of effect of oxygen on, chro
mosomes of dry pollen: grains of Tradescantia have shown ,an increase in 
effect with time up to an hour or m.ore. The! effect varies inversely to 
oxygen solubility. 1. e., there is an in(!rease of effect with increase of 
temperature. It is suggested that the oxygen breakage of chromosomes is 
due to an, acceleration 'by oxygen 'of a 'termina:l'ox-idas'e ,enzyme system. 
Asa result of this increased activity. enzymatic production of radicals 
like OH, H02• is greate, than thaI which the cells can normally dispose 
of, the excess causing the damage 'to chromosome. 
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Mammalian Genetics and Development. - A detailed histological study 
of a spontaneous mutation, which appeared in the course of the mouse ge
netics experiment, was made. This genetic change has probably come 
about as a result of the loss of certain metabol~,c processe,s in affect~d 
mice, the hemopoietic system being, apparently,"one of the first tiSS,ues 
.to be affected. . 

Pathology and Physiology. -, Further analy~is of the effects of ther
mal neutrons in mice is reported. The latest data verify the findings that 
as little as 16 r of X radiation will in,crease the cataract formation, with 
the effectiveness of thermal neutrons being even higher. The incidence of 
thymic lymphosarcoma was significantly increased by radiation. A.~areful 
study of all this ma.terial is now in progress. It was found that shielding 
of the head prevented cataract formation in spite of the· fact that the re
mainder of the body :r:eceives up to 400 r of X radiation, as has also been 
reported by other investigators. It appears that a cataract is formed only 
if the eye is exposed directly. Shielding of most of the body, including 
spleen and bone marrow which are known to increase survival ratio, will 
not protect against cataract formation. An investigation of the role of 
platelets in postirradiation hemorrhagic syndrome is under way. A group 
of investigator's at the Naval Medical ~esearch Institute, who found. this 
platelet protection phenomenon, have visited this Laboratory and instructed 
our staff in the use of their procedures. Data from the continuing leuke
mia studies indicate that even transient, cortis,one-induced thymic atrophy 
results in a significant and marked reduction in incidence of leukemia. It 
has been previously reported that a pituitary tum'or originating in. radio
thyroid'ectomjzed mice can be transplanted only to mice similarly pre~ 
treated and not to norma'.! mice. A late finding reveals that. in the sub-

'passage of one strain, a tumor acquired the ability to grow in normal 
mice, giving origin to the pituitary tum,or line that can be grafted readily 
to norm'al mice. The retention of C 14, from C14_glycine, by bone tissue in 
mice has been further analyzed. 

Mierobiology.- Extensive studies involving the use of C14 on the bio- . 
synthesis of kojic acid. we:re made. 

Biochemistry. - Analysis by means of ion-exchange methods of the 
production of ribonucleic acid,-ribonuclease digest has given further m~te
rial for an interesting theory about the structure of ribonucleic acid and 
its breakdown by ribonuclease. This was paralleled by studies to change 
experimentally the ribose part of nucleotides in nucleic acids. An exten
sion of the direct ion-exchange method has been developed for identifica
tion of some biologically important phosphate esters. . Further' studies 
of the sensitive firefly-luminescence assay system indicate that, during 
photosynthesis. light not only forms small amounts of ATP but also pro,.. 
m'otes its utilization. It has been found. that whole-body X irradiation of 
pigeons immediately affects formate uptake mto nucleic acids and proteins. 
Malononitrile and mecholyl chloride gave results which indicate a: pro-
tective action on the formate~utilizing enzymes. . 

.. 

., 
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. Plant. Physiology ........ The work on the use of ion,-exchange methods for 
the separation of sugars f;hows very satisfactoryprogress. The method. 
is now applied to separation of glycosides. By means of Scintillation count
ers, it has been possible to follow the uptake of K42 by sunflowers. / 

Biophysics. - Human _erythrocytes have been found to produce a sub.,. 
stan.ce which is pharmacologically identic'al with acetylcholine. -In-prelim,.. 
inaryexperiments, on the effects of X radiation on bioelectric responfSe of 
the Venus fly-trap, it was found ,that in some cases, the excitation threshold, 
is lowered and a reduction in size and. shape of the wave form ~takes place. 
A com-parative study of X, 'V, and; 13 rays on Trades.cantia pollen grains 
shows conf;istentlythat X rays are twice as effective asCo60, 'V, or 13 rays' 
from P32 ill producing aberrations inTrad~scantia pollen tube ;chrombsomes. 
A preliminary investigation of the effects of deuterium oxide on, the fre
quency of X~ray"'induced chromosomal aberrations in. on~on root tip has 
been made. No difference in frequency of chromosomed.eletions was no
ticed between this material and controls treated similarly withwater. The 
frequency of exchanges in deuterium ,oxide material was 50 per cent less 
than that for the control. 

It has previously been reported that green plants give out, besides 
their well-known fluorescence, a phosphorescence which lasts for a few 
seconds. Thereisnow evic:ience that this delayed light is closely associated 
with photosynthesis. An early assumption that chlorophyll emits phos.
phorescence now . .seems ·to be justified. 
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PRESENTATION OF RESEARCH RESULTS.. 
TO THE. SCIENTIFIC PUBLIG 

Publications. Thirty-nine articles written by members of the Biology 
Division ha.ve been published during this quarter~ This number.. composed 
of 21 fuli-:length paperS (of which 4 are Project reports) and 18 abstracts. 
is almos.t double that published in the preceding quarter. At this' time 
there areinpr.ess 5.0 additionaLarticles. rallging from abstracts, (7).to book~ 
length. symposia (2). Manuscripts of them'aterial presented at the 1952 
Annual Biology Research Conference are heing collected; more than. half 
having been received. 
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fessional SOCiety meetings. All lectures are listed. 

Anderson, E. H. 

Anderson, N. G. 

Arnold, W.A. 

Baker, W. K. 

Billen, D., G. E. Stapleton, 
and A. Hollaender 

Burnett, W. T., Jr. 

Vanderbilt University 
Nashville 

Assoc. S. E. BioI. 
Atlanta. 

Oglethorpe University 
Oglethorpe 

Emory University 

Tennessee Polytechnic 
Institute, Cookeville 

Soc. Am. Bact. 
Boston 

Alabama' POlytechnic Inst. 
Auburn 

The Recovery of ,Bacteria 
after Expo,sure to Radiation 

The Effect of Various 
.Enzymes on Nuclef)Isolated 
from Rat Liver 

Photosynthesis 

Position EffectS Causing 
Variegation in the Eye Pig
ments of Dr9sophila virilis 

The Genetic Effects of 
Radiation 

The Effect of X Radiation 
on the Respif~tion of 
Bacterial Gells 

The Protection against X,.. 
r~y Damagetcr Enzymes, 
Bacteria, and Mammals by 
Chemical Agents 
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Burnett, W. T., Jr., 
A. W. Burke, Jr., and 
A. C. Upton 

Carson, S. F. 

- Carson, S. F, and 
E. A. Delwiche 

Cohn! W. E. 

. 
Darden, E; B., Jr., and 
C. W. Sheppard 

Delwiche, Eugene 
and S. ,F. Carson 

Doherty., D. ,G. 

Dolin, M. 'r. 

,Fed. Am. Soc. Exptl.,Biol. 
New York 

University of,Texas, 
Austin' 

,Fed. Am. Soc. Exptl. BioI. 
New York 

Universityof.Florida 
Gainesville 

Florida State University 
Tallahassee 

Harvard University 
Cambridge 

Rutgers University 
New Brunswick 

NationaUnstitutes of Health, 
Bethesda 

Am. Chem. Soc. 
Buffalo 

Assoc~ S. E. BioI. 
Atlanta 

Soc .. Am. Bact. 
Boston 

,Fed. Am. Soc. Exptl. BioI. 
New York 

.~ed. Am. Soc. Exptl. ,BioI. 

The Effect of Acetyl-a- Methyl
choline, Carbamylcholine, and 
Atropine on the Survival of X
Irradiated Mice 

Comparative Biochemistry of 
Propionic Acid ):ermentation 

Tracer Studies on Oxidative 
Reactions in the Propionic 
Acid fermentation 

Some Recent Developments 
in the Chemistry of Nucleic 
Acids 

Same as above 

The Influence of Ion-Exchange 
Chromatography upon our Con
cept!,f the Structure of Nucleic 
Acids 

Structure of Nucleic Acids 
(sponsored by Squibb Inst.) 

Same as ,above 

The Application of Ion-Exchange 
Chromatography to Nucleotides, 
Amino Acids, ,Sugars, and Re
lated Substances 

Depth Dose Relation for Biological 
Materials Exposed to Beta Rays 

An.Oxidative Cycle in the 
Propionic Acid Bacteria 

Protection of ~';':Chymotrypsin 
ilgainst." Radiation . 

A Soluble Pyruvate-Ketobutyrate 
Dehydrogenase from Strep. 
faecalis. 



Furth, J. 

furth, 1. and A. C. Upton 

Furth, J., W. T. Burnett, Jr., 
E. Gadsden,and J, N. Dent 

Gamble, Frances 

Gaulden, M. E. 

Gaulden, M. E., N. Nix, ~d 
E. B. Darden, Jr. 

Gaulden, M. E., K .. Loemker, 
and E .. B. Darden, Jr. 

Ginsburg, J. 

Hollaender, A. 

University of North Carolina 
Chapel Hill 

Institute of Medicine of Chicago 
Chicago 

Am. Assoc. Path. and Bact. 
New York " 

Neutron Research Conf. 
Washington 

Am. Assoc. Cancer Research 
New York 

Assoc. S. E .. Biol. 
Atlanta 

University of Louisville 
Louisville 

Florida State University 
Tallahassee 

Alabama Polytechnic Institute 
Auburn 

Army Med. Res. Lab. 
.ft. Knox 

Assoc. S.E. BioI. 
Atlanta 

Assoc. S. E. BioI. 
Atlanta' 

Fed. Am. Soc. Exptl. BioI. 
New York 

\ 
Brown University 
Providence 

9 

Conditioned Neoplasms of Endo
crine Or~ans and their Secretions 

Rece'nt Experimental Studies and 
Current Conce pts on the Etiology 
and Nature of Leukemia 

Morphology of Transplantable 
Pituitary Tumors Induced by 
Radioactive Iodine and the 
Associated Secoridary Changes 

Late Effects of Exposure to 
Thermal Neutrons on Mice, 

Conditions of Transplantation 
and Hormonal Secretions of 
Pituitary Tumors Induced by 
1131 . 

Gonadotropin in the Blood of 
the Mouse 

Effects of Radiation and ·Chemicals 
on €ell Structures and Mitosis 
as Observed in Living Cells 

Same as above 

Same as above 

Same as above 

Effects of Beta Rays and X Rays 
on Mitotic Rate of Living .. 
Grasshopper Neuroblasts 

fragmentation of Chromosomes 
of Grasshopper Neuroblasts by 
Beta Rays and X Rays 

Potassium Exchange in Rat 
Tissues 

Studies in Radiation Protection 
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Hollaendel, A. 

Hollaender, A. and 
G.E. Stapleton 

Hunt, .E. L., and 
P.B.Huff 

Jonas, lierben 

.Khym, J. X~ 

Noggle, G. R. 

Pomper, S. 

Russell, Liane B. 

Russell, W. L. 

Amherst College 
Amherst 

University of Wisconsin 
Madison 

University of Rochester 
Rochester 

~ed. Am. Soc. Exptl. BIoI. 
New York City 

Assoc. S. E .. Biol. 
Atlanta: 

Am. Soc. Plant Physiol. 
Atlanta 

Am. Chem. Soc. 
Milwaukee 

Florida State University 
Tallahassee 

University of Florida 
Gainsville 

Am. Soc. Plant Physiol. 
Atlanta 

Soc. Am. Bact. 
Boston 

Tulane University 
New Orleans 

Louisiana State University 
Baton Rouge 

Duke University 
Durham 

Agnes Scott College 
DecatUl 

North. Carolina State College 
Raleigh 

University of Georgia 
Athens 

, 
Studies in Radiation Protection 

Same as above 

Microbiological Effects of 
Radiation 

,Fundamental Aspects of Radiation 
Protection from a Microbiological 
Point of View 

.Iodine Distribution in Chick 
Embryos 

Calcium Nutrition and Ascorbic-
Acid Formation in Peas 

The Separation and Analysis of 
Sugars 

Ion Exchange~ a Quantitative 
Method of Investigating the 
Carbohydrates in Plants' 

Ion, Exchange as a Quantitative 
Method of .Investigating the 
Carbohydrates in Plants 

The Biochemical Effects of Plant 
Growth Regulators 

The Isolation of Triploid Yeast 

Ye;lst Genet~cs 

Same ,as above 

The Effects of Radiation on the 
Prenatal Development of,Mammals 

Same ,as ,above 

Genetic Hazards of Radiation 

Same as above 



Russell, W. L. 

Sheppard, C. W. 

Sheppard, C.W. and 
Ward Sangred 

Stapleton,G. E., ' 
D. Billen, and 
. A. Uollaender 

Strehler, B. L. 

Strehler,B. L. and 
J. R. Totter 

Upton,A.C. 

University of North Carolina 
Chapel Hill 

Flolida State University 
Tallahassee 

Tulane University Medical 
School, New Orleans 

U. T. Medical School 
Memphis 

Brooke Army Hi?spital 
.Ilt. Sam Houston 

Alabama Polytechnic Institute 
Auburn 

.George Washington Carver 
Foundation, Tuskegee Institute 
Tuskegee 

Neutron Research Conference 
Washington 

Fed. Am. Soc. Exptl. .Bio1. 
New York 

Soc. Am .. Bact. 
Boston 

University of Arkansas Med. 
School, Little Rock 

University of Texas 
Austin 

University of Tennessee Medical 
School, Memphis 

Fed. Am. Soc. Exptl. BiOI. 
New York 

Emory University 

X-Ray-Induced Mutations in . 
Mice 

The Role of Potassium .in 
Circulafury Mixing 

11 

Isotopes and Circulatory Mixing 

Same as above 

Same as above 

'Ute Role of Potassium in Cell 
Physiology 

Isotopes and Circulatory Mixing 

Methods of Measuring Gamma
Ray Contaminants in Slow
Neutron Fields 

Transcapillary Movement of an 
Isotope from a Nonuniformly 
Mixed Circulatory Pool 

Recovery of X-Irradiated Bacteria 
at Suboptimal Temperatures 

Bioluminescence as a Tool for 
the Study of Energy Metabolism 

Same as above 

Green Plant Luminescence and 
Photosynthesis 

Firefly Luminescence in the 
Study of Biological Energy 
Transfer Systems 

Effects of Ionizing Radiations 
Upon Mammalian 'Tissues 
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Upton, A. C.a.nd 
J. Furth 

Vaslow, F. and 
D. G. Doherty 

Volkin, E. and 
W. E. Cohn 

Wilde, W. S. and 
C. W. Sheppard 

Fed. Am. Soc. ExptL BioI. . 
New York : .. 1-- ',.,' '. 

" 

Am. Chern. Soc. 
Milwaukee 

Fed. Am. Soc. Exptl. ,BioI. 
.NewYork 

.Fed. Am. Soc. Exptl, BioL 

.New york 

A Transmissable Disease in Mice 
Characterized by Anemia, Leukopenia, 
and Erythropoietic Splenomegaly. 

Thermodynamic Studies of some 
Enzyme ':Inhibitor Complexes 

The Enzymatic Degradation 
Products of Ribonucleic Acid 

Electrolytes in Muscle of Rat 
Forelimb after Intense' Local 
X4radiation 

Visiting Lecturers. The Division has been. fortunate in securing the 
services of the following four prominent investigators for lectures Oil the 
Biology Seminar ·Program. 

J ' 

Dr. Robert L. Sinsheimer 

Dr. George Brecher 

Dr. Orland E. White 

Dr. Carl F. Cori 

Dept. of Physics 
.Iowa State College 
Ames,Iowa 

National Institutes of ' 
Health, Bethesda, Maryland 

BlandyExperimental Farm 
University of Virginia 
.Boyce, Virginia 

Washington Univ. Sch. of 
Med., St. Louis, Missouri 

Chemical. and Enzymatic 
Studies on Desoxyribonucleic 
Acid 

Platelet Problem of the 
Hemorrhagic Tendency in 
Relation to Radiation 

Genetic Aspects of Fasciati9R, 
a Cancerous:-Like Plant G~owth 

Molecular. Configuration of 
Starch and Glycogen 

'J 
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CYTOGENETICS 
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CYTOGENETIC EFFECTS OF· RADIA TION 

R. F . Kimball (Leader) 
A. D. Conger Mary .Kathryne King 
K. C. Atwood F. H.,Mukai 
A.H. Doermann 
Drew Schwartz 
Seymour Pomper 
NenitaGaither 

Lucile M. Fairchild 
Betty B. Hill 
Dorothy W. McKee 
Rachel C. Cheniae 

L. Rober.ta Lovelace· 

The Role of Externally Produc.ed Hydrogen. :geroxid.e 
in the Action,of X Rays Upon Paramecium 

, . 

. (Kimball, Gaither, ,King) 

Evidence has been presented (OHNL:-1244) ·that much of the e{fect of 
X rays upon division :r.ate and suryival could be accounted. for by hydrogen 
peroxide. This was. so when the paramecia: were irradiated in 3 per cent 
culture fluid ,(0 medium) but not when they were irradiated in whole cul
ture fluid. During the present quarter. more exact mea~urernents of both 
the amount of hydrogen peroxide form.ed by a giv~n dose of radiation and 
the amount of effect upon the animals has been IIlad~' and the conclusion 
reached that hydrogen. peroxide can account. for~ part of but not all the effe9t 
of irradiated D medium. 

The following procedure was, followed. . Param.e~~a were exposed to 
various concentrations··of hydrogen peroxide m'ade up in. D medium and to 
D medium exposed to various doses of X rays.. Ancilytical grade "3'0 per 
cent" hydrogen peroxide was checked for concentration before 'use with 
,O~ 1 N potassium permanganate .. The amount of hyqrogenperoxide in the 
irradiated medium was measu·red. by the KJ-starch colorimetr~c method of 
Savage (Analyst, 76: 224. 1951) using the series of peroxide dilutions cin·D 
medium as s.tandards. More x:ec.ent1ythe~e measure;ments have been found 
to check satisfactorllywith those made by a modified tit~~umsulfate color-
imetric m.ethod. i . 

The r.esults are plotted. in Fig. I. It can be se~n, tllCitthe concentration. 
of hydrogen peroxide which had to be added to the m ediu~ toproduc e a' giv~n 
effectwas, between 1. 3an<i 1. 5 timesthatin irradiat.ed 'lIledium :which pro
du.ced the same effect. In other words, between, four;..:,rHths and, two-thirds" 
of the ef{ect of the irradiated. medium can be a~~o~nt~d for by hydrogen 
peroxide. This is cO'nfir~ed: by the fact th~t. cataia~e destrqysthe detect-

• Research ~articipant 
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O':,j:';,/;. ..-

able activity of ,the irradiated medium. Th:e'other orie-fifth to one-third 
of the effect may be due to stable substances which .are produced by irra
diation of D medium but not by 'treatment with hydrogen peroxide. Thus 
some of the effects of X rays upon the medium are brought about by mech-
anisms other than hydrogen peroxide production. ~ 

...J 100~·---... < .... -~~~~-o.o 

:J 60 " "". . 0 

~ROPERCENT 

~w \. 
~z \ 
zO 20 . \ 

~~ ", •• \_. 0 

WO:: 
o~ '- • 0 
0:: \ 

~ 10 \ 
o 5 10 

HYDROGEN PEROXIDE (p.g/ee) 

FIG. 1. Effects of hydrogen peroxide, irradiated! medium, and 
direct radiation upon division rate and survival for one 
day in Paramecium. The doses in kr for direct radiation 
were converted to /lg/cc of peroxide using data from 
irradiated medium. 

• = Irradiated D medium 

- - - - -Direct in adiation in D medium 

In Fig. 1, a comparison is also made with the effects upon paramecia 
. directly irradiated in D medium. The curves are based on data previously 
obtained and are plotted by converting kiloroentgens to micrograms per 
cc of hydrogen peroxide using the data from irradiated medium. There are 
a number of uncertainties in the comparison; anc~ so it can only be concluded 
that most of the effect, perhaps all, can be accounted for by the .action of the 
irradiated medium. 

• 
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Effect of X RayS upon Micronuclear Number in Paramecium 

(Geckler,* Kimball) 

Parameciawere grown in large mass cultures, concentrated by centri": 
fugation and resuspended in culture fluid to red,uce, as far as possible, 
effects of the irradiated medium (ORNL-1244). The paramecia were ex~ 
posed to-the unfiltered beam of the Maxitron at 250 kvp, 30 ma--ap.d an in,
tensity of approximately 15 kr/min. 

