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LATARJET AND EPHRUSSI 1 a n d  ZIRKLE AND TOBIAS 2 f o u n d  t h a t  X - i r r a d i a t i o n  a f fec ted  

d i f f e r en t ly  t h e  m u l t i p l i c a t i o n  of h a p l o i d  a n d  d ip lo id  yeas t ,  t h e  h a p l o i d  y e a s t  b e i n g  

m o r e  sens i t ive .  Whi l e  5,000 r i n h i b i t e d  cell d iv i s ion  b y  50 per  cen t  in h a p l o i d  yeas t ,  

54,000 r were  r e q u i r e d  to  p r o d u c e  t h e  s a m e  i n h i b i t i o n  in d ip lo id  yeas t .  LUCKE AND 

SARACHEK 3 also f o u n d  po l ip lo id  s t r a i n s  of y e a s t  m o r e  r e s i s t a n t  to  X - i r r a d i a t i o n ,  as 

well as to  u l t r av io l e t  i r r ad i a t i on  4. T h e  m e c h a n i s m  of th i s  v e r y  i n t e r e s t i n g  r e l a t i o n  

b e t w e e n  p lo idy  a n d  r e s i s t ance  of cell m u l t i p l i c a t i o n  to  X - r a y  i n h i b i t i o n  is n o t  k n o w n .  

The  p r e s e n t  e x p e r i m e n t s  were  p e r f o r m e d  in an  a t t e m p t  to  e luc ida te  t h e  m e c h a n i s m  

of t he  inh ib i t ion ,  

EXPERIMENTAL 

The initial experiments were carried on with the two samples of yeast (Saccharomyees cerevisiae) 
kindly provided by Dr. ZIRKLE: the haploid yeast, SC-7, and the diploid, SC-6. Master stocks of 
yeast were prepared on Difco potato-dextrose-agar slants and were kept at --3o°C. Cultures 
were transferred every two months. One loopful from the slant was introduced into a I25 ml 
Erlenmeyer flask containing 5 ° m l  of liquid medium (I % dextrose, 0. 5 % Difco yeast extract, and 
0. 3 % Difco peptone) and was incubated for 8 hours at room temperature. At the end of this time, 
the yeast culture was transferred to a large flat-bottomed flask of 2,500 ml capacity, containing 
500 ml of the same medium. The flasks were incubated at room temperature (25-26°C), while 
continuously shaken, for 16 hours. The haploid yeast was always checked by X-irradiation before 
use. The experiments concerning the effect of X-irradiation upon cell multiplication were performed 
according to the technique of \¥OOD 5 in Dr. ZIRKLE'S laboratory. For the experiment on meta- 
bolism, the cells were washed four times with metal-free, glass-distilled water, and were suspended 
in water for transfer into the Warburg vessels. The buffer was the universal buffer of TEORELL 
AND STENHAGEN 6 at a concentration of o.oi M. The final concentration of the substrates was o.oi 
M. The cell-free extracts of yeast were prepared by crushing the frozen cells in the bacterial press 
of HUGHES 7 and then centrifuging the suspension of crushed cells in the Spinco preparative ultra- 
centrifuge at 4o,ooo rpm for 30 minutes. The clear supernatant fluid was used to test enzyme ac- 
tivity, which was measured according to the methods previously reported *,9. Carboxylase activity 
in the cell-free extracts was measured manometrically in the presence of 0.05 hi  phosphate buffer 
pH 6.0, and 3 ° micromoles of K pyruvate at 25 °. Carboxylase was also measured in the dried 
yeast, the Qco2 values being referred to mg dry weight per hour. Cytochrome oxidase in the crushed 
cell suspensions was determined either manometrically, according to KGILIN AND HARTREE 10, 
or spectrophotometrically, by measuring the reduction of cytochrome c in the presence of HCN 

*This work was performed under Contract No. AT(II-I)233 between The United States 
Atomic Energy Commission and The University of Chicago and was partly supported by the 
Douglas Smith Foundation for Medical Research of The University of Chicago. 
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(0.003 M). Catalase activity was measured at o ~ by titration of H202 with thiosulfate. The protein 
content of cell-free extracts was deterlnined with the micro Kjeldahl apparatus ll. 

