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Recently,  the enzyme L - a s p a r a g i n a s e  (L-aspa rag ine  amidohydro lase  3 .5 .1 .1)  has a t t rac ted  the a t -  
tention of many  worke r s  as an ant i leukemic agent [1, 2] and immunodepressan t  [3] ; however,  the s t ruc tu re  
of this enzyme has so f a r  been l i t t le  studied. T h e r e  is information in the l i t e r a tu r e  only on some L - a s -  
pa rag tnase  inhlbi tors  of different  or igins  [4-6], without the i r  sys t ema t i c  study, although inhibitory analys is  
provides  the poss ib i l i ty  of de te rmin ing  the nature  and topochemis t ry  of the functional groupings of the a c -  
t ive  center  of the enzyme.  

The a im of the p resen t  work was to de te rmine  by the method of inhibi tory analys is  the functional 
groupings playing an impor tan t  pa r t  in the behavior  of the enzymat ic  react ion  of the L - a s p a r a g i n a s e  of E. 
coli B675. The  amino-ac id  composi t ion of the L - a s p a r a g t n a s e  of E. coli B675 is c lose  to that of the L -  
a s p a r a g i n a s e  of E. coli B [12], but d i f fers  s t rongly f r o m  that of the L - a s p a r a g i n a s e  of guinea-pig  s e r u m  
[13]. The amino-ac id  composi t ion of the L - a s p a r a g i n a s e  of E .  coli B675 is as  follows: 

Number  of amino acid Number  of amino acid 
Amino acid res idues  per  tool.  wt. Amino acid res idues  pe r  molo wt. 

of 25,000 of 25,000 

Tryptophan 2 Alanine 20.8 
Lys lne  14.2 Valine 20.2 
Histidine 2.2 Methtonine 4.0 
A r ginine 6.0 Isol euctne 8.5 
Aspa r t i c  acid 33 Leucine 16.0 
Threonine  21.2 Ty ros ine  8.2 
Serine 10.8 Phenylalanlne 6.1 
Glutamtc acid 13.6 Cyst tne  0.5 
Prol lne  8.4 Ammonia  30 
Gtyclne 19.1 

The molecule  of the enzyme L - a s p a r a g l n a s e  of E.  colI B675 has an enormous  number  of L - a s p a r t t c  
acid res idues  and, obviously (judging f rom the amount of ammonia)  a spa rag ine  r e s idues .  The amounts  of 
threonine,  alantne, and val ine a r e  also fa i r ly  la rge ,  while the amounts  of t ryptophan and htstidtne a re  smal l .  

The chemica l  modif icat ion of the prote in  pe rmi t s  an idea of the nature  of the mos t  impor tant  func-  
t ional groups in the molecule ,  and t h e r e f o r e  we have tes ted  as inhibi tors  reagen ts  specif ical ly  blocking the 
individual functional groups of the enzyme.  F igu re s  for  the inhibition of the act ivi ty  of the L - a s p a r a g i n a s e  
of E.  coll B675 a r e  given below. 
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Compound Concentra- Inhibition, 
tion, M % 

Iodoacetic acid 1.10-'2 15 
Iodoacet amide 1 - 10 -:~ 10 
o- Iodoazobenzoate 1.10 a 8 
p- Chloromercuribenzoate 1.10 -a 0 
Methylmercuribe nzoate 1-10- :~ 0 
N- Ethylmaleimide 1.10 ~ 0 
Mercaptoethanol 1 • 10 :~ 10 
Thioglycolic acid 1.1() -:~ 0 
Acetic anhydride 1- l0 a 0 
Succinic anhydride 1 • 10 3 0 
Diisopropyl phosphorofluoridate 1-10- :~ 13 
Diazotized sulfanilic acid l .I0 a 100 
1- Fluoro-2.4- dinitrobenzene 1 10 - 2  50 
Methylene Blue (with photooxidation) 70 

Methylene Blue 10 
Bromosuccinimide 1.10 -a 96 

1.10 -4 25 
1.10 -a 0 Carbodiimide (solution) 

Consequen t ly ,  such  s p e c i f i c  b l o c k i n g  agen t s  of su l fhyd ry l  g roups  as  N - e t h y l m a l e i m i d e  and m e r c a p t i d e -  
f o r m i n g  r e a g e n t s  - p - c h l o r o m e r c u r i b e n z o a t e  and m e t h y l m e r c u r y  n i t r a t e  - a r e  not i n h i b i t o r s  of the  e n z y -  
m a t i c  a c t i v i t y  of the  L - a s p a r a g i n a s e  of E.  co l i  B675. R e a g e n t s  a l k y l a t i n g  s u l f h y d r y l  g roups  ( i odoace t i c  
ac id ,  i o d o a c e t a m i d e )  o r  o x i d i z i n g  t h e m  (cys t ine ,  o - i o d o a z o b e n z o a t e )  a r e  l e s s  s p e c i f i c ,  s i n c e  they  r e a c t  p a r -  
t i a l l y  with me th ion ine  and h i s t i d i n e  [14]. T h e s e  r e a g e n t s  give a s l igh t  d e c r e a s e  in e n z y m a t i c  a c t i v i t y .  

Since a f t e r  the  b l o c k i n g  of s u l f h y d r y l  g roups  by d i f f e r e n t  m o r e - o r - l e s s  s p e c i f i c  r e a g e n t s  the  e n z y -  
m a t i c  a c t i v i t y  is  r e t a i n e d ,  s u l f h y d r y l  g roups  p l ay  no fundamen ta l  r o l e  in the  c o u r s e  of the  e n z y m a t i c  r e a c -  
t ion .  

