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S u m m a r y :  K i n e t i c  m e a s u r e m e n t s  on the pH d e p e n d e n c y  of the  r a t e  p a r a m e t e r  
k c a t / K  M fo r  the M n + + - c a r b o x y p e p t i d a s e  A 6 - c a t a l y z e d  h y d r o l y s i s  of O_- 
( t r a n s - c i n n a m o y l ) - L - ~ - p h e n y l l a c t a t e  have  shown tha t  an i o n i z i n g  f u n c t i o n  in  
the e n z y m e  wi th  a pK a v a l u e  of 9. 3 is  i n v o l v e d  in  th i s  r e a c t i o n .  S i nc e  e x p e r i -  
m e n t s  on the a c e t y l a t i o n  of the n a t i v e  y - f o r m  of the  e n z y m e  a p p e a r  to i n d i c a t e  
t ha t  the p h e n o l i c  h y d r o x y l  g r o u p s  of t y r o s i n e  r e s i d u e s  in c a r b o x y p e p t i d a s e  do 
no t  p l a y  a c r u c i a l  r o l e  in  the e n z y m a t i c  c a t a l y s i s  of the h y d r o l y s i s  of O - ( t r a n s -  
c i n n a m o y l ) - L - ~ - p h e n y l l a c t a t e ,  i t  i s  s u g g e s t e d  t ha t  the  g r o u p  o f p K  a -- 9 . 3  is  
p r o b a b l y  the a c t i v e  s i t e  Mn++-Hz  O c o m p l e x .  

The  d e t e r m i n a t i o n  of the  pH d e p e n d e n c y  of the c a r b o x y p e p t i d a s e  A -  

c a t a l y z e d  h y d r o l y s i s  of the e s t e r  O - ( t r a n s - c i n n a m o y l ) - L - ~ - p h e n y l l a c t a t e  has  

shown tha t  the k i n e t i c  p a r a m e t e r  k c a t / K  M is  a f f e c t e d  by the i o n i z a t i o n  of two 

f u n c t i o n a l  g r o u p s  in  the e n z y m e ,  one wi th  pK 1 = 6 . 5 ,  and the o t h e r  wi th  pK 2 = 

9 .4  (1). The  a s s i g n m e n t  of pK 1 to the i o n i z a t i o n  of the c a r b o x y l  g r o u p  of Glu 

270 at  the a c t i v e  s i t e  of the e n z y m e  has  r e c e i v e d  c o n s i d e r a b l e  s u p p o r t  r e c e n t l y  
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from chemical modification studies (2-5). The present communication 

deals with experiments which bear upon the identification of the ionizing 

group with pK = 9.4. 
a 

On the basis of the X-ray structural studies (6) on carboxypeptidase 

A the two most likely groups which could be responsible for the pK Z ioniza- 

tion appear to be Tyr 248 or the active site zinc-water complex (7). It has 

been reported that acetylation of tyrosine residues in carboxypeptidase A 

eliminates enzymatic activity toward the ester O__-acetyl-L-mandelate (8). 

However, the pK 2 value seen in the kcat/KM-PH profile for the hydrolysis 

of this compound by the y-enzyme is 7.5 (9), a value very significantly be- 

low that found for O_-(trans-cinnamoyl)-L-~-phenyllactate. It has been sug- 

gested that the pK 2 value observed in the hydrolysis of O-acetyl-L-mandelate 

may be due to the ionization of the phenolic hydroxyl group of Tyr Z48 (7). 

If this suggestion is valid, then presumably the pK Z value observed for O- 

(trans-cinnamoyl)-L-~-phenyllaetate should be assigned to the ionization of 

another group, probably the active site zinc-water complex, and the possi- 

bility must be considered that Tyr Z48 may not play a significant role in the 

hydrolysis of this substrate. 

In line with such a hypothesis, we have found that the acetylation of 

carboxypeptidase A has little effect on the enzymatic hydrolysis of O-(trans- 

cinnamoyl)-L-~-phenyllactate, a compound which shows neither substrate 

activation or inhibition (I), anomalies commonly seen in the hydrolysis of 

synthetic substrates. This provides strong evidence that the presence of a 

proton in the phenolic group of Tyr Z48 is not required for the action of 

carboxypeptidase on this substrate. Acetylation of carboxypeptidase A 
Y 

was carried out at room temperature with acetyl imidazole in 0.05 M Tris 

buffer containing 2 M NaCI at pH 7.5 (i0). Spectral evidence (II) indicated 
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t ha t  t h r e e  t y r o s i n e  r e s i d u e s  w e r e  a c e t y l a t e d  and the  k i n e t i c  p r o p e r t i e s  of 

the  a c e t y l a t e d  e n z y m e  o b t a i n e d  c o r r e s p o n d e d  to  t h o s e  d e s c r i b e d  in  the  

l i t e r a t u r e  f o r  e n z y m e  a c e t y l a t e d  n e a r  the  a c t i v e  s i t e  (10, 11). A t  pH 7 .5  in 