The other yeast samples used were the haploid strains YO-2o22 and YO-252I kindly sent by 
Dr. R. K. MORTIMER from Dr. C. A. TOBIAS' laboratory at the University of California, and H 1377",~ 
from Mrs. CARL C. LINDEGREN of Southern Illinois 17niversity. The diploiit yeast YO 22 ;< 2i was 
prepared at Dr. LINDEGREN'S laboratory by mating YO-2o22 and YO-25-' ~. Single cell isolations 
of the diploid were kindly performed by Mrs. LINI)EGREN. X-irradiation of yeast for the experi- 
ments (In fermentation activity were performed in flat lucite vessels at o 'C. The X-ray machine 
was a G.E. ~IAXIMAR of IOO kv, 5 ma. with a 5 mm AI filter at a close rate of 95or/min. 

Glucose oxidation and/ermentation by haploid (SC-7) and diploid (SC-6) yeast 

The  hap lo id  a n d  d ip lo id  yeas t  used  b y  ZIRKLE AND TOBIAS were  qu i t e  d i f ferent  in 
the i r  m e t a b o l i c  behav io r .  T h e  hap lo id  yeas t  was  found  to be long  to the  g roup  of 

f e r m e n t i n g  yeas t  (yeast  cells which  do no t  t ake  up  Oz in the  presence  of glucose) 

whereas  the  diploid  yeas t  be longed  to t he  g roup  of resp i r ing  yeas t  (cells wh ich  t a k e  

up 0 2 in t he  presence  of glucose).  F e r m e n t a t i o n  (CO~ format ion)  was  more  ac t i ve  in 
the  hap lo id  yeas t  (Table I). 

TABLE I 

RESPIRATION ( 0  2 UPTAKE) AND FERMENTATION (CO 2 PRODUCTION) OF THE 
HAPLOID AND THE DIPLOID YEAST FROM ZIRKLE AND TOBIAS 

Figures give/~1 of 02 uptake or CO 2 production per mg dry weight per hour (blank subtracted). 
Substrate, glucose, 3 ° / , M .  Temp. 25"~C. 

Yeast 
Measurement pH 

Haploid SC- 7 Diploid SC-6 

02 uptake 2.8 3.1 51-3 
CO~ production in air 2.8 81.o 38.6 
CO 2 production in N 2 2.8 47.o 84.6 
02 uptake 6.o 5.2 77.6 
CO 2 production in air 6.o 74.0 63.5 
CO 2 production in N 2 6.o 63. 3 124. 5 
CO 2 production in air 5.3 234.o ioo.o 
CO 2 production in N 2 5-3 2o3.o I3O.O 

The  hap lo id  yeas t  was  e x t r e m e l y  uns table .  W h e n  f reshly  c u l t u r e d  in l iqu id  

m e d i u m  it  h a d  the  t yp i ca l  charac te r i s t i c s  of f e r m e n t i n g  yeas t ,  a n d  cell m u l t i p l i c a t i o n  

was v e r y  sens i t ive  to X - i r r a d i a t i o n - - t o  t he  same  degree  as r e p o r t e d  b y  ZIRKLE AND 

TOBIAS. On r e p e a t e d  g r o w t h  u n d e r  ae rob ic  cond i t ions  it  c h a n g e d  in to  a resp i r ing  yeas t  
and  b e c a m e  more  res i s t an t  to X- i r r ad i a t i on .  Glucose o x i d a t i o n  and  res i s tance  to  
X - i r r a d i a t i o n  s eemed  to go toge ther .  I n  th is  respec t  th is  s t r a in  of yea s t  r e s e m b l e d  the  
" p e t i t e s  co lon ies"  of yea s t  s t ud i ed  b y  EPrlRUSS112 a n d  SLONIMSKI la, wh ich  c h a n g e d  
w h e n  g rown  unde r  ae rob ic  cond i t ions  f rom f e r m e n t i n g  in to  resp i r ing  yeas t .  

