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Summary 

The hydrolysis of  the following 6 esters by bovine pancreatic carboxypep- 
tidase A (peptidyl-L-amino-acid hydrolase, EC 3.4.12.2) has been investigated 
over the range pH 5--10 at 25°C, ionic strength 0.2: CH3CO:CHRCO2H 
(R = C6Hs (ester 3), C6HsCH2 (ester 4)), 4-NO2C6H4CO:CHRCO2H (R = C~Hs 
(ester 5), C6HsCH2 (ester 6), CH3(CH2)2 (ester 7)), CH3CH2CO2CH(CH2C6Hs)- 
CO2H (ester 9). For  each ester the pH dependence of  kcat/K m indicates that 
substrate binding is controlled by an acid of  pKEH = 9.2 + 0.2 in the free 
enzyme, and although keat /K m decreases in acidic solutions no simple depend- 
ence on an enzymic ionization is apparent. For esters 3, 5 and 7 the depend- 
ence of  kcat on pH is 'bell-shaped' and is controlled by pKEH2S = 6.73, 6.72, 
6.23, respectively and PKEH s = 9.3 + 0.2 for each ester. For esters 4 and 6 the 
'bell-shaped' kca t (PKEH2S = 7.38, 6.28, respectively) is modified by  a signifi- 
cant increase in kca t in the vicinity of  pH 10. This latter phenomenon is also 
shown by  ester 9, although data are only accessible over the range pH 7--10 for 
this latter ester due to pronounced product  inhibition in acidic solutions. The 
common pH-dependences observed for the enzymic hydrolyses of  these non- 
specific ester substrates are compared with literature data for specific ester and 
peptide substrates, and possible assignments for the various enzymic p g  a values 
are discussed. 

Introduction 

Two general classes of ester substrates are known for bovine pancreatic 
carboxypeptidase A (peptidyl-L-amino-acid hydrolase, EC 3.4.12.2). One class 

S u p p l e m e n t a r y  da ta  to  this ar t icle ,  giving detai ls  of  hydro lys i s  of  non-spec i f i c  ester  substrates ,  are 
d e p o s i t e d  with ,  and  can be  obta ined  f r o m  Elsevier Scientif ic  Publishing C o m p a n y ,  BBA Da ta  D e p o s i t i o n ,  
P.O. Box 1345 ,  1000  BH A m s t e r d a m ,  The  Ne ther lands .  Re fe rence  shou ld  be m a d e  to No.  B B A / D D / 0 8 7 /  
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consists of  depsipeptides of  the type 1 which contain an amide bond corre- 
sponding to the penultimate C-terminal 

Y--C--NH--CH--C--O--CH--CO2 H type 1 
II / ,  II I 
O R O R 

amide bond of  the natural peptide substrates. This resemblance to the biol- 
ogical substrates for this enzyme leads to the classification of ester substrates of 
the type 1 as specific ester substrates. The importance of an interaction of the 
amide unit with the enzyme in the productive binding of substrates of type 1 
has been demonstrated [ 1]. This interaction probably involves the formation of 
a hydrogen-bond between the hydrogen atom of  this amide group and an 
enzymic acceptor. Other ester substrates (type 2) in which Q lacks such an 
amide bond, and therefore cannot  participate in such an hydrogen-bonding 
interaction, are then referred to as non-specific ester substrates. 

Q--C--O--CH--CO2 H type 2 
II I 
O R 

While the above division of  esters into specific and non-specific substrates is 
based on structure, important  empirical differences between these two classes 
of substrates are also observed experimentally. In particular, the limited data 
that  are currently available seem to indicate striking differences in the pH- 
dependences of the rates of enzymic hydrolysis of  non-specific and specific 
ester substrates [2--8]. The first non,specific ester substrate for this enzyme to 
be studied in detail was O-acetyl-L-mandelic acid (ester 3). Carson and 

C H 3 - - C - - O - - C H - - C O :  H 
II 1 
O R 

(ester 3, R = C6Hs ; ester 4, R = C6HsCH: ) 

