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of a d i v a l e n t  ca t ion  does not,  however ,  appea r  to  be of i m p o r t a n c e  in s tud ies  of th i s  k ind  wi th  i n t a c t  
red cells. 
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The aconitase of Aspergillus niger" 
JACOBSOHN et al. 1 sugges ted  t h a t  acon i tase  m a y  cons is t  of two enzymes,  one c a t a l y z i n g  the  

reac t ion  c i t r a t e  ~-  cis-aconitate and the  o ther  cis-aconitate ~ isocitrate. BUCHANAN AND ANFINSEN ~, 
however,  ob t a ined  a 23-fold pur i f i ca t ion  of acon i tase  w i t h  a r e l a t i ve ly  c o n s t a n t  r a t i o  of c i t r ic  acid 
to  isocitric acid be ing  formed f rom cis-aconitic acid t h r o u g h o u t  the  process. I n  cont ras t ,  RACKER a 
r epor t ed  t h a t  an isocitrase-citrase r a t io  in  crude h e a r t  e x t r a c t s  of 2. i, changed  to 7.5 upon  pur i f i ca t ion  
of the  p repa ra t ions .  In  his  rev iew of the  l i t e r a tu r e  on aconi tase ,  OCHOA 4 concluded  t h a t  the  ev idence  
to da te  sugges ted  t h a t  only  one enzyme  was  respons ib le  for the  equ i l i b r ium be tween  c i t ra te ,  cis- 
acon i t a t e  and  isocitrate. 

P r e l i m i n a r y  s tud ies  w i t h  e x t r a c t s  of Aspergillus niger i nd ica te  t h a t  the  acon i tase  sy s t em in 
th i s  mic roo rgan i sm is made  up of a t  l eas t  two  enzymes.  In  the  e x p e r i m e n t s  u n d e r t a k e n  c i t r ic  acid 
was d e t e r m i n e d  by  a modi f ica t ion  of the  n le thod  of NATELSON et al. 5 and  d-isocitric acid by  the  
isocitric dehydrogenase  m e t h o d  of OCHOA °. The pro te in  c o n t en t  of the  purif ied enzyme  e x t r a c t s  was  
ca l cu la t ed  from the  opt ica l  de ns i t y  observed  a t  280 and  260 mlt in  a model  DU spec t ropho tome te r .  
All enzyme  f r ac t iona t ions  were car r ied  out  in the  cold. Crude enzyme  e x t r a c t s  were p repared  by  
sonic d i s in t eg ra t i on  of the  washed  myce l iun l  f rom 24-hour  cu l tu res  of Aspergillus niger (72--4) grown 
on a r o t a r y  shake r  in the  m e d i u m  of MARTIN 7. 20 mg of cys te ine  were added,  pr ior  to  d i s in tegra t ion ,  
for each ioo  ml  of myce l i a l  suspension.  The crude sonica te  was  cen t r i fuged  a t  14,ooo r .p.m, and 
solid a m m o n i u m  sulfa te  added  to  the  s u p e r n a t a n t  to g ive  0.25 sa tu ra t ion .  After  cen t r i fuga t ion ,  the  
s e d i m e n t  was  d i sca rded  and a m m o n i u m  sul fa te  added  to  the  s u p e r n a t a n t  to  0.75 sa tu ra t ion .  The 
prec ip i ta te ,  a f ter  cen t r i fuga t ion ,  was suspended  in 3/1/lOO p h o s p h a t e  buffer (pH 7-4), the  p H  adjustecl  
to 7-4, and  the  so lu t ion  d ia lyzed  a ga in s t  the  same buffer to  which abou t  5 nag of cys te ine  per  l i te r  
had been added.  A p r o t a m i n e  sul fa te  so lu t ion  (20 mg/ml)  was  added  to  the  d i a ly sa t e  un t i l  the  r a t io  
of abso rp t ion  a t  280 to  t h a t  a t  260 In/t reached  0.63. The m i x t u r e  was then  d ia lyzed  as prev ious ly .  
Af ter  dialysis ,  the  ra t io  a t  28o : 260 m #  was  0.82. The d i a ly sa t e  was  then  t r e a t e d  wi th  solid a m m o n i u m  
sul fa te  to g ive  th ree  successive f rac t ions  w i t h  0.42, 0.55 and  0.75 s a t u r a t i o n  respec t ive ly .  Each  
p rec ip i t a t e  was  suspended  in  buffer and  dia lyzed.  The ra t io  of c i t r ic  acid to  isocitric acid as produced  
by  the  enzyme  complex  was  d e t e r m i n e d  on each of the  f rac t ions  as follows: 0.o 5 2ll t r i s  buffer 
(pH 7.4), enzyme  solut ion,  I. 5 /~moles  cis-aconitate and  w a t e r  to r.o ml wf lnme were i n c u b a t e d  in 
a smal l  p y r e x  tes t  t ube  a t  3 ° °  C in a w a t e r  ba th .  The reac t ion  was  s t a r t ed  by  the  add i t ion  of the  
cis-aconitate af ter  the  n l i x tu re  had  reached 3 ° °  C. 0. 5 ml  a l iquo t s  were r emoved  a t  the  desired t imes,  
usua l ly  1o and 20 or 20 and  4 ° m inu t e s  and  each was  added  to  o.15 vo lumes  of 0. 4 31 ace t a t e  buffer 
(pH 3.8). The m i x t u r e  was hea ted  in boi l ing w a t e r  to  p rec ip i t a t e  the  prote in ,  cooled and  then  cen- 
t r i fuged.  The s u p e r n a t a n t  was  ad jus t ed  to  p H  7.4 w i t h  KOH.  The c i t r ic  acid and  isocitric acid 
con t en t  of the s u p e r n a t a n t  was de te rmined .  The resul t s  for the  20 m i n u t e  i n c u b a t i o n  per iod are 
g iven  in Table  I. A reac t ion  m i x t u r e  minus  cis-aconitate served as an endogenous  cont ro l  and  all 
resu l t s  are correc ted  in th i s  respect .  