After exposure, the animals were placed in test tubes with excess cul
ture, medium and allowed to multiply for 24 hours, after which time they 
were fixed in Schaudinn's fluid, stained bytbe Borell procedure, and the 
number of micronuclei per animal counted, 

The results are given in Table 1. The usual number of micronuclei 
in Paramecium aurelia is two; however, the present data show ,that unirra
diated animals exhibit a small variation from the' usual number. In irra
diated animals, the fraction with less than two micronuclei increases wIth 
increasing dose while the fraction with two decreases. The fraction with 
more than two showed no such; clear change. 

TABLE 1 

EfFECT OF X RAYS ON MICRONUCLEAR NUMBER IN PARAMECIUM 

Dose Total animals Per cent with certain numbers of 
(kr) examined micronuclei 

More than 2 '2 Less than 2 

None 435 4 93-- 3 
214 86 5 91 5 

~ 275 30 3 87 10 
336 118 8 81 11 
403 100 5 78 17 
470 .-- 100 10 79 11 
537 83 7 57 36 

Loss of micronuClei could occur in several ways. For example, cyto
plasmic division might occur while micronuclear division was irihibited, 
or micronuclei might degenerate or lose their capacity to stain so that they 
would not be seen. Experiments to determ,ine the mechanism of the loss 
have not yet been performed. 

* Research Participant 

. 
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The finding that a marked effect on micronuclear number is not pro
duced. except at very high doses, is of importance from.two points of view. 
Firstly. it shows that reduced yigQrafter autogamy cannot be due, except 
to a very small extent. to loss of both micronuclei. This is especially con
vincing since the doses used are sufficient to cause the death of almost all 
exautogamous progeny. Secon<ily. it shows that X rays do not inhibit the 
mitotic divisions of the micronuclei at doses of a few Jdloroentgens. The 
argument is as follows. It has already been established that the division, 
'ofthe cytoplasm and macronucleus of Paramecium is not inhibited by doses 
of less than about 20 kr·, If micronuclear division were appreciably inhi
bited by lower doses. paramecia with less than two micronuclei should 
arise frequently as a consequence of division of the cytoplasm without di
vision of the miCronuclei. Obviously, this did not happen; In this respect, 
·-as inother.s. Paramecium differs from those organisms, such as the grass
hopper. in which mitotic inhibition is brought about by quite low doses. 

Breakage of Chromosomes by Oxygen 

(Conger, Fairchild) 

Enough data have been accumulated to allow indulg~nce in some spec
ulations on how oxygen breaks chromosomes in the 'dry pollen grains of 
Tradescantia. Most of the data pertinent to this discussion are in Fig. 2, 
which summarizes those features of oxygen dose and, environmental var
iables that have been m,easured quantitatively. An X-ray curve'is'inc'luded 
for comparison with the oxygen curves. 

From cthis and other data. we conclude that: (1) Molecular oXY.8'en is 
not the agent which breaks the chromosomes .. (i) Breakage is probably 
due to some enzymatic' reaction which is acted upon by oxygen: (3) The 
enzyme system is probably a terminal oxidase, 'but not a cytochrome. 

The first conclusion is supported by at least four facts. as follows: 
(1) Effect increase's with time up to' an hour or mor~ (Fig. 2B) which is 
much longer than the relaxation time for oxygend~fflisioninto the cells. 
(2) The number of aberrations produced by an oxygen exposure (sayan 
average of ten breaks per cell from one hour ini 00 per cent oxygen) is 
much smaller than the number of collisions of oxygen molecules with chro
mosomes. (3) No aqerrations are produced by air (20 per cent oxygen)~ 
(4) Effect versus temperature (Fig. 2C) varies inversely to oxygensolu
bility. 

. The second conclusion was reached through the r~asoning that (1) since 
molecular oxygen apparently is not responsible, some cellular mechanism 
must cause the breaks; and (2) relation of effect to temperature (Fig. 2C) 
is very similar to the usual enzyme activity-temperature curves, both in 
slope and in temperature range at which effect varies. 
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The conclusion that the enzyme system is probably a terminal oxidase 
but not a cytochrome finds strength in t.he following arguments. Granting 
that chromosomes are broken by enzymatic reactions, the terminal oxidase 
systems (since they react directly with molecular' oxygen) would seem, a 
priori, to be the most likely causative agents. There are a number of 
reasons for believing this effect is not due to the cytochromes, since cyto
chromes are qxygen saturated by air, chromosome breakage does not com
mence until oxygen conc~ntration exceeds that of air; and chromosome 
breakage by oxygen is not prevented by having 1-3 per cent hydrocyanic 
acid, a cytochrome inhibitor, mixed wi~ the oxygen. An experiment just 
completed established this. There are other reasons, however, for be-



19 

lievi,p.g that the reacfion. maybe due to a ftayoprotein or som.e similar en
zyme, par,ticularlysinceth~ fiay-opr.oteins are known to beacce'ierated (~l~ 
most linearly) with increasing oxygen c,once.ntraUon,sabovethat of air. aJ,l~t, 
are no(inhibited by hydrocyan~cac:id as are .fuecyt'ochromes. 

011 the basis of ourpresen~ data. Wee tent~Jiyely suggest that the oxy~ 
gen bre'akage of chromo.somes is due to. the accelerationby oxygen of a 
terminal oxidase enzyme system f As a consequence of ,this increased ac
Uv:ity, enzymatic pr.oductsorby-pr04ucts (OIl or H02 raai~als from. flayo
proteina'¢Uyi~y. 'possibly hydrogen. peroxide )a.re produced iIi excess of 
amounts th~ cell is normally com·petent. to dispose of, ana are therefore 
available to 'break ~h:romosomes. 

It. is supposed. tpat chromosomes .are ultim'ately broken by the same 
agents (p:ctiye radicals or, hydrogen' perpxide) .fromr,adiafionor from oxy
gen,bul they are produced physicaJly by radiation; enzyma#cally, by oxy
gen,.. The clear difference in tpe effect of . environment on, chr,omosome 
})reakage by ,the two agents is quite compCl.t.ible wi~, this suggest~on. With 
r.adiatidIl, thange.i,n: moisture has no effect. {compare Fig .. 2D ),all(~ ch,ange 
in. 'femper~ture has a mU,ch smaller effec,t (a rafio· of 3: 1 between. OO:and. 
3S0 C) and in. the opposite (iirection. . 

Genetic Structure of Ba£j~riopJ;lage T4, 
, . 

{DoeIDlann. mn} 

Intll,ree previous quarterly reports (ORNL-727, OR!";1L-8.89, a:n:~iORNL"" . 
989) 'experjmenfshaye beend~scribedwhich were intended.to elucidat~the 
genetic structure of bacteriop~ge T4. Ma,ny ,addit~onaldata: are nowa:yail
able and, cer~ain conclusio.ns may 'be dra:wn., The p.asf two quarters have 
been devoted., mai?-ly toprocurmg thead<;i#icmaJ data cpld t() c.onsideration 
of :the conclusions which can, bedra:w~. 

The mutant's used are all plaqu~-.type mutantsin9'iudj,ng (1) seyer,al of 
,the r tyPe (see ORNL7727}. (2) a large;numberof the tulype (see ORN"L.:-
989),and,one of the In type (see Hersh~yand.Rofm,an., Genetics 34:44-71, 
1949). All mU~,a:nts discussecl here were from :iildepend~nf mutatiQns.. In, 
addition, t,oth()se mentionedm previous qll~rte,rtyrepo:ds, twelve .iu mutaIl,ts 
were isolated., givingato.talof 26 ipciependent oc.currenc~$ of tu. The pro
cedure used was to make crosse's of any 'new isolate with t.he known, gei1et~,c. 
markers until it proyedfo be allelic with one of them, or until crosses 
w~th aIL th,e known on:e~ showed itt'ob~ a new genetic lobus. . 

The, resuttmg qa'(a: ar~ exc'Jusively frQmtwo-fae~orc:r;osses. Ev;ery 
effort wa's m:ade t,o make t}le .experiments un;ifor'm ~ .8.'11 det::iils •. but it 
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was ll:evertheless necessary 1'0 select the experime,nts on two counts in' 
oreier to assur,e reliable es'fimat,e~ of th~ .recombipatipn values., FirS,t, it 
wasnecessar,y 'to exchtde any expe,riment where the average number of 
either' parerit phli,ge a<isorbed per bacterium was less than 3. This is be
cause m,qre ,than 5 per. cellt of the cells would .. be infected. with only one ot 
the two phage types. and theseofcouFse do not.yiel<i genetic recombinants. 
The second (!riterioniil select,ing w.as .Utat. approximately equal numbers 
ofille two parents infect the ba:cteria. in a:IlY give~, CrOSS. Experimenl.,s. 
were made to determine the effec,t of unequal mu'ltiplicit)r of~e two pa'ren~s. 
1."he;Yindicatedfhat, where the ratio of one parent to !heot;her was 0.67 or 
greater, a maximum recombination value was obtained, while lowerr.atios 
g~ve 'cpnsistentiy low recombination' values.Exp~~l~eIlts' ';Uh ratios l~~s 
than, 0 .. 67 were·therefore excluded. From the t.otal of 1'25 experimepts m,a.<ie 
for estimationQf re.~om'bin:ation values.;4 w,ere elim:ina.te4 for low multi;-; 
plicity and 16 for .unequal multiplicity .. ' . 

The results t.obe cOD:si<iered first. are ihose which give some infor
ma#onon the number of tu 10piprE1sent in the T4 phage particle. Testsof 
atlelism amOIlg the 26 tu mUbtnts 'are shown in Table 2,: which;contaiils ,the 

" , . '. . . ,.': . :. ~ . 

TA.BLE2 

RECOMBINA TlON VALUES WI'tmN THE CLUSTERS O~ NEAR~ALLELIC !!! LOCI. 

Cluster. Mutant 

~41 41a 
41b 
41c 
41d 
41~ 

42a 
42b 
42c 
42d 
42e 
42e 
42f 
42g 
42h 
43a 
43b 
43c 
43d 
43e 
43f. 
'441t . 

44b 
44C 
44d 

Cwss indiciltillg 
inclusion in cluster. 

4ib x 41a 
41c x 41a 
41d x 4la 
41e x 41c 

. 42b.x 42a 
42cx 42a 
42d x 42b 
42e x42b 
42e x42d 
42f x 42b 
42g x 42( 
42h x42b --43b x 43a 
43c.x.43b 
43d x 4ab 
43e x 43a. 
43f x 43e 
~ 

44bx 44a 
4k x 44b 
44d x 44c 

:No~ .of plaques 
.exam.tned 

--557 . 
819 
489 
031 

.1137 
509 

3014 
866 

-4445 
686 
78a 
795 

69-8 

426 
720 

2946 
1152 

...... 
13i3 
649 

2395 

Per ,cent recombination* 

..... 
0.0 
O~O 

0.9 
0.0 

0.4 
O,Q 
2.3 
D.I? 
1.3 

-O~O 

0.2 
2 •. 3 

9.3 
0;4 
G.o 
O.i 
1.6 

(1.6 
.0.0 
0.7 



Table 2cont. ' 

!!!45 45a, 
45b 
45c 

45b x 45a 
45c x 45a 

1835,. 
1P64 

0.0 
1.7 

• Although .. the.muta:tiQn.~Atefrom!!!to!!!+ has,no(been measured accurately, i~ 
is possible. t~ account for . the tu+ plaques by .mutation. PreParlUion(}f stotkc.ultures 
of ~tl1e !!:! mtitantsare the .result of multiple Infectio,Il .~d, in these, onetu+plaque 
pe~.ihous.md isr arelyfollDd. 
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resuUsof those crosses whiCh indicateane'lism or:near.-allelism. The 
26 ctearlYf~:IiinloJive ~lust~rs w!tltlow int~aclusterr.e·combinatipn values. 
(The iilterclust:errecombiI1at1onv,a.lues~, whicha~e consider~ahiy larger, wifl 
be discussed pr.esently.) Although all P9ssib!e iritrCiclus{er crosses have 
n.o.lbeerlmade .. it is clear. that 'at lecrst three separa'Qle toe,i are ip;v:olve.d. ~n 
the iU42 cluster and two each.in.thefJ43' tU#3.1ld ,tu45 clusters. It. is for t,he 
p:rese~t impossible to design an eXperiment'wh~chwiJI decide whether these 
results are to.be interpretedasbeingdue to mutations in separate functional 
unjts Or whether they ind,icate mutatioJ}:s at se,ver,at IO.cations with,in a single 
f\indional unit. Th.e mipimum number of tu loci in. T4 ,then appears to .1:)e 
five. but-this .n;umber musfbeinc;r,easedto ten if the members of .the elus.ters 
arecon,sidered.,tobe sep.arCite loci. It shQu~d be added:., howeVer. lhett m.any 
mor.e loci may exist. butth.atdue toa loW J:"a~e of mut?-t..ion ot due to' seiec
~i:ve action aga~ns~, them during the isolath>i1: procedure" theya:reIiqt en,.. 
cOllIltered frequelltly'~ 

The rem~g experimeIlJs tn:eludeal1the possible interprosses .among 
.nine distillct,ly separate 'loci. ,and form the bas~s fQra genetic map of T4. 
The nine lc;>ciconsistedof .the five .tu lc;>~J.three 1: ioc~g and one ~ loyus. 
hi considering the rec'omhj,nat~onvalues from these crosses, it bec,ame a.p,.. 
parentthat i~ was desirable to separate them statistically into those whiph 

. do and donqf incl~cate linkage,. Th~ dat,a w.e:r,eana1yzed statistif:!ally by Dr:. 
A. W~ KimpaU of the ORNL Math~matics Pallel. A w:eighfed m.ean, was 
oQt,ained for each. of the c'tosses$.dthes~ were sep,aratedirito st~tistically 
unditferentiabfe g:roups.A:nypair iiI th.e group with ,the llighrecombination 
values was c(msid,ered as unlinked unless crosses inyolv;ing in~e:rmediate 
markers wereavajlable. Table 3 ~onfamsthecr,osses with iinkedpairs. 
Tllree linkage groups C!:re evide~t? n~mely t containingi4g on~y. IIcpm~ 
pr~sing £47' '.t51'@d tU41)~d. IILC~llta,i.lUng tU42,tu44>, tu43' lD41. anp tU45' 

Ther:emainiirg lo¢us'.'L4si is apparentlynol iiJlked .to :~y of the othe.r ma.rk
e:rs. The results from cr~osses 'between .Wll..inked pairs are shown ip. Table 
4. None oftlte 10ciJn anyop.e tiJlk;;Ige group is linked:to anY mar~er ll,1. either 
of ,theo'$e.r gr.oups. . 
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TABLE 3 

RECOMBINATION VALUES OBSERVED .FOR LINKED LOCI IN TWO~FACTOR INTERCLUSTER CROSSES 

950/0 Confidence limit 
Mean ~ecombination value* LOwer Upper 

. Cross (Percent) (Percent) (Per .cent) 

47 x ~1 5.4 4.1 6.8 

Isl xtu41 23.7 20.8 26.7 

147 x!Y41 25.0 21.3 28.9 

m42 x 11144 9.5 8.1 11.1 

tl.l42 x.!ll.43 25.5 22.0 29.0 

:tJ.l42 x l!!41 30.1 .25.8 34.7 

.!l!4~ X1Y45. 32.S"" 27.9 37.4 

JlJ44; x tI.43 20.5 lS.1 22.9 

'W44 x .I1l41 24.9 14.9 36.4 

Ul44 x tl45 30.3 26.7 34.,1 

tll.43 x 1D.41 10.2 '8.4 . 12.Q 

,tY43 xtu45 21.8 19.2 24.4 

nl41 x tD45 15.5 13.1 .18.1 

• The weighted mean 
.. Statistical analysis would place this value in Table 4. The linkage of these factors. 

j is obvious, however, from their li.rikages with intermediate markers. 

TABLE 4 

RECOMBINATION VALUES OBSERVED FOR UNLINKED WCI IN TWO-FACTOR INTERCLUSTER CROSSES 

95% Confidence limit 
Mean. recombination va:Iue* Lower Vp~~ 

Cross (Per cent) (Per ,cent) (Per;c:em) 

l4g' x.m45 32.~ 29.2 36.7 

.!!!41 xm43 34.9 29.2 4"G.8 

.!48 x!!!41 .35.9 27.5 ,44~8 

147 x!Y44 36.1 3f.'O 4::J.~3 
!48 x !Y43 36.4 31.8' '4.1.2 

!4S x!Y"42 36.4 28.9 44.3 

~41 x JY42 36.9 34.6 39.3 
1l!41 x ~tu4'4 .' 3.7.0 27.9 46.7 

tJ.!41 x m41 37.1 31.3 43.0 

.48 x.!51 37.4 30.3 44.S·. 

147 x148 37.7 29.8 46.0 

!51 x.!!44 38.8 27.3 50;9 

151 x !!!42 39.1 "35.1 43:2 

tY41 x m45 39.2' 34.l 43.9 -. 
.!51 x !!!41 39.3 33.4 45.3 
147 x nt42 40.3 27:.S 53.5 

148 x B!44 40.S 31.3 50.7 

147 X!!!4fi 41.3. 32.9 50.9 

·148 x !!!~1 41.6 25.3 68.7 

.i51 x 11!45 41.7 ~.1 44.~ 

14,7 x m41 43.2 37.2 49.3 

!47 x, !!!43 43.6 35.2 52.1 
151 x ,!!!43 45.5 35.9 55.2 " 

• The weighted mean 
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Even though three -factor crosses are not yet available with these mark
ers' one can investigate whether the data from two-factor crosses indicate 
a linear arrangement of the loci. When experiments with low or with un
equal multiplicity are discarded, the results are, contrary to a previously 
made statement (ORNL-989), compatible with a linear distribution. When 
the loci are arranged as shown in Fig. 3, we see that the recombination 
value for any pair of nonadjacent factors is always larger than the recom
bination value for any of the intermediate pairs. For example, the value 
for !Y42 and 1Y44, as well as that for tUM and tU43 is smaller than the value 
for tU4~ and tU43; and this is true for any set of three factors in either linkage 
groups. 

t-----25.0-----l 

15.4 1 23.7 

LINKAGE GROUP II 

t----------32.6------------I 

t---------30.3----------I 

t--------30.1---------I 

t------24.9 ----'------I 

t------25.5-----il----- 21.8 -----I 

9.5 20.5 10.2 15.5 

LINKAGE GROUP m 

FIG. 3. The linear order of loci in two linkage groups of T4. 

One can then proceed to test the question which naturally follows; name-
1y' are the recombination values statistically independent of one another 
or do they indicate some sort of interference? Assuming independence, 
one can calculate the two-faCtor recombination value expected for the ter
minal members of any set of three linked factors. This can be obtained 
from observed recombination values for the intermediate pairs. The ex
pected values are given in Table 5, along with those observed. In all cases 
except one, the calculated values are higher than those observed, indicating 
a statistical excess of double recombinations which would be unobservable 
in the two-factor crosses. Thus, a progeny particle showing a recombina
tion in region ab has a greater than average chance of showing a recombi
nation in the adjoining region bc. 
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TABLE 5 

EXAMINATION OF THE OBSERVED RECOMBINATION DATA FOR STATISTICAL 

INDEPENDENCE OF INDIVIDUAL RECOMBINATION VALUES 

Series of factors Recombination value between terminal ioci (Ras) Calculated minus observed 
involved C alculated* Observed (Per cent) 

a b c (Per cent) .' (Per cent) 

.!.47 .!.s1 tu,41 26.,5 25.0 +1.5 

tU42 ~44 tu43 26,2 25.5 +0.7 
. tu42 '~44 ~41 29.7 30.1 -0.4 . 

tU42 ~44 ~5 34.1 32.6 +1.5 

~2 tU43 ~41 30.5 30.1 +0.4 

tu42 ~43 ~5 36.2 32.6 +3.6 

E!.42 ~41 tU45 36.3 32.6 +3.7 
tll44 tu43 ~41 26.5 24.9 +1.6 

~44 tU43 tU45 33.0 - 30.3 +3.0 
tU44 lll41 tU45 32.7 30.3 +2.4 
tU43 lll41 tu45 22.5 21.8 +.0.7 

• Rac = Rab (l-Rbc) + Rbc(l-Rab) 

Several possible explanations could account for this unexpected nega~. 
tive interf~reilce. The most plausible one depends on.the followfug compli
cation: If the individual particles which participate in,the oye,r-all process 
of phage reproduction have varying numbers of opportunity for genetic re
combfuation. the result would be the positive correlatiOn fu "adja-centre
combfuations .which has been. observed. To take an extreme example,.sup
pose that only 50 per cent of the phage population withfu. one, bacterium 
particip~ted in, genetic ,recombination. Then. considerfug only this hal! 
the population, the proportion of double recombinants might be precli;ely 
that predicted from the frequencies of the single recombfuants~ If,how
ever, the whole population is used for e'stimating the frequEmcies of. single 
recombinants (as is done in the phage experiments). the predicted number' 
of doubles would be only one half the n~mberobserved~, 

The' plausibility of such an futerpretation of the positive correlation 
. . \ .. 

is in4icated by the results of a number of experim~nts by s~yeral inves-
tigators.· These result~ have been brought togeth~r' into a theory. devel
oped by Visconti and Delbruck(Genetics, fu press)\vhich treats the phage 
cross as a popuiation geneticS problem .. The theory permi~lS c~lculatlon of 
the recombfuationprobabiiityper matfug(Pik ).from the ohs,ervedrecombi
nation value (Rik ) for any pair of markers. . Accepting. their'assumptTons, 
and the parameters which they determfued from ind~perident experlm.ents. 
the yalues of P. were calculated for each linked two-fa.ctor cross; The r'e
combination values per mating for the termfua~ members of each g~oup of 
three lfuked loci (Pac) were also calculated. on the' baSis of statistical in
dependence of Pab and Pbc . The 'values of Pac obtafued froni'.thedata by 

.~. 
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bothmethods are given in'Table 6. It is ,seen that a good fit to the assump
tion of independenc,e is obtained.,' The data 'are thus compatible with,;the 
hypothesis that genetic loci are distributed ixi a:: linear order' and that the 
recombination values are approximately independent of one another. 

