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by 
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I t  is a general belief that  most, if not all, distinctive properties of any particular 
tissue can be explained by the uniqueness of its enzymic pattern. The acquisition of 
this pattern has frequently been postulated to be the result of a controlled segregation 
of cytoplasmic material. 

The mutant  "petite colonie" of Saccharomyces cerevisiae described by EPHRUSSI 
and co-workers (review in EPHRUSSI 6) represents a working model for an inquiry into 
such a hypothesis. TAVLIIZK134 and SLONIMSKI 2s have found that this mutant  differs 
from normal yeast by a lack of respiratory ability, and SLONIMSKI AND EPHRL'SSI 3° 
traced this deficiency to the absence of two respiratory enzymes, cytochrome oxidase 
and succinic dehydrogenase, linked to particulate cell material, separable by differential 
centrifugation. More recently, SLONIMSK129 has extended the investigation to several 
other enzyme systems and found that alpha-glycerophosphate dehydrogenase and 
DPN-cytochrome c reductase***, also linked to particulate material in the normal 
yeast, are missing in the mutant,  while lactic, malic, and alcohol dehydrogenases, three 
enzymes apparently not linked to the sedimentable fraction of the cells, are present 
in both normal and mutant  yeast. On the other hand, on purely genetic grounds, the 
mutation was postulated to consist in the loss or inactivation of a self-reproducing and 
particulate cytoplasmic component. 

Variations of enzymic constitution similar to those caused by the mutation dis- 
cussed can also be the result of environmental changes. WARBURG TM 36 observed that 
the respiration rate of baker's yeast is a function of the amount of air supplied during 
growth, and that resting yeast suspensions containing alcohol or acetate attain maximum 
respiration only after they have been shaken in air for several hours. EPHRUSSI AND 
SLONIMSKI 8 have found, in anaerobically grown baker's yeast, a loss of the ability to 
respire (but not to ferment) glucose, and have shown that this loss is accompanied by 
the absence of cytochl omes a, b, and c, and by the appearance of cytochromes a I and b I. 
When resting cells of such anaerobically grown yeast are aerated, the normal cytochrome 
components are restored, and with it the ability to respire. 

* This investigation is a part of a program carried out with the aid of a grant from the Damon 
Runyon Memorial Fund to the Laboratory of Genetics, University of Paris. 

** U.S, Public Health Service Research Fellow of the National Institutes of Health. Present 
address: Genetisk Institut, Universitetsparken 3, Copenhagen (Denmark). 

*** The following abbreviations will be used: DPN for diphosphopyridine nucleotide; TPN for 
triphosphopyridine nucleotide; and ATP for adenosine-triphosphate. 
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I n  o r d e r  t o  i n q u i r e  f u r t h e r  i n t o  t h e  b i o c h e m i c a l  e f f e c t s  o f  t h e  m u t a t i o n  i t  b e c a m e  

o f  i n t e r e s t  t o  i n v e s t i g a t e  a.  t h e  a c t i v i t y  a n d  i n t r a c e l l u l a r  l o c a l i z a t i o n  in  t h e  n o r m a l  

a n d  m u t a n t  y e a s t  o f  t w o  e n z y m e s  k n o w n ,  i n  m a m m a l i a n  t i s s u e s ,  t o  c a t a l y z e  r e a c t i o n s  

f o r m i n g  p a r t  o f  t h e  t r i c a r b o x y l i c  a c i d  c y c l e ,  e s p e c i a l l y  i n  v i e w  o f  t h e  c l a i m s  (c/. GREEN 11 ; 

s ee ,  h o w e v e r ,  HOGEBOOM AND SCHNEIDER 14) t h a t  t h e s e  e n z y m e s  a r e  a l s o  c a r r i e d  b y  

p a r t i c u l a t e  m a t e r i a l ,  b .  t h e  a c t i v i t y  o f  D P N - i s o c i t r i c  d e h y d r o g e n a s e ,  w h i c h  c a t a l y s e s  

t h e  t r a n s f o r m a t i o n  o f  a c y c l e  s u b s t r a t e  w i t h o u t  a p p a r e n t l y  b e i n g  p a r t  o f  t h e  c y c l e ,  a n d  

c. t h e  c h a n g e s  t h e s e  e n z y m e s  u n d e r g o  a s  a f u n c t i o n  o f  o x y g e n  s u p p l y .  I n  a d d i t i o n  t o  

t h e  r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  t h e  p r e s e n t  p a p e r  i n c l u d e s  t h e  r e s u l t s  o f  e x p e r i m e n t s  

w i t h  ce l l  f r e e  e x t r a c t s  a n d  d r i e d  ce l l  p r e p a r a t i o n s  b e a r i n g  o n  t h e  c o n t r o v e r s i a l  q u e s t i o n  

o f  t h e  e x i s t e n c e  o f  a t r i c a r b o x y l i c  a c i d  c y c l e  i n  y e a s t .  

EXPERIMENTAL 
Materials and methods 

The  s t ra ins  used  were Saccharomyces cerevisiae 59 R (normal  yeas t ,  haploid,  single spore isolate) 
and  59 R A  ( m u t a n t  yeas t ,  isolated f rom acrif lavine t r ea ted  59 R in J a n u a r y  19477). Usua l ly  the  
yeas t s  were g rown for 42 to 72 hour s  a t  25 ° C or 28 ° C on tourai l lon agar  in Petr i  dishes. A few t imes,  
o rgan i sms  grown in ro t a t ing  bo t t l es  in liquid m e d i u m  A as descr ibed by  EPHRUSSI AND SLONIMSKI 8, 
were used.  W h e n  t he  o rgan i sms  were to be g rown anaerobica l ly  on solid media ,  t he  Pet r i  d ishes  
were placed in anaerobic  ja rs  or  v a c u u m  dess icators  which  were f lushed ou t  wi th  oxygen  free n i t rogen  
( <  0.005% 03) for one h o u r  and  t h e n  closed. An  indica tor  t ube  con ta in ing  glucose,  s o d i u m  hydroxide ,  
and  reduced  m e t h y l e n e  blue was  placed wi th in  the  conta iners ,  Yeas t  which  had  been grown 
anaerobica l ly  was  a lways  exami ned  b y  m e a n s  of a Ha r t r i dge  revers ion spec t roscope  to see w h e t h e r  
i t  exh ib i ted  t he  cy toc h rome  s p e c t r u m  typical  of anaerobica l ly  grown yeas t ,  i.e., t h e  b a n d s  b I a t  
557--559 mt t  and  a I nea r  58I m/* s. T he  composi t ion  of t he  med ia  was  t he  following: 

Liquid  medium A Solid medium (touraillon agar) 