Effect o~ X-irradiation on glucose/ermentatiou 

BARRON AND GASVODA 14 found  tha t ,  whereas  bac t e r i a l  m u l t i p l i c a t i o n  (Cornynebac- 
terium ereatinovorans) was ha l f - i nh ib i t ed  wi th  7,000 r, ha l f - inh ib i t ion  of g lucose  ox ida -  
t ion  r equ i r ed  15,ooo r. T h e  s a m e  b e h a v i o r  was found  w i t h  t he  hap lo id  a n d  d ip lo id  
yeasts .  X - r a y  doses suff icient  to p roduce  ha l f - inh ib i t ion  of cell m u l t i p l i c a t i o n  in ha-  
p loid  yeas t  h a d  no effect a t  all  on  the  CO 2 p r o d u c t i o n  in the  p resence  of glucose.  Ha l f -  
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inhibition of fermentation was produced on irradiation with IOO,OOO r, i.e., 3o times 
the dose necessary to inhibit cell multiplication. The same relationship was found in 
the diploid cells; both cell multiplication and fermentation were more resistant to X- 
irradiation. Irradiation with IOO,OOO r produced only lO% inhibition of fermentation 
(Table II). 

TABLE II 
E F F E C T  OF X - I R R A D I A T I O N  ON T H E  F E R M E N T A T I O N  OF G L U C O S E  

B Y  H A P L O I D  A N D  D I P L O I S  Y E A S T  ( S a c c h a r o m y c e s  cerev iscae)  

Y e a s t  i r r a d i a t e d  in  w a t e r  s u s p e n s i o n .  K H 2 P O  4 a d d e d  a f t e r w a r d s  t o  m a k e  o . o i  M .  G l u c o s e ,  o . o i  M .  
G a s  p h a s e ,  N 2. T e m p t .  2 8 ° C .  M e a s u r e m e n t s  s o o n  a f t e r  i r r a d i a t i o n .  

X Ray dose 

CO, production 

Haploid (SC-7) Diploid (SC-6) 

Control X-Ray Control X-Ray 
cram cram cram cram 

IO, OOO 2 1 0  1 8 0  

2 5 , 0 0 0  313  246  317  320  
5 0 , 0 0 0  220  160 300  325 

i o o , o o o  240  122 420  380  

Ploidy and respiration in yeast cells 

In order to see whether the differences in metabolic behavior of the strains of yeast 
obtained from Dr. ZIRKLE were due to their chromosome number, other hapliod and 
diploid yeasts were studied. In the meantime, OGVR 15 reported that  in respiring yeast 
the O~ uptake per cell in the presence of glucose increased with ploidy, whereas it 
was essentially ploidy independent when calculated to dry weight or total nitrogen. 
Of the four haploid strains of yeast studied, one, H-I3778, was a respiring cell, as shown 
by the large 0 2 uptake on addition of glucose, pyruvate,  and acetate. The other three 
(SC-7, H-YO-2o22) were fermenting cells. The diploid yeast SC-6 was a respiring cell, 
whereas the other 2ox22, obtained by mating two fermenting haploids, was a fermen- 
ting cell. These differences were not due to differences in cell permeability, for the 
same results were obtained at pH 2.8, where both pyruvate and acetate are largely 
present as the undissociated acid which is readily perlfleable (Table In). The com- 
plete inhibition of respiration of fermenting yeast on addition of acetate remains to 
be explained. 

TABLE III 
O X I D A T I O N  OF G L U C O S E ,  P Y R U V A T E ,  A N D  A C E T A T E  B Y  H A P L O I D  A N D  D I P L O I D  Y E A S T  

F i g u r e s  g i v e / , l  0 2  u p t a k e  p e r  m g  d r y  w e i g h t  p e r  h o u r .  T e m p t .  2 5 ° C .  