TABLE 6 

THE RECOMBINATION VALUES O~ (pr FOR INDIVIDUALMATINGS 

Series of factors Recombination values calculated for terminal loci (Pac) 
involved From Rab and Rbc" From Rac 

a b c (Per 'cent) (Per cent) 

47 4>1 W41 14.6 13.8 

!l!42 JY44 .m43 14.0 14.2 

m42 l!44 ffi41 16.8 18.2 

lY42 tU44 ~5 21.1 20.7 

11M2 t1U3 'w41 17.4 18.2 

!!42 ti!43 tIlMi 22.4 20.7 

lli42 ill41 m45' 22.9 20.7 

!!44 lli43 .ill41 14.1 13., 

!Y44 1143, m45 .19.6 18.5 

B!44 !!41 !!!.i5 19.1 18.5 

D43 ID41 .llJ.45 11.2 11.4 -., 

• The values of ~ were calculated according to Visconti and Delbruck (in press, 
Genetics). 

, .. Assumiiig statistical independence of Paband flbe' that is Pac = Pab(I-Pbc~ 

+ Pbe (1-Pa~ 

Studies on the Distribution of Genetically Marked Nuclei in 
Neurospora Conidia 

(Atwood, Mukai) 

In ,the course of experiments on the ef~ects of X rays on $urvival and 
mutation in heterokaryotic conidia (ORNL-1167:29-33), it bec~me neces
sary to learn more about the distribution of nuclei into the conidia. Accorci
ingly, experiments were done with several cultures of the heterokaryon 
(methionineless"-amycelia1)-(ornithineless) in which the relative frequencies 
of conidia belonging to the heterokaryotic and the two homokaryotic classes 
were estimated by differential plating, and, frequency distributions of co'" 
nidia with di(ferent total numbers of nuclei were determined for each cu!::-· 
ture by counts of stained preparations. The total nuclei per conidium and 
the proportions of the three types of conidia were caused, to vary from cul
ture to culture bytheadciition of different amounts of sorbose to the medium ~ 
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Superficially, the resu:its suggested that theprobability.that the inclus~on 
within a conidium of a nucleus of the first or secQnd type may be constant 
for.nuclei of the given type within the 'same culture. The data were there
fore examined (with this hypothesis in. mind. 

Let Ki rep'resentthe proportion of homokaryons oUhe first type, K20f 
those of the second type. 1\3 of heterokaryons, and Xl, Xz, X3, ... , Xn the 
proportion of conidia containing 1,2,3, . .. ,n nuclei. Ac~ording to hypoth
esis, 

where p i~ the probability that anuc leus of the fir sf type is inc luded. 'within 
a conidium. Sim ilarly • 

(2) . 

and 

(3) 

The values 'of KI • K2, K3, Xl, X2; etc., were estimated by experiment· 
and p was computed. from equation (l)by successive approximation. Ex
pected values of K2and K3 were computed. by using,this value of p in equa
tions (2) and (3). The frequencies corresponding toth~ expected vaiues 
were compared witP. the observed frequencies by a chi-square test with. one 
degree of freedom. In cases showing significance. a new value of p was 
found from all three equations which would yield the minimum chi-square 
for a test of all three classes with two degrees of freedom~ 

Table 7 shows the distributions of nuclei in conidi~ in the different ex-

TABLE 7 

FREQUENCY DISTRIBUTION OF CONIDIA WITH DIFFERENT }~UMBERS OF NUCLEI '. 

S.orbose in 

Expt. minimal Fries Nuclei 2ercell 'rotal Av. no. of 

No. (mg/cc) 1 2 3 4 5· 6 >6 cells nuclei/cell 

a 0.00 92 364 313 130' 51 30 .20 1000 2~88 

b 0.0003 64 329 316 166 61. 25 ,,:,39 3.16 
c 0.009 99 381 . 322 131 47 13 7 2.7.1 
d 0.039 101 356. 308 129 60 29 . 17 2.87 
e 0.16 199 448 223 78 28 13 11 2.39 
f 0.62 208 447 2~ 77 25 10 9 2.34 
g 2.5 224 389 212 103 44 13 15 2.48 
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'perimentsand Table 8 shows the observed and expected frequencies of the 

TABLE 8 ' 

OBSERVED AND EXPECTED FREQUENCIES OF CONIDIAL TYPES 

Expt. Z Slgnif. 
No. ZK1 ZK2 ZK3 (Total) p X2 d.f. level 

,a • 129 87 336 552 Q.555 0.531 1 0.47 .. .. 129 81.1 341.9 

b • 95 118 213 426 00468 5,2.12 2 <,0.D1 .. 61.3 81.6 . 283.1 

c • 222 80 234 536 0.654 36.76 2 <. o.oi .. 186.8 51.1 298.1 

d • 305 16 122 443 0.886 6.38 2 0,02-0.05 .. 298.9 9.2 134.9 

e • 265 18 92 375 0.858 1.17 1 0.27 .. 265 , ,14.2 95.8 

f • 161 30 71 262 0.775 12.94 2 <.. 0.01 .. 149.7 18.8 93.5 

g .. 324 21 98 443 0.876 2.54 1 0.11 .. 324 15.2 103;8' 

• = Observed .. = Expected 

three types- of conidia, with significance levels. Inthree experiments.there 
is no significant deviation from the hyPothesis. one experiment is at the 
borderline of significance and. three are highly sigilificant. In aU cases, 
whether significant or not, there is an excess of homokaryons.--.l This sys
tematic error is consistent with the experimental finding that one can some
times separate heterokaryons by isolating hyphal tips which cO,ntain very 

-large numbers of nuclei. We conclude that our hypothesIs holds for regions 
of a culture where the nuclei are mixed, and that the departures of the ob
served from the expected f~,equencies of conidial types' are caused by the 
PI'esence of homokaryotic regions capable of forming large conidia. The 
size of these regions cannot exceed the limits of cytopiasmic carryover of 
growth factors. thus the agreement with hypothesis will be fair in forced 
heterokaryons.poor in unforced. 

These results have two further consequences. First. the ratio p/(l-p) 
is about as good an estimate of the nuclear ratio in macroconidial heter
okaryons as can~beobtained by any other me,thod; Second. our methods 
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permit a reasonable minimal estimate of the p:roport,ionofheterokaryotic 
cells having exactly one of the first type of nucleus: 

n. 

Q=L 
i = 2 

iXi p( I_p)(i-1) 

1 -pi -{I -p)i 
(4) 

,It is important that this 'proportion be esnmabl~~. sip~e c,ellsof this de
scriptio~are the only ones inwhich)O,O per cent r,ecogniticm' Qf recessive 
lethal mut~tions is possible. 

We acknowledge with ,pleasure many helpful discussions'WiUi Dr .. 
A. W., KimbalL . 

c:. 

Radiation Studi,es on Yeast 

(Pomper. McKee) 

In ORNL -1244. preliminary experiments on the modification of X -ray 
lethal effects by low-temperature incubation W~re reporhtd. A series of 
experiments have, been carried out, in, which the effect of low tempe'ra.ture 
(12oC) and,oftheplatingm,edium (complete versus minim,alagar) have bee,it 
studied. These experiments have beep: performed, on. yeast cultures of 
varying ploidy. from haploid, (M) to tetraploid (4 M). 'The'results. with 
regard only to survival. are summarized briefly'in Table 9, 

TABLE 9 

EFFECT ON SURVIVAL AFTER X J:RRAoIA nON OF. ,MEDIUM AND TEMPERATURE 

Fraction Relative survival Rela,tivesurv:ival on 

surviving at ~OoC on ,complete at 

Ploidy Culture on minimal Minimal' Complete 30l?C 12°C 

M A93.2 0.015 1.0 1.0 1.0 0.73 

.M A565.1 0.17 1.0 0.82 

M A558.1 0.057 1.0 9.93 

M A558.2 0.14 1.0 Q.86 

M A558.3 0.085 1.0 1.0 

,M A558 A" 0.11 1.() 1.1 
2M . P.-4(62-20-194 x 67) 0.12 1;0 1.1 1.0 0~62 

,2M ~-4(A92.2 xA93.2) 0.083 . 1.0 1.0 1.9 2.7 

;2M A555.4 0.0'013 1.0 ,7:~ 1.0 3.7 

3M A220.2 x p-4(A92.2 x A93.2) ,0.106 1.0 1.0 1.0 0.44 

,3M P .. l(A176.1 x A555.4) 0;0061 1.0 2.1 

4M P-3(A541.4 x A55,5.S) 0.044 1.0 1.4 1.0 ,0.6,0 

4M A555.4 x p-4(A92.2 x A93.2) O~OO54 1.0 3.7. 

4M A555.4 x p-4(A92.2 x Ag3.~) 0.0057 1.0 2.2 1.0 1.1 

In computing the re1ativesurvival at 300 and 120 C. ,the survival on complete ,at.300C was 
taken as 1. ev~/n though. as in the case of A555 A. it might be greater than the survival on minimal. 

, 
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From the data in Table 9. it m'aybe concluded that. a kn'owledge of the 
state of ploidy of 'tPecell is not an adequate basis for predicting the oc
currence of a mediJlmor temperature effe.ct. However. the uniform lack 
of response to the medium of' siX gen~t~cally different haploids suggests 
that such responses may depend on the presence of more than one chromo."'" 
some set. 

An analysis of the irradiated cultures wa:s carried: out in.terms of the 
genetic factors originally heferozygous in each. As an. example of such a 
study, tetr,aploid A555. 4 x P4(A92. 2 x A93. 2) was analyzed with the fol
lowing results obtained. under ,the given. condit,icms.· " 

. N:urriber of colonies .isolated from agar. plate -' 30 
Number of isetates" able to grow on minj.mai-20 
Number of isolates able to grow on supplemented minimal -10 
Original exposure: 200 kr X rays ' 
Original plate counts: minimal 19 x 104

; cem'plete 50 x 104 

Supplemented. minimal con~ained glucose. salts, vitamins, 
trytophan. methionine, adenine, and. uracil. The la:st four 
compoun,ds are those for which the tetraploid. is heterozygous, 
e. g., Tr+/Tr·':"/T,r-/Tr-. 

It can be seen that no new mutant types requiring fact.ors not present in 
the original cross are found. Thesuryivors mayor may not require :Ute 

, heterozygous factors. However. itshbuld. be emphasi~ed. that there is ng 
significant difference be,tween. the survival on minimal and supplemented 
minim'a:! piates. Thus the effe~t of the complete agar is not exerted soleiy 
through supplying :these factors. Fu:d:her. itshouid.be noted, that in the 
example cited, the expected. number of ise1ates able to grow on minim.at 
was ten (lt x 3~ •. but :tJ:1eob.served: num.ber was :twenty.·· Hence. plating 
on complete agar has not onlypermlttedthe def~cient types to appear, but 
has also incre.asedthe sur,vi.yal of independent types. . Our teniatiyewerk
ing hypothesis istpat the completea,gar contains factors which permit the 
celL.to .recbv:e.r from irradiation damage or sheck .• and, that the mechanism 
.of action is not simpry :the supplying of factors required for continued. 
growth. Rather, it seems morelikelythatthe.action of .the complete agar 
is of a primingnature, supplying factors required to iniUa,te synthesis afte:r 
irra:d~ation. . 
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EFFECTS OF RADIATION ON RATE OF MITOSIS 

Mary .E.G.aulden(Leader)' 
W. K. Baker 
J. G. Carlsmf . 
S. R. TiptoIf 
C.L. w~r 

~ L •. Alexander 
Ii. W. Rogers t 
Georgia St. Amand 
Elizabeth Vou·HAQ.e 
'Katherine LoeJDkeJ; 

Fragm.entation of Chrom:osomes in Grasshopper 
Neuroblasts by 13 and X Rays 

(G:aulden, Loemker; Dar4en' -~iophysic~>, 

Fourteen-day-old embryos of Chor~ophaga ·viridifascJata were removed 
from eggs and, dissected as for hanging.:-droppreparations. Some were ex
posed to 1. 7 Mev 13 rays from p'32 and some to 125 ~VP X rays. condi#on~ 
for exposure being idenUcal in both cases (Gaulden, Sheppard, and Cember, 
N.ature,169: 22S, 1952). A dos.e of 64 r of X rays and 70. 4 rep of 13 rays. 

",*as used.; dos.e rates were adjusted so that the am·ount.of energy dissipated, 
in the tissue at a given dose level would be the same for both typ.es of ra
diation. The embryos were made intohanging-drop preparationsfollowing . 

" irradiati9nan<i placed at 3Soe. At intervals of 44, 220, 264, and 352 
minutes after ~rradia:tion. the embryos were fixed and. stained •. Gells in 
late ana:pha's~e, and, very early telophase were examined for chromosome 
fragm,ents. SihC~_lt 'is. not pos'sible to' distinguish between chromosome 
and cpromatid breaks in the neuroblast, acentric fragments (exChanges are 
rare at thi~ dose level) were scored simply as single or double. A "double" 
fragment is a pair of fragments equal in, size, lying close together and ob
viou!?lythe re.sult of on~ event. (Frequency of acentric fragments has been 
shown to be directly proportional to dose. ) 

The results are shown in Tabie, 10. The number of cells with: frag
ments as well as the number of Single fragm.ents in' X-rayed celis didnot 
differ in a s:tatistically significant manner from those in 13-~rradiated cells 
at comparable intervals after irradiaUon. The number ,of l3":ray-induced 
double fr.agments observed in cells fixed 352 minut~safter 'irradiation, 
however, was greater than the number observed in X-rayed cells fixed at 

. the same interval. This.difference was statistically significant at the 0.02 
level. Since it has been shown that the mitotic rate of l3~irradiated cells 

• Consultant, 
.. AEC Postdoctoral FeUOw. 
t DRINS fellow 

.-.-.';.-,~--- .. 
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Time after 

TABLE 10 
(' 

FRAGMENTAl'ION'.iKCELLS TREATED WITH 64rX RA;YS AND 79~4rep a RArS 
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irradiation . l'QtaI ,eel~ analyzed 
(.tes) . X:r~ys' .l3,ays 

. Cells:wtthfra@nJS 
.. X:rays 'SllaYS 

. Singl~ fragments. DQuble .~aS!!!ents 
Srays a',rays XJ:'ays X.rays 

44 221 162 14 8 14 6 -.' 1 4 

220 '17 ·i42 27., . 42 27 45 11 12 

264 194 i12 35 ',34 32 27 17. 14 

352 1,15 1,97. 36 75 35 64 .17" 58* 

• Sign1fi~antdiffE;r¢nce .~t,(l.(lO,~~ pr~bJlI;li1itylevel, . 

differs from that of X,;.rayed cells (ORNV,,·1l67), the difference observed 
infrequency of double fr;agments in X- and l3-irradiated cells may be due 
tothefactthat.cells a:nalyzed 352 mfnutes after irradiation were treated in, 
different . stages'. of mit'osi~ and not due to a difference in, effectiveness of 
the two types of radiation in producing fragments at one stage of mitosis. 
A study of X and 13 :rays on mitotic respollse of iIldivfdual. stages is in' prog
ress, the results of which should help in. interpreting the 4ifference in 
'fragmeni freq~~I1£:y'()pserved at 352 minutes after irradiation. 

- . '. "'.~ ,~ .. '." ," ., ..•. ~ . 
~ .. ' "-,- ," 

l'Study,6f:Mitosis in the ,Presence of Homogenates 
, -:', of Irradiated Embryos 

, . 

~GauIden; WiIbur ... Biophysics; Loemker) 

Grasshopper embryos were separated from membranes and. yolk a:nd. 
irradiated in small tub~s, with a minimum of culture medium, with ap
proximately 260, OOOr (130,000 r /hr) Or 300, Q,OO r (17,000 r/hr) of '{ 
rays. Following irradiation a volum,e of medium about equal to that of the 

/embryos was added, and the ~mbryos ,thoroughly homogenized. Un~reated 
... { embryos were placed. in, the homogenate and theneuroblasts were studied. 

No detectable effects on mitotic rate or cell structures were produced, by 
homogenates from either irradiated. or unirradiated embryos. 
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. Effect of Dinitrophenol on Respiration of the Grasshopper: Em.bryo 

(Tipton. St. Amand) 

This investigation was undertaken to determine whether oxygen con
sumption of embryos is increased by dinitrophenol (DNP), and, if so, wheth
er the stimulation of respiratory mechanisms can alter the response of 
embryonic respiration to X radiation. Forty embryos (14days old at 26 0 C) 
were ctissected from the eggs and. placed in a glucose-salt cuiture medium 
in a 5-cc Warburg flask. Respiration was measured at '380 C.· DNP in the 
side arm was tipped over after~ the first hour. Two conc~ntrations were 
used -5 x 10-7 M, which i~ the approximate threshold dose for cytological 
aberrations in the neuroblasts, and 2 x 10-5 M, which 9auses pronounced 
alterations in mitotic behavior (ORNL~969). Table 11 shows that the res
piration of embryos is increased by both concentrations of DNP. 

TABLE 11 

Overnight temp. Without DNP With DNP Change 
(0C) (jJl of 02/embryo) (jJl of 02/embryo) (Per cent) 

17 0.230 0;385 +67.6 

26 0.240 0.282 +17.4 

To facilitate handling of the large numbers of embryos used, an ex
perilnent was run to determine whether the respiration of embryos s~p-' 
arated from yolk and membranes and, held overnight (17 hours) in culture 
medium would be affected by such treatment. The respiration of 40 em· 
bryos (one flaskJ kept overnight at 17°C and of 40 embryos (one flask) kept 
overnisJ'lt at 26 C was determined at 38°C with a final concentration of -u . 
2 x 10 M DNP. 

As can be seen from Table 12, in the absence of DNP the resp1raUon 

TABLE 12 

BPI'EC'fS OP DNP ON RESPIRATION OP GRASSHOPPBR BMIJRYOS 

Concentration No. of auks . Without DNP With DNP Per (lInt . :, DNP (40 embryos!nA8k) (jJI02/embryo) (jJI02/embryo) (lhAHp 
..... ~ 

IS x 10-? 4 0.23"/ 0.293 * ~3.0 
I 

2 x 10.6 4, 0.266 0.082 *100,0 

". 
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of embryos dissected; overnight did not. differ from .the respiration of tbose 
freshly dissected. The response ~oDNP, however, was lower in embryos 
kept overnight at either 170 or 26 0C than in embryos freshly dissected. 

Measurement of respiration of 80 embryos (40 per. flask), kept over
night mculture medium at 26°0 'prior .to irradiatien, revealed that 5467 I' 
of X rays decreasedtherate of oxygen consum'ptien, about 30 per c,ent below 
that of control embryos (80). Eightyemhryos exposed toDNP immediately 
after irra:diation showed the samepe,rcentage of decrease in respiration 
when compared w.ith embryos eXP.osed to DNP orily. In ether words, the 
percentage .of d,ecrease in .oxygen consum'ption following X .radiation is not 
affected by DNP -'" apparently the. respiratory mechanisms stimulated by 
DNP aJ;"e not affected, byX rays. 

Effect of X rays on respiration of individual embryos~ - Use was made 
of the Gregg ultramicrorespir.ome.ter f.or studies .on respiration of single 
embryos. This ,instrument was foun4.to be reliable for mea:suring res
piration of small amoun~s of tissue as determined by extensiye ,tests made 
on aliqllot~ ,of ba:cte:r:'ial suspensi.ons. The wide variati.on observed in res.;.. 
piraticm. of 132 untreated,embryos measured separately iJ'l the ultramicro .. 
respir.ometer coulc;l, not, therefore, be attributed to instrumental error. 
In view of this great variation among embryos, the effects of X rays on 
respiration were examinedinthefollowingway. The respiration of a given -
embryo was measured, for 40 minutes. The respirometer was then, re
moved from the water bath, X,,-rayed, and returned to the bath. The res
piration~ of these X-rayed,embryos wa.sthen,measuredfor 40 minutes. Res
piratien of control embryos waS m.easured. in the same way, the respir
ometers being removed from the water bath during the time in which the 
experimentals were being irradiated. The r,ate of oxygen, consumption in 
the second pe:riod (after return. t.o bath) is, in. genera1.10wer in most con,.. 
troIs and. experimental embryos. The doses of Xray used' were 5000, 
10,000, 15.000, and, 42, OOOr. More data were 6btainedfor the 5000-I" 
dose, and ,results were 'Sta.tistically analyzed. 

