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OXIDATIVE REACTIONS IN C E L L - F R E E  YEAST EXTRACTS 

by  
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So far, it  has  been imposs ib le  to prepare  ac t ive ly  respir ing yea s t  ex t rac t s l ,  2 p robab ly  because  
y e a s t  cells are so difficult to d i s in tegra te  tha t ,  dur ing  cell rup ture ,  in tegra ted  e n z y m e  s y s t e m s  neces-  
s a ry  for resp i ra t ion  are also d is rupted .  Therefore,  resp i ra tory  m e c h a n i s m s  have  had  to be s tud ied  
in cells f rozen wi th  d ry  ice a or  l iquid air 4 to m a k e  t he  cell wall  pe rmeab le  to suspec ted  organic  acid 
in termediar ies .  

B y  us ing  a h igh ly  rap id  mechan ica l  cell d i s in tegra tor  2, we can  disrupt ,  in io sec, 35 % of the  
cells in 2 g yeas t .  The  t ime  in te rva l  be tween  the  c o m m e n c e m e n t  of d i s in tegra t ion  and  the  first 
r ead ing  on WARBURG m a n o m e t e r s  is g rea t ly  reduced,  and  we h a v e  now ob ta ined  ex t rac t s  which  
oxidise  aerobical ly  e thano l  and  subs t ances  associa ted  wi th  t he  KREBS 5 cycle. The  ox ida t ions  are ve ry  
uns tab le ,  which m a y  expla in  w h y  prev ious  workers,  us ing  m u c h  slower d i s in tegra tors  1, failed to 
p repare  respir ing ex t rac t s .  

io-sec cell-free bake r ' s  yea s t  ex t r ac t s  were prepared  in o. i  M p h o s p h a t e  buffer  p H  7.6 as 
descr ibed previously~, e. The  resp i ra t ion  of 3 ml  a l iquots  of such  ex t r ac t s  was  m e a s u r e d  in s t a n d a r d  
W a r b u r g  e q u i p m e n t  a t  3 o°. 

The  ra tes  of ox ida t ion  of va r ious  s u b s t r a t e s  by  such  ex t r ac t s  are shown  in Table  I. The  ma in  
p roduc t  of e thano l  ox ida t ion  was  aceta te .  Only  abou t  i % ethanol-i-14C was conver ted  to CO 2, and  
th is  p ropor t ion  was  no t  increased b y  addi t ion  of oxa loace ta te .  All m e m b e r s  of the  KREBS cycle 
were oxidised,  succ ina te  mos t  and  ma la t e  least  rapidly.  

3.0 ml  io-sec cell- 
4.0 ml. 

E R R A T U M  

Biochim. Biophys.Acta, 14 (1954) 154 , the heading 

of the last column of Table I should read 
Maximum 

Oo a 

. . . . . .  D 

Blank ,  aceta te ,  oxa la te  None  or DPN,  T P N  2 
Glycine,  L-aspar ta te  None 2 
F o r m a l d e h y d e  None  2 

* See footnote  for abbrev ia t ions .  

The  expec ted  p roduc t s  (Table II) were fo rmed  f rom the  var ious  acids, as de t e rmined  by  silica 
gel and  pape r  pa r t i t i on  c h r o m a t o g r a p h y  7. W e  are now conduc t ing  q u a n t i t a t i v e  ba lance  s tudies  of 
the  react ions.  
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T A B L E  II  

P R O D U C T S  OF T H E  O X I D A T I O N  OF V A R I O U S  S U B S T R A T E S  IN C E L L - F R E E  Y E A S T  E X T R A C T S  

Substrate Products 

E t h a n o l  

Ci t ra te  

a - K e t o g l u t a r a t e  

Succ ina te  

Oxa loace ta te  

Oxa loace ta te  + e thano l  

Ace ta te  ( <  i % CO~) 
(no ace ty lphospha te )  