Since the  ra t io  of c i t r ic  acid to isocitric acid formed by  the  enzyme  solut ion,  decreased m a r k e d l y  
as the  degree of s a t u r a t i o n  wi th  a m m o n i u n l  sul fa te  was increased,  fu r the r  f r ac t iona t ion  was  under -  
taken .  The solu t ion  of the  o.55-o.75 f rac t ion  was  b r o u g h t  to o.6o and t h e n  o.75 s a t u r a t i o n  wi th  solid 
a n l m o n i u m  sulfate,  the  respec t ive  p r ec ip i t a t e s  were cent r i fuged,  suspended  in buffer and  d ia lyzed.  
The ab i l i t y  to form ci t r ic  and  isocitric acids  from cis-aconitate was then  d e t e r m i n e d  on each fract ion.  
.,ks m a y  be seen in Table  I, the  ra t io  of c i t r ic  to  isocitric acids  formed by  the  new f rac t ions  was lower  
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t h a n  t h a t  for t he  e n z y m e  s o l u t i o n  before  t h e  r e - c u t t i n g  p r o c e d u r e ,  b u t  a d i f fe rence  in  r a t i o  was  n o t  
o b s e r v e d  b e t w e e n  t h e  new f rac t ious .  

T . k B I . E  l 

FRACT10NATION \VITH SOLID AMMONIUM SULFATE 

I~al flroduct mg enzyme protein'2o mt~ 
Fraclion Citrate lsocilrate 

('itrate Isocitrah' 

o 0 .42  o . 0 2 I  O.Ol 28 4 8 . 5  

o .42 -o .55  o.997 o.o478 2o.3 
0.55 -o.75 o.OJ 7 0.237 2.(, 
0 . 5 5 - 0 . 0 0  o. t 84 o . l  0{} t. 25 
o .6o -o .75  o.4o 4 0 . 2 8 3  1.43 

In  a f u r t h e r  a t t e m p t  to  s e p a r a t e  t h e  e n z y m e s ,  t h e  o o.42 a n d  t h e  0.42 0.55 f r a c t i o n s  were  
c o m b i n e d  a n d  t h i s  s o l u t i ( m  w a s  d i v i d e d  i n t o  t h r e e  f r a c t i o n s  b y  t h e  a d d i t i o n  of s a t u r a t e d  a l k a l i n e  
a m m o n i u m  s u l f a t e  ( pH  7.5) t o  g i v e  o.35 , o.42 a n d  o.55 s a t u r a t i o n  r e s p e c t i v e l y .  The  p r e c i p i t a t e s  
were  c e n t r i f u g e d ,  d i s s o l v e d  in  buffer ,  a n d  d i a l y z e d  a n d  t h e  a b i l i t y  to  fo rm c i t r i c  a n d  i soc i t r i c  ac id s  
w a s  t h e n  d e t e r m i n e d  on  e a c h  p o r t i o n .  As  s h o w n  in T a b l e  I I ,  t h e  o o.35 f r a c t i o n  of t h e  e n z y m e  
n l i x t u r e  g a v e  a r a t i o  of c i t r i c  a c i d  t o  {soci t r ic  a c i d  of 3oo, w h e r e a s ,  t he  0.42 o.55 f r a c t i o n  p r o d u c e d  
a r a t i o  of 4.65.  

T A B L E  I f  

FRACTIONATION "~VITtt ALKALINE AMMONIL'M SULFATE 

It.~l product/rag enzyme protein:2o rain 
Fraction ('itrate/ lsocitmte 

Citrale Isocitrate 

0 0 , 5 5  0 . 8 4 5  o . o  I ~3 4 ().2 
(before  f r a c t i o n a t i o n )  

o 0.35 0.595 o.oo I (} 313.o 
o .35-o .4- '  0.975 0 .0048 2o4.o 
0.42 0.55 o.2o9 0.045 4.05 

I)ICKMAN AN[) CLOUTIER o b s e r v e d  t h a t  l"e ~ + ions  a n d  a r e d u c i n g  a g e n t  such  as c y s t e i n e  h a d  
a n  a c t i v a t i n g  as  wel l  as  s t a b i l i z i n g  effect  u p o n  p i g  h e a r t  a c o n i t a s e .  \Vhen  s i m i l a r  c o n c e n t r a t i o n s  ol  
ICe ++ a n d  c y s t e i n e  were  a d d e d  to  t h e  a c o n i t a s e  of Aspergil lus niger, o n l y  s l i g h t  s t i m u l a t i o n  of a c t i v i t y  
was  found .  I t  m u s t  be no t ed ,  h o w e v e r ,  t h a t  D I C K M A N  AND CLOUTIER s u s p e n d e d  t h e i r  e n z y m e  in 
w a t e r ,  w h e r e a s  t h e  e n z y m e  of A.  lliger w a s  d i s s o l v e d  in  d i l u t e  p h o s p h a t e  buffer .  

The  d a t a  p r e s e n t e d  in  T a b l e s  I a n d  I f  s h o w  t h a t  t h e  r e a c t i o n  c i t r a t e  @ cis-aconitate ~ isocitrate 
m a y  l)e s e p a r a t e d  i n t o  t w o  c o m p o n e n t s  b y  a m m o n i u m  s u l f a t e  f r a c t i o n a t i o n  a n d  i n d i c a t e  t h a t  t he  
a c o n i t a s e  of Aspergil lus niger is  i n a d e  up  of a t  l e a s t  t w o  e n z y m e s .  
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