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Binding Sites in the Active Center of Glutamic -  
Aspart ic  T r a n s a m i n a s e  

C o m b i n a t i o n  of  s u b s t r a t e s  o r  i n h i b i t o r s  w i t h  g l u t a m i c -  
a s p a r t i c  t r a n s a m i n a s e  c a n  b e  s t u d i e d  b y  m e a s u r i n g  t h e i r  
e f f e c t i v e n e s s  as  s u b s t r a t e s  o r  i n h i b i t o r s  in  t r a n s a m i n a t i o n  
a n d  a lso  b y  t h e i r  e f f e c t s  o n  t h e  a b s o r p t i o n  s p e c t r u m  of  t h e  
e n z y m e L  P r e v i o u s  s t u d i e s  w i t h  k e t o  s u b s t r a t e s  a n d  di-  
c a r b o x y l i c  a c i d  a n a l o g  i n h i b i t o r s  2,a h a v e  s h o w n  t h a t  for  
b i n d i n g  to  t h e  a c t i v e  c e n t e r  of  t r a n s a m i n a s e  a c o m p o u n d  
s h o u l d  h a v e  t w o  c a r b o x y l  g r o u p s  in  cis p o s i t i o n  s e p a r a t e d  
b y  m o r e  t h a n  o n e  a n d  less  t h a n  f ive  c a r b o n  a t o m s .  A m i n o  
s u b s t r a t e s  a l so  r e a c t  w i t h  t h e  e n z y m e  a n d  c h a n g e  i t s  
s p e c t r u m  4. I n  t h e  p r e s e n t  i n v e s t i g a t i o n  w e  h a v e  m e a s u r e d  
t h e  a b i l i t y  o f  a m i n o  c o m p o u n d  a n a l o g s  of  a m i n o  s u b -  
s t r a t e s  to  a c t  a s  s u b s t r a t e s  o r  i n h i b i t o r s  o f  t h e  t r a n s a m i n a -  
t i o n  r e a c t i o n .  A t  t h e  s a m e  t i m e  t h e i r  e f f e c t s  o n  t h e  e n z y m e  
s p e c t r u m  w e r e  m e a s u r e d .  A n  a t t e m p t  w a s  t h e n  m a d e  to  
c o r r e l a t e  c h e m i c a l  s t r u c t u r e  w i t h  r e a c t i v i t y  in  t h e  t r a n s -  
a m i n a s e  s y s t e m .  T r a n s a m i n a s e  a c t i v i t y  w a s  m e a s u r e d  b y  
t h e  d e t e r m i n a t i o n  of  t h e  C ~ 4 - g l u t a m a t e  f o r m e d  in  1 h a t  
37 ° a f t e r  a d d i t i o n  o f  C14-c~-ke tog lu ta ra te  t o  a s o l u t i o n  of 
a s p a r t a t e  a n d  e n z y m e .  T h e  C 1 4 - g l u t a m a t e  f o r m e d  w a s  
m e a s u r e d  b y  i t s  r a d i o a c t i v i t y  a n d  t h e  i n t e n s i t y  o f  i t s  
co lo r  w i t h  n i n h y d r i n  a f t e r  s e p a r a t i o n  o f  t h e  r e a c t i o n  m i x -  

In cohmm I is shown the transamination of the analogs with CI4-~X - 
ketoglutarate as measured by C14-glutamate formed; in cohlmn II, 
their effect on the transaininase spectrum; and in column III ,  their 

behavior as inhibitors ~ 

Amino acid C 14- Increase in hflfibition of 
glutamate absorption transaminase 
formed (333 m[t) % 
(/~moles) 