CO 2, a -ke tog lu ta ra te ,  
succinate ,  ma la t e  

CO 2, low succinate ,  
" t r i ca rba l ly l a t e"  *, ma l a t e  

A l mos t  no CO s (unless D P N  added) ,  
ma l a t e  + f u m a r a t e  

CO s, c i t rate ,  a -ke tog lu ta ra te ,  
succinate ,  ma l a t e  

CO s (less t h a n  oxa loace ta te  alone), 
ma i n l y  ma l a t e  + f u m a r a t e  and  ace ta te  

* Th i s  is an  unident i f ied  acid which  on co l umns  coincides wi th  genuine  t r icarbal lyl ic  acid, ye t  on 
pape r s  behaves  like a dicarboxyl ic  acid. 

"~Ve a t t e m p t e d  to ob ta in  the  init ial  condensa t ion  of the  KREBS cycle by  i ncuba t ing  yea s t  ex t r ac t s  
wi th  oxa loace ta t e  p lus  e thanol ,  ace ta ldehyde ,  ace ty l  phospha t e ,  ace ta te  ± A T P *  or p y r u v a t e  ~: ATP,  
add ing  also such  co-factors  as D P N ,  T P N ,  CoA and  A5P.  In  no case could  we observe  an  oxidative 
condensa t ion .  The  ex t r ac t s  conver t ed  oxa loace ta te  alone to ci t rate ,  a -ke tog lu ta ra te ,  succinate ,  
ma la te ,  f u m a r a t e ,  p y r u v a t e ,  ace ta te  and  CO 2. W i t h  ace ta te  + A T P  as well as  oxa loace ta te ,  the  
fo rma t ion  of KREBS cycle acids  was  cons iderab ly  increased,  b u t  no oxygen  u p t a k e  was  found.  In  
our  ex t rac t s ,  coupled reduc t ions  can  t ake  t he  place of oxygen  in the  ox ida t ive  reac t ions  of the  KREBS 
cycle:  w h e n  oxa loace ta te  was  added  to ex t r ac t s  oxid is ing  e thanol ,  the re  was  an  a lmos t  immed ia t e  
r educ t ion  in O~ u p t a k e  and  a g rea t ly  increased fo rma t ion  of mala te .  

A l t h o u g h  i t  h a s  no t  been possible  to p repare  ex t r ac t s  which  comple te ly  oxidise organic  sub-  
s t r a t e s  to CO v these  yea s t  ex t r ac t s  are the  first in which  the  electron t r a n s p o r t  s y s t e m  is still largely 
preserved  and  all reac t ions  of the  KREBS cycle occur.  

The  ind iv idua l  reac t ions  be tween  c i t ra te  and  ma la t e  in our  ex t r ac t s  can  t rans fe r  e lect rons  to 
oxygen,  some of t h e m  ve ry  rapidly,  b u t  for reasons  as ye t  u n k n o w n  the  comple te  cycle is impaired .  
Our  f indings againS, ~, x0 show t h a t  t he  whole KREBS cycle is p r e sen t  in yeas t .  However ,  t he  u l t ima t e  
proof  of w h e t h e r  it  is the  ma i n  re sp i ra to ry  m e c h a n i s m  will p robab ly  have  to come f rom t racer  s tudies  
on the  incorpora t ion  of labelled glucose, p y r u v a t e  or ace ta te  into suspec ted  in termediar ies .  

The  a u t h o r  t h a n k s  the  Rockefel ler  F o u n d a t i o n  and  the  Na t iona l  Hea l t h  and  Medical Resea rch  
Council  of Aus t r a l i a  for par t ia l  suppo r t  of th i s  work, Mr. D. MORTON for t echnica l  ass i s tance  and  
the  Ef f ron t  Yeas t  Co., Melbourne,  for a weekly  gif t  of yeas t .  
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• A b b r e v i a t i o n s  used are:  A T P  for adenos ine  t r i p h o s p h a t e ;  A 5 P  for adenos ine -5 -phospha te ;  D P N  
for d iphosphopyr id ine  nuc leo t ide ;  T P N  for t r i phosphopyr id ine  nucleot ide ;  CoA for coenzyme  A. 


