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Recent studies on carboxypeptidase A have shown that the 

chemical modification of this enzyme with certain reagents 

leads to an inorease in its esterase activity and a decrease 

in its peptidase activity. (Vallee and coworkers, 1963, 1964.) 

In addition, the pH rate profile for the hydrolysis of an ester 

substrate, hippuryl-DL-$-phenyllactlc acid, was reported to be 

different from that observed in the hydrolysis of peptlde sub- 

strates. These kinetic results led to the postulation of dlf- 

ferent mechanisms for the hydrolysis of esters and of peptldes 

by carboxypeptldase A. This would seem to be the first case in 

which the esterolytlc and proteolytlc mechanisms of catalysis 

by an enzyme do not parallel one another. 

In order to examine in more detail these apparent hydrolytic 

dissimilarities we have studied the esterase action of carbory- 

peptldase A both In the presenae and in the absence of compounds 

known to competitively inhibit the peptidase action of this enzyme. 

0-hippuryl-L-mandelio aold was found to be an excellent ester sub- 

strate for use in this investigation. The ester was prepared in 

94% yield by heating an equimolar mixture of 2-phenyl-$oxazolone 

(Cornforth, 1949; Carter, Harrison, and Shapiro, 1953) ad L-mmdelic 

acid in benzene under reflux for 1 l/2 hours. The produot, mop. 

166-167.5' (unoorr.), formed as an insoluble precipitate In 

the rea;otion mixture; recrystallization from 8:l v/v 1,2- 

dlohloroethant - aoetonltrlle raised the m.pb to 167.0-168.1' 
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(uncorr.). The pure ester had [ali + 208 (c 3.135, dlmethyl- 

formamide) and gave both a satisfactory elemental analysis and 

the expeoted acid equivalent. The ester linkage was hydrolyzed 

to the extent of 100 f 2 $ by carboxypeptidase A in those klnetlc 

runs for which end-points were obtained. 

The klnetlcs of the carboxypeptidase A - catalyzed hydrolysis 

of 0-hippuryl-L-mandelate were followed by the p&Stat titration 

procedure described by us elsewhere. (Kaiser and Carson, 1964.) 

The initial velocity of reaction of 0.01 4 0-hlppuryl-L-mandelate 

at pH 7.5 and 25.0" is about 440 times faster than the rate for 

0.01 5 0-acetyl-L-mandelate, the substrate examined in our previous 

investigation, allowing much lower enzyme conaentratlons (E. 10-T 

!I) to be used for the present study. A plot of [E],/v ~8~ l/[S] 

(Pig. 1) (Lineweaver and Burk, 1934.) shows a deviation from linear. 
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Fig. 1. Lineweaver-Burk plot for the Hydrolysis of Hippuryl-L- 
Mandelic Acid by Carboxypeptidase at 25O in 0.5 M 

Sodium Chloride, 2.5 x 10T4 M Tris, pH 7.5. 

lty beoause of substrate Inhibition at conoentratlons of O-hippuryl- 

L-mandelate above 3 x lo-' M. The value of the ratio Km/k2 (where 
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k2 is the rate oonstant for the breakdown of the enzyme-substrate 

oomplex to produots) obtained as the slope of the linear part of the 

plot at low substrate oonoentratlons Is 3.41 x 10v7 min.-moles/l. 

(See Table I). 

Inhibitor 

TABLE I 

CII range in l * 

ester studies %,est.+ Ki,pep. 
Ki,est./ 

4 x 103 B x 103 KLpepa 

2-phenylaoetate 1 -6 0.41 0.39 1.05 

3-phenylpropionate 0.8 - 2.4 0.152 0.062 2.45 

4-phenylbutyrate 6 - 30 1.37 1.13 1.21 

+ Determined for solutions containing 0.81 5 hlppuryl-l-mande- 
late, 0.5 p1 sodium chloride, 2.5 x 10' M Trls, and 9.35 x 10s8 
g oarboxypeptldase A, pH 7.5 at 25.0'; agout 0.77 % v/v of dl- 
methylformamide was In each 5.00 ml. reaotion mixture. For O- 
hlppuryl-L-mandelate Km/k2 was 3.41 x 10-7 min.-moles/l. 

it+ Determined for solutions containing about 0.01 to 0.05 2 
oarbobenzyloxyglyoyl-L-phenylalanlne, 
0.04 M phosphate buffer 

0.1 g lithium chloride, 
, and enough oarboxypdptldase A to 

oause-more than 60 % hydrolysis nithln 120 min., pH 7.5 at 
25.0". 

With the ratio Km/k2 in hand, Inhibitor oonstants Kl were 

determined by means of the equation 

where v represents the uninhibited velocity at any point and 

vi is the veloolty under the same oondltlons but in the pre- 

aenoe of a competitive inhibitor. In typloal experiments the 

uninhibited hydrolysis of O-hippuvl-L-mandelate was allowed 

to proceed for a time, and the inhibitor was then lnjeoted. 

VelOOltles were found by the calculation of the slopes.of the 
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experimental traces of titrant consumed vs. time at the time - 

of injection of the Inhibitor. Fig. 2 shows that the data for 

the inhibition of the hydrolysis of the ester by 2-phenylacctate, 

3-phenylpropionate, and 4-phtnylbutyrate are well represented 

by equation 1. 

0 = POINTS TAKEN AT 32 MIN. 
. q POINTS TAKEN AT 64 MIN. 

I _ 
0 2 4 6 

VJ I I/[ 5 I MOLES:LITER/MIN.) . 

Fig. 2. Plot to test for competitive inhibition in the Hydrolysis 
of Hippuryl-L-Mandelate by Carboxypeptidase A. 

In Table I valuas of Ki est., tha inhibitor constants ob- , 
tained In this study for the lnhlbltlon of esterase action by 

the Oarboxylate anions, are aompared with the values of Ki,pep., 

the inhibitor oonstmts found by previous Investigators (Elklns- 

Kaufman and Neurath, 1948: Neurath and Schrert, 1950) for the 

competitive Inhibition by these species of the hydrolysis of the 

dipeptida, oarbobenzyloxyglycyl-L-phenylalanlne. The ratio 

KI,est.'Kl,pep. Is near to unity for 2-phenylacetata and 4-phenyl 

butyrata although the agreement between the Inhibitor oonstants 
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for 3-phenylproplonate is not quite as good. 

The close correspondence which we have found between the 

va1ues Of Ki,est. and Ki,pep. strongly suggests that similar, 

and perhaps Identical, enzyme-inhibitor complexes are involved 

in the lnhlbition of the e&erase and of the peptldase action 

of carboxypeptidase A. The relationship between the enzyme- 

substrate complexes formed during the carboxypeptldase-catalyzed 

hydrolyses of esters and of peptldes Is now being examined in 

our laboratory. 
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