Haploid Yeast Diploid Yeast 
Substrate pH 

SC-7 H-r3778 H-YO-252I H-YO-2o22 SC-6 1)-20 ,')'~ 21 

N o n e  2.8 4 .8  9 .9  o-5 o. 4 iO . l  0. 7 
G l u c o s e  2 .8  7-9 4 t . 5  o o 51 .3  i .7 
P y r u v a t e  2 .8  4 .8 39 .3  o 0 .7  19.3 0 .4  
A c e t a t e  2 .8  o 26. i 3. I o .6  26. I o. 2 
N o n e  6 .0  7.7 lO.5 I.O 2 .8  lO.5 0 .4  
G l u c o s e  6 ,0  12.2 62. 9 0. 7 6 .8  77 .6  2.8 
P y r u v a r e  6 ,o  5.3 33 .0  0 .5  i .9 24.5  o 
A c e t a t e  6 ,o  4-7 28 .0  0. 5 1. 7 27. 5 o 
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Aerobic  glucose  f e r m e n t a t i o n  in f e r m e n t i n g  hap lo id  yeas t  v a r i e d  wide ly  a t  b o t h  

p H  values ,  2.8 and  5.1-6.o.  A n a e r o b i c  f e r m e n t a t i o n  was  e i t he r  lower  or  s l igh t ly  h igher  

t h a n  ae rob ic  f e r m e n t a t i o n .  I n  resp i r ing  yeas t  anae rob ic  f e r m e n t a t i o n  was twice  as 
m u c h  as ea rob ic  f e r m e n t a t i o n  (Table IV). 

TABLE IV 

G L U C O S E  F E R M E N T A T I O N  B Y  H A P L O I D  A N D  D I P L O I D  Y E A S T  

(aerobic cultures, 16-18 hours, washed five times with water or with o.1 M NaC1). 
Figures give #1 CO 2 produced. 

Yeast pH z.~ pH 5.z-6.o 

Haploid 

SC- 7 (F) 8I 47 154.3 I33.I 
H-YO-2o22 (F) 66.9 41.3 60. 5 
H-YO-252I (F) iOl. 3 77.4 113.6 

Diploid 
SC-6 (R) 38.6 84.6 81. 5 i72. 7 
D-zIX22 (F) lOO .... 86.9 16o.o 

Enzymes in cell-/tee extracts 

I n  o rder  to see w h e t h e r  t he  dif ference b e t w e e n  the  resp i r ing  a n d  f e r m e n t i n g  yeas t  was  

due  to  t he  d i s t r i b u t i o n  of t he  dehyd rogenase s  wh ich  t a k e  p a r t  in these  reac t ions ,  or  

to  t he  e l e c t roac t i ve  ca t a ly s t s  wh ich  t r ans fe r  e lec t rons  to  mo lecu l a r  oxygen ,  i t  was  

dec ided  to m e a s u r e  t he  a c t i v i t y  of some e n z y m e s  c o n c e r n e d  w i t h  f e r m e n t a t i o n  and  

o x i d a t i o n  of glucose.  I n  t he  cel l-free e x t r a c t s  of resp i r ing  yeas t ,  hexok inase ,  c a r b o x y l -  

ase, g lucose  p h o s p h a t e  dehydrogenase ,  i soci t r ic  dehydrogenase ,  condens ing  e n z y m e  

(synthesis  of c i t r ic  ac id  f rom ace ta t e ,  c o e n z y m e  A, a n d  oxa lace ta te )  h a d  g r ea t e r  ac- 

t iv i ty ,  whereas  a lcohol  d e h y d r o g e n a s e  was  m o r e  ac t i ve  in t he  f e r m e n t i n g  yeas t .  The  

e n z y m e s  for r i bose -5 -phospha te  m e t a b o l i s m  were  m o r e  a c t i v e  in resp i r ing  yeast .  T h e  

large increase  in ca rboxy la se  a c t i v i t y  in cell-free e x t r a c t s  of resp i r ing  yeas t  was no t  

found  w h e n  t h e  e n z y m e  was  m e a s u r e d  in d r ied  yeas t  powder .  The re  was no difference 
in t he  ca ta lase  a c t i v i t y  (Table V). 