0 .005  M T r i s  b u f f e r  a t  Z5 ° ,  K M = 1.87 x 10 -4 h/i a n d k c a  t = 67 s e c  "1 f o r  

n a t i v e  c a r b o x y p e p t i d a s e  A . U n d e r  the  s a m e  c o n d i t i o n s ,  we  h a v e  found t h a t  
Y 

10_4 -1 K M = 1.44 x M and  k c a  t = 35 s e c  in  the  c a s e  of  o u r  a c e t y l a t e d  e n z y m e .  

T h u s  the  on ly  a p p r e c i a b l e  e f f e c t s  of a c e t y l a t i o n  w e r e  an a p p r o x i m a t e l y  t w o -  

fo ld  d e c r e a s e  in  the  k c a  t v a l u e  and  a v e r y  s l i g h t  d e c r e a s e  in  the  K M v a l u e .  

S u p p o r t  f o r  the  a s s i g n m e n t  of the  pK Z v a l u e  > 9 to the  i o n i z a t i o n  of t he  

a c t i v e  s i t e  m e t a l  i o n - w a t e r  c o m p l e x  has  b e e n  o b t a i n e d  f r o m  an e x a m i n a t i o n  of 

t h e p H  d e p e n d e n c y  of the  h y d r o l y s i s  of  O - ( t r a n s - c i n n a m o y l ) - L - ~ - p h e n y l l a c t a t e  

c a t a l y z e d  by the  1VIn ++ f o r m  of c a r b o x y p e p t i d a s e  A 5. The  n a t i v e  f o r m  of the  

l a t t e r  e n z y m e  s p e c i e s  w a s  p r e p a r e d  f r o m  an a c e t o n e  p o w d e r  of  b e e f  p a n c r e a s  

by the  p r o c e d u r e  of  A l l a n  et  al .  (1Z), and the  a c t i v e  s i t e  z i n c  ion  was  r e p l a c e d  

++ 
by Mn u s i n g  the  m e t h o d  of C o l e m a n  and V a l l e e  (13). 

A n a l y s i s  (1) of  the  pH d e p e n d e n c y  of k c a t / K  M f o r  the  m a n g a n e s e  e n z y m e  

r e v e a l e d  tha t  the  pK Z v a l u e  w a s  9. 3. T h e  v a l u e  of ( k c a t / K M ) l i  m w a s  

i. 7 x 10 5 M -I -I s e c  F o r  c o m p a r i s o n ,  s i m i l a r  m e a s u r e m e n t s  w e r e  c a r r i e d  

out  wi th  the  z inc  f o r m  of c a r b o x y p e p t i d a s e  AS,  and the pK Z v a l u e  o b t a i n e d  

w a s  9. Z and t h a t  of  ( k c a t / K M ) l i  m w a s  3 . 7  x 105 M "1 -1 s e c  In a g r e e m e n t  

w i th  the  h y p o t h e s i s  t ha t  the  pK 2 v a l u e  w e  h a v e  found f o r  the  a c t i o n  of Mn ++-  

c a r b o x y p e p t i d a s e  A 5 on O - ( t r a n s - c i n n a m o y l ) - L - ~ - p h e n y l l a c t a t e  i s  due  to 

the  i o n i z a t i o n  of  the  a c t i v e  s i t e  m e t a l  i o n - w a t e r  c o m p l e x ,  n m r  d i s p e r s i o n  

e x p e r i m e n t s  i n d i c a t e  t h a t  t h e r e  i s  no p r o t o n  i o n i z a t i o n  f r o m  the  h y d r a t i o n  

s h e l l  of m a n g a n e s e  c a r b o x y p e p t i d a s e  A in the  pH r a n g e  f r o m  8 to 9 (14). I t  

a p p e a r s  f r o m  the  l a t t e r  e x p e r i m e n t s  t ha t  the  pK  a v a l u e  f o r  the  i o n i z a t i o n  of  
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a water ligand bound to Mn ++ in the enzyme must be above 9. 

While the implication of the present findings that the ionization constants 

for active site Zn ++ and Mn++-water complexes in the metallocarboxypeptidases 

are very similar may be somewhat surprising, there are no adequate inorganic 

models with which to compare our results. With the data presently in hand, 

the pK Z assignments we have made seem most reasonable. 
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