MgSO4. 7 H 2 0  0. 7 g glucose 30.0 g 
K H 2 P O  4 i .o g ( N H 4 ) 2 H P O 4  2.0 g 
CaC12 0. 4 g MgSO4. 7 H 2 0  0.2 g 
NaC1 o. 5 g eau de toura i l lon  3% 
(NH4)2SO 4 1.2 g aga r  20.0 g 
FeC13 0.005 g dist.  wa t e r  to I l i ter  
Glucose 54.0 g p H  a f te r  s ter i l izat ion 5 . 8 - 5 . 9  
Yeas t  e x t r a c t  io .o  g 

(Difco) 
dist .  wa te r  to i l i ter  
p H  af te r  s ter i l izat ion 5 .7 -5 .9  

The  two med ia  were sterilized, respect ively ,  for 60 m i n u t e s  a t  lO7 ° C and  for 20 m i n u t e s  a t  
12o ° C. For  t he  m a n o m e t r i c  work  s t a n d a r d  W a r b u r g  t echn iques  were employed .  The  t e m p e r a t u r e  
was  28 ° C, t he  gas  phase ,  air. Acon i tase  and  f u m a r a s e  ac t iv i t ies  were de t e rmined  b y  the  m e t h o d  
of RACKER 25 in which  t he  va r i a t ions  of opt ical  dens i t y  a t  240 m #  c o n c o m i t a n t  wi th  t he  appea rance  
or d i s appea rance  of u n s a t u r a t e d  c o m p o u n d s  are  followed spec t ropho tomet r i ca l ly .  The  reac t ion  
follows a zero order  course  for m a n y  m i n u t e s  a f t e r  addi t ion  of t he  s u b s t r a t e  and  Q va lues  were 
ca lcula ted  on t he  basis  of t he  init ial  ra te .  E n z y m e  ac t iv i ty  was  a s sayed  on severa l  levels of ex t r ac t  
concen t ra t ion  and  found  to be p ropor t iona l  to the  concen t ra t ion .  The  reac t ion  m i x t u r e  cons is ted  
of 1. 5 ml  of o.I .~.1 p h o s p h a t e  buffer,  p H  7.3; 0.45 ml  of 0.2 M sod ium c i t ra te  or 0. 3 ml  of 0.5 ll~ r 
sod ium l -mala te ;  0.2 ml  of a su i t ab ly  d i lu ted  ex t rac t ,  and  wa te r  to a final vo lume  of 3.o ml.  The  
control  cell con ta ined  no subs t r a t e .  Silica cells of one cm l i g h t p a t h  were used.  

DPN- l inked  isocitric d e h y d r o g e n a s e  ac t iv i ty  was  de t e rmined  according to I~ORNBERG AND 
PRICER ls. The  reac t ion  cell con ta ined  o. i ml  of o. i M MgSO 4 ; o. i ml  of o.oo5 3 I  adenos ine -5 -phospha te  
(pH 7.o); 0.3 ml of o . i  M K C N  (pH 7.0); 0.2 ml  of isocitrate v a r y i n g  be tween  1.28 and  1.66.1o -2 3 /  
in different  exper imen t s ,  and  o.3 ml  of  DP N,  va ry i ng  s l ight ly  in different  e x p e r i m e n t s  b u t  con ta in ing  
ca. ~ micromole ,  1.8 ml  of o. i  M p h o s p h a t e  buffer  p H  7.3, and  0.2 ml  of e x t r a c t  of a su i tab le  di lut ion.  
The  b l ank  for m e a s u r e m e n t  of endogenous  D P N  reduc t ion  con ta ined  no isocitrate, and  bo th  b lank  
and  tes t  were read  a g a i n s t  a cont ro l  con ta in ing  no D P N  and  no isocitrate. In  non-d ia lysed  ex t rac t s ,  
t he  endogenous  D P N  reduc t ion  was  usua l ly  qu i te  high,  and  the  d e t e r m i n a t i o n s  were a lways  repea ted  
us ing  dia lysed ex t rac t s .  Dialys is  was  aga ins t  0.02 M p h o s p h a t e  buffer  of p H  7.3 in the  icebox for 
16 - i8  hours .  K C N  was  added  to p r e v e n t  r eoxyda t ion  of reduced  D P N  via  the  D P N - c y t o c h r o m e  
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c reductase-cytochrome oxidase system. The rate  of reaction was  found to be cons tan t  for at  least 
12 minutes  and directly proport ional  to the concentrat ion of the  extract .  

Cytochrome oxidase was determined manometr ical ly  29, and citric acid by  the method of PERLMAN 
et al. 23 The error in the  determinat ion of citrate left over  never  showed a deviation from the mean 
of more t h a n  ~_ 8%, and usual ly was  well below 5%. Nitrogen was determined by  a semi-micro 
Kjeldahl technique.  

Ex t rac t s  were prepared in the following manner .  The harves ted  ceils were centrifuged, washed 
twice in the  cold wi th  o.I M phospha te  buffer, p H  7.3, resuspended in one volume of phospha te  
buffer, and broken by  means  of glass beads of a d iameter  between o.o5 and o.I5 m m  on an ultra-  
rapid shaker  (Towers) in the cold. The liquid was  pipet ted off, the residue washed several t imes 
wi th  enough cold phospha te  buffer to bring the total  volume to 2 1/2 × t ha t  of the  original cell 
suspension, the washings added to the liquid, and the combined liquid por t ions  centrifuged twice 
in the cold at ca. 3ooo RPM (ca. 17oo g) to remove cell d6bris, unbroken  cells, and glass beads. The 
superna tan t  is the extract .  

Reagents :  the ATP, obtained from Bios Laborator ies  as the d ibar ium salt, was converted to 
the po tass ium salt before use. The D P N  used (General Biochemicals Inc.) was  found to be ca. 35% 
pure, as determined by  reduction wi th  i soc i t ra te  in the presence of yeas t  D P N - i s o c i t r i e  dehydrogenase.  
I soc i t r ic  acid was purchased from Delta Chemical Works,  /-malic acid f rom Eas tman-Kodak ,  and 
crystalline adenosine-5-phosphoric acid from Sigma Chemicals and f rom General Biochemicals Inc. 

RESULTS 

Influence o/genotype and environment on aconitase, /umarase, and DPN-isocitric 
dehydrogenase in the normal and mutant yeasts 

The activities of the enzymes aconitase, fumarase, and DPN-linked isocitric de- 
hydrogenase were studied in the normal and mutan t  yeast  under varying environmental 
conditions, Aconitase and fumarase are an integral part  of the tricarboxylic acid cycle 
system. Aconitase catalyzes the establishment of an equilibrium between citric, eis- 
aconitic, and isocitric acids (see, however, MARTIUS AND LYNEN TM) ; fumarase catalyzes 
the reversible conversion of fumaric acid to malic acid. The DPN-linked isocitric 
dehydrogenase has recently been described by  KORNBERG AND PRICER15; it catalyzes 
the breakdown of a substrate forming par t  of the cycle but  its function in any cyclic 
system is at  present unknown ~. 