Kaiser [3] report  bell-shaped pH-dependences of  the enzymic hydrolysis of  this 
ester for both kca t (PKa = 7.2, 7.9) and ]¢cat/Km ( p K  a = 6.9, 7.5) controlled by 
enzymic pKa values as indicated. The enzymic hydrolysis of  O-p-nitrobenzoyl- 
L-mandelic acid (ester 5) appeared, on the basis of  a less-detailed 

N O : - - ~ - - C - - O - - C H - - C O :  H 
\~__~/ /  II I 

O R 

(ester 5, R = C6Hs ; ester 6, R = C6HsCH2 ; 

ester 7, R = CH3(CH~)2) 

study [6], to diplay similar pH-dependences, however, quite different 
pH-profiles have been reported for kca t and k c a t / K  m for the enzymic hydrolysis 
of cinnamate esters [4,7] (e.g. ester 8). While similar enzymic pKa values control 
the 

~ C H =  CH--C-<)--CH--CO2 H 
]I I 
O CH2C6Hs 

ester 8 
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binding of cinnamate ester and depsipeptide ester substrates, quite different 
pH-dependences for kca t a r e  observed for these two groups of ester substrates 
[4,5,7,8]. Typically, for hippurate esters (ester 1: Y = C6Hs) k c a t  is essentially 
pH-independent in the region pH 5--10 [8]. 

Thus the data currently available appear to indicate different pH<lepend- 
ences for the enzymic hydrolysis of specific and non-specific ester substrates 
and also variations within the class of non-specific esters (cinnamates vs. 
acetates and p-nitrobenzoates). Since pH-rate profiles provide essential experi- 
mental data for the interpretation of mechanisms of enzymic hydrolysis, we 
felt a more detailed investigation of the pH-dependence of the non-specific 
esterase activity of carboxypeptidase A was required. It is also essential that the 
relationship between the enzymic hydrolysis of cinnamate esters and other 
esters be established on a firm basis in the light of the recent report [9] of the 
observation of the catalytically important acyl-enzyme intermediate during the 
hydrolysis of a p-chlorocinnamate ester by this enzyme. 

We report detailed pH-rate profiles for the carboxypeptidase A-catalyzed 
hydrolysis of three p-nitrobenzoate esters (esters 5, 6 and 7), two acetate esters 
(esters 3 and 4) and a propanoate ester (ester 9), and make a detailed com- 
parison of the current data with literature data 

CH3 CH2--C--O--CH--CO2 H ester 9 
]1 I 
O CH2C6Hs 

for the enzymic hydrolysis of cinnamate esters, specific esters and peptides. 

Materials and Methods 

Substrates 
The p-nitrobenzoate esters were available from a recent study [10]. O-acetyl- 

L-mandelic acid (ester 3) and O-acetyl-DL-3-phenyllactic acid {ester 4) were 
synthesized via this same general route [ 10]. 

O-acetyl-L-mandelic acid (ester 3) had m.p. 83--84°C after recrystallization 
from a benzene/chloroform mixture (literature values [11--13] m.p. 97--99°C, 
96.8°C, 96.5--98°C for samples obtained by desiccation of the monohydrate); 

+ o [a]~ s = 156.8 (C 2.04, acetone) (literature [11] [a]~ s =+153 ° (C 2.044, 
acetone)). Analysis: Calcd. for C10H~004: C, 61.85; H, 5.15. Found: C, 62.06; 
H, 5.13. 

O-acetyl-DL-3-phenyllactic acid (ester 4): m.p. 85--86°C. Analysis: Calcd. for 
C~H~204: C, 63.46;H, 5.76. Found: C, 63.78; H, 5.70. 