TABLE V 

A C T I V I T Y  O F  S O M E  E N Z Y M E S  I N  C E L L - F R E E  E X T R A C T S  O F  H A P L O I D  A N D  D I P L O I D  Y E A S T  

Enzyme activity expressed in units, where one unit -- O.Ol micromole of reactant used or produced 
per mg protein per min. F = fermenting yeast; R = respiring yeast. 

Enzyme Haploid, F. Diploid, F. Diploid, R. 

i. Hexokinase 71.9 97 162-3 
2- 3. Aldolase-triosephosphate 

dehydrogenase o.564 1.64 o.844 
4- Carboxylase 16.6 20.8 4 i 
5. Enolase 1.2 5 3.1 - -  
6. Glucose phosphate dehydrogenase 2.86 3.36 6.Ol 
7. Ribose-5-phosp hate utilization 4.6 7. I 18 
8. Alcohol dehydrogenase 12.4 2 19.9 3. t 
9. Isocitric dehydrogenase 1.o 9 1.35 3.156 

20. Condensing enzyme 1.o8 --- 5.50 
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Lack of oxidation of acetic acid is not due therefore to lack of enzymes required 
to initiate this process. The difference between the fermenting and respiring yeast must 
lie in the activity of the enzyme which transfers electrons to atmospheric oxygen, 
mainly cytochrome oxidase. (This was shown beautyfully by EPHRUSSI and his co- 
workers in their studies on fermenting mutant  yeastsl~-13). All the cytochromes of 
baker 's  yeast, including cytochrome oxidase, were observed spectroscopically on 
thick suspensions of respiring yeast (Diploid SC-6). Cytochrome oxidase was lacking 
in the fermenting haploid in manometric and speetrophotometric measurements. 

Effect o/ X-irradiation on the multiplication o/3,east cells 

I t  has been shown that  the haploid and diploid yeast cells of ZIRKLE .aND TOmAS on 
X-irradiation lost the ability to multiply much more rapidly than the ability to 
perform catabolic reactions, although the X-ray-sensitive haploids were also more 
sensitive to X-irradiation when the rate of fermen- $0 
tation was measured. However, ploidy and metabo- 
lic pathways were shown to be independent proces- 
ses. The relation between ploidy and cellular 
multiplication in respect to resistance to X-ray 10-~ 
inhibition was tested on the different strains of 
yeast collected from different laboratories. On irra- 
diation of the different haploid and diploid yeasts, 
the great sensitivity of haploid yeast was con- 1o_ 2 
firmed (Fig. i). 

Fig. I. Effect of X-irradiation on the multiplication of 
haploid and diploid strains of yeast. X-ray  (lose, 300 r per 

, I I I I I i I I min. Abscissa, Time in minutes.  Ordinate, log of ratio of I0-3 20 40 60 80 
number  of cells/ml mult iplying after irradiation to the 
number  of cells/ml in controls. This is the socalled "surviving fraction",  i. Respiring diploid, 
DSC-6. 2. Ferment ing  diploid 2ix22. 3. Respiring haploid 13778. 4. Ferment ing haploid H-812. 

Effect o / - S H  reagents on yeast/ermentation and on cell multiplication 

A number of enzymes which take part  in yeast fermentation are - S H  enzymes TM. 
Moreover, fermentation can be completely inhibited by amounts of iodoacetate which 
do not affect respiration 17. In intact cells this inhibition depends also on the cell 
membrane. Glucose fermentation by diploid yeast cells was largely inhibited (92 %) 
by  0.00I M chlorovinyl dichloroarsine, whereas the same concentration of p-chloro- 
mercuribenzoate (a very efficient inhibitor of - S H  enzymes) inhibited only 52% 
(Fig. 2). The rapid rate of inhibition with the arsenical, and the slow rate with the 

mercurial are indication of the rate of penetra- 
80 - tion through the cell membrane. 