Results from a number of experiments are recorded in Table I. I t  can be seen from 
the data that  i. aconitase, fumarase**, and DPN-isocitric dehydrogenase of normal 
and mutan t  yeast  grown under anaerobic conditions are alike; 2. a change in growth 
conditions from anaerobiosis to aerobiosis leads to a marked increase in aconitase, 
fumarase, and DPN-isocitric dehydrogenase in the normal yeast, the extent  of this 
increase being in the order mentioned, and 3- the mutat ion "pet i te  colonic" leads to 
a partial  conversion to the enzymatic pat tern obtained in normal yeast grown under 
anaerobic conditions. 

One is dealing here with differences in response to the presence or absence of 
oxygen. If one considers the variation of each enzyme separately, one finds tha t  aconitase 
shows the greatest degree of variation with respect to both genotype and environment. 
I t s  activity in anaerobically grown ceils represents only ca. 5% of that  obtained in 
aerobically grown normal yeast. On the other hand, the mutan t  yeast grown aerobically 

* The DPN-linked i soci tr ic  dehydrogenase  described by  these au thors  does not, cont rary  to 
the TPN-linked i soc i t r ic  dehydrogenase sys tem from pig hear t  and yeast,  catalyze either the 
decarboxylat ion or the  reduction of oxalsuccinate, and it is pointed out  t h a t  a sat isfactory scheme 
for the mechanism of the D P N - i s o c i t r i c  dehydrogenase  reaction is no t  yet  available. 

* *  The difference between fumarase  act ivi ty in the normal  and m u t a n t  yeas t  grown anaerobically 
is not  statist ically significant (t test). 
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e x h i b i t s  ca. 1 9 %  of t h e  a c t i v i t y  o b t a i n e d  in  a e r o b i c a l l y  g r o w n  n o r m a l  y e a s t .  T h e  

c o r r e s p o n d i n g  f igures  fo r  f u m a r a s e  a r e  ca. 1 7 %  a n d  3 6 % ,  a n d  for  D P N - i s o c i t r i c  de-  

h y d r o g e n a s e  ca. 3 8 %  a n d  4 4 % .  T h i s  i n d i c a t e s  t h a t  t h e  d e g r e e  of  v a r i a t i o n  is g r e a t l y  

d i f f e r e n t  for  d i f f e r e n t  e n z y m e s  a n d  t h i s  m i g h t  be  i n t e r p r e t e d  o n  t h e  b a s i s  t h a t  t h e  

r e a c t i o n s  m e d i a t e d  b y  t h e s e  t h r e e  e n z y m e s  a re  i n v o l v e d  t o  a d i f f e r e n t  d e g r e e  in  t h e  

o v e r a l l  a e r o b i c  m e t a b o l i s m  of t h e  cell. F u r t h e r  o b s e r v a t i o n s  s t r e n g t h e n i n g  s u c h  a p o i n t  

of v i e w  wi l l  b e  g i v e n  l a t e r  on.  I t  wi l l  b e  o b s e r v e d  also t h a t  o x y g e n  h a s  a s t i m u l a t i n g  

ef fec t  on  a c o n i t a s e  of  t h e  m u t a n t  y e a s t ,  a n  o r g a n i s m  in  w h i c h  t h e  WARBURG-KEILIN 

s y s t e m  is a b s e n t ;  t h i s  is m u c h  less  m a r k e d  in  t h e  case  of f u m a r a s e ,  a n d  n o t  a t  al l  t h e  

case  w i t h  D P N - i s o c i t r i c  d e h y d r o g e n a s e .  I t  is i n t e r e s t i n g  t o  n o t e  in  t h i s  c o n n e c t i o n  t h a t  

a c o n i t a s e  c o n t e n t  in d i f f e r e n t  a n i m a l  t i s s ue s  is  g e n e r a l l y  p a r a l l e l  in  e x t e n t  t o  t h e  a m o u n t  

of a e r o b i c  m e t a b o l i s m  o c c u r r i n g  in  t h a t  t i s s u e  19. 

TABLE I 
DETERMINATION OF FUMARASE, ACONITASE, AND DPN-LINKED 

/SOCITRIC DEHYDROGENASE ACTIVITIES OF NORMAL AND MUTANT YEAST 

Units  
Data  are expressed as specific act ivi ty;  i.e., mg extract  N' where one unit  is defined as the 

amount  of enzyme causing an increase in optical density of o.ooi per  minute at  25 ° C; and as 
Qaconitate (N) ,  Qfumarate  (N) ,  o r  Qisocitrate (N)  values. Qaconitate (fumarate)(l 'ff) ~ microliters of aconitate 
(fumarate) formed per hour per mg of extract  N. Qisocitrate (N) = microliters of isocitrate disappearing 
per  hour per mg of extract  N, as measured by  DPN reduction. 

Q values determined from: 
specific act ivi ty × lO -8 × 60 × 22.4 ×IOS × 3 

molecular extinction coefficient 
The molecular extinction coefficients are: sodium cis-aconitate a t  240 m# 3.54×1o6 (cmz 

× moles-I); sodium fumarate  at  240 m/x 2 . I iX  lO 6 (cmz × moles-l);  reduced DPN at  34 ° sn/z 
6.22 × lO 8 (cm a × moles-X). 

Measurements were done at  room temperature  and corrected to values t ha t  would have been 
obtained at  25 ° C, assuming a Q10 = 2, 

Yeast grown aerobically or anaerobically on touraillon agar  in Petri  dishes. 

Yeast Conditions of Speci~ activity (mean) Standard error Number of* Qaconitate (IV) 
Growth of mean independent fumarate 

exper*ments isocitrate 

normal aerobiosis aconitase 528 21 6 6o2 
fumarase 2624 296 5 5o12 
isocitric 198 43 3 126 

dehydrogenase 

normal anaerobiosis 

m u t a n t  aerobiosis 

mu tan t  anaerobiosis 

aconitase 27 8 7 31 
fumarase 393 46 7 751 
isocitfic 68 8 2 43 

dehydrogenase 

aconitase 98 16 6 112 
fumarase 951 i62 5 1816 
isocitric 87 16 3 57 

dehydrogenase 

aconitase 27 7 6 3 i 
fumaxase 483 4 x 5 923 
isocitric 83 13 2 55 

dehydrogenase 

* Each independent  experiment  comprises two to five determinations of which the average 
is taken. 
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It  is well known that inferences as to enzymic content from data based on activity 
measurements need caution. The difference observed between any two preparations can 
be due, e.g., to the unequal distribution of inhibitors or stimulators, or of enzymes 
removing the reaction products being measured. In order to demonstrate that the 
differences observed between normal and mutant  yeasts were not due to such factors, 
extracts from the two were mixed in different proportions and the resulting aeonitase 
and fumarase activities measured. The activities appeared to be additive. It  is clear, 
therefore, that  the differences observed between normal and mutant  yeasts are due to 
differences in enzymic content. 

Aconitase is known to be quite unstable in aqueous solutions and very sensitive 
to dialysis 2~. This was confirmed in work with our extracts. Although activity remained 
constant for several days when the extracts were frozen in dry ice, a large part of it was 
lost on storage at 0 ° C.The decrease in activity was more rapid during dialysis at this tem- 
perature. Fumarase activity, on the contrary, remained unchanged on storage or dialysis. 