The respiration, and the respiratory rea:ction of embryos to 5000 I' of 
X rays showed large variations. Althoughthe mean difference between the 
two respiration periods (before and after rem'oval from bath) is slightly 
greater in the irradiated, embryos than, in the controls, it does not differ 
ill a statistically significant manner from. the difference between the two 
periods in the controls .. We find no evidence, therefore, of a respiratory 
effe~t .of low doses of X rays on individual embryos. ' . 
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Mutation Rates at Specific Loci in the Third Chr<;>mosome 
of Drosophila melanogaster 

(Alexander) 

The mean X-ray.;.induced, mutation rate per locus, for, seven specific, 
autosomal loCi, from irradiated spermatogonia in the' mouse (Russell, 
ORNL-989) is considerably higher than the rates obtain~d by various in,
vestigators from similar but not exactly comparable ef[pe.riments on. Dro
sophila. The need.for an investigation in Drosophila that wou~d~losely par
allel the mouse experim~nt has been, discussed'by Russell (ORNL,.1244). 
The present investigation was designed to meet this need by determining 
the X -ray-induced mutation rates, at specific autosomal loci, in. sperm'a
togonia. The mutation .rate in sperm was also d,etermined for comparison 
with the rate in spermatogonia. 

Since moderate doses' of X radiation do not produce a sterile period 
which will allow the detection of treated spermatogonia in Drosophila as in 
mice, the early larval stage which contains only spermatogonial cells was 
irradiated. A. dose of only 900 r was employed for the spermatogonial test 
because higher doses produced a high percentage of sterility. The adult 
males from treated. larvae were mated: individuaily to homozygou~. !E.. h th 
stl!!' cu 2.!.!S females. M:ost of the males that produced clusters of mu~a':" 
tions were remated 'toIriarker' females for a period of from 6 to 30 days.: 
The recurrence of mutant offspr.ing over this whole period' showed that the 
spermatogonia and not later stages were being affected. 

pi, the mature sperm test, the general 'pr.ocedure of treating adult 
Oregon-R males'with 3000r of X radiation and matingto.homozygous mark:", 
er females was modified.in several ways to decr~af)e the chance of unpec,. 
essary error ill the experimental technique. The uSe of individual adult 
males makes possible the detection. of "spontaneous cluster" mutations. 
Tpe remating of one male to a different female every 24 to 36 h9urs for a 
4-day period' limits the test to the later stages of spermatogenesis-prob": 
ably only mature sperm. In both the sperm and.sperml:1,togonial test, those 
FI variants which phenotypically resembled, mutations at any of the eight 
loci were'tested for genetic inheritance and. loci determined by crossover 
tests. ' 

Table. t3 summarizes the results obtained froIp treated sperm arid 
spermatogoni.a. The "Genetic mutations" category in~ludes only the var.,. 
iants .that were provento involve the loci concerned; tJ1.e numbers' in paren,":' 
the~es are pfobably.mutations. Even though the number tif "Genetic mu
tations" and "Sterile variants" is almost equal,n~arlyhalfthe st~rile var· 
iani's resembled the.!:!:!. mutations and could have B~en produced by various 
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TABLE 13 

VARIANTS RECOVERED FROM X.:-IRRADIATED SPERM AND SPERMATOGONIA 

Mature sperm tested - 49,521 at 3000r 
Loci tested 

l!! ..h. th n, .Pl' £!!. l!: It Total 

Genetic mutations 2 6 4 9 13 8 9 13 64 
(2) (1) (1) (4) 

Phenocopies and mimics 82 0 2 59 3 10 10 19 185 

(1) (1) 

Sterile variants 30 3 0 9 9 8 2 7 68 

Dead before test completed 53 6 3 13 3 3 6 4 91 

Partials 27 2 0 0 2' . .1 13 0 45 

Spermatogonia - at 9,0,0 ,r 0 2 0 0 0 0 0 2 ' 4 

25,268 controls were maintained in these tests. 

other changes such as small deletions at a:ny place in the genome. The 
"Sterile variants" classification may, therefore, include some true muta
tion!) at the loci tested, but it is difficult to assign the sterility effect to 
the loci which are seemingly involved or to count the sterile variants as 
true mutations. Varian'ts whicl). involve som,e other locus in, the genome 
and those produced, by physiological effects were placed in, the "Pheno
copies and mimics" category. Unilateral and partial expressions of var
iants could not be recovered among the progeny, and may be somatic mu,
tations or physiological effects. Some variants died, before sufficient test 
could be completed to determine a classifiGation. 

The X -raY""'induced mutations at the specific loci may involye more 
severeradiatibn damage to the chrom'osome than indicated by the recovEU'y 
of a genetic mutation. Som,e of the mutations may be associated with, gross 
chromosome rearrangements or damage, whereas others are not. A cor
relative cytological and, genetic study is contained in the following section 
of this report. 

The data, giyen, for sperm'atogonia represent only the "Genetic muta~ 
tions" c'ategory. Tests of the other categories a:re not yet complete. The 
total number of four mutations listed for spermatogonia in Table 13 rep
resents three clusters and one single mutation. - Two tif the clusters were 
mutations at the hairy locus. These gave, respectively,:Jour mutants in 
598 offSPring and 17 mutants in 770 offspring. The other cluster.-and ~ingle 
mutation were mutations atthe ebony locus and were observed ~s,· 31 mutants 
in 469 offspring and one mutant in 110 offspring. 
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The mutation, rates are shown in Table 14. The rates forsperma-

Stage of 
spermatogenesis 

Mature sperm 

Spermatogonia 

tABLE 14 

MUTATION RATES AT SPECIFIC LOCI AND AVERAGE RATE. FOR THE 
THIRD CHROMOSOME Or DROSOPHILA MELANOGASTER 

'Dose and Rates at specific loci per roentsen (x 1O~8) 
sample size !!! h !h st ~ ~ sr eS 

3000 r; 1.35 4.04 2.69 6.06 8.75 5.38 6.06 8.75 

49,521 (2.69) (6.73) (6.73) 

90'Or; 9.32 11,33 

101,282 

* See text for themetl10d of estima!ing a rat,e for spermatogonia. 

Av. rate/I 
(x 10-8) 

5.38 - 5.72 

2.5SO ~. 

togonia were calculated. by weighting the number of mutants according to 
the mean number of offspring per irradiated. maletI1at gave no mutants. 
The number of offspring per male for males tlia,t gav'$ clti~ters was much 
higher than the mean number because these m'ales were mated repeatedly 

. to determine the ratio of mutant to norm'al sperm· as accprately: as possible. 
The data on spermatogonial mutations were collected ip. three' separate ex
periments~ In the first experiment. in which th,e' ~wp Cluste';rs at the hairy 
locus were found, the mean number of offspringp~r male was 295. In the 

. . . . . I . . 

second exp~r4nent. which gave the cluster at the ebony locu~, the corres-
ponding number was 141. The single mutation was recovered in tl1e third 
experiment, which had a mean number of 114 offspri;ngper male~ In all 
three experiments, a sample size of 101,279 sperrD was obtained from 656 

. ". . 'r 
males treated as larvae.,' ", . . ' i 

Since clusters of specific, mutations have not been previously reported 
for treated. larvae of Drosophila. the clust~r s~z~s are interesting. The 
mutants recovered up to this time show ratioswhic~vary from 1 mutant 
per 15 norm'al sperm to 1 mutant sp~rm per 119~ 5normal sperm~The 
average ratio of 1 mutant to 72 normal sperm gives ~n estimation of ap
'proximately 36 spermatogonia 'per treated male~anumber which is not, 
far from .~he average numbe,r of 22 dete.rmined by hi~tologicai studies of 
other. w~rkers~ . This ratio· of m~tant to normal spe,rtn also supports th~ 
hypothesis that groups of primary germ cells in the larva form the adult 
testes, since a different ratio would be expected if only one of the group 
fOI'm.ed .. the Ilspermatogonia-reproducingll c,eq in the adult. 

The average mutation rate for the third chrdmo~ome in both sperm 
and spermatogonia is noticeably lower than the' (25. p :t: 3. 7)JC I0-8 per i
rate reported, for the spermatogonia of mic.e by ~ussell (ORNL-989).' The 
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sperm rate of 5. 38-5. 72 x 10 -8 per I' for the third chromosome falls into 
the general range of established rates for Drosophila.' The spermatogonial 
rate of 2.58 is approxim8:tely one-half the mature sperm rate. 

The mutatJon rates' at specific loci in the sperm test vary from L 35 
x 10-8 to 8.75 xlO-8• The' variation is probably significantly different from 
:chance variation, but no exact statistical tests are available. There is no 
clear correlation of specific rates with the cytological position of the gene 
on the chrom·osome. The ebony locus shows as high a rate as the pink'or 
scarlet loci which are nearer the centromere. 

About one-half the mutations obtained from irradiated sperm haye been 
tested homozygous. Heterozygotes were established of the mutan.t to be 
tested and a test marker mutant. Paired matings of suchheterozygotes 
give a ratio of 1 test marker: 2 normal: 1 mutant, which is being tested. 
Seventeen of the mutants were lethal, thus producing a 1: 2 ratio with. the 
third class missing. Eleven were viable and fertile in a homozygous con
dition. One mutant falls into the classification of semiletbal, since 'very 
few homozygotes are recovered, but these soon died and none was fertile. 
The remaining One of the thirty which have been tested gave ratios of 1: 3 
and 1:4, thus indicatihg that the mutant class is phenotypically normal in 
a homozygous c.ondition. The two Y -3 and one X -3 translocations ~ere 
not tested. homozygous. Only two of the four cluster mutations from sper
matogonia have been tested. One lives homozygous but is. reduced in via
bility and fertility; the other is homozygous lethal. 

The results obtained. in this experiment agree with the tentative con
clusion, reached from experim.ents that afforded less exact comparison, 
that .the X-:ray-induced mutation rate in Drosophila is considerably below 
that. reported for the mouse. However, more data are needed on. the sper
matogonial rate in Prosophila. Additional experiments are in progress. 

Cytological Analysi~ of X -Ray';'In.duced Mutations 
in Dr,o~ophila ill elano!aster 

(Ward., Alexander) 

. S4t~eour 'knowledge of the 'pr'op();r.tion, of,point .. mutaticm$,to those mu:
tation~ i:i's$()f:!lated. w,lth.yario.us ,types of struCturalchange.sof 'lhechromo:
some is. incomplete, .a, cytologic'al s,tudyof :the ir:raq.~t.i~il':"fu,du:ce.d mu~a~ 
tion~ in I)ro$.()phi~ melal1()gaste,r ,is. being widert'akeIi~: In,du<::ed. mutaU()n~. 
at eight. specific loci in l,h¢ th,ird, e;:hromQs,ome a:r,:¢ heblg uS,ed. in thi~ in
v.estigatipil. The mutants'" obtaj,Iled from irr,adiafe<i~ sp'e:rm a:n~ spe,r.mato';' 
goni~by' a method d~scus'secibYAJexange.r: (t,h,is report),' haye been: teste(t 
fOr' lethality ~nUte. homozygou,s con4iH()n~ Ift~e:h..omozygote.sare, yia.ble 
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an~i fertile, homozygous males are mated to OregoIl-R females, and, the 
F1"larvae are analyzed cytologically. If tpe homozygotes cannot be ob:-, 
,ta,ined becau~e of lethality, the mutant" is balaricedagain~,t the G(3)x inver
sion chromosome ; heterozygous male.s are then mated to .Oregon~R female$., 
The salivary glaridchromosomes of the non.-C(3)x individuals are examined 
by the usual ,squaSh technique using aceto-orce~ as the' stain. 

Twenty,:,one of the mutations (twenty from irradiated sperm and, one 
from irradiated,spermatogon~) have been. an~lyzed, .cytologically, .'and the 
,result's ~e $ummar~ed in. Table 15. The term "pomt mutation~' is used 

TABLEt5 

CYTOLOGICA,L ANALYSIS OF X-RAY-INPUCED MUTATIONS 

Cytological .analysis Loci Total 

h th st ~ £Y sr ~. 

Point mutation 1* 1 1 3 2 2 10 

Deletion 1- 2" 3 

'Inversion 2 2 1 5 

Translocation ':r 1 1 1 3 

Total tested 3 2 4 5 3 1 3 .21 

* Fromm adiated speim.atogonium 
.. :Pnedeletion involving both the th,and s~,loci 

to des,cribe a mu~ati~nwhen~ it is~notpossible todemonstrat,e a ch;romo
,s.omaJ 'ab.e:rratiq~in thesa~iyary glan~. chr.omoSome. The three remaining 
c::1a:!ise.s ofmutanfs are those whiC:h a're.,~s~oGia~e4 w~th s.ome yisiblesf;r.uc'" 
tutal change of the chrom:os,ome. 

Of the tWenty-onemutan:ts .• ten. h~ve been ClaSsed as}>oint mutaHons~, 
three are as,$ociated.·w,i:tJt. deletions .• fiye with inversions, of yarious si.z,es, 
and. three with tran:Slocation:s'. All inversions were la,rge rear,rangem.e'nts 
ex~ept fOr one .at th,e pink locus wh~ch involYe,d. a maximum of' fift~en,bands 
in the regions 8se, and.D::of ,th.e s.alivar'y gland chrom'osome map (C. B. 
Bridges,' J. He:redity, 26:60-64, J 935). Those mut~tions associated. with, 
inyersionsan.d. transloc .. alioIls, .and,PQs,sibly.those a$soc:~at.edw'ith dele.t.ions, 
would be .classed. as PQsit10p effect mutants. 

In. Table 16 the typ~.s. of mutatipns, ar.e classed. accord~Jlg to the v;iab,il,.. 
~ty iI(tlre homozygous,condit,ion. It is ~tereSting to note the 'proPQrtions, of 
yiable to lethal m,ut,a#0n:s.i.n:the4~fer,en.~ categQrie's,~ S,eV;en of the ten. pp~l 
mu~ations are viable in.'the homozygous. condition w.hile.tftree are le.thalor, 
~,emiletha1. The ,two .de letiol1$ are lethal, ill the hom,C,zygouS, s~at.e ,and four 
of :the f~yeinxe,rsions liye as. h()mozygot:e:s~ 
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TEST OF YIABlLITYQf THE HOMO ZyGOTES 
~ . ." . . . 

Cyto~ogica1' analysis Viability of homo zygotes Total 
Yial#' Semilethal Lethal 

PointmutatlQn, 1 1 2 to 

Deletion 2 2 

Inversion 4 1 5 

, TrcwslOcalion Not ,tested 

Chromo~omalabe,r,'r,~fion~sa:r'e use.<j"in ,Ule 10C,a,lizanonofthe genes on 
/ ,tJ,1,esallvary glanc:ichrOnl'Osomes), th~:refore any deletion, may prove useful 

for th~fi purpose. The app,earance of ,ail indi:vJdtla~ f;how:i.ngtwo mutatioIlS, 
tl1read ,and scarlet, wapalJ.ind!canon~that one of three pqsSibllities; had,oc:
curred:(l) ~imultan~ous POint mutatipn,$,at .tile two 'toci, (2) a mmatjon, at 
one loc:us and, a deletion,,()f the otp.er, (3) a deletiotl,ofbotJ:il09i. A cyt,olo
,gical anatysis of thi,s, chr:omo'sc:>merevealed, a deletion, of appr,oximatE.~ly 
itwenty:-fiye ,bands, lil regions 72 and, 73A ,of the leftB:rm Qfthe tJ:iirdcJ't:r.0r 
mc:>some,. ' The dele,lion ip.¢ lu.q.ed, theregi,oIl whiCh, hac::L been assigned, ,to 
thread bya.p., ea.rlierj,D,,,esfigator (F\ N~ Bridges, J. Heredity, 32:64,;,.65, 
1941) but (nott1ui~ Which had,been as,~igned, to, Scarlet. Analyses of othe,r 
scarlet,mutations showed ,a dele,tion of the regions, 72F and 73Aal1d :a trans,
locati,on with the break iq,region 73A., Thesetllr,ee 'chr,omosomal abnor
maHt,iesar,e e,v~clenc,e,~,at :thescarlel gel1:e is locat,ed, in, either, 72F Or: 7,3A 
9f ,tile thi,r,cich;romos,ome.' , ',' , 

I 
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RADIA TION PROTECTION 

Alexander Hollaender. (~ader) 
. G. E. Stapleton 
E. H. Anderson 
D.anielBillen. 

W. T. Burnett,Jr • 
R. B .. C;;J;'ayson 
Ruth W. Whittle 
A. W. Burke, Jr. 

Recovery of Bacteria:1 Cells from X Rays 

(Stapleton, ,Billen; .Grayson) 

It has been reported (ORNL,..ll67; ORNL-1244) that E~ coli Blr can 
recover from the lethal effects of X rays if plated, on. a solid, complete me
dium (nutrient agar) at temperatures between 60 and 370 C. The optimum 
temperature for survival was observed to be about ISoe. The data sug
gest that' the ability of irradiated bacteria to survive a dose of X rays is 
dependent to some extent on the relative rates of anaboliC! and catabolic 
processes, which are very temperature dependent. 

It seemedJmportant to test the ability of irradiated cells to recover in 
liquid,media, both minimal and complete, in an effort to establish the nutri
tive requirements for the process, as well as to correlate this process with 
normal processes such as growth and. cell division. A rpinimal medium 
composed of inorganic 'salts and glucos.e, as d.escribed by Billerl a~d. Lich
stein.(J. Bact., 62:793'-797, 1951) was found. to support growth and cell 
division of nonirradiated E,. coli; however, no recovery of irra~iated cells. 
was 'observed in. the medium. Recovery did. occur iIi a complete "medium 
(nutrient broth) and was similar to that ob~ained on nutrient ag~r, both in 
regard.tQrate and to the final recovery obtained,at any temperature studied. 

A finding of utmost importance was that, although no recovery occurred' 
in Ute minimal medium, the addition. of yeast extract (Dffco) at concentra
tions of' 1 mg/~l"or greater was sufficient to stimulate recovery. It would 
appear thata-special factor or factors present in both nutrient broth and 
yeast extract is required for recovery. Addition, of a mixture of seventeen 
amino acids to minimal media doesndtresult in any stimulation oLrecovery. 
A mixture of the known vitamins to minimal medium ,does not stimulate 
recovery under those conditions in which yeast extract was found to stim
ulate the process, suggesting that either an unknown factor is required. or 
that there are multiple requirements. As yet the proper combination has 
not occurred in any synthetic mixture prepared~ 
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The resolution of possible factors required is b~ing atiem'pted .by ex ... 
traction: and fractionationpy means of hath paper and.ion-exchangechr.omo
tography. Simultan~o:U$ly, we a.1;'e assaying synthetic. mbdures for activity 
in stimulating recpyery .. The resultsqf t~ese a~$ays will be reported at 
a later date. I 

Radiation, Prot~ction Studies:....,. ,Sulfhydry:l qompounds 

(Quple'tt •. Burke) 

Cysteine hydrochloride and BAL(Z, 3-dimercaptropropanol) oxidize in. 
pho~phate buffer that.contains dis.solved oxygen,the rate of oxidation being 
fasierwith BAL than.with cysteine. The protection whit::h these. compounds 
afford to Escherichia: coli .. B/r duringX irradiation at ZOC can: be attributed, 
in part, to the ability of these com'pounds to decreas~ the concentration of 
dissolved oxygen of the cell environs~ Howev;er, a protection. is afforded 
to E. coli over and above that wltichhas .. been found:wh~n oxygen is removed 
mechariisallyby sweeping with nitrogelV 0l" chemically, byatr.eaiment 
with sodium hydrosulfite. It may be that··thenonbxi~ized .sulfhydryl groups, 
compete withthe cell'constltuents for the radicalspT()du.ced iil the aqueous 
~Qlution. by the X radiati()n. This is a mitigatioA of the in4irect effect of 
the radiation'. It is suggested that th~ "targetU would be less radiosensi .... 
tive if there is som,e type of "compiex" formed bytbe cells and the suI
fhydryi groups .. Thismech~i~mrepresenls a. modification: of the. radio .... 
sensitivity of the celt. .. 
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MAMMALIAN GENETiCS AND: DEVELOPMENT 



GENETIC AND DEVELOPMENTALEFF~CTS OF 
RADIATION 'IN MICE 

W. L ~ Russell ,(Leader) 
E. ,F. Oakberg 
Liane .B. Russell 
Josephine S .. Gower 
J. C. Kile, Jr,. 
Louis Wickham 

JaneE'. Crowell 
Mary B. Cupp 
Gloria). Jasny 
.Elizabeth M.Kelly 
MMy' H. Majqr 
P~tricia A .. Sarvella 

Histological Study of a Semirethal in the Mouse 

(Oakberg, CrC?JVeli) 
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An,analysis of histological effects of gen~tic changes resulting in lethal 
or semile'thal effects in mice has been undertaken. The mutation chosen 

'. -. . 

for initial study is impor~ant both because of its u:n~'sual phenotypic effect 
and because of its genetic nature. A hrief descripti9nofth~ phenotype and 
semilethal effect is given here~ th'e genetic aspects will be presented by 
W. L. Russell in a tater :report~ The mhtation arose spontaneously in a 
stock otmice homozygous for the genes aa bb pp dd. 'ch ch se se andhas been 
maintained by repeated. bapkcrosIS ingto t~ 129 inbred strain. The number 
of ba~kcrosses now: is ample to assure a unifor,m genetic 'background, for 
eXpressionoi the mutant, with the possible exception of genes' Closely 
linked with the mutation~ 

Fifty,..three mice ranging from 2 to 24 days old, have been autopsied. 
Normal litte.r mates of affected animals have been,used as controls. Cov:er':' 
slip blood sIllearswere made from the tail; blood. tor t~tal iencocyteand 
erythrocyte counts was obtained by severing the l~ft foreleg Close to the 
body' an,d. allowing the blood.fo drip into a depressio~ slidepreyiously pre
pared,With a dried film of concentrated.heparin. This procedure prevents 
both the clumping of erythr.ocytes and ,tpe difficulty of obtaining sufficient 
blood, in you:ngmice. Pieces of skin, ear, liver, spleen, thymus, kidney, 
mesenteri:c lymph node, anq bone were fixed, in Ze'nker-formol, sectioned 
at 711, and stained with hematoxylin azul"e-IIeosUt. Blood smearS were 
stained with brilliantcresyl blue,theperoxidaser,eactiOrl,and the Wright-
Giemsa techniqUe. . 