L-aspartate 0.31 0.3~20 
L-asparagine 0.02 0.020 '20 
Erythro-DL-fl- 
hydroxyaspar  tate 0.4'2 b 90 
Threo-nL-fl- 
hydroxyaspar ta te  0.02 0.090 10 
~-methyl-DL-aspartate -- b 50 
fl-methylaspartate 0.,11 0.120 40 
fl-fl-dimethylaspar t ate - 
Glycyl-L-aspartate 
L-glutamate 0.34 0.390 70 
~-methyl-DL-glutamatc 
L-isoglutamine - 
Glyeyl-L-glutamate - - - 
L-cysteine sulfinate 0.7'2 1.I00 95 
L-cysteate 0.18 0.'280 40 
~-Aminomalonate 
L-a-aminobutyrate - -- -- 
L-c~-aminoadipate 0.22 0.270 18 
nL-~-aminopiinelate 0.01 0.1~0 5 

t u r e  b y  p a p e r  e l e c t r o p h o r e s i s  (1000 V, 80 m A ) .  R a d i o -  
a c t i v i t y  w a s  m e a s u r e d  b y  s c a n n i n g  t h e  p a p e r  s t r i p  w i t h  a 
low b a c k g r o u n d  a u t o s c a n n e r ,  M o d e l  880 ( V a n g u a r d  In -  
s t r u m e n t  C o m p a n y ) .  

C e r t a i n  c o n c l u s i o n s  r e l a t i n g  c h e m i c a l  s t r u c t u r e  of  
a m i n o  c o m p o u n d s  to  t h e i r  e f f e c t i v e n e s s  a s  s u b s t r a t e s  or  
i n h i b i t o r s  of  t h e  t r a n s a m i n a t i o n  r e a c t i o n  a n d  to  t h e i r  in-  
f l u e n c e  o n  t h e  e n z y m e  s p e c t r u m  c a n  b~ d r a w n  f r o m  t h e  
T a b l e .  T h e  s ize  of  t h e  m o l e c u l e  is  c r i t i c a l  fo r  al l  e f f ec t s  
a n d  is o p t i m a l  for  f o u r  to  f ive  c a r b o n  a t o m s .  A m i n o -  
m a l o n a t e  is n e i t h e r  a s u b s t r a t e  n o r  i n h i b i t o r  n o r  d o e s  i t  
i n f l u e n c e  t h e  e n z y m e  s p e c t r u m .  A t  t h e  o p p o s i t e  e x t r e m e ,  
~ - a m i n o p i m e l a t e  is a v e r y  p o o r  s u b s t r a t e  a n d  i n h i b i t o r  
a n d  h a s  a s m a l l  e f f e c t  o n  t h e  s p e c t r u m ,  a - A m i n o a d i p a t e  
is  a f a i r  s u b s t r a t e ,  a g o o d  i n h i b i t o r ,  a n d  is f a i r l y  a c t i v e  
in  p r o d u c i n g  a s p e c t r a l  c h a n g e .  T h e  i n d i s p e n s a b l e  role  
p l a y e d  b y  t h e  t w o  c a r b o x y l  g r o u p s  o f  a s p a r t a t e  o r  g lu -  
t a m a t e  o r  o t h e r  a n a l o g s  c a n  be  s e e n  f r o m  s t u d i e s  m a d e  
w i t h  d e r i v a t i v e s  s u c h  as  a s p a r a g i n e ,  i s o g l u t a m i n e ,  ~- 
a m i n o b u t y r a t e  a n d  a s p a r t i c  a c id  d i e t h y l e s t e r ,  w h i c h  a re  
n o t  s u b s t r a t e s  a n d  do  n o t  i n f l u e n c e  t h e  e n z y m e  s p e c t r u m  
(Tab le ) .  A n y  g r o u p  w i t h  a n  a c i d i t y  e q u i v a l e n t  t o  a ca r -  
b o x y l  g r o u p  f u n c t i o n s  as  wel l  a s  a c a r b o x y l  g r o u p  (L- 
c y s t e i n e  s u l f i n a t e  a n d  L - c y s t e a t e ,  T a b l e ) .  