Advantage was taken of this lability of aconitase in order to determine whether 
an enzyme transferring hydrogen directly from citrate to DPN exists in yeast. "Citric 
dehydrogenase" as well as aconitase activities were measured in extracts before and 
after dialysis. The determination of "citric dehydrogenase" was essentially similar to 
that of isocitric dehydrogenase except that  sodium citrate (o.2 ml, o.2 M) was used as 
substrate instead of isocitrate. Nondialysed extracts from aerobically grown normal 
yeast definitely exhibited "citric dehydrogenase" activity which was greatly diminished 
in the dialysed extracts. The fall in activity was roughly proportional to the loss in 
aconitase activity. "Citric dehydrogenase" activity in nondialysed extracts from 
anaerobically grown normal or mutant  yeast was very small. I t  can be assumed, there- 
fore, that  a "citric dehydrogenase" as such does not exist in yeast (that it does not 
occur in various animal tissues has been well known for some time). The observed 
activity is obviously due to the conversion of citrate to isocitrate by aconitase and 
subsequent action of isocitric dehydrogenase. 

Citrate disappearance in extracts from normal and mutant  yeast grown aerobically 
and anaerobically was measured also. The results from some experiments are given in 
Table II.  Citrate disappearance in extracts made from aerobically grown mutant  yeast or 
from normal and mutant  yeast grown anaerobically was always approximately ~ of that 
of the normal yeast grown aerobically. The fact that  citrate disappears in the anaerobi- 
cally grown normal and mutant  yeasts in which aconitase activity is very low may be 
accounted for on the basis that  two or more pathways for citrate disappearance exist 
in yeast. Experimental proof for this has recently also been given by FOtlLKES 9,a°. 

FOULKES 9 has reported stimulation of citrate disappearance through the addition 
of ATP and Mg ions to nondialyzed extracts of baker's yeast. No significant stimulation 
of citrate disappearance on the addition of ATP and Mg ions was observed in our 
experiments and, also in contrast to FOOLI<ES 9, we observed no inhibition of citrate 
disappearance by 0.0I M cyanide. WEINHOUSE AND MILLINGTON 37, using cis-aconitate 
as substrate found c~25° c values in baker's yeast of ca. 3-5, while FOULKES 9 reports : ~ c i t r a t e  

Q37°c values of iooo (/~1 citrate metabolized/h/g fresh weight) which correspond, 
c i t r a t e  

roughly, to a ~citrateC~37°c of 3 (/~1 citrate metabolized/h/rag dry weight). Since our values 
have been calculated on a mg nitrogen basis and can be converted to a dry weight 
basis by dividing by I0, it can be seen that they compare well with those found by 
the other authors. 
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TABLE II 

Citrate disappearance in extracts  from aerobically and anaerobically grown normal and mutan t  
yeast. Each flask (small Erlenmeyer) contained 5 mg of citric acid (23.8 micromoles) and, where 
added, I m g  ATP and IOO t*g of Mg ions. Flasks shaken at 28 ° C in Warburg ba th  for 4 ° minutes. 
(;as phase: air. Total volume: 4.o ml; 2.0 ml of extract  per flask were used, or, in case of the blank, 
z.o ml of boiled extract.  Determinations done in duplicate or triplicate. Citrate determined by 
method of PERLMAN et al. (1944). Qcitrate (N) defined as /~1 of citrate metabolized per hour per mg 
of extract  Nitrogen at 28 ° C. 

Citrate metabolized 

Exp. Conditions under ~cfch Additions Normal yeast Mutant yeast 
No. ceils 7~,ere grown 

micromoles Qeitr. (N) micromoles Qcitr. (IV) 

9 Aerobically in Ex t r ac t  alone 9.5 45.9 
liquid medium A; E x t r a c t  + A T P + M g  lO.9 52.6 
rotat ing bottle, E x t r a c t + A T P  4 , -Mg+o .o lM KCN 11. 4 55.0 
compressed E x t r ac t  + A T P  + Mg + o.oi 21/I 8.6 41.7 
air added Sodiuna arsenite 

To As in exp. 9 E x t r a c t + A T P  + Mg lO.9 52.6 
Ext rac t  + A T P + M g  + o.o i M 9.8 47.3 

Sodium arsenite 
1 ~ As in exp. 9 Ex t rac t  alone 

Ext rac t  + AT P + Mg 
E x t r a c t + A T P  + Mg + o.o i M KCN 
Ext rac t  + A T P +  Mg + O.Ol M 

Sodium arsenite 
17 Aerobically on Ext rac t  alone 0. 5 8o.9 

Petri  dishes on 
Touraillon agar  

x9 As in exp. 17 Ex t rac t  alone 5.4 61.7 
23 Anaerobically on Ext rac t  alone 2.8 33.6 

Petri  dishes, on 
Touraillon agar 

27 As in exp. 23 Ext rac t  alone 3.2 29.9 

6,8 3~-5 
5.o 23.1 
7.I 32.8 
4.6 21.3 

3.3 43-3 

2.6 3o.5 
0. 7 7.8 

3.5 34.4 

Increase in aconilase and [umarase in anaerobically grown yeast exposed to air 

]~PHRUSSI AND SLONIMSKI s h a v e  s h o w n  t h a t  e x p o s u r e  of a n a e r o b i c a l l y  g r o w n  

n o r m a l  y e a s t  t o  a i r  r e s u l t s  in  a n  " a d a p t i v e "  s y n t h e s i s  of c y t o c h r o m e s  a, b, a n d  c, a n d  

a c o n c o m i t a n t  r e e s t a b l i s h m e n t  of r e s p i r a t i o n .  I t  h a s  b e e n  s h o w n  a b o v e  t h a t  b o t h  

n o r m a l  a n d  m u t a n t  y e a s t  a lso  h a v e  h i g h e r  a c o n i t a s e  a n d  f u m a r a s e  a c t i v i t i e s  fo l lowing  

g r o w t h  u n d e r  a e r o b i c  as  c o m p a r e d  w i t h  a n a e r o b i c  c o n d i t i o n s  a n d  t h a t  t h i s  is m u c h  

m o r e  p r o n o u n c e d  in  n o r m a l  t h a n  in  m u t a n t  y e a s t .  S e v e r a l  e x p e r i m e n t s  were  r u n  to 

d e t e r m i n e  w h e t h e r  t h e  i n c r e a s e  in  a c o n i t a s e  a n d  f u m a r a s e  a c t i v i t y  u n d e r  t h e  i n f l u e n c e  

of o x y g e n  w o u l d  t a k e  p l ace  a lso  in  n o n - p r o l i f e r a t i n g  cells  or  in  cells g r o w i n g  a t  a m i n i m a l  

r a t e .  R e s t i n g  cel l  s u s p e n s i o n s  in  p h o s p h a t e  b u f f e r  ( p H  6.5, 0.05 M )  were  p r e p a r e d  f r o m  

n o r m a l  y e a s t  g r o w n  a n a e r o b i c a l l y  for  2 ½ d a y s  o n  t o u r a i l l o n  a g a r  in  P e t r i  d i shes .  T h e  

e x p e r i m e n t s  were  p e r f o r m e d  u n d e r  t h r e e  d i f f e r e n t  c o n d i t i o n s :  in  t h e  p r e s e n c e  of a i r ,  in  
t h e  p r e s e n c e  of  a i r  a n d  g lucose ,  in  t h e  p r e s e n c e  of o x y g e n - f r e e  n i t r o g e n  gas  a n d  g lucose .  