Separation of normal from abIlPrmal mice h~s n,otbeen. possible until 
. cUnical symptoms appear.;, Ther.efore, only the older- age groups are con~ 
sidered here ,and, only those litters where accu.rate classification of the 
phenotyPes was possible. 

,,<\' .. :.-
,.y-. .~,\~:, 

.'\ \. ,...., 
.. .. 
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Affected. mice are normal at birth, and c.annot be distinguished. until 
7, or more frequently, 9 to 10 days of age. Tl1e initial changes are bright 
pink, swollen ears and a tightening of skin so that it is not as loose and 
freely m'ovableas innormal mice. A. scaly appearance of Jhe feet and tail 
is apparent, with the blood vessels in. these regions appearing more prom
inent than normal. Alterations in the skin progress rapidly and result in 
a dry, Scaly appearance over the entir,e body, the pelage becomes ruffled, 
and the eyes frequently become' closed. Emaciation, dehydration" and 

. diarrhea develop rapidly,and dea~ u~\lallyoccur,s belweenlhe 15th and 
25th day postpartum. Other. gen'etic backgrqunds have considerable effec~ 
on. surviyal, . for iil,the outcross. to lOlxCaH hybrids sev.eral individuals 
have lived.30 t.o 40 days, and rare caseshavesurvJv;ed,over60days. 'These 
older animals lose their dorsal hair; and scabs appear wh~rever: the skin 
is subject to cont,inued. c,reasing, as on the neck, in ,the axil~ary region, at 
thebas~ of the tail, aJl.dunder the chin. 

Autotysy'of a:ffect~d mice reveals a greatly eni~ged Spleen' which is 
firm, edematous, an~:l frequently'hemorrhagip. The liver USUally is. en~ 
larged siightly and. has. a <lark red, turgid, and glossy appearanc.e. The 
thymus isatrdphi~, often'markedlyso. The mesentericlymph nodes. show 
var~able enlargement, andlymphatics of the viscera often'pres,enta"beaded" 
appearance. As¢ites and., excess pleural and,pericardial fluid, frequently 
oc:cur in individuals ove,r 20 ~ays old. 

Skih sectionsreveaia mil<lleuc'ocytic infiltratioilofth~ basal portions 
of the dermisand.of the panniculus muscles:at 7 to 10 days. Lymphoid and. 
n~utrophiliC cells pr.edominat~, wfth,scalt;eredeosmophils. Followingtbe.s,e 
i,nitia~ Changes ,UlE~re is a rapid 10$s of fat, the dermis bec,omes thinner, 
leucocytic infiltraiionbecomes mode.+ateto heavy, and there appears to be 
an inprease in con:nectiye tissue. By 20 days, degeneration of sebaceous 
g'lands and .. hair' follicles isapparen,t~ with almost complete loss of .thes,e 
s,tructuresfromthe dorsum by 30 to 35 days. The parmiculus muscle 
appears 'poprly deve'toped,though this m'ay .be due to general emaciation. 
Changes in the ear foUowa similar pattern, with more severe leucocytic 
infiltratiop, ed~ma, and a larger p):,oportJpn of eosinpphils. By 20 to 24 
days'the degree of lnfil'tration. of skin fre<iuentlysubsi4e~, :fuoughthisr,e
action variescon~icle.rably. 

~nternaJ orgaJls showiDfilt.r.at~on. 'with lymphoid, myeloid, anq.'eryth
roid cells. An incre,ase of extramedullary erythropoiesis is apparent both 
:i,n liver and splee:b.. In the kidn~y acpumulati9ns, of lym:phoi~. cefl!; occur 
around blood ves$.els of the hilus, with smaller' infiItr,ations extending to 
the cort.ex., Mye loid.cens,occasion~ilY appear, at the'hUarr,egioil, but . 
. r'arely are seen. in. the c()rtical lesions.' The mesenteric lymph nocie is 
hyperpiastic' with los.sofnor'rnal structur,e,scattered myelocytes, .and in~ 
creased erythrophagocyt,osis,o The spleen~hows a variable loss of nO,rmal 

... 
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architect'ure-, with dimJnutiQI?-,- pf white .. pulp,: ,reticulum cell_hyperplasIa, 
myelQid. metaplasia, and extra_medullary erythrQPQiesis. PathQ1Qgy Qf the 
liver is tJ:1e most striking .. Qf the tissue changes~ Large peripQrtal infil
tratiQns Qf lymphoid (!ells occur withQutexceptiQn. OccasiQnally myelQ
cytes and juvenile neutroph{ls are aSsQciated.with these areas, but the 
lymphQiq cells invariably pr.edQminate. Frequently crowding Qf iiver pa
renchyma and infiltratiQn Qf surrQuncljng sinusQiqs by these cells is ap
parent .. Smail foci. Qf lymphQid,. {sJ¢m c.eUs ?}. myeloici. neutrQphiliC. and 
erythroid_ cells Qccur in the .sinusoicis. These smaller areas rarely are 
Qf a I1 m ix,ed l1 type. The normal QccUrrenge of hemoPQiesis m: .. the liver un,
til 10 or 12 dayspostpartumhind~;r'sseparation.Q{nQ:rm ~l frQm abnQrm al 
tissue in yQung animals.. Extent Qf peripQrtal infilt:r:atiQns, and. c.eU type 
involved. are useful criteria. and indicate thatpathQ~ogical changes in the 
'liver dQnQt lag bellincl. butpQssibly precede changes in the skin. 

A summary Qf erythrQcyte and leucQcyte (!Qun:ts f()r 16 control an,d 20 
abnQrm'~lJmice. i~, given in. Table 170 AdditiQIlal data are nec,essary befQre . 

TABLE 1J 

MEAN ERYTHROCYTE~AND LEUCOCYTE COUNTS OFNORMAL AND ABNORMAL MICE 

Normal .. Abnormal 
Age No. of Erythrocyte Leucocyte No. of Erythrocyte Leucocyte 

(days) mice counts* cQunts mice counts* . counts 

7 2 5.43 5,400 1 5.92 6,260 

9 4 5.76 5,590 5 5.80 8,930 

11 1 6.09 7,700 1 6.64 22,900 

12 2 6.74 5,970 3 6.36 24,000 

13 1 8.25 5,880 1. 5.40 12,380 

14 2 7.56 5,860 3, 6.16 17,970 

15 1 6.68 4,300 .3 6.16 13,290 

t 
22 1 8.93 - 1 4.30 5,700 

23 1 8.66 7,520 1 3.18 1,340 

24 1 8.78. 9,160 1 1.62 10,800 

. 0 Values giv~n to be multiplied by 106 



46 

statistical analyseswould be feasibletparticularly in studies of this nature p 

where the time.-deyelopment curve ip, based. on, a different animal for each 
oQservation~ There" appears to be considerable va:riationboth in time of 
onset and in' rate of progression of pathogenesis which. results. in. great 
variation within. any one agegr,oup'~ Howevertit appears as if the slight 
decre.ase in. erythro'cyte number which appears at 12 to 14 days, with pro
gression to the severe anf3mia m~ifesl just before death,fwould be sub
stantiated by further data. With the anemic condition, number of retic
u10cytes is increased. Likewise, the high leucocyte counts. at 11 to 15 days 
appear too large to be due to sam-pimg errors. Differential counts of 200 
leucocytesfrom each mouse indicate an increase in mature neutrophils and 
the appearan'ce of mye'1ocytes and myeloblasts in. the blood. M;arked jr-:

regularity in size of myeloblasts, myelocytes t and mature neutrophils oc
curs, anq in some mic.e most of the myeloid series is of the micr.omyelo
blastic type. 

Many additional experim.entswillhe nf3edf3d, tp' elucidate the changes 
involved in these animals. However, the most plausible hypothesis is thp,t 
a geneti,c change (either gene orchrom'ospme mutation) has resulted in a 
loss· of certain metabolic processes in ~fec:ted mice. Data are not suffi
Cient tofudica:te the nature of this deficiency (or deficienciep), but the 
hemopoietic. system appear.s to be one of the first tis.sues to be affected. 

,0. 
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Late Effect~ in. Mice of Exposure to Thermal Neutrons. 

(Upton, Christenberry, Thomson) 

These experiments, begun in 1949 and. mentioned in previous quarterly 
reports, are still in progress. Rf mice of both sexes were irradiated at 
8 ... 10 weeks. of age. One group was exposed. in t;he thermal neutron column 
of the Oak Ridge reactor , and. litter mates were given corresponding dos:es. " 
of 2S0 kvp X radi~tion or set al;ide .as nonirradiated qontr.ols. The 30-day 
LDsoamounted to 80 minutes I. expos:ure in. the reactor, at a therm'al neutron. 
flux of O~ 9 x 10 9 per sq, cm 'p.er second. willian estimat.ed. 4 ... 8 r of high 
energy 'Y radiation per minute; the' corresponding L~o of }~_ radiation 
was 80 minutes" exposure at a rate ot'6. 4r per minut,e. (S12 1'). Mice were 
exposeJi to both types ofraQiat'ion for 80, 20. 'S, aD-Q .. 2. S minutes, ,respec
tlvely. Of approximately 2S00 mice in, this s.erJes about. 70 pe.r cent have 
bee.n ob~eryed unillnatural qeath. The remainder are beingsacrif1ced as 
they reach the age of 24 mQn~hs. 

Theacuteradiati,orp·inducec:tinjuries, essentially identical in bo,th pile
exposed and.correSpondinglyX';;irraciiated mice. have beenreported,earlier. 
The earliest chronic lesions obServed were cataracts. first note,d. about 

.' " '. ~ '.' .... . '," ":. " .....:',.' - -----" ., 

70,..80 days after exposu:re. The latent pe,riod. varied inye.rsely.andthe 
rate of progression. qirectly. with the dos.e (Table 1'8). Senile cataracts 

\ began to appear at abol,lt one year of age, tending to obscur.e lhe radiation
induceJi .opacitie$ thereafterihoweyer, there was a definite mcrease in. the 
incidence ofqataracts;eY~nfollowing 16 'r of X radiatiQn'. Thermal neutron 'Y 
.;radiaHon is m.ore effective than,Xradiationin. inducing cataracts .• when the 
comparison is. made on basis of equal effect.a$ concerns midlethaJ and 
hem:opoi6Siis.-:-depressing dOSies~ 

01< Consultant, surgery J 

.. Consultant, ophthamology 
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Months after 
exposure: 

.. TABLE 18 
,'. -.' 

PREUMINARY TABULATION OFCA"1::ARACTS IN PILE-EXPOSED MICE 

1-3 7-10 11-.14 
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15-18 
Degree of 
opacitya: o + o + ++ 0++++++ o + ++ +++ 0++++++ 

N.80b 6 .37 3 2 17 2 1 5 7 

12 16 1 4' 7 '1 5 

5 

1 5 

1 4 

2 

6 

4 :1 4 2 

16 10 13 1 8 1 14 3 

~ X 20 
·s 
..... N 5 
o 

' .. 
] X 5 
e 
~ N 2.5 

X 2.5 

29 

20 

23 

22 

16 

Controls 18 

2 1 11 

4 3 

1 3 

4 

1 3 

15 1 

1 7 

13 1 

6 7 

6 7 

10 3 

26 9 

1 9 

4 

1 10 

4 7 

9 2 

13 5 

1 12 5 

4 20 2 

4 12 3 

1 10 4 

27 22 

a For a description of degree of opacity, see Proc. Soc. ExptLBioL Med., 77: 559-560, 1951. 
b _ N 80: exposure to .thermal-neutron -1"radiation for. 80 minutes in .the thermal column of the 

Oak Ridge reactor. . . 

c X 80: exposure for 80 minutes to 250 kvp X radiation at 6.4 r/minute. 

1 

The incidence of thymic lymphosarcoma was significantly increased. 
after median Ie.that dose.s of either neutron.-r or X't:adiatioIJ, (Table 19). 

TABLE.19 

MEDIASTINAL LEUKEMIA IN MICE EXPOSED TO SLOW: NEUTRONS AND X RAYS 

Percentage of leukemia Total 
Exposure No. of Dead incidence / months leukemia 

mice (0/0) 5-8 9-}2 13"16 16+ (0/0) 

N 80a 244 . 79 6 . 8 3 4 21 
N 80b (512 r) 163 83 8 9 3 4 24 
N 20 277 76 1 3 3 2 9 
X· 20(128 r) 221 60 2 3 2 3 19 
N.5 263. 65 0 2 2 4 8 
X.5 (32.r) 246 55 1 1 1 4 7 
N 2;5 191 46 0 4 4 6 14 
X 2.5 (16r) 135 36 1 1 4 0 6 

Nonexposed 468 54 '1 2 2 3 8 
-.. ,":! 

a N80: ~xposure forSO minutes in the thermal column of theJ'~actor. 
b X 80:5cposure (()r 80minu.tes to X radiat~on at 6.4 r/IIlinut~:".", 

• . . ';. : . - 'r: 

:: ;-:::'"'' -~ I 

:;. 
"'0.. ,,' 
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The peak incidence was observed at 6 -12 months of age. Irradiation. did 
not appear to ha::vealt.ered the total incidence ofnonmediaslina:11eukemia, 
although the data: suggest that. it ha·st.ened its on~et (Table 20). Typing of 
these leukemias is iilprogress. They inclu,de lYmphoId (riot mediastinal), 
myeloid, and monocytic"leukemias. 

TABLE 20 

'NOI::lMEDIASTINAL ~UKEMIA IN .MICE EXPOSED TO SLOW NEUTRQNS.AND X RAYS 

Percentage of leukemia Total 
.. Exposure No. of, Dead incidence/months leukemia 

mice (0/0) 5-S 9-12 13-16 16+ 

N 80a 244 79 2 5 6 12. 
X SOb (512 r) 163 83 3 5 5 11 
N 20 27J 76 1 5 10 15 

I X 20.(128r) 221 60 2 5 10 13 
'N5 263 65 2 1 4 20 

X5 (32 r) 246 55 1 2 5 16 
N 2.5 197 46 1 1 3 i5 
X 2.5 (16 r) 135 36 . 0 2 5 14 

Nonexposed 46S 54 0 1 4 19 

aN SO: Exposure fOI SO· niinutes in .the 1:hermal column of the Ie. actor. 
b. X 80: Exposure f,?r SO minutes t9X radi~ti()n at·6.4 r/minute. 

(0/0) 

~5 
24 
31 
30 
26 
24 
20 
21 

24 

Other neoplasms of various types ha:ve been encountered, such as soft 
tis,sue sarcomas, skeletal tumors, squamous cell and adenocarcinomas, 
and neoplasms of endocrine glands. Among the last, ovarian. tumors 
have peen most conSpicuous.' Available data i,ndicate that the thI'eshold 
dose for induction of ovarian tumors is .below 32r(Table 21). The in.-

TABLE 21 . 

INCIDENCE OF PULMONARY ANI?_ OV ARIAN NEOPLASMS IN MICE EXPOSED 
TO THERMAL NEUTRONS AND X RAYS 

Duration of Percentage with Percentage with Percent.of 
exposure ovarian tumor lung tumor' total dead' 

M F M F 

N 80a 25.4 5.4 8.8 86.8 71.9 
X 80b (512 r) 19.4 10.0 7.5 88.6 77.4 
N 20 20.4 6.7 9.2 85.2 67.6 
X 20 (12Sr) 12.1 5.7 8.2 65.7 54.3 
N5 6.3 9.9 10.8 65.1 65.7 
X 5 (32 r) 7.8 13.7 5.2 63.4 46.9 
N.2.5 2.7 2.4 4.0 43.1 48.6 
X 2.5 (16 r) 0 3.5 4.0 31.S 40.0 

Nonexposed 1.5 8.2 . 2.9 58.S 48.S 

a N SO, Exposure for SO minutes to thermal neutrons in the reactor . 
b X 80: Exposure for 80 minutes to X radiation at 6.4 r/minute. 

.... 
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cidence ofpuhnonary adenomas and of hepatomas alsp appears to have been, 
increased by irradiation, but., as the,se tumors appear late in life, the 
threshold do::;es for the induction of these neoplasms' and induction ,rates 
,remain to be determined. 

( , His~tologic typing andlStatistical analysis of the leukemias and of othe,r 
neoplasia must be made before final conclusions maybe 4rawn; however, 
to da:te. eXgept for a :rel~tiyely higher cataract-inducing 'potency, thermal 
neutrons have revealed late effects in, mice which' ar,e not signifkantly 
diff~rent. from those prpduced by corresponding dos,es of X radiation .. 

Studies on the Pathogenesis pf Radiation~Induced Cata;r,ac,i 

'(Christenberry, Upton, Thomson) 

Cataract iSl known to result from a variety of systemic biochemical. 
metabplic,and, enpocrine disorders. Hence, in, ,the light of the profound 
bjochemical diEiturbaIlces Which ,are produced by ionizing radiation, it, ap, .... 
peared c'onceivable that ,radiation injury of' extraocula:r ,tissues might con:
tribute to cataract formation. If this were the case, the thr.~shold cat~rac~,... 
inducing dose of radiation would depend to some extent upon the degree of 
general bod~ly damage, or uponthe volume of extraoc:ular tissue irradiated~ 
'Fh:us, shielding of a: portion of the body might confer some measure of pro
tection against cataract induction, as has been obseryed'for radiation m or
talityand" hemopoietic injury. In, order to answer these questions, mice 
were given graded dos,es of X radiation, ,exposing the whole body, head,or 
body only,respecuyely (Table 22). ' ' 

The data in the table indiCate that opacities of the ~ens occurred at, all 
dose levels, from 15 tp4()5 ,r. The time of onset. progression. and sever',", 
ity of the lesionswere identical in thehead,-irradiated and who,le-body .. ex
p~osed, mice. ,Furthermore" shielding of the head prevented cataract -for
mation, even lhough the remainder of the bodyreceiyed 405 r. Thus, it is 
concluded that cataract resu'ltsfrom irradiaHon,onlywhenthe eye ~s. exposed, 
directly. and that there are no si~ificant indirect effect~ ofr'adiation, in 
cataract induction. It is als,o evident that protection isn'otaffordedagainst 
cataract formation by shielding most of t.he body. including the spleen and 
bone marrow. Further detail of this experiment is induded in a'report 
now being prepared, for pubiication. 
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TABLE 22 

.CATARACTS IN RELATION TO DOSE OF X RAPIATION AND PART OF BODY EXPOSED 

No. of Dose Region Latent No.o(mice wi~h opa:cities 
mice (r.) exposed period 33 wks. after eXf2surea 

(wks.) 0 + ++ 

9 405 Total body 11 1 8 

9 405 Head only 11, 9 

i8 405 ,Bodyorily 16 1b 1b 

14 135 Total body 17 14 

13 135 .Head only 17 13 

17 135 Body ,only 17 

i8 45. Total body 28 2 1~ 

19 45 He.ad only 28 3 16 

21 i5 Total bOdy .32 14 . 6 1 

17 15 Head only 32 12 . 5 

i8 0 'NonexPQsed 18 

CI. Grade of opacities: 0 = none, + = early posterior subcapsular polar opacity; 
++ = more advanced posterior subcapsular opacity; for illustrations .of these 

b 
lesions see PIOC. Soc. Exptl. Bio1.Med., 77: 559-560, 1951. 
These isolated opa:cities are attributed to imperfect shielding, due to move-
ment of the mice during .expos~e. resulting in. direct irradiation ~f the head. 