It i s  i n t e r e s t i n g  to  o b s e r v e  tha t  the  L - a s p a r a g i n a s e  of g u i n e a - p i g  s e r u m  is  inh ib i t ed  by p - c h l o r o -  
m e r c u r i s u l f o n a t e  (to the  ex ten t  of 56%) but  is  not  inh ib i t ed  by  N - e t h y l m a l e i m i d e  [6]. D i su l f i de  g roups  o b -  
v i o u s l y  do not f o r m  p a r t  of the  a c t i v e  c e n t e r  of the  enzyme ,  s i n c e  m e r c a p t o e t h a n o l  and t h i o g l y c o l i c  ac id  do 
not  s u p p r e s s  the  a c t i v i t y  of the  L - a s p a r a g i n a s e  of E .  eo l i  B675. 

The  r e s u l t s  ob ta ined  in the  e x p e r i m e n t s  wi th  a c e t i c  a n h y d r i d e  (it does  not inh ib i t  the  L - a s p a r a g i n a s e  
ac t iv i ty )  m a k e  the  p a r t i c i p a t i o n  of a m i n o  g roups  in the  ac t i on  of the  e n z y m e  u n l i k e l y .  Even  a f t e r  p a r t i a l  
d e a m i n a t i o n  the  e n z y m e  r e t a i n s  i t s  a c t i v i t y  [15]o The  h y d r o x y  g roups  of s e r i n e  and t h r e o n i n e ,  which  a r e  
bound by  d i i s o p r o p y l  p h o s p h o r o f l u o r i d a t e  a r e  p r o b a b l y  of no i m p o r t a n c e  fo r  the  c a t a l y t i c  ac t ion  of the  e n -  

z y m e ,  e i t h e r .  

Iodine,  1 - f l u o r o - 2 , 4 - d i n i t r o b e n z e n e ,  d i a z o t i z e d  s u l f a n i l i c  ac id ,  and a l s o  pho toox ida t ion  in the  p r e s -  
ence  of Methy lene  Blue l e a d  to  the  i n a c t i v a t i o n  of the  e n z y m e .  Consequen t ly ,  the  phenol  and i m i d a z o l e  
g roup ings  of t y r o s i n e  and h i s t i d ine ,  r e s p e c t i v e l y ,  a r e  p r e s e n t  in the  c a t a l y t i c  s e c t i o n  of the  e n z y m e  L -  
a s p a r a g i n a s e  f r o m  E.  co l i  B675. 

E X P E  R I M E  N T A L  

I s o l a t i o n  and P u r i f i c a t i o n  of the  L - A s p a r a ~ i n a s e .  The  e x p e r i m e n t s  w e r e  p e r f o r m e d  with h igh ly  p u r i -  
f i ed  E.  co l i  B675 L - a s p a r a g i n a s e  ob ta ined  by a me thod  p r o p o s e d  by us p r e v i o u s l y  [7] and p u r i f i e d  by 
R o b e r t s '  me thod  [8]. T h e  s p e c i f i c  a c t i v i t y  of the  e n z y m e  was  ~ 250 I U / m g  of p r o t e i n .  

A m i n o - A c i d  C o m p o s i t i o n .  The  a m i n o - a c i d  a n a l y s i s  was  p e r f o r m e d  as  d e s c r i b e d  by  M o o r e  and Stein 
[9]. S a m p l e s  of d r y  l y o p h i l i z e d  L - a s p a r a g i n a s e  (10-15 mg) w e r e  h y d r o l y z e d  with 6 N h y d r o c h l o r i c  a c id  fo r  
22, 48, and 72 h.  T h e t r y p t o p h a n  was  d e t e r m i n e d  a f t e r  a l k a l i n e  h y d r o l y s i s  by S p i e s '  me thod  [10]° The  a m i -  
n o - a c i d  c o m p o s i t i o n  was  d e t e r m i n e d  on a " B i o - C a l "  BC-200 a u t o m a t i c  a m i n o - a c i d  a n a l y z e r .  

I n v e s t i g a t i o n  of I nh ib i t o ry  P r o p e r t i e s .  The  s a m p l e s  con ta ined  0.1 ml  of e n z y m e  so lu t ion  (~ 10 IU of 
E .  co l i  B675 L - a s p a r a g i n a s e )  s t a b i l i z e d  with 0.1~c of a l b u m i n  in 0.03 M t r i s - H C l  buf fe r ,  pH 8.6, and 0.6 ml  
of the  s u b s t r a t e  - a 0.04 M so lu t ion  of L - a s p a r a g i n e  in the  s a m e  bu f f e r  ; the  so lu t i ons  of the  i n h i b i t o r s  and 
the  bu f f e r  so lu t ion  w e r e  m a d e  up to a f ina l  v o l u m e  of 1.8 mlo 

P r e i n c u b a t i o n  of the  e n z y m e  with the  i n h i b i t o r  fo r  30 ra in  (with the  excep t ion  of 1 - f l u o r o - 2 , 4 - d i n i t r o -  
benzene ,  fo r  which i t  was  3 h) ; incuba t ion  of the  r e a c t i o n  m i x t u r e  with the  s u b s t r a t e  at  37°C for  15 m i n .  
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The enzymatic  react ion was stopped by the addition of TCA at 0°C to a final concentrat ion of 5%. The 
activity of the enzyme was de termined by the d i rec t  Ness ler iza t ion  of the react ion product - ammonia [11]. 

SUMMA RY 

Some functional groups in the active center of the enzyme L-asparaginase have been studied by the 
method of inhibitory analysis. 

It has been established that the phenol groups of the tyroslne residues and the imidazole groups of 
the histldine residues are important for the occurrence of the enzymatic reaction. 

The blocking of sulfhydryl, disulfide, and amino groups, and also of the hydroxy groups of serine and 
threonine, does not suppress the enzymatic activity. 
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