G l u c o s e  w a s  a d d e d  in  a f ina l  c o n c e n t r a t i o n  of 2 %.  T h e  t e m p e r a t u r e  was  28 ° C. A e r a t i o n  

t u b e s  ( " t u b e s  ~ b a r b o t a g e " ;  TAVLITZKI a4) w e r e  used ,  a n d  c o m p r e s s e d  a i r  or  n i t r o g e n  

b u b b l e d  t h r o u g h  t h e  s u s p e n s i o n s .  A l i q u o t  s a m p l e s  w e r e  r e m o v e d  f r o m  t i m e  t o  t i m e ,  

e x t r a c t s  p r e p a r e d ,  a n d  a s s a y e d  for  f u m a r a s e  a n d  a c o n i t a s e  a c t i v i t y .  A t  t h e  e n d  of t h e  

e x p e r i m e n t s  t h e  s u s p e n s i o n s  we re  c h e c k e d  for  c o n t a m i n a t i o n ;  n o n e  was  e n c o u n t e r e d ,  
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TABLE III 

Variation of fumarase and aconitase activities in a resting suspension of anaerobically grown 
normal yeast in the presence of oxygen. 

Data are expressed as specific activity (see Table I for definition). 

Aconitase Fumarase 
Time 
(rain) Air plus Air alone N 2 plus Air plus Air alone N l plus 

glucose glucose #ueose glucose 

o 4 4 4 232 232 232 
I3o 26 2o 353 275 
22o 42 45 366 339 
345 7 ° 6o 448 386 
54 ° 65 17 364 27¢ 

I t  can be seen from the results recorded in Table I I I ,  t ha t  aerat ion results in an 
increased format ion of aconitase and fumarase in  rest ing cells. I t  will be noted  tha t  
the increase in  aconitase ac t iv i ty  is much more marked  than  tha t  of fumarase;  this 
was observed in all the exper iments  run.  There were some indicat ions  tha t  the aconitase 
finally formed is propor t ional  to tha t  present  originally. 

That the cells had adapted, as far as cytochrome content was concerned, could be seen from 
the fact that the strong cytochromc bI band (555 m# at -17 °0 C) present in the anaerobically grown 
cells disappeared, and the cytochrome c and b bands (546.5 m# and 559 m#, respectively, a t -  17 °0 C) 
appeared during the process of aeration. The organisms which were exposed to a current of oxygen 
free nitrogen retained the original bI band. It  should be noted, however, that exposure to air ot 
anaerobically grown cells in the aeration tubes used here does not lead to the same degree of respira- 
tory activity as that displayed by cells grown in air; the Qo2 obtained in this manner represents 
roughly 5o-6o % of that obtained during aerobic growth. 

These exper iments  were repeated in the presence of added a m m o n i u m  ions in order 
to see whether  condit ions which allow a small  a m o u n t  of growth (ammonium sulfate 
was added in  a concent ra t ion  corresponding to a l i t t le less t han  the ni t rogen conten t  of 
the cells) would lead to a more pronounced increase in  aconitase and  fumarase act iv i ty .  
Actually,  the results obta ined  were no t  great ly  different from those recorded in  the 
absence of added nitrogen.  I t  can be concluded tha t  prolonged growth in  the presence 
of air is necessary to permit  appearance of max ima l  aconitase and  fmnarase act ivi ty.  

I t  will have been noticed tha t  when growth condit ions are changed from tha t  of 
anaerobiosis to t ha t  of aerobiosis, fumarase increases approximate ly  7 t imes in the 
normal  yeast,  while aconitase increases 20 times. Al though the to ta l  ac t iv i ty  of these 
enzymes in the adap ta t ion  exper iments  remains  below tha t  obta ined  dur ing aerobic 
growth, aconitase increases to a much greater ex ten t  t han  fumarase aci ivi ty .  This might  
be in terpre ted  by  assuming tha t  fumarase part ic ipates  in  the str ict ly anaerobic as well 
as in  the aerobic metabol ism of yeast,  while aconitase is involved p redominan t ly  in 
aerobic metabMism. 

L o c a l i z a t i o n  o] e n z y m e  act iv i t ies  by d i # e r e n t i a l  c en t r i / uga t ion  

Since the work of GREEN TM 12 i t  has been widely assumed tha t  "cyclophorase" of 
m a m m a l i a n  tissues, of which fumarase and  aconitase are integral  parts ,  is associated 
with a sedimentable  fract ion of homogenates.  HOGEBOOM AND SCHNEIDER 14 have shown, 
however, tha t  TPN- l inked  i soc i t r i c  dehydrogenase,  another  member  of the t r icarboxylic  
acid cycle system, is associated almost  ent i rely wi th  the soluble fract ion of mouse liver 
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TABLE IV 

Different ia l  cen t r i fuga t ion  of e x t r a c t s  from norma l  and  m u t a n t  y e a s t  and  d e t e r m i n a t i o n  of 
fumarase ,  aconi tase ,  D P N - l i n k e d  i s o c i t r i c  dehydrogenase ,  and  cy toch rome  oxidase  ac t iv i t i e s  in 
e x t r a c t s  and  fract ions.  Organ i sms  grown ae rob ica l ly  for 72 hours  on toura i l lon  a g a r  on Pe t r i  dishes. 
P r e p a r a t i o n  of e x t r a c t s  and  f r ac t iona t ion  done w i t h  o . i  !~I p h o s p h a t e  buffer, p H  7-3. Cent r i fugal  
force e m p l o y e d :  ca. 3I,OOO g for one hour.  Par t i c les  washed  once a t  same cen t r i fuga l  force and  for 
same t ime.  A c t i v i t y  expressed  in un i t s  per  ml  of ex t r ac t ,  or in un i t s  per  ml  of fraction.  The  l a t t e r  
(as well  as the  mg-N-pe r -ml  figures) are  ca lcu la ted  on basis  t h a t  f ract ions  are con ta ined  in same 
vo lume  as or ig ina l  ex t r ac t .  Specific a c t i v i t y  = u n i t s / m g  N. For  def ini t ion of un i t  of fumarase ,  
aconi tase ,  and  D P N - i s o c i t r i c  dehydrogenase  see Table  I. A c t i v i t y  in case of cy toch rome  oxidase  
= # 1 0  2 t a k e n  up per  i ml  of e x t r a c t  per  hour ;  specific a c t i v i t y  = a c t i v i t y / m g  N. 