Permeability Pr'oolems of Ionizing Radiati9n~ 

(Storey, Woods, Bigelow) 

The experimental workorithe physiology of albumin. exchange between 
blood, and lymph in, norm'al a:nd X .;.rayed dogs has. been, cdnclud~d,and, tlle 
d·ata are beingwritt.en up for analysis by the ORNL Mathematics Panel and 
for: publication. 

The plasma volume was found to change after irradiation. in a manner 
simllar to that found in rabbits. and mice. The metabolism rate of injected 
iodoalbumin, was found to be essentially uncha:nged. in the irradiated host. 
The ratio of radioactivity per ccof lymphto radioactivity per ceof plasma 
was found to be increased duriJ;lg the first postirradiation week;ther.eafter 
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(+9 - +16 days) the trend appears to be a lowering of this ratio to below the 
normal. This observation was also conf:irmedwith chemical determinations 
of the ratio of albumin concentrations between lym'ph and plasma. 

The rate of loss of injected albumin. from the cir.culation.was found to 
be incr.eased during 8-30 hours in dogs ina manner similar to that previ
ously obs,erved inmice and rabbits. Estimatiop.of the lymph space is being 
done with the ail;} of the Mathematics Panel. Technical and theoretical 
difficulties involved in this estimaHonare many, espe,cially in the irradiated, 
animal; no satisfactory technique is known for precise determination of th.e 
lymph volume ill normal man or animal. 

Role of Platelets. in Postradiation HemQrrhagic Syndrome; Platelet 
Transfusions in. Dogs. wjth Exte'riorized. Lymph-Venous Anastom os1s 

(Woods, Bigelow, Gample) 

Thep'res.ent sludy was undertaken .. to determine 'the extent fo which 
platelets, diminish the hemorrhagic tendency, and, the me.chanism of plate
lei. action, following massive acute radiation. This study began ineoop
er at ion with E~ P. Cronkite (Nav1.1 Medical Research Institute} and. George 
Brecher (Na~ional Inst~t:utes of Health, Bethesda, Maryland), uS.ing their 
procedu;res. These invesJigatorshavealready establishedthat transfusions 
of platelets will diminish .the hemorrhagic tendency. 

The pa:rameters us.ed, to determine the therapeutic efficiency of the 
platelet tr'ansfusion were the erythrocyte counts in. thoracic lymph of X
rayed dogs before and. at various intervals afte,r platelet Wusjon. All dogs 
were, pre.treated (dewormedand vaccinated), the white cell counlof the blood 
established. and then, X""rayed with a near.,..lethal dose of radiation (350-
450. r). Antibiotic therapy. with 400,000 unIts of penicillin daily was begun 
at the time of radiation and continued until death. Dogs having a satis
factorylow white blood coun): (1500 or less) were operated on as described 
in earlier reports. 

The lymph,samplingsanq. the intravenous. injectj,Onswere made through 
exteriorized 'thoracic lymph::;venous anas.1lomoses.. It.wa.s found. des.iX"'able 
to follow the r.ed.~cel1count irlthe lymph for about 24 hours after operation 
in. order to eS,tablish adequate'ly the character. of the lymph and the condi-. 
tionof flow. 
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The r:esults of platelet infusions-into six X-rayed dogs are given in 
Table 23 and the meanresults in Fig. 4. Five-suchtransfusions gave clear
cut res1;llts, the red-cell count in the lymph~f the X-rayed dogs being rap
idly depressed and held low as long as the blood' platelet level was above a 
critical level of approximately 30,000/mm3• The anomalous behavior of 
the sixth animal (dog No. 59) is'being considered to be due in part to an 
unexplained technical failure. 

Dog #45 
Wt.,24Ib 
X~ray dose, 

350 r 

Dog #46 
Wt.,24lb 
X-ray dose, 

350 r 

Dog #51 
Wt., 21lb 
X-ray dose, 

400 r 

TABLE 23 

SUMMARY OF EXPERIMENTS ON DOG PLATELETS 

Postinjection Blood Erythrocytes in Flow of 
of platelets platelets thoracic lymph thoracic lymph 

Time (hI) Treatment (thousands) (thousands) (cc/min) 

-48 Operation 10.0 5.5 
-26 5.0 1.0 . 

- 6 10.0 49.0 2.0 
0 1st inj. + 11 95.0- 64.5 2.0 

days post-X : -

2 2nd. inj. 135.0 (66%'1 31.0 
7 6.2 2.5 

21 47:5 0.8 2.2 
42 17.0 1.25 1.3 
68 10.0 36.0 i.1 

Autopsy findings: D + 144 hours postinjection. Few intestinal hemorrhages, but 
otherwise typical acut~ hemorrhagic Syndrome. 

-24 Operation 10.0 40.0 

- 6 71.0 1.0 
0 + 10 days 85.0 (90%'1 80.0 

post-X 

1 25.7 
3 65.0 16.0 1.2 

18 Cannulas 12.5 21.0 
obstructed 

40 22.5 

Autopsy findings: D + 70 hours postinjection. No intestinal hemorrhages. Diffuse 
generalized thoracic purpera. 

-72 170.0 
-36 Operation 35.0 18.0 0.5 

- 6 10.0 60.0 1.4 

- 1 400.0 0.9 
0 +10 days 125.0 (55%'1 900.0 1.1 

post-X 
0.5 160.0 2.1 
5 115.0 18.8 1.0 

18 25.0 25.0 1.2 
20 150.0 (postmortem) 

Sutopsy findings: D + 20 hours postinjection. Definite hemorrhagic tendency, 
but without intestinal hemorrhage; nodes brown instead of red._ 

(. 

-. 
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Table 23 cont. 

Dog #59 
Wt., 17 lb 

-48 
- 6 

o 
Operation 
+ 9.days 
post-X 

115.0 
30.0 100.6 0.25 
95.0 (500/0'1' 8.0 0.5 

X-ray dose, 18 58.5 227.0 0.3 
350 r 40 30.0 1700.0 

Dog #61 
Wt .• 18 lb 
X-ray dose, 

350 r 

Dog #70 
Wt., 27 lb 
X-ray dose. 

350 r 

Autopsy findings: K + 40 hours postinjection. Lymphatics and lymph nodes red; 
serosal, but not mucosal, intestinal hemorrhages. Lymph 
cannula out of duct. 

-72 47.5 
-24 Operation 11.2 0.2 
- 5 12.5 46.0 0.4 

.0 + 10 days '77.5 (460/0'1' 73.0 0.3 
post-X 

1 25.0 0.2 
6 75.0 n.6 0.4 

23 57,5 10.0 0.5 
44 20.0 145.0. 0.3 

Autopsy findings: D + 4 days postinjection. Typical acute hemorrhagic tendency . 

-30 Operation 760.0 1.4 
-24 10.0 215.0 0.3 

0 + 14 days 152.0 (900/0'1 413.0 1.1 
post-X 

1 91.0 
6 65,0 14.0 1.4 

18 72.5 21.0 0.7 
40 32.5 

'-. 
Autopsy findings: K + 40 hours postinjection . .Hemorrhagic tendency not com-

pletely blocked. HepatiC lymph nodes and lymphatics in
.tensely red; mesenteric .nodes brown, mese.nteric lymphatic~. 
~. . 

... CoWrttaken30 minutes .after infusion; percent is of expected platelet rise.". 
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At autopsy, in no case was the typical hemorrhagic tendency found to 
be comple.tely abolished by one platelet transfusion, but reduction in the 
tendency was usually easily disce.rnible even 48 hours after transfusion. 
Cronkite. Brecher. and. Dillard. have .already shown that the hemorrhagic 
manifestation of .radiation death may be prevented by repeated platelet 
transfusions. 

The mechanism by which the platelet repairs endotheHal damage is 
being studied. 
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FIG. 4. Blood platelet levels and red blood cells in thoracic 
lymph of platelet-transfused irradiated dogs 
(Composite of 5 dogs, + 10 to 11 postirradiation, 350-450 r) 
• = platelets 0 = red cells 
The ordinate scale is arbitrary, showing only the thousands 
of units. 

Studies of the Mechanism of Leukemogenesis by Radiation· 

(Upton, Thomson) 

An earlier quarterly report described experiments which were designed 
to study the effects of cortisone-induced thymic atrophy upon radiation-in
duced, as well as spontaneous, leukemia. These investigations are still in 
progress; the following is a preliminary analysis of the existing data. 

Cortisone brings about atrophy of lymphoid tissues, and therefore pre
treatment with coftisone might bel expected to influencel the indrction of 
leukemia by radiation. In fact, shortly after our prJliminary worK, Kaplan 
report~dthat this was t4e case. The results of our first exper~ents, sum
marized ~ Table 24, indicate that ~o:hisone inhibits slighhythe development 



TABLE 24 

EFFECTS OF CORTISONE UPON THE INCIDENCE OF LEUKEMIA IN X-IRRADIATED 
AND NONIRRADIATED Rf MICE 

Total no. No. dead 
of mice No. of mice with Per cent of 

Treatment'" in. group dead leukemia leukemia 

Cortisone only 139 14 5 3.7 

Cortisone vehicle 152 15 8 5.3 

only 

Irradiation only 125 52 5i 40.8 

Cortisone after 132 07 46 34.1 

irradiation 

Cortisone before 135 62 47 34.8 

irradiation 

III Females and males were distributed in approximately equal numbers within each 
~ group. A single dose of 350.r was given at 8-12 weeks. of age. Cortisone was 
given in subcutaneous injections of 1.0 mg each on 3 successive days. beginning 
either 1 week before or. 2-3 weeks after irradiation. Cortisone vehicle (1.50/0 
benzyl alcohol in physiological saline) was injected subcutaneously in comparable 
amounts (0.04 cc) on 3 successive days at 8-12 weeks of age. 
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of leukemia following whote-body irradiation in the low..;.le.ukemia strain 
Hr; furthermore,it appearlS that the effect is approximately the same wheth
er the hormone is administered before 01' after irradiation, under the con
d.itions of this study. It is also evident that neither cortisone nor its vehi.
cle.given alone, exert a leukemogenic action. These animals are being 
,followed until natural death, and the leukemias are being typed histologi
cally; other effects. if any. will be analyzed. It is noteworthy that corti ... 
sone alone is not leukemogenic. 

For comparison, the effects of cortisone on the development of spon
taneous leukemia are being studied in the high leukemia strain Ak, which 
is highly susceptible to, lymphoid leukemia. The results to date of the ex
periment in which cortisone was given at 2.-3 months of age are summa-· 
rized in Fig. 5. The data show that cortisone reduced the incidence of 
leukemia during the first 15 months of life. This is the period during which 
mice of this strain characteristically die of this disease. It remains to be 
seen whether this effect is one of retardation or of prevention of leukemia; 
i. e., whether, after a longer period of observation, the incidence of leu
kemia in the cortisone-treated mice will equal that in the vehicle-treated 
group. 
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FIG. 5. Cumulative mortality due to spontaneous 
leukemia in Ak male mice treated with 
cortisone and cortisone vehicle. 

= vehicle-treated 
----- = cortisone-treated 

In a second experiment in progress three sets of cortisone treatments 
were given and the effects thus far appear even more marked than those 
shown in Fig. 5 .. The incidence of leukemia following cortisone treatment 
is thus far 6. 3 per cent in the males and 19 per cent in the females, as 
compared with 34 per cent in male controls and 52 per cent in female con
trols. 

It appears highly significant that even transient, cortisone-:induced 
thymic atrophy should result in such a marked reduction in the incidence 
of leukemia. Other studies are being carried out to determine the effects 
of stress-induced lymphoid atrophy upon leukemogenesis as will be re
ported later. 

In recent experimental studies on the etiology and nature of leukemia 
the· concept is evolved that leukemia, like neoplasiasin general, is a het
erogenous group of diseases in which the change leading to seemingly un
restrained growth may reside no~ only in the hemopoietic cell but also in 
the host. . 
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Characteristics and Secretions of Pituitary Tl,1.mors Originating in 
Radiothyroidedomized Mice 

(Furth,Burnett,Gadsderi) 
I 
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Earlier studies have shown that destruction of the thyroid by I131(250-
300f,1c) is followed by the development of pituitary growths 10-14 months 
later. These growths can be grafted readily in the musCle of mice simi
larly radiothyroidectomized.butnotin normal mice. They grow progress
ively in the former until the death of the host and almost invariably metas ~ 
tasize fo the draining lymph 'nodes. ' 

In more r~cent studies all of seven.pituitary growths induced by thyroid 
destructive doses of 1131 pr,oved transplantable to mice similarly pretreated 
but nottonormal mice. In.a subpassageof one strain(B3) atumor acquired 
the ability to grow in normal m'ic~ giving origin to a pituitary tumor line 
which can~ be grafted as readily, if not better. in normal mice than in radio
thyroidectomized. mice~ 

In,normal hos~sof th~s autonomous tumor there is a tremendous hyper
plasia of the thyroid gland with multiple adenoma-like nodules. The;re is. 
also some gonadal stimulation of the hosts but no evidence of ACTH secretion 
by these tumors. Thus a gain in autonomy occurred with retention of the 
ability of these pituitary (tumor) cells to secretethyroid- andgonad-stimu
Jating hormones. 

These studies indicate theuncertaintyand relativity ofthe term "auto-. 
nomy" inrelation to neoplastic growth. Regional metastases do not indicate 
"autonomy" as they are occurring also with conditioned neoplasms. 

Hyperplasia and cystic dilatation of the extrahepatic biliary ducts is a 
usual secondary change inI131"'pretreated mice bearing large grafts of pi
,tuitary tumors which secrete TSH and. GSH. Occasionally, rupture of the' 
common'Ciuct cyst is the immediate cause of death. The available evidence 
suggests that this change is due to a pituitary hormone yet to be identified. 

ComparisOn of the Long-Term Distribution of C14 from Glycine-2-C14 
and NaHC14aa in Mice 

(Woods, Gamble) 

One phase of. the study Ion the possible pathological ~ffects of C14 in 
mice has been the distribution analysis for' C14 in' selected tissu.es oyer the. 
period from exposure until death, St'4.diesbyothers of theretentiQ~ of C14 
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from glycine-2-C14 have included only the first .of 6-12 weeks. This com
pound showed the highest early retention of the organic compounds which 
have been surveyed. ' 

The retention of C14 from glycine-2-C14 administered in two injections 
is shown in Table 25. The tissue sp'ecific activities are ¢xpressed as the 

TABLE 25 

RETENTION OF c14 fROM GLYCINE-2-C14 (100 jlc) 

Months after exposure 6.2 8.7 ~.5 12.0 17.0 

Percentage retained: 1.15 0.64 0.67 0.34 0.29 
"Total';body" specific 33.61 ·18.69 17.61 9.08 7.69 

activity (IIljlc/g>a 
.. Tissue ", specific 

actiVity: . 
(0.09)b (0.03)b Plasma, 0.00 O~OO 

(Red cells 0.60 0~06 

Spieen 1.13 1.92 1.04 1.38 0.51 
Liver 0.25 0.;1.5 0.25 0.25 0.13 
kidneys 0.53 0.52 0.47 0.:38 0.55 
Lungs 0.72 2.03 2.06. 3.26 1.21 
Thymus 0.13 0.16 . -"' 1.69 0.00 
Submaxillary glands 0.34 0.45 0.25 
Mesenteric lymph 

n()des 1.03 
Muscle, femoral 0.84 0.62 1.71 1.17 
Fat deP9t 0.37 0.79 0.02 ,0.32 0.46 
Fem~ 2.6Qc, 7.59c c 6.0ge 6.42c 5.98 
Bgiles of l:horacic 

cage 1.58C 4.34 8A1c 6.57c 0.70 
Skeletal remains 0.50 2.8'8, 1.88 1.07 0.99 
Residue 1.07 9.99 0.93" 1.10 1.03. 

a Ratio of IIlJLc/gof tissue to "total-body" specific activity. 
b Per cc of blood. 
c Activity in.excess of 15 mjlc/g. 

ratio of mJ.Lc of C14 per gram of tissue to the total body specific activity. 
The corresponding tissue analysis for Na~C14OJ administered in five in
jections is given in. Table 26.. Analyses, for each time period are for in
dividual anim'als. 
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The following generalizations are evident on comparing the data for 
retention of C14 from glycine with those from bic.arbonate animals. 

1. After exposure to glycine, radioactivity in liver, kidneys. sub
maxillary gland, and fat depot is low in comparison to total 
body specific activity. arid loss of C14 from these tissues is at 
about the same rate as the decrease in total body specific ac
tivity. Spleen and muscle retain about the same activity as 
the total body. The activity in thymus is variable but shows 
no preferential uptake or retention. Plasma at 6 months is 
without excess activity. while the red blood cells retain slight 

~activ~ty up to 12 months. 

2. In the glycine;",exposedanimals, the lung at 6 months' has a 
relatively low activity, but subsequently either picks up ac
tivity or retains the initially acquired, d'fl, . 

3. Retention in bone from glycine-2-C14 is high at \4 months and. 
·the activity is either retained. or accumulated up to 17 months. 
Using'. 15 m'lJ.c of C14per gram of tissue as equivalent to the 
recommencied toleranceO. 3 rep per week. the femur, ancfoffen 
the bones of the thoracic cage, receive radiation in excess of 
O. 3 rep per week during 17 months. Assuming uniform tissue' 

\ 

,distribution,anexposure t033~c [100 mc man (70kg) equiva
lents] would provide femoral exposure in excess ofO. 3 rep per 
week during this period. Retention. of Clll from NaHC140

3 
in 

both groups of test animals did not exceedO. 3 rep per week 
beyond 2 weeks when the retention was expressed in term.s of 
uniform bone distribution. 'The distribution of C14 is certainly 
not ~niforrrL Radioa.utography. may g~ye some clue as to the 
maxImum concentratlon of CH m 10cal1zed. areas. 

4. Retention of C14 from glycine at 17 Il,lonths (0. 29 per cent) is 
, about twice the· retention from bicarbonate at 2 weeks in the 

9-12 week animals. According to the data of others, about 
10 per cent of an injected dose of glycine C14 is retained at the 
enci of 1 month. "--

Table 2 7 gives ~ comparison of the bone retention of c14 from glycine 
and sodium bicarbonate. Activities for inorganic bone were obtained by 
measuring the C14~ evolved from bone with inorganic acid, ~d the C 14 

from "organic" sources waS obtained by collecting the C'·402 obtained by 
subsequent wet oxidation of the sample. The total C14 retention in the 
femurs of the glycine animals is about tenfold greater during 4 to 17 months 
after exposure than. in the period 0.5 to-lO. 5 months in the animals which 
were exposed to bicarbonate when 4 weeks old. After about 12 months, 
C i4 in the bones of the thoracic cage and skeletal remaind~ris approximately 
the same as that of. the bicarbonate anim'als in the periods beyond 6 months. 
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TABLE 27 

C
14 

RETAINED (IIl/lc/g OF BONE) FROM 100Jlc OFGLYCnm-2-C14 AND FROM 100 Jlc NaHC 140 3 

Months after.exposure: 

Femur 

Thoracic cage 

Skeletal remains 

(Inorganic 
lOrganic 

(I. Inorganic 
lOrganic 

rInOl. ganic 
LOrganic 

Months after. exposure: 

3.6 6.2 

113.2 87.3 

98.5 52.6' 

16.7 

0.5 

8.5 9.5 

126.9 105.8 

148.1 

34.1 33.1 

2.0 2.6 

12.0 17.0 

4.2 
55.3 45.1 

59.7 

9.7 

3 .. 3 
2.1 

3.4 
4.2 

6.4 7.4 8;2 10.8 ---------------------------------------
4) Femu~ 
tol ..... a 

"t! ...... 
<? Thoracic .cage 

"" ~ -' 

rinoll'gahic 
lOIganic 

rInorganic 
lOrganic 

-~ Skeletalremains ~In01:gam .. c 
~ ~rganic 
It;) ., 
t.f.) 

r;.; Bone lipid 

8 Femur. ·s 
"t! 

9 
'" Thoracic cage 
~ 

~ 
~ 
C'I 
.-t , 
C! 
CD 

Skektal. remains 

Bone lipid 

[
InQr.ganic 
Organic 

(rnorganic 
lorganic 

fInorganic 
lOrganiC 

OIl Probable artefact 

9.13 
2.59 

14.37 

14.13 
.. 0.32 

0.00 

, 2.68 
0.00 

0.68* 

4.80 
0.23 

0.05 

4.44 2.13 
2.15 4.01. 

.5.84 

9.15 
0.~2 

0.18 

3.02 
2.33 

7.41 

5.74 
0.40 

0.25 

5.71. 