F / °°°r , /  
200p/. I 3 

10 20 30 

Fig. 2. Effect of - S H  inhibitors on the fermenta t ion of 
glucose (CO 2 production) by  diploid yeast, SC-7. Buffer, 
0.02 Ill NaHCOa:CO 2. Gas phase:  N2:CO2; pH 7-4- 
Glucose concentrat ion,  o.o~ 3I. Temp. 25°C. Abscissa, 
t ime in minutes.  Ordinate, CO 2 product ion in tll. i. 
Control; 2. o.ooi M p-chloromercuribenzoate;  3- o.ooi 

M chlorovinyl dichloroarsine. 
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In striking contrast with the 
slow rate of inhibition of fermenta- 
tion was the powerful inhibition of 
cell multiplication produced by p- 
chloromercuribenzoate. A concentra- 
tion of IO a zlf inhibited completely 
cell division of diploid yeast cells; 
io -5 M produced 72 .... .o, and 5"IO-6 
M, o, 43/o. To produce half-inhibition 
of cell division, a concentration of 
p-chlorormecuribenzoate 50o times 
less than that necessary to produce 
half-inhibition of fermentation was 
enough. Haploid yeast was found to 
be more sensitive. A concentration of 
5" IO-6 31 of the organic mercurial 
inhibited cell division by 9 ° % (Fig. 3). 

Q 4  I I i I ' I 

0.~ 

2 

0.~ 

I J I I J I r 
200 400 500 

Fig. 3. Ef fect  of  p -ch ]o romercur ibenzoate  on cell 
division of haploid and diploid yeast, p-CIHg benz- 
oage concentration, 5" io n M. Abscissa, time in 
minutes. Ordinate, cell multiplication as expressed 
by turbidity measurement, i. Diploid, control 
(SC-6). 2. Diploid with p-CI-Hg benzoate. 3. Haploid 
control (SC-7). 4. Haploid with p-C1-Hg benzoate. 

DISCUSSION 

A great deal of confusion has been introduced by measuring effects of ionizing radia- 
tion on cell division and presenting them as "cell death". The experiments presented 
here have demonstrated that  X-ray doses sufficient to inhibit completely cell division 
had no effect at all on cell metabolism as measured by glucose oxidation and fermen- 
tation. The irradiated cells were not dead. They had lost only the power of cell division. 
Of all processes of cellular activity, cell division seems to be the most sensitive to in- 
hibition by ionizing radiations. The mechanism of this inhibition is independent of 
any direct action or "b i t"  between the ionizing track and a "special site" in the cell 
because it is affected by oxygen TM. The mechanism of action must be sought, therefore, 
on the chemical action of the free-radicals OH and O~H produced by irradiation of 
oxygen-saturated water. The great efficiency of ionizing radiations for the oxidation 
of - S H  groups TM, and the important  role of - S H  groups in cell division ~° explain 
in our opinion the mechanism of the inhibition of cell division. RAPKINE discovered 
the importance of -SH groups in 193 I21, and the important new finding of Mazla ~2 
have put RAPKINE'S hypothesis on more firm ground. According to them, the sol- 
uble non-protein -SH groups in the fertilized sea urchin eggs decrease during the 
first 3o minutes after fertilization, while the protein - S H  groups increase. In the 
second phase up to cell division, the soluble -SH groups increase while the protein 
- S H  groups decrease. The orderly process of chromosome splitting and division, 
as well as the various phases of cell division, seems to be processes of oxidation- 
reduction between the soluble - S H  groups and the protein -S-S-bonds, with either 
reduction of the protein -S-S-bonds and with subsequent increase in length, or inter- 
molecular formation of protein -S-S-protein complexes through transfer of their 
hydrogen to the soluble -S-S-groups. 

The difference between the haploid and diploid yeast cells would be due to the 
higher chromosome content of the diploid cell. Their orderly structural changes must 

R e / e r e n c e s  p .  4 3 2 .  