O-propanoyl-DL-3-phenyllactic acid (ester 9): a mixture of DL-3-phenyllactic 
acid (5 g) and propanoyl chloride (30 ml) was refluxed for 3 h. Excess acid 
chloride was removed by vacuum distillation and the oily residue was titrated 
with 0.1 M NaOH to pH 8 in 50% aqueous acetone. Removal of solvent gave the 
sodium salt as a white solid which was recrystallized several times from ethyl 
acetate/hexane; m.p. 225--227°C. Analysis: Calcd. for C~2H~304Na: C, 59.0; H, 
5.36. Found: C, 58.67; H, 5.32. 

Enzyme solutions 
Carboxypeptidase A~ (Code COA) was obtained as a toluene-preserved sus- 
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pension from Worthington Biochemical Corp. Dialysis and preparation of 
enzyme stock solutions were performed as previously described [ 1,14]. 

Kinetic Studies 
The enzymic hydrolysis of each ester was followed at a series of substrate 

concentrations on a Radiometer Corp. pH-state at pH 7.5, 25°C, ionic strength 
0.2 (NaC1), using standard 0.01 M KOH solution as titrant. Initial velocities at 
each substrate concentration were calculated from the recorded curves of volume 
of titrant against time. The data, were plotted in the form of Lineweaver-Burk 
plots, inspected for linearity, and fitted to the Michaelis equation by a com- 
puter program based on' Wilkinson's regression method [15]. Observed veloc- 
ities at pH/> 9.5 were corrected for non-enzymic hydrolysis of the ester, while 
for pH ~< 5.5 corrections for incomplete dissociation of the acetic acid product 
were necessary. All solutions at pH ~< 6.0 contained 10 -4 M zinc nitrate to 
prevent dissociation of zinc ion from the enzyme [16]. Data obtained from 
racemic esters are reported in terms of the concentrations of the L-isomers 
only. We have previously established [10] that the presence of the D-isomer 
does not significantly influence kca t and K~ for these non~pecific ester sub- 
strates. 

Results 

For each substrate examined, the initial velocity of enzymic hydrolysis was 
measured as a function of substrate concentration (8--12 points) at intervals of 
0.5 pH units over as much of the range pH 5--10.5 (25°C, ionic strength 0.2) as 
was experimentally accessible. The pH-dependences of kca t and Km were then 
calculated for each of the esters investigated. 

Our data for kca t for O-acetyl-L-mandelic acid (ester 3) are compared in 
Fig. 1 with the data previously reported by Carson and Kaiser [3] for this ester 
at 25°C and ionic strength 0.55. Although there is a general similarity in kca t 
values at most pH values, significant differences are observed at pH 7.0 and 7.5. 
In particular, at this latter pH our value for kca t is only 50% of that reported 
earlier and we find that at ionic strength 0.5, kcat is even smaller (see footnote 
p. 98). There is also a considerable difference between the Km values observed 
in our work and those reported earlier for ester 3. At pH 7.5 we find Km = 
10.8 mM (ionic strength 0.2) and 12.5 mM (ionic strength 0.5) whereas Kaiser 
and Carson [3,11] report Km= 60--82 mM at ionic strength 0.55. Our observed 
decrease in kcat but little change in Km upon going from ionic strength 0.2 to 
0.5 is similar to the variation in these parameters reported previously [10] for 
the same ionic strength change with ester 6 as substrate. 

The observed pH-dependence of kca t for ester 3 in Fig. 1 has been fitted to 
Eqn. 1 with the parameters ks, KEH2S and KEH s being evaluated by a modifica- 
tion of Wilkinson's regression method [15]. The 

~cat - - - - -  k2 
1 + [H÷]/KEH2S + KEHS/[I-I  +] (1) 

curve in Fig. 1 has been calculated using the parameters for this ester in Table I 
and Eqn. 1, and gives an acceptable fit to the experimental data. 
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Fig. 1. The pH-dependence of hcat for the hydrolysis of O-aeetyl-L-mandelic acid (ester 3) by carboxy- 
peptidase A at 25°C, ionic strength 0.2; ( I )  current data; (~) data from ref. 3 (ionic strength 0.55). Curve 
is calculated from Eqn. 1 using the appropriate parameters from Table I. 