6.24 
0.08 

0.07 

4.46 
0.Q6 

0.00 

1.09 
1.78 

12.20 
0.43 

9.13 
0.00 

3.36 
1:01 

2.41 
:0.12 

:1.75 
1.21 

1.94 
0:76 

3.58 
0.49 

4.25 
0.31 

-

4.20 
0.83 

2.73 
;0.37 

3.89 
Q.47 

4.07 6.60 
1.290.00 

2.12 2.77 
OWO 0.76 

While. the significance of the findings of high bone retention of C14 

from glycine is not clear, 'it is evident that .the current assumption is un-_ 
founded. that skeletal c.oncentration. of C14 from organic compounds is low 
as compared to that from c l 402 or NaHC140 3. It is possible that the gly
cine-retained. 'activity does not represent a static deposit, but rather a 
continuous loss with.replacement frOID other body deposits which are losing 
C 14 at a slow ·rate. This would indicate a superior metabolic'utilization of 
endogenous C 14 as opposed. to exogenous &4. . 
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TRACER STUDIES ON INTERMEDIARY METABOLISM 

S. F. Carson (Leader) 
M. I. Dolin J; M. Adams'" 
E. F. Phares Mary V. Long 
F. W. Denison, Jr.· Suzanne H; :Berger 

Biosynthesis of Kojic Acid 

(Denison, Carson) 

Summary 

Physiological studies on the m'old, Aspergillus flavus NRRL 484, show
eda zinc requirement for kojic acid production. an iron requirement for 
growth,· and a lowered phosphate concentrationfor,maximum kojic acid pro
duction. Conditions were o.btained for a kojic aCid production higher than 
that previously reported. It was shown that resting cells of A. flavus me
tabolizing various sugars have a markedly different metabolic pattern for 
each sugar ,The mold was shown to grow well with kojic acid as the sole 
source of carbon and to produce an abundance of yellow pigment under these 
conditions. 

Various chemical studies were made on kojic acid, and a degradation 
scheme was modified to isolate the various individual carbon atoms (ex
cept carbons 2 and 3) separately and to determine their specific radio
activities accurately. 

Studies were made on the mechanism of kojic acid biosynthesis. using, 
various C14 -labeled compounds. Kojic acid was formed from 3, 4-C14-g1u
cose as the substrate; it was also formed from both nonradioactive glucose 
and xylose, each in. the presence of minute amounts 'of various low molec
ular'weight C14 tracers. The, data are subject to at least two main inter
pretations: (1) glucose carbon chain does not cleave before forming kojie 
acid, the latter arising via dehydrogenation and. dehydration of the intact 
glucose carbon chain; (2) the glucose chain splits into smaller fragments 
which are subsequently resynthesized to kojic acid. The evidence is' more 

, consistent with (1) and indicates that compounds smaller than hexose are 
first synthesized to a hexose by a reversal of glycolysis. and thence to 
kojic acid. ' 

• ORINS Predoctoral FeJlow 
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. Experimental Methods and Results 

14 Tracer studies were performed with a number of C -labeled com~ 
pounds. The following listing (Table 28) gives the amount and the total 

TABLE 28 

Amount of Total activity 
Tracer of tracet' 

Substrate Tracer (roM) {I! c) 

,Glucose C1402 0.2 520 

Glucose HC1400H 0.07 210 

Glucose CH3C1400H 0.08 250 

Glucose C14H3CH20H 0.4 600 

GlucoSe HC14HO 0.4 500 

Xylose C 1402 0.2 500 

Xylose HC1400H 0.2 600 

Xylose CH3Cl40oH 0.3 1000 

Xylose C14H3COOH 1.0 1000 

Xylose C 14ti3CH20H 0.4 606 

Xylose C14H30H 0.12 500 

Xylose HC14HO 0.04 500 

Xylose CHsC14OCOOH 1.0 100 

Xylose COOHC1~2C14HgCOOH .0.25 100 

• 11lc = 36,000 counts/minute with the particular counting equipment used; 

initial radioactivity of the tracer com'pbunds (except data on 3, 4-C14 _glu,
cose which is given in the following section). In each case the tracer was 
added to 75 ml of regular growth when kojic acid production was first de
tectable. 

To simplify subsequent comparison with glucose (obtained from poly
saccharide) the carbon atoms of kojic acid have been numbered as follows: 

.. ' 
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Kojic acid from 3, 4-'C104,;,'gIU~ose ~ substrate. Two experiments Were 
performed.usingtwo different batches of 3, 4,:"C14-glucose. Each batch, rep
resented hydrolyzed,glycogen from two pooledrat livers .. The glucose was 
macie up to 1 g with carrier and placed, in 10 ml of glucose-free regular 
medium in a 50 ... ml Erlenmeyer flask. Spores were added and allowed to 
grow for 14 days in experim~nt A and 9 days in, experiment B. The kojic 
aC?id obtained had the same specific radioactivity as the starting glucose, 
~nd the labeling of the 'kojic ,aCid is ~hown ~ Table 29. Carbon atoms 2 

TABLE 29 

RADIOAcnVE KOnC AClID PRODUCED FROM 3,4d C104_GLUCOSE 

Experi,ment 

A* 

.B 

'Percenta:geof recovered,radioactiv1ty 
in carbon atoms of kojic acid 

i 2 + 3 4 5,+ 6 

4.5 41.5 

2.4 42.3 

1) 46 

,49.5 

49.7 

51 

4:6 

5.3 

4 

o Duplicate degradations 

and 3 of kojic acid are indistinguishable since they are obtained as oxalic 
acid in the kojic acid degradation. In. the case ~f 3, 4-C14_glucose it was 
unnecessary 'to degrade glycolic acid containing carbons 5 and 6 of the 
kojic acidJ since it possessed only . a small portion of the total radioactivity 
pf the kojic ·acid. 

( 

Kojic acid from nonlabeled glucose in the presence of various C14_, 
labeled tracers., Arnstein. and Bentley reported, that insignificant am:ounts 
of C140 2 and HC1400H were incorporated into kojic acid when the former 
w;er~ used as tracerS in glucose experiments. The present experiments 
confirm th,eir conclusions. Labeled ,C02, Hcl 4()OH "andd4HaCOOH each 
w'~r~ used separately as tracers with glucose ,as substr,atej the kojic acid 
produced had less radioactivity than the minimum de,s ir able for accurate 
counting; 

In, simHar experiments in which HC1~O and, &4H3CHPHfun~tioned, as 
tracers~ a s\lfficientamountof;radiQactivitywas incorporated into the kojic 
acid to render it'suitable for degradation studies. In the case of He l'1io, 
0.1 per cent of the tracer was incoJ:'porated into kojate, and in the case of 
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Q14HaCHPH, O. a 'per cent The ,relative labeling of the ~ar.bons of kojic 
acid with these tracers is shown in Table 30.-

TABLE 30 

Kone ACID PRODUCED FROM GLUCOSE IN THE P~SENCE 
OFHC1~O AND OF c14tigC~OHA~ tRACERS . 

Tracer 

HC1~0 

C1~CH#H 

Pe~centage(lf,radioa~t1v1ty recovered in 
c~bon atoms ofk()jic acid 

.1 2+3 4 5 6 

5.5 

4.3 

24:l)' 

17.5 

43.5 .804 18.5 

i9.0 36.5 31.5 

Kojic acid produced from xylo'Se in.the presence 91.various C14~labeled 
tracers. If kojic aCid were formed from glucose by direct tr.ansformation 
not involv,ing cleavage of the hexose carbon chain, the sma~l incorporation 
of; radioactivity fr.om the various tracers used, into kojic acid would, be 
understandable .. Since kojic acid"is alsofo:rmedreadily from xylose,aS
carbon sugar; it seemed pr.obable that a greater i,ncorporation. of tracers 
might .be posSible when this pentose is used as the substrate. However, 
it was found that labeled, carbon, dioxide, formate, and methanol were in.., 
corporated into kOjate in. amounts below the leyel requ,ir.ed for accurate 
counting. Although CH3C 14QCOOH was. incorporated to theexte~t of about. O. 1 
per cent of its radioactivity, the spe'cific radioactivity of the CHaC140COOH 
used as a tracer was so low that the radioactivity of the recovered, kojic 
acid was unusable .. SeV,era( othe.rtracers were, however, incorp,orated " 
toa satisfactory extent' into kojic acid when xylose was employed as th,e 
substrate. The following values represented the portion of available trac,~r 
which was incorporated into k9jate produced from xylose: HC14HO, O. 13-
per cent: cHacl4QOH'and c1'HaCOOH, o. 3 per cent each; C l 4:HaCHPH, 2. a 
per cent; and COOHcI4 R.!C1'H2cooH, O. S per cent. The kojic acid produced 
in each of these experiments was degraded. and the .relative labeling is shown 
in Table 31. Several of the degradations were repeated with very close 

··checks. 

'rable 32 compares t~e per. ceni'of the t.otal radioa~tivityof kojic acid 
found in positions 1,2, .and 3 w~th that in positions 4, S,and 6. Inevery 
case the latter carbons contain more than twice the radioactivity of the 
former. 

/' 



, TABLE 31 

DISTRIBvnpNOF RADIOACTlVITYIN KOnC ACID PRODUCED 
FROM XYLOSE IN THE PRESENCE OF V MIOUS C 14 TRACERS 

Tracer 
~lcentageof distribution of radioactivity 

of kojic acid in carbon atoms 
1 2+3 4 5 6 

HC
14

HO 

C¥1400H 

12 19 36 3 29 

14..- . 
C':HSCOOH 

C14H CH OH / 3 2 

COOHC14H C14H COOH . . 2 2 

4 27 

8.7 '20.5. 

12.7 18.9 

8.6 14,~ 

92 .7 
I 

1~ .. 2 33' 25 

11.4 31.5 25.5 

1~.3 3:7.3 27.0 

TABLE 32; 

, RELATIVE RADIc)ACTrvITIESOF THE TWO HALVES OF THE K(jJIC ACID' 
MOLECULE PRQDIJCED)N, THE PRESENCE ()F VARIOUS TRACERS . 

Subs~ate Trllcer 

Glucose 

. Glucose. 

Xylose 

XylOse 

Xylose 

Xylos~ 

Xylose 

'HC l 4HO 
Cl~3S~OH . 
HC l 4}{O ' 

CM Cl~n()H 3 ' 

C14H3COOH 

c:i~3C~OH 
COOHC14~C14~COOH 

Pe1;centage of to~I radiqactivity 
incarbQn atoms of kojic acid 

1+2+3 4+~+6 

29 71 

22 78 

'31 69 

31 .69 

29 71 

31 69 

23 77 

69 

Glucose fraction of polysaccharide synthesized, in glucose media in. th~ 
,presence of'variou's C14 tracers. The ghlcoseobtained .. by hydrolysis of the 
polysaccharide formed, during growth ofth;e fungUS in. a glucose medium con
taining CH3d400H and. C14aaCH20H was relatively low in specific radjo
activity. However, large s.amples were taken for each determination and. 
all C14 measurem.ents were made with the vibrating r,eed- electrometer. 
Thus, eyen the specimen containing the lowest radioactivity showed a count 
in this instrument which was eight times higher than the background count. 
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Table 33 compares the radioactivities of the various carbons in polysac-

, TABLE 33 

COMPARISON OF THE~ LABEUNG OF .GLUCOSE (FROM POLYSACCHARIDE) WITH LABELING 

OF KOnCACID, BOTH PRODUCED IN THE PRESENCE OF THE SAME TRACERS 

CompoWld Percentage ofradioactivi!l in carbons 
__ deg:aded T.racer 1 2 3 1+2+3 4 5 6 4+5+6 

Glucose CI4HaC¥H 14 19 7 40 8 27 25 60 

Kojic ... C1~3C~OH 12 19 31 11 32 26 69 

Glucose CH C1400H 6 10 25 41 47 6 6 59 
3 , 

CH C1400H 
i 

Kojic. 4 
I 

~7 . 31 62 3 4 69 3 I 
; 

charide glucose with those of the corresponding carbon.s in kojic acid pro"" 
duced in the presence of the same tracers. Irrespective of the tracer used 
the polysaccharide glucose contained approximately 60 per cent of its radio
activity in carbons 4, 5, and?6, compared toapproximat~ly 70 per cEmt in 
the corresponding carbons of kojic acid. 

"' 



" . .. 

/ J3IOCH~MISTRY 

71 



72 

STUDIES ON NUCLEIC ACIDS, ENZYMES, AND 
ENERGY -TRANSFER SYSTEMS 

W. E. Cohn (Leader) 
D. G. Doherty 
J. X. Khym 
E. Volkin 
Fred Vaslow 

B. L. Strehler 
M. Helen Jones 
G. M. Cheniae 
Elizabeth H. Brigham 

Studies on Nucleic Acids and Enzymes 

(Cohn. Volkin. Jones) 

As stated briefly in the previous report, we have been able recently 
to isolate many of the products of the ribonucleic acid-ribonuclease digest. 
This has afforded us an opportunity to postulate a theory for the specific
ity of ribonuclease action and, at the,same time, to define some of the actual 
nucleotide sequences as they exist in ribonucleic acid (RNA). 

Ribonuclease hydrolysis liberates about 60 per cent of the pyrimidines 
as mononucleotides while the remaining pyrimidines and all the purines are 
released as more complex polynucleotides. With the use of a low cross
linked anion-exchange resin of fine mesh size, we have had considerable 
success in isolating these various polynucleotide fragments. The identi
fication of the polynucleotides was carried out as indicated in Fig. 6. If 

FIG. 6 
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we consider a hyPothetical trinucleotide (XYZ), alkaline hydrolysis will 
hydrolyze as indiCated and, on subsequent ion-exchange analysis, the nu
cleotide composition can be obtained. X and Y will appear as ~ and b 
nucleotides; Z; as a or b only. If instead, the trinucleotide is digested 
with an end-group phosphatase, such as bone phosphatase, then hydrolyzed 
with alkali, the terminal position (Z) will be obtained as the nucleoside, 
X and Y again appearing as a and b nucleotides. On the other :hand, if bone 
phosphatase action is followed by diesterase hydrolysis, the other terminal 
position (X) will be removed as the nucleoside, while X and Z will appear 
as 5' nucleotides. Thus di- and trinucleotides are amenable, as far as 
their detailed structures are concerned,' tO'this approach. 

We have applied ion-exchange separation to ribonuclease-hydrolyzed 
yeast and calf-liver RNA; Fig. 7 shows the ion-exchange elution curve for 
the digested yeast RNA. In this figure, optical density at 260 m .... is plotfed 
againsJ volume of eluant, the eluant consisting of increasing concentrations 
of' chloride ion. The dashed lines represent the 280/260 optical ratios, 
their constancy being a measure of purity. The fractions thus far identi
fied are labeled with the appropriate nucleotide abbreviations (C = cytidylic, 
U = uridylic, A = adenylic, G = guanylic) and are shown above the corres-:
ponding elution'peak. Fractions shown. in parentheses have been only ten
tatively identified thus far. 

When this type of experiment was carried out with calf-liver RNA, a 
nucleic add of quite different nucleotide composition from yeast RNA, it 
became evident that there was .no qualitative difference between the two 
elution patterns. Thus, the difference between these two nucleic acids of 
widely different sources resides in a quantitative variance of certain spe
cific nucleotide sequences. 

There ~re certain general f~atures about the polynucleotide products 
thus far identified which warrant consideration. First, it should Qe stated. 
that, in all cases, the end group containing the terminal phosphortis is al- . 
ways a pyrimidine nucleotide. Second, all these end-group pyrimidine 
nucleotides are of the b type; thus, alkaline hydrolysis of the polynucleotides 
yields these only as the b nucleotides, but both a and b isomers of the.other 
inoit~es. The mononucleotides, cytidylic and-uridylic acids, obtained in 
these digests, are likewise only the b types. From this data, the speci
ficityof the enxyme, rib~nuclease, apparently can be established. Thus 
all the products are c~mpatible with a pyrimidine specificity such as is 
shown in Fig. 8. As indicated in the figure, the enzyme is required to 
hydrolyze the phosphoryl linkage distal tothe pyrimidine b linkage. Thus, 
hydrolysis at the positions indicated would. yield such polynucleotides as 
we have encountered, and likewise would yield pyrimidine mononucleotides 
where these occur adjacent in the molecule. 
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Table 34 shows the nucleotide recovery in all fractions which have 
thus far been identified. With both yeast and calf-liver RNA, this recovery 
amounts to about 60-65 percent of the total. 

TABLE 34 

Yeast Liver 
IlM /:!M 

Fractions A G C U A G C U 

Intact RNA 366 654 494 506 378 837 680 396 
C 282 405 
U 286 175 
AC 33 33 33 33 
AAC 18 9 14 7 
GC 59 59 110 110 
(AGe, GAC) 27 27 27 25 25 25 
GU 18 18 17 17 
(AGU. GAU) 44 22 96 48 
AGGU 13 26 13 13 26 13 
GGU 36 18 36 18 

IlM recovered 136 267 432 410 120 351 628 281 

Percentage 
recovered 37 41 88 73 32 42 92 71 
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Nucleotide Studies 

(Chenlae, Doh~rty) 

Attempts have been made to substitute the hydroxyl groups of the ribose . . 

moiety in nucleotides and. nucleic acid under conditions which would.not per"" 
mif isomerization and. with a group which would not migra~e on subsequent 
degradation. Adenylic acid un" was treated iRa nonaqueous system with 
toluene, benzene, methane, and ethane sulfonylchlorides. Each of the above 
reactions yielded a mixture of products which have beendif~icult to separate.' 
Ion-exchange procedures have been the most pr.omising and. some separation 
on a sm'aU scale has he en obtained. Larger scale runs 'are in. preparation 
so that sufficient quantities of the products can be isolated.for identification 
and analysis; Calf~liVer ribonucleic acid (RNA) was treated with meth$e 
sulfonylchloride and a sulfonated product obtained in, good yield. Ultra.,. 
centrifugal studies revealed no degr,adation,of the .nucleic acid. HydI,-olysis 
of this preparation should give some chemical evidence as to the nature of 
the internucleotide linkage and also the position of 'the phosphate group. on 
the ribose chain. Classic methylation. of c~lf liver RNA with silver oxide 
and methyl iodide gave a sm'allyieldof me,thylated product. Ultracentrif
ugal analySis of this 'product sho:wed that the methylation process was ac
companied by extensive degradation, as no intact nucleic acid remained. 

Enzym e Substrate Equilibria 

(Doherty, Vaslow) 

This study has been continued by preparing compounds with varying 
charges on different par.ts of the mole.cule . and measuring the $ermody
namicproperties of their binding on the chymotrypsin molecule. This has 
involved the preparation of p-methoxy-N-:-acetyl-3, S-dibromo-L-tyrosine, 
p..,;nitro..;.N-acetyl-3"S-dibromo- L -'phenylalanine, p-amino~a.,i N-acetyl-3,S
dibromo.,.L-phenYla1anine. The thermodynamic properties of two of th~se 
compounds have been measured. The flrst compound with the hydrogen 
atom of the phep,olic hydroxyl replaced by a methyl group to give an un"" 
charged ether was bound. abolJt SO per ceilt stronger thanacetyhL -dibromo
tyrosine as shown by a more negat~ve 6H. The other catalytic properties 
were similar 'to 'those of the original substrate. This increasedbinding 
may be explained by the decreased attraction,of the methyl eth~r for water 
com'pared. to the phenolic hydroxyl gr.oup. The secorui compound where .the 
phenolic hydroxyl was replaced, by anamino group -. £:"'amino~,N -acetyl
L ..:phenylalanine - gave binding properties at SCl Cthat were ve'ry similar 
to those of the original subs~rate, indicating that a charg~ in the para po
sition, is of importance in the binding to obtain catalytic properties . 



A Direct Ion-Exchange Method for the Quantitative Analysis 
of Some Biologically Im'portant Phosphate Esters 

(Khym) 
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Techniques for the analysis of sugars through their borate complexes 
on ion-exchange resins have been previously described. This report con
cerns an extension of this method developed for the identification of some 
phosphate esters. Glucose-I-phosphate, glucose-6-phosphate, fructose-
6 -phosphate, fructose -1,6 -diphosphate, ribose -5 -phosphate, and inorganic 
phosphate were quantitatively analyzed by the procedure developed. 

The exchanger used was Dowex-I in the chloride form. The test ma
terial in a small volume at pH "'oJ 8.5 was adsorbed on the resin. Then se
lective deadsorption of the phosphate esters was accomplished by varying 
the composition of the eluting solution as shown in Fig. 9. The concen-
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FIG. 9. Separation of phosphate ester 
EXChanger: Dowex-1, 0.86 sq cm X 11 em, chloride form, 300 mesh 
Rate: 2.4 mI/minute 
Test material:..., 10 mg each of phosphate ester as hexose - 0.04 roM of 

K2HP04 in 10-ml volume at pHN 8.6. 
Ordinate values: - = anthrone test at 620 IIIIl' 

--- = inorganic phosphate at 660 mp (ordinate x 10 - "g/mI) • 
• ---- = orcinol test at 660 IIIIl. 
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trations of the components eluted were determined by standard colorimetric 
procedures (three tests: hexose.pentose, inorganic phosphate) specific 
enough in these instances so that the OVeJl:'lapping of glucose,..l-phosphate 
with inorganic phosphate and fructose-6 -phosphate with ribose-5 -phosphate 
is not a factor in quantitative recovery. 