VOL. 19 (1956) HAPLOID AND DIPLOID STRAINS OF YEAST 431 

a l so  b e  d u e  t o  a g g r e g a t i o n  b y  - S - S - b o n d  f o r m a t i o n  or  l e n g t h e n i n g  b y  r e d u c t i o n  of  

- S - S - b o n d s .  T h e  s m a l l  c o n t e n t  of  - S H  g r o u p s  in c h r o m o s o m e s  23 m a k e s  t h e m  h i g h l y  

v u l n e r a b l e  to  o x i d a t i o n  b y  i o n i z i n g  r a d i a t i o n s .  
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SUMMARY 

The diploid and haploid yeast cells used by ZIRKLE AND TOBIAS in their s tudy of inhibition of cell 
multiplication by ionizing radiations were quite different in their  metabol ism:  The first were 
respiring cells, and the second, ferment ing cells. This difference was not  due to lack of dehydro- 
genases but  to lack of cytochrome oxidase in the fermenting cells. No relation was found between 
ploidy and cell metabolism. The great  sensi t ivi ty of cell division to X-irradiation was also found 
towards  - S H  reagents for these reagents inhibited cell division at concentrat ions which had no 
effect on fermentat ion.  The mechanism of this inhibition is postulated to be due to oxidation of 
- S H  groups (protein and non-protein) which are essential for the division process. The greater 
sensitivity of the haploid yeast  seems due to a lesser content  of SH groups in their chromosomes.  

RgZSUMI;: 

Les cellules de levures diploides et haploMes utilisdes par  ZIRKLE ET TOBIAS aU cours de leur 6rude 
de l ' inhibition de la multiplication cellulaire par  les radiations ionisantes diff6rent profond6ment  
par  leurs m6tabolismes:  les premieres sont  des cellules qui respirent, les secondes des cellules qui 
fermentent .  Cette diff6rence n 'es t  pas due ~ un manque  de ddshydrog6nase mais g u n  manque  de 
cytochrome oxydase des cellules qui fermentent .  Aucune relation n 'a  ~t6 observ6e entre la ploidie 
et le m~tabolisme cellulaire. La grande sensibilit~ de la division cellulaire/~ l ' irradiation aux rayons  
X s 'observe ~galement vis h vis des r6actifs -SH,  car ces r6actifs inhibent les divisions cellulaires 
h des concentrat ions qui sont  sans effet sur  la fermentat ion,  l.es auteurs  supposent  que le m6ca- 
nisme de cette inhibition repose sur l 'oxydat ion des groupes - S H  (prot6iques et non-prot6iques) 
qui sont  essentiels pour  le processus de division. La plus grande sensibilit6 des levures haploides 
semble due ~ une teneur plus faible en groupes - S H  de leurs chromosomes.  

ZUSAMMENFASSUNG 

Die yon ZIRKLE UNO TOBIAS, bei ihren Studien der H e m m u n g  der Zellenfortpflanzung (lurch ioni- 
sierende Strahlungen, benfitzten diploiden und haploiden Hefezellen waren metabolisch sehr 
versehieden: erstere waren atmende,  letztere jedoch g~rende Zellen. Dieser Unterschied war  nicht 
der Abwesenheit  yon Dehydrogenasen,  sondern dem Fehlen yon Cytochromoxydase  in den g~ren- 
den Zellen zuzuschreiben. Es wurde kein Zusammenhang  zwischen der einfachen oder doppelten 
Chromosomgarn i tu r  und dem Zellmetabolismus gefunden. Die Zelldivision reagierte nicht nur  auf 
R6ntgenbestrahlung,  sondern auch auf -SH-Reagenzien mit  grosser Empfindlichkeit,  da diese 
Substanzen die Zellteilung in Konzent ra t ionen hemmten,  welche auf die G~rung keinen Einfluss 
ausfibten. Es wird angenommen,  dass der Mechanismus dieser H e m m u n g  auf der Oxydat ion yon 
Protein- und n icht -Pro te in-SH-Gruppen beruht ,  welche fiir die Zelhtivision unerl~tsslich sind. Die 
gr6ssere Empfindlichkeit  der haploiden Hefen scheint auf dem geringeren Gehalt  an SH-Gruppen 
ihrer Chromosomen zu beruhen. 
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