D PN- isocitric Cytochrome oxidase Fumarase Aconitase dehydrogenase 
Organism and mg N per 

fraction Total % of Specific Total % of Specific Total % of Specific Total % of Specific ml 
activity total activity activity total activity activity total activity activity total activity 

Normal yeast 

Whole  e x t r a c t  4787 ioo  193 ° 1328 ioo  535 385 ioo I55 7o7 i o o  28 5 2.48 
S u p e r n a t a n t  4 4 7 0  93 2829 732 55 463 356 92 225 I < I -~ I 1.58 
Par t i c les  49o io  557 74 6 86 2 8 7 32 759 IO 7 863 o.88 

M u t a n t  yeas t  

Whole  e x t r a c t  1428 IOO 562 18o ioo 71 2o6 ioo 8I o o o 2.54 
S u p e r n a t a n t  127o 89 655 8o 44 41 166 81 86 1.94 
Pa r t i c l e s  14o IO 226 34 I9 55 6 3 Io 0.62 

homogenates, and consequently consider the view that  the cyclophorase complex is 
entirely associated with mitochondria as unjustified. 

In order to determine the distribution of aconitase, fumarase, and DPN-isocitric 
dehydrogenase within the yeast cell we fractionated the extracts by differential cen- 
trifugation. The desiderata for such procedures and criteria for the evaluation of results 
have been given bv  SCHNEIDER 26 and HOGEBOOM AND SCHNEIDER 1¢. Two principal 
sources of error in such studies, namely transfer of material  from particles to super- 
natant ,  and adsorption of soluble material  unto particles have recently been reempha- 
sized by STILL AND I{APLAN 32, and by BEINERT 2. 

The extracts were centrifuged at about  31,ooo g with the aid of the multispeed 
a t tachement  of the refrigerated International Centrifuge. A very light pellicle of fa t ty  
material  is always found on the surface of the liquid after centrifugation; the particulate 
material  at the bot tom of the tube is very compact and can be removed and dispersed 
only with difficulty. The two fractions obtained consist of I. residue, here called particu- 
late fraction, and corresponding, probably, to the large granules (mitochondria)* and 
the microsomes 4,5, and 2. supernatant.  Enzyme assays were always carried out on 
the original extract  as well as on the fractions. The results from a typicale xperiment 
are given in Table IV. For comparison's sake, data  on cytochrome oxidase activity 
from the same experiment are also included in order to show the validity of the 
fractionation procedure. As pointed out by CHANTRENNEaand SLONIMSKI AND EPHRUSS130, 

cytochrome oxidase act ivi ty is associated with particulate material  within the yeast cell. 
I t  can be seen that  fumarase, aconitase, and DPN-isocitric dehydrogenase activity 
* For  d i scuss ions  concern ing  the  occurrence of mi tochondr i a  in yeas t ,  see3,20, 21,3°. 
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in the normal and mutant  yeast are found mainly in the supernatant fraction. It  will 
be noted, in the case of aconitase, that recovery data, and therefore the data on specific 
activity, are rather low. This is due to the instability of aconitase; a considerable amount 
of activity was lost during the fractionation procedures; recombination of the super- 
natant and particulate fractions did not restore activity to the level found in the whole 
extract. This experiment was repeated several times, with cultures grown on liquid as 
well as solid media; essentially similar results were obtained throughout. SCHNEIDER 2~ 
has pointed out that the medium in which the cells are disrupted has a profound effect 
on the cytological and biochemical properties of the particulate components isolated, 
and that the phenomena of adsorption and release of enzymes which may occur during 
the process of fractionation can be tested to some extent by using different suspending 
media. Isotonic lactose as suspending medium was, therefore, also employed; baker's 
yeast does not metabolize lactose. In this experiment, the particulate fraction was not 
washed, and fumarase and aconitase activities in the particulate fraction were in the 
neighbourhood of 20 %. Aconitase seemed more stable when lactose was used and total 
recoveries were higher. During this experiment, citrate disappearance in the extract and 
fractions was measured also and found to take place mainly in the supernatant fraction. 

I t  appears from the data given in Table IV that at least two enzymes associated 
with the tricarboxylic acid cycle in animal tissues, aconitase and fumarase, are associated 
to a large extent with the supernatant fraction in yeast. Whether the activity of these 
enzymes found in the particulate fraction is actually associated with this fraction in 
the cell, or whether some enzyme has been adsorbed unto the particles during the 
fractionation procedure is difficult to determine. 

Oxidation o/ some tricarboxylic acid cycle intermediates by extracts and dried cell 
preparations 

I t  was attempted, without success, to obtain preparations which would catalyze 
all the reactions of the KREBS tricarboxylic acid cycle~ Several observations seem, 
however, to be of interest in this connection and will be mentioned briefly. 

Rapidly dried cells were prepared in addition to extracts. In extracts from the 
normal yeast, the endogenous respiration was found to be quite high, corresponding, 
approximately, to an initial Qo2 (N) Ioo, which fell, however, somewhat after the first 
20 minutes. Addition of citrate (3 micromoles), malate (6 micromoles), pyruvate 
(6 micromoles), and glucose (2.5 micromoles) resulted in no significant increase in 
respiration over the endogenous rate at pH 7.3, even in the presence of added ATP 
and Mg ions. Succinate (6 micromoles), on the other hand, gave during the first 20 
minutes after addition, an increase of ca. 35 % over the endogenous respiration, a figure 
which dropped to ca. 15%* at the end of 60 minutes. I t  should be noted that in homo- 
genates made from animal tissues, oxidation of suecinate has been found to occur at 
a rate which is independent of the rates of other reactions of the tricarboxylie acid 
cycle 24. The system oxidizing suceinate is relatively simple, since no pyridine nucleotides 
or flavo~proteins are apparently involved~7, a~. Extracts made from the mutant  yeast 
show a very low, cyanide nonsensitive respiration, both endogenous and in the presence 
of the above-mentioned substrates 29. 

When pyruvate is added in the presence of one of the acids of the KREBS cycle 
(malate) no catalytic effect of the latter on the oxidation of the former is observed. 

* Statistically significant, as compared with the endogenous respiration, by t test on the i % level. 
Re/ere~ces p. 686. 
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Dried cell preparations were made from "s ta rved"  yeast. The lat ter  was prepared 
by bubbling air through washed yeast  suspensions in M / I 5  phosphate buffer at pH 4.5 
for 19 hours. Addition of succinate, lactate, glucose, and pyruvate  results in an increase 
in respiration, while citrate and malate are not respired at pH 7.3. When phosphate 
buffers of pH 4.5 are employed, malate again is not oxidized, while addition of lactate 
and pyruvate  results in relatively strong increases in oxygen uptake (see Table V) 

T A B L E  V 

Resp i r a t i on  of dr ied cell p r e pa r a t i ons  from no rma l  y e a s t ;  3 ° /~moles  of s u b s t r a t e  and  20 mg 
d ry  we igh t  of cells per  WARBURG vessel ;  t e m p e r a t u r e  28 ° C. 