Fig. 2. The pH-dependence of kca t for the hydrolysis of O-acetyl-L-3-phenyUactic acid (a) and O-p-nitro- 
benzoyl°L-3-phenyllactie acid (a) by carboxypeptidase A at 25°C, ionic strength 0.2. Curves are cal- 
culated from Eqn. 1 using the appropriate parameters from Table I. 

The pH-dependences of  kca t for esters 5 and 7 are similar to that shown for 
ester 3 in Fig. 1 and are fitted by Eqn. 1 and the appropriate parameters from 
Table I. Each of  the three O-acyl-3-phenyllactic acid substrates (esters 4, 6 and 
9) display pH-dependences for kca  t that are similar to one another, bu t  which 
differ from those for esters 3, 5 and 7 in displaying unexpectedly large values 
for kca t in the most  basic solutions investigated. For esters 4 and 6 we havc 
evaluated k2 and KEH2S from the data at pH ~< 8.5, and have drawn the curves 
in Fig. 2 from Eqn. 1 using these values {Table I) and an assumed value for 
p K E H  s = 9.3. 

For  each of  the 6 esters investigated in the current study,  the pH-dependence 
of  kcat/Km for pH 1> 7 can be represented by Eqn. 2. Values of  k2/Ks and KEH 
have been evaluated and are collected in Table I. 

k2/Ks (2) 
k c a t / K m  = 1 + K E H / [ H  ÷] 

In the more acidic pH range, all o f  these esters show a gradual decrease in kcat/ 
Km as the pH decreases, however, in no case is this decrease simply explicable 
by introducing another enzymic ionization constant. In all cases the decrease in 
kcat/K m with pH is far too  gradual to be fitted by an enzymic ionization of 
p K E H  2 ~ 6 .  

Discuss ion  

From the data in Table I it is clear that  for each of  the 6 esters investigated 
in the present s tudy an enzymic acid of  PKEH = 9.2 ± 0.2 controls productive 
substrate binding. For both acetate and p-nitrobenzoate esters, kca t displays a 
dependence on two dissociation constants in the enzyme~ubstra te  complex; 
pKEH~S varies from 6.23--7.38 and is very dependent  on the particular substrate 
present, while PKEHs is approximately 9.3 and is relatively independent  of  the 
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nature of the substrate. These observations require a minimum kinetic scheme 
as indicated by the solid arrows in Scheme 1. These solid arrows generate 
Eqns. 1 and 2. The broken arrows in Scheme 1 are the minimum necessary 
additions if 

H + H + 
EH2 ~-====~ EH ~-~ E 

KEH2 I~KEH 
S/IKs 

H + ~,l H + 
EH2S ~ EHS ~ , ES 

K E H 2 S  K E H S  k 3  

,4, 

E + P I + P 2  E + P I + P ~  

S c h e m e  1 

one also at tempts to account  for the observed decrease in kc,t/Km in acidic 
solutions and the enhanced values of  kca t in basic solutions for phenyllactic 
acid derivatives. However, as indicated above, the variation of  k c a t / K  m in acid 
solution is more complicated than can be satisfactorily represented by a simple 
dissociation constant  KEH 2. 

The general forms of  pH~lependences observed for kca t and Km for O-acetyl- 
L-mandelic acid (ester 3) in the present s tudy are similar to those previously 
observed for this ester [3]. However,  as noted above, the absolute values that  
we have obtained for these parameters are considerably different from those 
reported earlier. Carson and Kaiser report  p g E n  2 = 6.9, PKEH = 7 .5 ,  pgEi t2  s = 
7.2 and PKEH s = 7.9 (at ionic strength 0.55) which are considerably different 
from the pKa values that  we find for this ester (Table I). Inspection of  earlier 
data (Fig. 1) indicates quite large experimental errors for pH > 7.5, so that  
curve fitting in this region can only be considered as quite tentative. Further- 
more, the values of  the parameters KEH2S and KEH s that  are obtained upon 
curve fitting are very dependent  on the values of  kca t at pH 7.0 and 7.5, and it 
is in this region where the greatest deviations exist between our current data 
and the earlier data. 

