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Baker's-yeast fumarase, a thiol enzyme 
The presence of fumarase  in bakers '  yeast  (Saccharomyces  cerevisiae) was repor ted in 1952 by 
KREBS et aL 1 and HIRSCH 2. In compar ison with o ther  fumarases ,  like the hear t -muscle  enzyme, 
baker ' s -yeas t  fumarase  has been little studied, perhaps  because it is difficult to obta in  soluble. 
Only the  mechanical  disintegrat ion of the yeast  cellsZ,3, 4 has yielded cell-free fumarase  prepara-  
tions, b u t  this  procedure is not  very  suitable on a large scale. The fact observed in this l abora tory  
t h a t  fumarase  can be easily extracted f rom baker ' s  yeast  dried wi th  acetone has  allowed a part ial  
purification of the  enzyme and the  s tudy  of some of its properties.  

The extract ion and purification procedures  were as follows. Baker ' s  yeast  acetone powder  5 was 
suspended wi th  the  War ing  blendor in 0.092 M po tass ium phospha te  and left to  autolyse for 
4-5 days  at  4 ° and p H  7.0-7.5. The insoluble residue was  spun  off in the cold and the superna tan t ,  
which contained the  activity,  was  clarified by  t r ea tmen t  wi th  calcium phospha te  gel. After 
centrifugation,  fumarase  was  precipi tated at p H  7.0 wi th  a m m o n i u m  sulphate  between 0.40 0.60 
sa tura t ion,  dialysed and precipi tated wi th  acetone between 38 and 45 % (v/v) at  p H  7.0 and 4 °. 
The active fraction was  reprecipi tated at  p H  8.0 wi th  a m m o n i u m  sulphate  between 0.52-0.56 
sa tura t ion  and  dialysed against  o.oi  3~ r phospha te  buffer, p H  7.0. This p repara t ion  had a specific 
act ivi ty abou t  IO t imes t h a t  of the original ex t rac t  and was  used in mos t  of the exper iments  
summar ized  in this  communicat ion.  The enzyme act ivi ty  was  measured  by  a method  based on the  
pe rmangan imet r i c  technique of LAKI AND LAKI ~, or spect rophotometr ica l ly  (RACKERT). 

In  cont ras t  wi th  other  fumarases  (c[. MASSEY8), baker ' s -yeas t  fumarase  is s t rongly dependent  
on thiol groups  as shown by its inhibit ion by  small concentra t ions  of different selective - S H  
reagents,  viz.  an arsenical (3-melaminyl-phenylarsenoxide:  melarsen) ,  an oxidant  (o-iodoso- 
benzoate) and mercapt ide-forming agents  (p-chloromercuribenzoate and Ag+). The mercaptide-  
forming agents  acted more  rapidly and in lower concentrat ions,  e.g. full inhibi t ion was obta ined in 
I rain wi th  4.o. lO -5 M p-chloromercuribenzoate,  whereas  a Io- t imes higher  concentra t ion  and 
30-6o min incubat ion  were required to produce the  same effect wi th  the  arsenical or the oxidant.  
Ag + was  even more effective t han  p-chloromercuribenzoate.  The inhibit ion wi th  p-chloromer-  
curibenzoate is completely reversible as i .o.  lO -5 M cysteine restores the  original act ivi ty  of an 
enzyme prepara t ion  inhibited 68 % wi th  2.0. lO -5 M mercurial  compound.  The remarkable  fact 
t ha t  a compara t ive ly  small a m o u n t  of -SI-I  is able completely to act ivate  the  inhibi ted enzyme 
suggests  t h a t  the  fumarase  mercapt ide  is more dissociable t han  the  mercapt ides  of the  prote in  
impuri t ies  present  in the enzyme preparat ion.  

The thiol groups are probably  in the  enzyme active aroa, since they  are protected by  the  
subst ra tes ,  fumara te  and l-malate (Table I). Wi th  p-chloromercur ibenzoate  as inhibitor,  a 50 % 
protec t ion  can be obtained wi th  0. 4 m M  fumarate ,  which is t he  same as the  Michaelis cons tan t  at 

T A B L E  I 

PROTECTION OF THIOL GROUPS OF BAKER'S-YEAST FUMARASE WITH SUBSTRATES AND PHOSPHATE 

Enzyme dissolved in 2.o ml (Expt. B) or 3.5 ml (Expt. A) o.ol-o.ool M tris(hydroxymethyl)- 
aminomethane buffer (according to the Expt.), pH 7.o, and treated at 3 °0 with additions as shown, 
the time stated in each case. After dilution to 4.o ml with tris(hydroxymethyl)aminomethane- 
fumara te  (pH 7.0, final concentrat ion,  0.025 M), fumarase  act ivi ty  was  measured at  30 °, by  the  
consumpt ion  of fumara te  in 5 min. All the inhibit ions are calculated in relation to the  corresponding 
controls. Percentage protect ion (P) calculated by  the  equat ion  -P = (I tr  - -  I~,  tr) l l t r  where I , r  is 
the  inhibit ion (%) of fumara te  by  the  thiol reagent  alone and I~ ,  tr the inhibi t ion (%) of fumarase  

t rea ted  wi th  protec tor  and thiol reagent.  