/d 02 taken up per mg 
Substrate Final pH dry weigt during 

zst hour 2d hour 

Endogenous  5.5 8.2 5.~ 
C i t r a t e  6.2 io .6  5.4 
Succ ina te  5.8 lO. 3 6.6 
Mala t e  5-7 8.9 5.4 
L a c t a t e  5.7 12.9 13.6 
P y r u v a t e  6. i 14.7 16. t 

When the same experiment is performed at pH 1.8, there is no activity. Whether  the 
increase in act ivi ty due to the addition of citrate at pH 4.5 is significant could not be 
decided because it was found that  the endogenous respiration of the dried preparations 
is a function of pH, with a maximum near pH 6.0, and because the final pH was 
somewhat higher in the vessels containing citrate than those in which the endogenous 
respiration was measured. Experiments,  in which the final pH in all vessels was alike, 
showed a very slight increase in oxygen uptake due to the addition of citrate, an increase 
the significance of which is somewhat doubtful*. 

BARRON et al. 1 have shown that  the endogenous respiration of washed, resting 
baker 's  yeast is independent of pH within the i - IO range. The drying process employed 
here obviously abolishes the ability of yeast  to maintain a relatively constant intra- 
cellular pH regardless of environmental  conditions; it is likely that  this is accompanied 
by a change of permeabili ty of the cell wall. BARRON et al. 1 working with resting cells, 
had found that  at pH 1.o8 only pyruvate  is oxidized, while at pH 2.3, 2.9, and 3-9 
pyruvic, acetic, citric, and succinic acids are oxidized, and that  oxidation of citric acid (for 
which a net Qo2 of 1.5 was considered significant) ceases at pH 5.0. The two other acids 
of the tricarboxylic acid cycle (malic and alpha-ketoglutaric acids) were not oxidized 
at pH 2 and 6, and this was ascribed to the nonpenetration of these two substrates. 

DISCUSSION 

In mammalian tissues, the enzymes which mediate the reactions of the tricarboxylic 
acid cycle constitute a catalytic system whose major  importance in tissue respiration 
is now established beyond doubt. In yeast, however, the existence of such a cyclic 
mechanism is still a mat ter  of controversy 16,19. A major obstacle lying in the pa th  of 
elucidation of this problem has been the impermeabili ty of the cell wall to several of 
the intermediates involved 17,18. I t  is well known from work on more or less crude enzyme 
preparations tha t  many,  if not all, of the individual reactions which are part  of the 
cycle can be effected, but  no system mediating the complete oxidation of added cycle 

Qo2 ~ o-9; resu l t s  of t t e s t  show t h a t  P is be tween  o .o i  and  o.o5. 
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intermediates to CO 2 and water, similar to that  from mammalian tissues, has been 
prepared from yeast. 

I t  has been shown above that  malate  does not increase oxygen uptakes in either 
extracts or dried cells, and stimulation by  citrate is very small, if significant at all. 
This can be due either to the fact that  these substrates are not a par t  of those lying 
on the main pa th  of hydrogen transport  in the yeast  cell, or to the fact that  our prepa- 
rations are deficient in one or more of the catalysts taking part  in such a system. We 
think tha t  the first interpretation may be the correct one, for the following reasons: 
A complete respiratory system exists both in extracts and dried cells as is shown by 
the high endogenous respiration of these preparations; it is comparable in activity to 
that  occurring in intact  cells. The breakdown of endogenous reserves by yeast  is a 
purely respiratory process 31 and it is usually assumed that  the decomposition of stGred 
reserve material  in yeast  proceeds by  the same mechanism as the respiration of added 
substrates. Whether  one stipulates that  the endogenous respiration in extracts and 
dried preparations from normal yeast is the same as that  occurring in intact yeast  or 
not, the fact remains that  some sort of terminal respiration system remains intact. An 
increase in respiration occurs following the addition of several substrates involved in 
the tricarboxylic acid cycle, but not of others. In  dried preparations, addition of 
succinate, pyruvate,  lactate, and glucose results in increased oxygen uptakes, while 
malate  gives no such increase and citrate only a very low one. I t  seems doubtful that  
the lat ter  can be ascribed to non-penetration. This is further supported by  the obser- 
vation that  addition of equal amounts of succinate to extracts and dried cells results 
in identical final oxygen uptakes. 

I t  is clear from our data  concerning the mutan t  yeast that  KREBS cycle reactions 
may  take place in yeast  devoid of succinic dehydrogenase and the WARBURG-I(EILIN 
system. The aim in establishing metabolic schemes such as the tricarboxylic acid cycle 
was precisely to explain the mechanism of oxygen consumption resulting from the 
metabolism of the intermediary compounds formed by glycolysis. In the mutan t  yeast  
grown aerobically as well as in normal and mutan t  yeast  grown anaerobically, two of 
the enzymes forming an integral par t  of the cycle exist, though their act ivi ty is reduced. 
However, respiration in such cells is very low, and an important  carrier system is 
absent. The conclusion from this would appear to be tha t  the tricarboxylic acid cycle 
if it does exist at all in yeast  (which we consider by no means established*) might 
conceivably be integrated into a system of reactions which is not a part  of respiration 
but of fermentation or reductive synthetic reactions. 

The effect of the mutat ion "pet i te  colonie" consists in an extensive modification 
of the enzymatic pat tern  of the cell. As far as has been studied, it involves the loss of 
cytochrome oxidase, succinic dehydrogenase, alpha-glycerophosphate dehydrogenase, 
and DPN-cytochrome c reductase, an increased amount  of cytochrome c, the acquisition 
of a DPN-independent  malic-cytochrome c reductase and a new cytochrome component, 
a I ~9,3°, and a diminution of aconitase, fumarase, and DPN-isocitric dehydrogenase**. 

* Obvious ly ,  the  presence  in y e a s t  of i nd iv idua l  enzymes  s imi la r  to those  m e d i a t i n g  i n t e r m e d i a r y  
s teps  in the  I~REBS cycle in m a m m a l i a n  t i ssues  by  no means  es tab l i shes  the  ex i s tence  of t he  cycle 
as a whole.  