In a previous report  [6] from our laboratory on the hydrolysis of  ester 5 the 
following values were reported:  PKEH 2 =6 .95 ,  pKEH = 7.9, pKEH2S = 7 .5 ,  
PKEH s = 8 .3 .  Differences between these values and the data for this ester in 
Table I are attributable to one or more of  the following three factors: (i) the 
lower overall quality of  the earlier data; (ii) the more limited pH range previ- 
ously investigated; (iii) the presence in the solvent of  5% dimethyl sulfoxide 
which has been shown [6] to have considerable effect  on both  kca t and Kin. 

Based on the consistent pattern that  is apparent in Table I over the 6 esters 
included in the present study,  we are confident that  our current data for the 
pH-dependence of  the enzymic hydrolysis of  both ester 3 and ester 5 are more 
reliable than the earlier data for these two esters. The literature data [4] for the 
pH-dependence of  the hydrolysis of  .the cinnamate ester 8 are included in 
Table I and show t h e  same general pattern as is observed for the other  non- 
specific ester substrates in this table, although a discrete value for pKEH2 is 
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T A B L E  I 

P A R A M E T E R S  F O R  p H - D E P E N D E N C E  O F  H Y D R O L Y S I S  O F  N O N - S P E C I F I C  E S T E R S  B Y  C A R -  
B O X Y P E P T I D A S E  A 

M e a s u r e m e n t s  a t  2 5 ° C ,  ionic strength 0 . 2 .  P a r a m e t e r s  a r e  t h o s e  f o r  E q n s .  1 a n d  2. 

E s t e r  k 2 ( m i n  -1) P K E H 2 S  P K E H  S k2/K S (M - 1 .  P K E H  2 P K E H  
m i n - 1 )  

3 1 7 . 1  + 1 .1  6 . 7 3  + 0 . 0 8  9 . 1 3  _+ 0 . 0 8  ( 1 . 1 9  + 0 . 0 5 )  • 103  9 . 2 9  + 0 . 1 0  

4 5 4 0  + 4 0  7 . 3 8  + 0 . 0 9  ( 9 . 3 )  * (3 .3  + 0 . 1 )  • 1 0  s 9 . 2 1  + 0 . 0 9  

5 1 0 0  + 3 6 . 7 2  + 0 . 0 5  9 . 3 2  ± 0 . 0 6  (7 .9  + 0 . 7 )  • 1 0 4  9 . 1 1  + 0 . 2 1  

6 2 9 2  + 11  6 . 2 8  _+ 0 . 0 6  ( 9 . 3 )  * ( 9 . 8  + 0 . 6 )  • l 0  S 9 . 4 0  + 0 . 1 5  

7 1 3 7  + 12  6 . 2 3  ± 0 . 1 5  9 . 4 3  + 0 . 1 8  ( 1 . 7 6  + 0 . 1 6 )  • l 0  s 9 . 4 7  ± 0 . 2 6  

8 **  4 2 0 0  6 . 2  a p p r o x .  9 . 0  2 . 4  • 1 0 7  6 . 5  9 . 4  

9 a p p r o x .  7 0 0  ( 3 . 8  + 0 . 4 )  • 104  9 . 1 5  ± 0 , 2 2  

* V a l u e  a s s u m e d  f o r  c u r v e  i n  F i g .  2 .  

**  D a t a  f r o m  r e f .  4 a t  2 5 ° C ,  i o n i c  s t r e n g t h  0 . 5 .  

observable for this ester. Ester 8 also resembles the O-acyl-3-phenyllactic acids 
that we have investigated in displaying an enhanced kea t value in basic solu- 
tions. It is tempting to conclude that this enhancement of kca t in basic solu- 
tions is specific to O-acyl-3-phenyllactic acid substrates. However, it should be 
realized that a slight shift in this phenomenon to more basic solutions (by 0.5 
pH units say) for other esters would make it difficult to observe experimen- 
tally, since non-enzymic hydrolysis of these relatively poor carboxypeptidase A 
substrates becomes very rapid for pH > 9.5. 