If borate is not present~ all the phosphate esters are. eluted in the 
same position as that shown for glucose-I-phosphate using O. 025 M NH4Cl + 
0.0025 M NH40H as the eluting solution. Glucose-I-phosphate d.oesnot 
form a strong borate complex, hence is unaffected .by borate concentration. 
Glucose-6 '""phosphate has a pair of cis hydroxyls available on carbons 1 aIld 
2; hence the borate concentration is a factor in its elution position. Fruc .... 
tose ... 6 -phosphate and ribose - 5-phosphate have cis hydroxylsavailable,and. 
moreover these compounds exist in a fixed furanose ring form which lends 
to their strong affinity for the exchanger. The phosphate ester fructose-I, 
6 -diphosphate has cis hydroxy Is, furanose ring form. and two phosphate 
groupings which explain its very, strong affinity for the exchanger. 

Elution ord~r has been determined thus far by individual column runs 
and, by material balance based on intensity of color developed per unit 
weight of diphosphate esters at a given wave length. 

Biological Energy.;.Transfer Systems 

(Strehler ,Brigham) 

A TP Changes During Photosynthesis 

Using the sensitive firefly assay system ,an intensive study has been 
made of the effect of light. on the ATP (adenosinetriphosphate) level of green 
plants. 

In general the results obtained indicate that Ught has a great effect on 
the level of A TP in plants and strongly suggests that A TP is involved in 
the transformation of the split products of water into reducing material at 
the carbohydrate level. Stated briefly. it appears likely that (1) part of 
the reducing material produced by the action of light on plants is reoxidiz.ed. 
(2) the energy liberated by this reaction is converted into phosphate bond. 
energy which then (3) is used to raise the potential of the remaining re
ductant to the potential of carbohydrate (DPN). The evidence on which this' 
mechanism is postulated is as follows. Following a period of dark anaer
obiosis, the time course 9f ATP on the admission of air in the dark and on 
illumination,anaerobically is illustrated in Fig. 10. It should be noted that 
the time course in the presence of light shows an induction phenomenon 
reminescent of the time course of the luminescence of the plants themselves 
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and als~ of photosynthesis and fluorescence, while aeration in the dark not 
only shows no such effect but actually goes to a steady state ATP level 
some 60 per cent higher than that attainable with light. In conjunction with 
Fig. 11, in which the steady- state level of A TP at different light intensities 
is illustrated, this evidence indicates that light not only forms ATP but 
also promotes its utilization. In Fig. 12, the effec! of light and subsequent 
dark in the absence of CO2 is illustrated. It should be noted that a rapid 
increase in the level of ATP -is manifest immediately after the light is turned 
off, indicating perhaps that the light-driven system suppresses the ATP 
level by furnishing reductant which not only forms ATP but utilizes it in 
further reactions. Further evidence indicates that the rate of ATP for
mation following dark anaerobiosis, saturates with increasing light in
tensity (Fi~. 13.) 
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Studies on the Formate Pigeon Bone Marrow System 

(J. R.Totter, Consultant) 

Work on the formate pigeon bone marrow system has been continued . 
. Known protective agents including malononitrile, mecholyl chloride, cys
teine, and saline solution have been tested for their effect on formate up
take. Malononitrile and mecholyl chloride gave results which indicate a 
protective action on the formate-utilizing enzymes. Surprisingly, cyste
ine appeared to have the opposite effect. 

The studies to date appear to demonstrate conclusively that whole-body 
X irradiation of pige6ns immediately affects formate uptake into nucleic 
acids and proteins. The results are sufficiently uniform that a survey of 
protective agents using two birds per test should give reasonably reliable 
results. 

Table 35 shows results obtained since the last quarterly report. 

TABLE 35 

UPT AKE OF RADIO FORMATE BY BONE MARROW SUSPENDED IN SALINE 

(Given as percentage of controls) 

Super- Phospho- Nucleic 
natant lipids acids Proteins 

Average controls 100 100 100 100 
Average X-rayed 51 83.5 37.5 19.2 
X-rayed + 20 mg rnalollonitrile 84.7 101 48.5 65.5 
X-rayed + 0.5 g betaine 75 70 74 45 
X-rayed + 18 mg mecholyl chloride 104 122 58.5 78.5 
X -rayed + saline ( 1 ml of 0.90/0) 62 105 40 47.1 

. X -rayed + 0.'5 g cysteine 41 17.7 20 7.9 
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PLANT PHYSIOLOGY 

G. R. Noggle (Leader) 
L. P. Zill Eleanor Schumacher 
M. A. Chambers* H. Jonas"* 

Separation of Labeled Sugars by Ion Exchange 

(Noggle, Schumacher) 

When separating and identifying labeled sugars from the ion-exchange 
columns, it is essential to have a simple method for determining the radio
activity of each collected fraction.· It has been our practice to pipette I-ml 
aliquots into small aluminum discs and, after drying the samples in an oven, 
to count them with a methane -flow proportional counter. It seem ed desirable 
to run some standards to test the accuracy of this procedure. 

Two C14 -labeled sucrose samples were made up to known concentrations 
and I-ml aliquots were pipetted into aluminum discs (area,S. 725 sq cm). 
The samples were dried in an oven and then counted in a methane-flow pro
portional counter. The results, shown in Fig. 14,. indicate that, at the 
levels of sugar concentration used, the samples are infinitely thin and the 
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counts are directly proportional to the concentration of sugar. 'From the 
qata found w.ith the ion-exch,ange columns, the concentrations of sugar to 
he counted wiil fall ip the same range as indicated in Fig. 14 and no cor.,. 

,.rection need be made for self adsorption. 

Ion-Exchange SeparaHon of Sugars 

(ZUl) 

Work which has been carried out on, th~s project during the last quar'
ter has been directed. toward. the conclusion of experimental work concern
ing the fundamental aspects of the method. It is felt that the establil5hment 
of the conditionsnecessapy for the separation. of sugar mixtures likely to 
be encountered. byyarious investigators can be effeciiye~y predicted on. the, 
.basis of the work aueady presented. . . 

In Qrder to det¢rmine the maximum 'pH range over which sugars could 
be separated, several run~ ,w,ere made with eluting solutio~s ranging from 
boric acid through borieadd,-tetrabor.ate buffers to tetr~borate solutions, 
the last of which has been the most comm'on eluting agent thus far. Com,
parisonof the results from,the varIous runs demon~trates t~atthe volume
to-peak values are shifted. differently for dHferentstrgar,s'; therefore this 
provides another condition, w.hich may be varied in.order'to effec,ttbe sep
aration of certain sugars. Oil the basis of these results ~twas found.pos
sible to separate turanose from fructose by means of e'lution with a boric 
acid solution. SU'ch a separation was .n,ecessary in. order to use the meth.-
od, for .the preparative isolation of ,turanose from me'lezito~e. ' 

The removal of borate from fheisolated sugars (ORNL,.-1167) is being 
studied further to determine the extent of removal and, optimum conditions 
for removal. Ordinary chemical methods of anaiysisarenot applicable to 
the determjnatiefn,of boron. in, the , isolated sugars,; therefore, spectrographic 
analysis will be used. to determine any boron remaining ip the samples. 
Removal of borate as ~eiermined by analysis of .the distillate obtained in 
:the methodmenUon,ed demonstrates that borate is remo;v:ed. very rapidly. 
Whether borate removal isquantitaUve cannptbe stated u:ritil. the spectro-
graphic analyses have been completed. . 

The Behavior .of Glycosides e)D. Anion:-~cha:nge Columns 

(Zill, . Cha.mbfilIS) 

Since a glycoside c,ohtainsa sugar residue aspar.t of its molecule it 
'was of interest to determine whether such compounds might be separable 
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by the borate technique in a manner similar to that of the sugars. The 
chromatography of salicin, arbutin, and a saponin (Quillajasaponaria) on 
a strong..,.base ~ion.-exchange column demonstra:.ted that these com'pounds 
were retained by such a column and could .subsequently be eluted with .bo
:r;"ate solutic,>ns .. Digitoxin and gitoxin w.ere not retained under such concii
tions. Inspection of the structural formulas of the glycosides which were 
retained by the column indi9ated, . that. if a borate complex were formed, it 
would probably be a weekly ionizedconiplex such as that formed.by sucrose. 
However. the three glycosides studied were found to be retained by the 
column much more firmly tp-an could be accounted for on this basis. In. 
orde.r to determine whether a nonexchange type adsorption was taking place, 
two synthetic glycosides werestudied. Methyl-{3-D-arabinopyranoside was 
found to be eluted very easily froms. columnin the borate form while benzyl
{3 ;,.D-arabinopyranoside was found to be very strongly .re~ainedby the column .. 
It thus appears that the 'presence of an aromatic moiety in the glycoside 
moiecule contributes to the retention of the molecule by an anion:-excha:nge 
column by .~ nonexchange type adsorption. That such all adsorption may 
play' a useful role in. the analysis and isolation of certain glycoside.s has 
been.demonstrated, by the assay of arbutin' in. bearberry leaves by thi~ meth-
od (M. ~. Chambers, unpublished work). . 

A complete and detailed report concerning this work has been submitted 
. for pub lica:.t ion. . . 

Some Effects of the Concentration of Potassium Bicarbonate and 2,4..,.D 
:on the Uptake of ~2 by Sunflowers as Determined by a Localizing . . 

Scintillation. Count-rate Meter 

(Jonas) 

A negative linear proportionality exists between the fresh weight of a 
plant and the osmotic pressure of its nutrient solution. (Magistad, et al. • 
Plant Physiol., 18:151, 1943). There. is also evidence that ~he rate o:f ion 
uptake by various plants is independent of the ionic concentration, (Olsen, 
Lab. Carlsberg, Ser. chim., 27:291,1950; Broyer and. Overstreet, Am. J. 
Botany, 27:425, 1940). It was .the purpose of this series of experiments 
to follow the pattern of K42 uptake from solutions of K 42HC03 by young sun ... 
flower plants, during several ~2 half .lives. For this, . a' recording and 

}ocalizing scintillation count-rate meter was used.. An analysis of the time 
sequence of the number of disintegrations of ~2 in a particular tissue lo
cation should yield evidence about the dependence ofpotas~ium uptake on its 
osmotic pressure in the nutrient solution anq., on the presence of stimulants 
and irihibitors in it. 

.. 
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SUnflowers were grown in vermiculit.e'with #2 Hoagland's solution of 
an osmotic pressure of O. 77 atmospheres. When the fourthpai:r of leaves 
was sufficiently large, a series of plants was transferred, to a concentration 
series of potassiumhicarbonate of o. 3 -28. 2 atmospheres osmotic pres
sure, each containing 43. 4 mg of ~2HC03 from a l6-hour pile bombard
ment. The scintillation crystal was placed, 1. 6 mm above the lowerquar
ter of the cent.er vein of a leaf of the fourth,pair, and the isotope uptake 
was recorded. 

The relation between perfodof uptake and total amount. of p,otassium 
in .the leaf ~s composed of :three funct!Qns: (1) the initial fast active accu
mulation, (2) theperiqd of salt s,aturation, and. (3) the final period of saIt 
ac,cumulationby the dominance of ion exchange. The initial rate of accu
mulation varies inyerseiy with the saltconcentrat.ion and, extends for not 
more 'Ulan 2'00 minutes. The mid-:-point of the period, of satur,ation occurs 
around '530 minutes in. allca$es. The final period of salt accumulation 
commences abruplly around 1000 minutes and coincides with the appear
ance of salt damage on the leaves. 

A second ser;ies of pl$ts was transferred to I<42HCOs solutions of O. 8 
atmospheres osmotic pressure with additions of. 2, 4-D. 'Typical 2,4-D 
,contortions were observed at concentr~tionsof 15' and 30 :ppm and wilting 
at lower ones . The uptake of K42 seems to have beenmcreased by the 'pres ... 
ence .of 30 ppm of 2,4-n. but decreased by 7. 5 ppm. 

- ) 
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C. W,. Sheppard (Leader) 
1. S. Kirby-Smith E. B. Darden, Jr. 
N .: G. AndersoIf D. S. Daniels 
K. M. Wilbur*" Patty Jean Mathias 

GENERAL PHYSIOLOGY 

Effect of X Radiation on the Bioelectric Response in Dionaea inuscipula 

(Darden) 

Preliminary experiments indicate that tlie characteristic bioelectric 
transient potential obtained when a:n appropriate stimulus i~ applied to the 
excitable tissue of Venus's fly trap (Dionaea muscipula) is considerably af
fected by exposure to X rays. In some case's an apparent . lowering of the 
excitatiop threshold was observed; in others a reduction in ~ize and change 
of shape of the wave-form appeared to characterize the respopse after ir
radiation. 

Erythrocyfes 

(Mathias. Sheppard) 

Bytheuse of the :rectus abdominis-procedure, aided. by electromechan
ical recording and. ion-exchange purification of extracts, dis,cussed in pre
vious reports, we have established the production in. human erythrocytes of 
a substance which is pharmacologically identical with acetylcholine, as 
shown by the following properties. 

1. It is 'produced. only in. t.he presence of a cQolinesterase inhib
itor. 

2. Its effect on the frog muscle is greatly attenuated by a:tropine. 

3. It is readily hydrolyzed by heat at alkaline .pH. 

4. The contraction curve of the muscle is identical with that of. 
acetylCholine, and also the muscle relaxation shows no de
tectable difference. 

• AEC Postdoctoral Fellow 

.. Research Participant 
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5. It is not eliminated by ether extraction. 

6. It is not. readily hydrolyzed by strong trichloroacetic acid. 

Experiments are now in progress to investigate whether this finding is a 
true example of a natural process. and whether there are optimum con
ditions,' such as the best concentration of cholinesterase' inhibitor, time, 
and temperature of equilibration. 

Ionizing Radiation on Rat-Liver Homogenates 

(Anderson; Wilbur) 

An attempt has been made to study the distribution of protein, nucleic 
acids. and acid ... soluble nucleotides between the sedimentable and unsedi
mentable phases of rat-liver homogenates after high intensity 7 irradiation 
(10 minutes exposure; 170,000 r, Co60

). Homogenate~ were made in a 
.1 

phosphate-bicarbonate buffer containing sucrose at pH 7. 1. and were" held 
at oDe throughout preparation and irradiation. Sedimentable and nonsed
imentable fractions were separated by 20 minutes centrifugation at' 21, 000 
x g. 

It has been found necessary to modify both the Ogur-Rosen and.Schneider 
methods for extracting nucleic acids because of large losses of ribonucleic 
acid in certain steps of the procedures. Further studies on analytical 
techniques adapted to rat-liver homogenates are in progress. . 

Comparison of the Effects of X rays, 7 rays. 
and f3 rays on~Tradescantia. 

(Kirby-Smith, Daniels) 

Experimental work on the comparisons of these radiations is essentially 
complete and an analysis of the data is in progress. The results of five 
independent experiments scored. to date consistently show X rays to be ap
proximately twice as effective as CoBO. "I rays or p32 f3 rays in producing 
aberrations in. Tradescantia pollen-tube .chromosomes. A recently cor;n
pleted study of the relative effects of. 250 kvp X rays and COoOy rays on 
Tradescantia micros'pores also shows a considerably greater dependence 
of aberration frequency on wave length than has been reported previously 
in. the literature. It appears highly unlikely that any possible errors in 
dosimetry in the present work are sufficient to explain these findings. 

.. , 
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A relation betweenisochromatid break~ and dosage of the form y = aX + 
b:x2 has been repeatedly 9bserved in the pollen-tube divisions. This is in 
general agreement with some results of Catcheside, Lea, and Thoday on 
Tradescantia microspores . 

Effects of Deuterium Oxide On Aberration, Frequency 

(Kirby-Smith. Daniels) 

An exploratory investigation of the effects of-deuterium oxide ori the fre
quency of X-ray-induced chromosomal aberrations in onion root tips has 
been completed. Material treated with deuterium oxide for 2 hours prior 
to and during irradiation and controls treatedsimilarlywitl?- water show no 
difference in.the .frequency of chromosome deletions. The frequency of ex
changes in the' deuterium oxide-treated material was 50 per cent less than 
that for the- control material. 

, Radiological Physics 

Gamma Radiation Work 

(Darden, Sheppard) 

A low-intensityC060 distributed type source made up originally for use 
in this Division has been turned over to USDA Experiment Station at Kerr
ville, Texas, for use in connection with ,the~r screwworm 'population con
trol studies. The Kerrville representative was instructed in the operation 
of the source, and for their information, Victoreen calibration plot was 
made of th,e dose intensity on and off the axis. 

Beta-Ray Depth Dose Studies 

(Darderi) 

The results of these measurements show that the energy adso,rbed with
in thin sheets of low atomic number plastic material may be expressed by 
,the following empirical formula " 

loge 1/10 = 9. 50 t + 1. 45 t2 
- 8. 80 t 3 

in which, the dose rate of I after passing through t grams per square cm of 
intervening material is expressed as a fraction of the dose rate 1-0 at the 

~,-''W 
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surface of the absorb,er. _ .~,e~ause of the uniformity of results in various 
plastics containing 8 weight atoms~particularly CtH, and OJ the relation 
should hold accurately for tissue also. The unexpected agreement has 
prompted an investigation of the possibility of explaining the adsorption of 
J3-ray energies in tissue in teams of fundamental parameters such as the 
transport mean free path of electrons in a given material. 

Energy Distribution of p32 Beta Rays 

(Darden, Kirby -Smith) 

Recent results on the wave-length dependence of aberration frequency 
in Tradescantiahave clearly pointed out the need for a more precise knowl.
edge of the energy distribution in the Biology laboratory radiation sources. 
A scintillation spectrometer to obtain such information has been ordered 
and is under construction in the Instrument Department. Arr~ngements 

have been made with P. R. Bell of the Physics Division to have a scintil
lation spectrographic analysis run on the energy distribution of the electrons 
emitted by p32 bakelite sources. For this purpose, reduced...,size plaques 
have been specially activated in the pile to extremely low intensities. 

Photosynthesis 

(Arnold, Thompson) 

Together with Strehler(Biochemistry) we have shown that green plants' 
have, in. addition to their well-known fluorescence, a phosphorescence that 
lasts for some seconds. We have shown that this d.elayed light is closely 
connected with the process of photosynthesis. The assumption that the 
phosphorescence came from chlorophyll was stated in our publication 
(Strehler and Arnold, J. Gen. Physiol., 34:809-820, 1951). At that time 
we were unable to determine the emission spectrum of the delayed light 
because of its very low intensity. 

During the last 4 months, with the help of Mr; Davidson of the instru-' 
ment section, we have devised a red-sensitive light detector, consisting of 
CV -148 image tube and a 5819 photomultiplier, all at the temperature of 
dry ice. This new detector. when used with the Farrand 4 monochromator, 
now enables us to make emission spectra of the phosphorescence. 

The data for Chlorella are given in Fig. 15.' Curve B shows the in
tensity of the phosphorescent light as a function of the wave length; curve 
A gives the intensity.of the fluorescence as excited by blue Ught. Both 
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determinations were made with the same slit width (0.5 mm); the intensity 
of blue exciting light was adjusted to give approximately equal signals. 
The two curves are so similar as to leave little doubt that our assumption· 
of emission of delayed light by chlorophyll was justified. 

At the moment, we are extending the observation to blue-green and 
red algae and to the purple bacteria. 


	3445603609744001
	3445603609744002
	3445603609744003
	3445603609744004
	3445603609744005
	3445603609744006
	3445603609744007
	3445603609744008
	3445603609744009
	3445603609744010
	3445603609744011
	3445603609744012
	3445603609744013
	3445603609744014
	3445603609744015
	3445603609744016
	3445603609744017
	3445603609744018
	3445603609744019
	3445603609744020
	3445603609744021
	3445603609744022
	3445603609744023
	3445603609744024
	3445603609744025
	3445603609744026
	3445603609744027
	3445603609744028
	3445603609744029
	3445603609744030
	3445603609744031
	3445603609744032
	3445603609744033
	3445603609744034
	3445603609744035
	3445603609744036
	3445603609744037
	3445603609744038
	3445603609744039
	3445603609744040
	3445603609744041
	3445603609744042
	3445603609744043
	3445603609744044
	3445603609744045
	3445603609744046
	3445603609744047
	3445603609744048
	3445603609744049
	3445603609744050
	3445603609744051
	3445603609744052
	3445603609744053
	3445603609744054
	3445603609744055
	3445603609744056
	3445603609744057
	3445603609744058
	3445603609744059
	3445603609744060
	3445603609744061
	3445603609744062
	3445603609744063
	3445603609744064
	3445603609744065
	3445603609744066
	3445603609744067
	3445603609744068
	3445603609744069
	3445603609744070
	3445603609744071
	3445603609744072
	3445603609744073
	3445603609744074
	3445603609744075
	3445603609744076
	3445603609744077
	3445603609744078
	3445603609744079
	3445603609744080
	3445603609744081
	3445603609744082
	3445603609744083
	3445603609744084
	3445603609744085
	3445603609744086
	3445603609744087
	3445603609744088
	3445603609744089
	3445603609744090
	3445603609744091
	3445603609744092
	3445603609744093
	3445603609744094
	3445603609744095
	3445603609744096
	3445603609744097
	3445603609744098
	3445603609744099
	3445603609744100