** All  these  changes  are in t e rp re t ed  as be ing  the  di rect  resul t  of the  m u t a t i o n  "pe t i t e  colonie" .  
I t  shou ld  be not iced  t h a t  th i s  conclusion is d r awn  from t i le  compar i son  of the  no rma l  yeas t  s t r a in  
on one  h a n d  and,  on the  other,  the  m u t a n t  s t ra in  i so la ted  from i t  severa l  years  previous ly .  I t  is 
conce ivab le  t h a t  a more r ecen t ly  i so la ted  m u t a n t  s t ra in  would  have  g iven  s o m e w h a t  different  resul ts .  
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U n d e r  a n a e r o b i c  c o n d i t i o n s  of  g r o w t h  n o r m a l  a n d  m u t a n t  y e a s t  s eem to  be  al ike,  a n d  

t h e  d i f fe rences  m a n i f e s t  t h e m s e l v e s  on ly  u n d e r  ae rob ic  g r o w t h  cond i t ions .  T h u s  if  for  

t h e  m o m e n t  we cons ide r  t h e  n o r m a l  y e a s t  as one  k i n d  of  t issue,  m u t a n t  y e a s t  cou ld  
wel l  be  r e g a r d e d  as a n e w  k i n d  of  t issue.  T h e  b e a r i n g  th i s  has  on a t t e m p t s  to  es tab l i sh  
m o d e l s  for  t h e  processes  of d i f f e r en t i a t i on  is obv ious .  

T h e  / n u t a t i o n  " p e t i t e  co lon i e "  seems t o  i n d u c e  a p a r t i a l  conve r s ion  t o w a r d s  t he  
e n z y m a t i c  c o n s t i t u t i o n  w h i c h  is e x h i b i t e d  b y  n o r m a l  y e a s t  c u l t u r e d  u n d e r  anae rob ic  

c o n d i t i o n s ;  b u t  whi le  in t h e  n o r m a l  yea s t  t h e  a b i l i t y  to  resp i re  can  be  r e s to r ed  easi ly  
b y  c h a n g i n g  t h e  c u l t u r a l  cond i t ions ,  t h e  loss of th i s  ab i l i t y  in t h e  m u t a n t  y e a s t  seems,  

f r o m  t h e  e v i d e n c e  o b t a i n e d  so far ,  to  be i r r eve r s ib l e  a n d  t h u s  co r r e sponds  to  a change  
in t h e  p o t e n c i e s  of  t h e  cell. 

F r o m  all  t h e  e v i d e n c e  o b t a i n e d  so fa r  i t  appea r s  t h a t  e n z y m e s  wh ich  are  l i nked  
to  a p a r t i c u l a t e  f r a c t i o n  in t h e  n o r m a l  y e a s t  a re  los t  in t h e  m u t a n t ,  whi le  n o n - l i n k e d  

e n z y m e s  a re  n o t  lost ,  a l t h o u g h  t h e i r  a c t i v i t y  m a y  be  g r e a t l y  r educed .  I t  w o u l d  t h u s  
a p p e a r  t h a t  in t h e  case  of t h e  m u t a n t  y e a s t  one  deals  w i t h  p a r t i c u l a r l y  f a v o r a b l e  

m a t e r i a l  for  t h e  s t u d y  of  t h e  i n t r a c e l l u l a r  d i s t r i b u t i o n  of  e n z y m e s  a n d  of t h e  p r o b l e m  
of t h e  r e l a t i o n  b e t w e e n  cell  c h e m i s t r y  a n d  cell  s t r u c t u r e .  
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SUMMARY 

A comparative study of three enzymes, aconitase, fumarase, and DPN-linked isocitric de- 
hydrogenase was made in normal baker's yeast and in the mutant  "petite colonie" grown under 
varying conditions of oxygen supply. When both normal and mutant  yeasts are grown anaerobically, 
aconitase, fumarase, and DPN-isocitric dehydrogenase activities in the two strains are alike. When 
grown in the presence of air, all three enzymes show increased activity, but under such conditions 
distinct differences between the two strains become apparent: the increases in the normal strain 
are much more pronounced than in the mutant  strain. Aeration of non-proliferating suspensions of 
anaerobically grown normal yeast which is known to re-establish ability to respire also leads to an 
increased formation of aconitase and, to a lesser extent, fumarase, but in order to obtain their full 
complement of these enzymes, extensive growth of the cells in the presence of air seems necessary. 
By differential centrifugation all three enzymes were found to be associated mainly with the super- 
natant  fraction in both normal and mutant  yeast. The function of these enzymes in the metabolism 
of yeast is discussed. 

R~SUM~ 

Les activit~s des enzymes aconitase, fumarase et ddshydrog~nase isocitrique lide au coenzyme I 
ont dt~ 6tudides dans la levure de boulangerie normale et le mutant "petite colonie" ayant prolif6r~ 
en a6robiose et en ana6robiose. Les activitds des 3 enzymes sont identiques dans les deux levures 
lorsque celles-ci ont prolif~r~ en ana~robiose. Lorsqu'elles ont prolif~rd en a6robiose, les deux levures 
pr6sentent des activit~s enzymatiques accrues, mais cette augmentation est plus prononcde chez la 
levure normale que chez la levure mutante. L'adration de suspensions non prolif~rantes de levtlre 
normale ayant  prolif6rd en ana~robiose, qui restaure l 'abilit6 respiratoire de la levure, conduit 
~galement ~ l 'augmentation de l'activit~ de l'aconitase et, ~ un moindre degr~, de la fumarase. 
Cependant, la rdcup~ration de l 'activitd totale de ces enzymes requiert une multiplication a~robie 
prolong~e. La mesure des activit~s des 3 enzymes darts les diverses fractions des broyats de levures 
sdpardes par centrifugation diff~rentielle montre qu'ils se trouvent surtout dans le liquide surnageant. 
Le r61e des enzymes dtudi~s dans le mdtabolisme de la levure est discut& 
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ZUSAMMENFASSUNG 

Die AktivitAt der E nzym e  Aconitase, Fumarase  und an D P N  gebundene isocitrische De- 
hydrogenase in normaler  B/ickereihefe und in dem Mutanten  "pet i te  colonie" wurde bei aerobem 
und anaerobem V~'achstunl untersucht .  Die Aktivit~tten der 3 Enzyme  sind nach anaerobena \Vach- 
s tum in beiden Hefen gleich. Nach aerobem W a c h s t u m  zeigen beide Hefen erh6hte Enzym-Aktivi -  
t~tten, aber diese Erh/3hung ist bei der normalen Hefe ausgesprochener  als bei dem Mutanten.  Bei 
Suspensionen nicht proliferierender normaler  Hefe, welche anaerob gewachsen war, stellt Ltiftung 
die FXhigkeit zur A t m u n g  wieder her und erh6ht  aueh die Aconitase-Aktivit~it und in geringerem 
Masse die Fumarase-Aktivi t~t .  Zur vollst~indigen Wiederherstellung der Aktivit~t dieser Enzyme ist 
aber  ein l~ingeres Wachs tum in Gegenwart  yon Sauerstoff nbtig. Die Aktivi t~t  der drei Enzyme  
wurde  in den verschiedenen Frak t ionen  von zentrifugiertem Hefebrei gemessen; hierbei zeigte sich, 
dass sich die Enzyme  bei beiden t-Iefen haupts/ichlich in der i iberstehenden Fliissigkeit vorfinden. 
Die Rolle, welche die un te r such ten  Enzyme  im Metabolismus der Here spielen, wird erbrtert .  
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