Our current data demonstrate that the pK~ values that control the activity of 
carboxypeptidase A in the hydrolysis of esters 3 and 5 are similar to those 
involved in the enzymic hydrolysis of other substrates [4--8,16,21]. This 
removes one of the apparent anomalies which have complicated the interpreta- 
tion of the hydrolytic activity of this enzyme in mechanistic terms. We had 
previously suggested [6] that the unusual enzymic PKa values that appeared to 
control the enzymic hydrolysis of esters 3 and 5 could be used as a criterion to 
distinguish non-specific from specific ester substrates. Clearly, this is not the 
case. However, there does remain an empirical difference in the pH-depend- 
ences of the enzymic hydrolysis of specific and non-specific esters as defined 
above in structural terms (ester 1 and ester 2 respectively). Thus, whereas esters 
defined as non-specific ester substrates display bell-shaped pH profiles for kca t 
(controlled by PKEH2S and PKEHs), specific ester substrates typically display 
[8] a pH-independent kca t over  the range pH 5--10. 

Consideration of PKEH 2 and PKE~ 
The enzymic acid of PKEH 9.2 + 0.2 that is observed to control productive 

binding of non-specific ester substrates in the present study is presumably the 
same acid of pKa ~ 9 that has been observed to control the binding to this 
'enzyme of specific esters [5,6,8] and peptides [16,21] and also thiol esters [22]. 
In fact, that pKEH ~ 9 has-now been established for all carboxypeptidase A sub- 
strates for which the pH-dependence of enzymic hydrolysis has been investi- 
gated. Thus, the identification of this enzymic acid of pKEH ~ 9, which when 
present in its conjugate base form prevents substrate binding to the enzyme, is 
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clearly of  prime importance in understanding the very first step in the mecha- 
nism of carboxypeptidase A catalysis i.e. formation of  the Michaelis complex. 

Based on the structure of  the enzyme as determined by X-ray crystallog- 
raphy [23,24],  there seem to be only three likely candidates in the active site 
region for an acid pKa ~ 9. These are the phenolic hydroxyl  groups of  Tyr-198 
and Tyr-248, and the zinc-bound water molecule. Suh and Kaiser [7] have 
established that nitration or diazo-coupling of  the aromatic ring of  Tyr-248 has 
no effect on PKEH for the enzymic hydrolysis of  p-chlorocinnamoyl-L- 
3-phenyllactic acid, so that  Tyr-248 can be confidently eliminated. Auld and 
Vallee [16,21] have noted that the acid of  pKEH ~ 9 has thermodynamic 
parameters that are most  consistent with tyrosine ionization, although metal- 
bound water ionization cannot  be definitely ruled out. If such a tyrosine is in 
the active site it must  by  Tyr-198. There has been a tendency to ignore the role 
of  Tyr-198 since it is somewhat  distant from the metal ion which is usually 
assumed to be central to the catalytic activity. The possibility should also be 
considered that PKEH arises from an enzymic acid that  is remote from the 
active site, but  which controls substrate binding via an important  conforma- 
tional change in the conjugate base form of the enzyme i.e. 

H + 
EH ~ . E ~  E' 

K E H  

This latter interpretation most  readily rationalizes the presence of  pKEH ~ 9 for 
both specific ester and peptide substrates, even though there is now an impres- 
sive amount  of  evidence for significantly different productive binding sites for 
these two classes of  substrate [24--28].  

Unlike specific ester and peptide substrates, the binding of  acetate and 
p-nitrobenzoate esters to carboxypeptidase A shows no clear dependence on an 
enzymic acid of  pKEH~ ~ 6, although there is a general decrease in kcat/K m for 
each ester in the region pH 5--6. 

