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EXCESS ZINC IONS INDUCE THE INHIBITION OF CARBOXYPEPTIDASE 
A ACTIVITY BY THE CONFORMATIONAL CHANGE 

JUNZO HIROSE* AND YOSHINORI KIDANI 
F a c u l t y  of P h a r m a c e u t i c a l  S c i e n c e s  Nagoya C i t y  U n i v e r s i t y ,  
Tanabe-dori  3-1, Mizuho-ku, Nagoya 467,  JAPAN 

(Received April 18, 1988) 

A b s t r a c t :  The  m e c h a n i s m  f o r  i n h i b i t i o n  of enzyme a c t i v i t y  
by e x c e s s  z i n c  i o n s  h a s  been s t u d i e d  by k i n e t i c  and e q u i l i b -  
r ium d i a l y s i s  method a t  pH 8.2. Excess  z i n c  i o n s  were compe- 
t i t i v e  i n h i b i t o r  f o r  b o t h  p e p t i d e  and ester s u b s t r a t e s .  T h i s  
b e h a v i o r  i s  b e l i e v e d  t o  a r i s e  by t h e  e x c e s s  z i n c  i o n s  
f i x i n g  t h e  enzyme i n  a c o n f o r m a t i o n  t o  w h i c h  s u b s t r a t e  
c a n n o t  b i n d .  
Keywords: Excess zinc ions, carboxypeptidase 

INTRODUCTION 

C a r b o x y p e p t i d a s e  A ([  (CPD)Zn]) i s  a z i n c  enzyme c a t a l y z i n g  

t h e  h y d r o l y s i s  of t h e  c a r b o n y l  t e r m i n a l  r e s i d u e  from p e p t i d e  or 

ester s u b s t r a t e s  by c l e a v a g e  of t h e  p e p t i d e  o r  ester bond. Crys- 

t a l  l o g r a p h i c  s t u d i e s  i n d i c a t e  t h a t  i n  t h e  enzyme t h e  s i d e - c h a i n  

o x y g e n  of  T y r - 2 4 8  i s  a b o u t  1 7  x a w a y  f r o m  t h e  Zn a t o m  a n d  t h a t  

t h e  p h e n o l i c  oxygen moves 12 A toward a c t i v e  s i t e  a s  s u b s t r a t e s  
0 

b i n d .  

A r s a n i l a z o t y r o s i n e - 2 4 8  c a r b o x y p e p t i d a s e  A ([(Azo-CPD)Zn]) i s  

a d e r i v a t i v e  o f  c a r b o x y p e p t i d a s e  A w i t h  s e l e c t i v e l y  m o d i f i e d  
chromophor ic  a r s a n i l a z o t y r o s i n e - 2 4 8  As0 H 

r e s i d u e ,  e x h i b i t i n g  no s i g n i f i c a n t  q2 
effect on i t s  c a t a l y t i c  a c t i v -  

i t i e ~ . ~ ’ ~  A t  pH 8 .2 ,  t h e  

a r s a n i l a z o t y r o s i n e  r e s i d u e  forms 

a n  i n t r a m o l e c u l a r  complex  w i t h  t h e  

z i n c  i o n  i n  t h e  a c t i v e  s i t e  of t h e  FIGURE 1 

H&H2< 
Tyr-248 
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enzyme (FIGURE. When 

excess zinc ions bind to [(Azo-CPD)Zn], the characteristic red 

color, which arises from the intramolecular complex of the arsa- 
nilazotyrosine-248 residue with the active site zinc atom of the 
enzyme, change to ye1 low as the arsani lazotyrosine residue is 
released from the coordination sphere of the zinc ion in the 

active site. 

[ (Azo-CPD)Zn]Zn2+( ye1 low) d[ (Azo-CPD)Zn](red) + Zn2+ 
This behavior indicates that a conformational change of protein 

occurs in [(Azo-CPD)Zn]. 
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1) and gives rise to a 510 nm peak.293 

(1) 

Recently, we have found that excess zinc ions inhibit the 
enzyme activity of arsanilazotyrosine248-carboxypeptidase A. 4 

A more detailed study of the relationship between the color 

change and the inhibition of the enzyme by excess zinc ions was 
studied5 and is reported here. 