I t  a p p e a r s  t h a t  a n  a m i n o  s u b s t r a t e  b i n d s  t o  t h e  a c t i v e  
c e n t e r  b y  i t s  t w o  c a r b o x y l  g r o u p s .  T h e s e  s h o u l d  be  
s e p a r a t e d  b y  m o r e  t h a n  o n e  a n d  less  t h a n  f ive  c a r b o n  
a t o m s  ( t h r e e  s e e m s  to  be  o p t i m a l ) .  I n  a d d i t i o n ,  a m i n o  
s u b s t r a t e s  s h o u l d  h a v e  a v a i l a b l e  fo r  b i n d i n g :  (1) h y d r o g e n  
of  t h e  a m i n o  g r o u p  ( n e g a t i v e  r e s u l t s  for  b i n d i n g  a n d  in-  
h i b i t i o n  b y  g l y c y l - L - a s p a r t a t e  a n d  g l y c y l - L - g l u t a m a t e ,  
T a b l e )  ; (2) h y d r o g e n  in  t h e  a - p o s i t i o n  ( fa i lu re  o f  a - m e t h y l  
a s p a r t a t e  a n d  e - m e t h y l  g l u t a m a t e  t o  a c t  a s  s u b s t r a t e s ) ;  
a n d  (3) h y d r o g e n  in  t h e  f l -pos i t i on  ( d i f f e r e n c e  in  b e h a v i o r  
o f  t h e  d e r i v a t i v e s  of  f l - h y d r o x y a s p a r t a t e  a n d  f i - m e t h y l -  
a s p a r t a t e  a n d  fl,//-dimethylaspartate). T h e  i n h i b i t i o n  o f  
t h e  t r a n s a m i n a t i o n  r e a c t i o n  b y  t h e s e  a m i n o  s u b s t r a t e  
a n a l o g s  s u g g e s t s  t h a t  t h e  s a m e  s i t e s  a r e  i n v o l v e d  ill t h e  
b i n d i n g  o f  t h e s e  c o m p o u n d s  a n d  of  r e g u l a r  s u b s t r a t e s .  

Rdsumd. L a  c a p a c i t 6  de  p l u s  q u e  v i n g t  de s  a m i n e s  c o m -  
p o s 6 e s  ( a n a l o g u e s  a u x  a c i d e s  g l u t a m i q u e  e t  a s p a r t i q u e )  
d ' a g i r  c o m m e  s u b s t r a t e s  ou  i n h i b i t e u r s  de  la  t r a n s a m i n a -  
t i o n  a 6t6 6 t u d i 6 e  p a r  l ' e m p l o i  d ' a c i d e  C14-~-k6 tog lu ta r i  - 
q u e .  L a  c o m p a r a i s o n  de  la  s t r u c t u r e  c h i m i q u e  d e s  a m i n e s  
c o m p o s 6 e s  a v e c  l eu r  r 6 a c t i v i t 6  c o m m e  s u b s t r a t e s  o u  in-  
h i b i t e u r s ,  a f o u r n i  d e s  d o n n 6 e s  s u r  l a  spec i f i c i t~  de  la  
t r a n s a m i n a s e .  
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Transamination reaction was studied in a solution of 0.3 ml 0.05 M 
Tris buffer, pH 8.5, containing 1 ~umole cl*-c~-kctoglutaratc, 2/~moles 
of the corresponding amino compound and 10/~g of transaminasc. 
After incubation for 1 h at 37 °, the system was analyzed as described 
in lhe  text. - Inhibition of t ransamination was studied by adding 
100 /~inoles of the corresponding amino compound to the usual 
transamination system 5. - The effect on the transaminase spectrum 
was studied in an enzyme solution (::10 mg protein/ml) in 0.02~I 
phosphate buffer, pH 5.5. The final concentration of the amino com- 
pound was 1 • 10-2M. h For erythro-DL-fl-hydroxyaspartate there 
is a sharp umximum at 492 rn/*, while for c~-methyl-DL-aspartate this 
max inmm is at 430 m/~. 
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