Consideration o f  PKEH2S and pKEHs 
While complications in the pH profiles, for kca t can arise from changes in 

rate determining step if an acyl-enzyme intermediate is involved, there is now 
considerable evidence that at room temperature such is not  the case for com- 
monly studied carboxypeptidase A substrates [8,10,26,29,30].  Significantly, 
in the one case in which direct evidence for an acyl-carboxypeptidase inter- 
mediate is available, it is clearly shown that at room temperature deacylation of 
p-chlorocinnamoyl-carboxypeptidase A is much faster than its formation via 
acylation of  the enzyme with p-chlorocinnamoyl-L-3-phenyllactic acid [9]. It 
thus seems that PK~H:s and PKEH s refer to ionizations within the enzyme- 
substrate complex rather than in an acyl-enzyme intermediate, and this reason- 
able assumption will be made in the following discussion. 

The pH profiles for kca t for non-specific ester substrates are summarized in 
terms of  PKEH2S and pKEH s in Table I, and are quite different from those 
observed for specific ester [6,8] and peptide [16,21] substrates. Thus for pep- 
tide substrates kca t is dependent  on the presence of  the conjugate base of  an 
enzymic acid of  PKEH2S ~ 6.3 but  is not  influenced by  PKEH s ~ 9.3. For 
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specific ester substrates,-kcat is typically pH-independent over the complete pH 
5--10 range. 

Presumably PKEH and pKEHs represent the ionization of the same enzymic 
acid in the free enzyme and the enzyme-substrate complex, respectively. Since 
PKEH s does not influence kca t for specific ester and peptide substrates, the 
enzymic acid responsible for PKEH s must be masked in some .way in these 
enzyme~substrate complexes. If pKEH did in fact arise from the ionization of 
metal-bound water, then clearly this ionization would be effectively blocked in 
the enzyme~substrate complex if the substrate were coordinated to the metal 
ion in place of the water molecule. However, such an explanation cannot hold 
for both specific ester and peptide substrates in view of the apparent require- 
ment for distinct binding sites for these two classes of substrates. 

From studies of the reversible inhibition of the specific esterase activity of 
carboxypeptidase A [28], these is evidence for an enzymic conformational 
change upon the binding of specific ester substrates. If PKEH is attributable to 
an acidic group remote from the active site, such a conformational change may 
result in the suppression of its ionization in the enzyme-substrate complex by 
its transposition from an exposed to a buried site. Alternatively, the conforma- 
tional change proposed above upon formation of the PKEH conjugate base in 
the free enzyme (E ~ E'), may no longer be energetically feasible in the 
enzyme-substrate complex, and consequently PKEHs ionization would have no 
influence upon kca t for specific esters. Similar arguments could be made for 
peptide substrates. One might expect that with the smaller non-specific ester 
substrates, there would be less resistance in the active site region to conforma- 
tional changes promoted by a remote ionization. Although these ideas are 
somewhat speculative, it should be noted that there is considerable direct 
evidence for the conformational flexibility of carboxypeptidase A [23,24,31]. 

The value of PKEH2S in Table I is very dependent on the nature of both the 
acyl and alcohol moiety of the substrate. This pronounced dependence on sub- 
strate structure suggests that the enzymic acid associated with PKEH2S is located 
very close to the substrate in the enzyme-substrate complex. We have recently 
presented evidence that suggests that the carboxylate anions of non-specific 
esters and peptides bind to a common enzymic binding site, but the car- 
boxylate group of specific ester substrates binds to a different site [10]. Such a 
situation is also comparable with an enzymic acid of pKEH2S 6--7 influencing 
the hydrolysis of non-specific ester and peptide substrates, but this acidic group 
not participating in specific ester hydrolysis. The enzymic acid responsible for 
pKEH2S is USually assumed to be the ~,-carboxyl group of Glu-270, although 
there is little direct evidence for this assignment. 
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