Duration Inhibition Protection 
Expt. Thiol reagent o/previous (itr) Fumarase protector (P) incubation 

(min) (%) (%) 

A o.5o m M  M e l a r s e n *  i i  24 
B o.5o m M  M e l a r s e n  6o 71 
A o.25 m M  M e l a r s e n  3 ° 95 
A 0.50 m M  o-Iodosobenzoate  i i 48 
B 0.50 m M  o-Iodosobenzoate  3 ° 61 
A o.2o mlV/o-Iodosobenzoate  3 ° 81 
A 0.02 m M  p-Chloromercur ibenzoate  5 87 
B 0.03 m M  p-Chloromercur ibenzoate  5 87 
B o.o 3 m M  p-Chloromercur ibenzoate  3 ° 96 

25 m M  F u m a r a t e  79 
i m M  l-Malate 45 

i i o  m M  Phospha te  87 
25 m M  F u m a r a t e  ioo 

i m M  1-Malate 61 
i i o  m M  Phospha te  95 

25 m M  F u m a r a t e  90 
i m M / - M a l a t e  52 

i i o m M  Phospha te  17 

* M e l a r s e n :  3-melaminyl-phenylarsenoxide.  
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low c o n c e n t r a t i o n s  of f u m a r a t e  a n d  p h o s p h a t e  (Table II). Th i s  a g r e e m e n t  be tween  t h e  concen t r a -  
t i ons  nece s sa ry  for t h e  p ro tec t ion  effect a n d  for t h e  f o r m a t i o n  of t he  e n z y m e - s u b s t r a t e  c o m p o u n d  
is s t r o n g  ev idence  in s u p p o r t  of  t h e  loca t ion  of t h e  - S H  g roups  in t h e  e n z y m e  ac t ive  si te .  

P h o s p h a t e  ions  also p ro t ec t  t h e  f u m a r a s e  - S H  groups ,  o . i  M P h o s p h a t e  d imin i she s  s t r o n g l y  
t h e  ac t ion  of melarsen a n d  o- iodosobenzoate ,  t h e  p ro tec t ion  be ing  i n d e p e n d e n t  of i on i c - s t r eng th  
effects. On  t h e  o t he r  hand ,  p h o s p h a t e  ions  h a v e  m u c h  less effect on t h e  inh ib i t ion  w i th  p-chloro-  
mercu r ibenzoa t e ,  even  if t h i s  is u sed  in  concen t r a t i ons  p r o d u c i n g  s u b m a x i m a l  inh ib i t ion  (Table I). 
T h e  ac t i on  of p h o s p h a t e  ions  can  be  a c c o u n t e d  for t he  e n z y m e  kinet ics .  I n  fact ,  t h e  Michael is  
c o n s t a n t  (Kin) a n d  t h e  a p p a r e n t  m a x i m a l  ve loc i ty  (Vm) of f u m a r a t e  h y d r a t i o n  d e p e n d  on t h e  
c o n c e n t r a t i o n  of p h o s p h a t e  a n d  f u m a r a t e  (Table II). P h o s p h a t e  ions  increase  t h e  a p p a r e n t  m a x i m a l  
ve loc i ty  of  t h e  r eac t ion  (Vm) b u t  s i m u l t a n e o u s l y  decrease  t h e  a p p a r e n t  concen t r a t i on  of t h e  ac t ive  
e n z y m e - f u m a r a t e  c o m p o u n d  (Kin increases) .  At  s t r ong  p h o s p h a t e  c o n c e n t r a t i o n  t h e  ac t ion  on  Km 
becomes  d o m i n a n t  a n d  t he r e  is a re la t ive  inhib i t ion .  Th i s  impl ies  t h a t  p h o s p h a t e ,  in compe t i t i on  
wi th  f u m a r a t e ,  c o m b i n e s  w i t h  t he  e n z y m e  ac t ive  a rea  wh ich  con t a in s  t h e  essent ia l  - S H  groups .  

T A B L E  II  

EFFECT OF FUMARATE AND PHOSPHATE ON THE KINETICS OF BAKER'S-YEAST FUMARASE 

E n z y m e  a c t i v i t y  m e a s u r e d  spec t ropho t ome t r i c a l l y  v, in t h e  presence  of s o d i u m  f u m a r a t e  and  
p h o s p h a t e  buffer ,  p H  7.o. T e m p .  20 °. 

Pkospkate Fumarate K m V ra 
(raM) (raM) (raM) (xo-* rain -t) 

IO 2 .22-4 .oo  0.40 15.8 
IO 6.66--2o.o 7.2o 35.5 

IOO 2.22-2o.o  4o.o 12o 

I n  spi te  of t h e  a p p a r e n t  di f ferences  in regard  to  t h e  role of t h e  th iol  groups ,  b a k e r ' s - y e a s t  
f u m a r a s e  h a s  severa l  p roper t i e s  in c o m m o n  wi t h  o the r  f u m a r a s e s  special ly  t h a t  of  h e a r t  musc le  8-11. 
(i) I t  qa ta lyses  f u m a r a t e  h y d r a t i o n  to  a n  equ i l ib r ium pos i t ion  w i th  an  a p p a r e n t  K of a b o u t  3.8. 
(2) I n  absence  of e lec t ro ly tes  o t he r  t h a n  t h e  s u b s t r a t e ,  t h e  op t ima l  a c t i v i t y  is a t  p H  6. 3. (3) H a l o g e n  
ions  inhibi t ,  and  p h o s p h a t e  a n d  a r s e n a t e  s t i m u l a t e  t h e  e n z y m e  ac t iv i ty .  (4) Above  a c o n c e n t r a t i o n  
of 4.0 mM, f u m a r a t e  is an  e n z y m e  ac t i va t o r  w h e n  t h e  p h o s p h a t e  c o n c e n t r a t i o n  is low. 
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