MATERIALS AND METHODS 
[ (CPD)Zn](Bovine Pancreas) was obtained from Sigma. [ (Azo- 

CPD)Zn] was prepared by the method of Johansen et a1.2 Carboben- 
zoxy-glycyl-L-phenylalanine(CBZ-Gly-Phe), benzoyl-glycyl-l-phe- 

ny lalanine (Bz-Gl y-Phe), and benzoy 1-gl ycy 1-L-pheny 1 lactate (Bz- 
Gly-OPhe) were used as substrates. 

RESULTS AND DISCUSSION 
The enzyme activity of [(CPD)Zn] and [(Azo-CPD)Zn] in the 

presence of excess zinc ions was measured €or peptide (CBZ-Gly- 
Phe, Bz-Gly-Phe) and ester substrates (Bz-Gly-OPhe). In all sub- 
strates, intersection points of straight lines in Lineweaver- 
Burks plots were on l / v  axis, and the Cornish-Borden plots of the 

same data had apparently parallel lines. This behavior indicates 

that zinc ion is a competitive inhibitor for both peptide and 
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ester substrates with [(Azo-CPD)Zn] and [(CPD)Zn]. Table I con- 
tains the value of Ki and mode of the inhibition by zinc ions of 
[(CPD)Zn] and [(Azo-CPD)Zn]. 'The Ki values for excess zinc ions 
with all substrates in [(Azo-CPD)Zn] and [(CPD)Znl are the same 
( Ki =5.2-2.6x I 0-5 M). 

ions from [(Azo-CPD)Zn]Zn2+ in Eq.  

Apparent dissociation constant (Kd(Azo-CpD)) of excess zinc 
1 which is obtained from 

absorption change at 510 nm was 3.2~10- 5 M .  And Kd(Azo-cP~) is 

very similar to the Ki of [(Azo-CPD)Zn]. The apparent constant 

(Kd(CpD)) for dissociation of excess zinc ions from carboxypepti- 
dase A([(CPD)Zn]Zn2+ *[(CPD)Zn] + Zn2+) obtained by the equi- 
librium dialysis at pH 8.2 was 2 . 4 ~ 1 0 - ~  M and very close to Ki 
values above, 

The apparent dissociation constant and inhibition constant 
of excess zinc ions obtained by the inhibition of the enzyme 
activity, spectrophotmetric, and the equilibrium dialysis method 

of both native [(CPD)Zn] and [(Azo-CPD)Zn] were almost the same. 
This coincidence between the apparent dissociation constants and 
inhibition constants indicates that the zinc binding to the 
enzyme directly relates to the inhibition of enzyme activity and 
the conformational change of protein by excess zinc ions. This 

behavior is believed to arise by the excess zinc ions binding to 
the enzyme and fixing the enzyme in a conformation to which the 

substrates cannot bind. 
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-- TABLE I. Inhibition of Carboxypeptidase A and Arsanilazotyrosine- 
248 Carboxypeptidase A Catalyzed Hydrolysis of Peptide and Ester 
Substrates by Excess Zinc Ions and Dissociation Constants of Zinc 
Ions for Carboxypeptidase A and Arsanilazotyrosine-248 Carboxype- 
ptidase A obtained by Equilibrium Dialysis and Spectrophotometric 
Method at pH 8.2. 

( I A M  ) mode mode 
(1)enzyme 

Bz-Gly-Phe 5 2 ~ 1 8  competitive 35f10 competitive 
CBZ-Gly-Phe 52A6 competitive 30~6 competitive 
Bz-Gly-OPhe 26*3 competitive 31k5 competitive 

activity 

(1I)spectro- 2 0 ~ 5  

(1II)equili- 24k5 (10'C) 

photometric 

brim dialysis 
6.3k2 (lO'C, pH 9.0) 

32k5 
27k6 (10'C) 

All experiments were performed in 0.05 M Tris-HC1 buffer 
containing 0.5 M NaCl. 
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