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Swrunary : The investigation of hydrolysis of p-nitrophenyl acetate (NPA) catalyzed by bovine 

serum albumin (BSA) proved that the initial rate in'the steady state follows a Michaelis-Menten 

equation. In the use of D- and L-p-nitrophenyl a-methoxyphenylacetates (D- and L-NPMA's) as an 

enantiomeric ester, the L-enantiomer is hydrolyzed about three times faster than the D-enantiomer, 

mainly due to stronger binding of the former enantiomer by BSA. 

Several proteins, normally not classified as a hydrolytic enzyme, can catalyze hydrolysis of 

some esters under a physiological pH condition. 1) It has before been recognized that BSA is one 

of such proteins, although the mechanistic details of catalytic hydrolysis still remain unclari- 

fied.') In this communication we report the results of BSA-catalyzed hydrolysis of NPA and two 

enantiomeric esters of NPMA under the steady state condition ([BSA]<<[ester]), not quite at- 

tempted so far, at pH 8-9 where BSA shows remarkable hydrolytic activity. 

yH3 
N02~OCO$H~ D-, L-NPMA 

The hydrolysis of p-nitrophenyl ester was followed spectrophotometrically by measuring the 

increasing absorbance of p-nitrophenolate anion at 402 nm. The reaction was initiated by inject- 

ing a small aliquot of dioxane solution of p-nitrophenyl ester to a phosphate or Ttis-HCl buffer 

solution with BSA or without BSA. The concentration of BSA was kept constant at approximately 

0.7 uM,~) and those of NPA and NPMA 
4) were varied over the range of about 50-200 UM and about 

30-100 pM, respectively. All the kinetic studies were conducted at 25.Ofo.l'~. 

A mode of hydrolysis of NPA in the presence of a small amount of BSA exhibits biphasic 

behavior, as a representative example is shown in Figure 1. Immediately after initiating the 

1593 



1594 

0” 
- 0.06 

E 
z 
; 0.04 
m 

8 
5 
$ 0.02 
VI 
s 

0 
U SW I uuu 1500 

Time (set) 

reaction, rapid release of p-nitrnphenolate anion was observed. 

Figure 1. The BSA-catalyzed 

hydrolysis of NPA in a 1% 

dioxane-0.05 M phosphate 

buffer (pH 8.0) at 25.O'C; 

[BSA]=0.73 uM and [NPA]=67 WM. 

As the reaction proceeded the 

rate decreased gradually, and the initial burst phase shifted to a stationary phase before a few 

percent of the ester was consumed. Then, the stationary state continued during the further con- 

sumption of at least 5% of NPA, and the rate is composed of both the rates for uncatalyzed hydro- 

lysis and for catalytic hydrolysis related to the action of BSA. 5) When the reciprocal of the 

latter rate was plotted against the reciprocal of the concentration of NPA, a straight line was 

obtained, thereby indicating that the catalytic rate at the stationary state follows a Michaelis- 

Menten equation. Accordingly, this type of behavior can be interpreted as a manifestation of the 

reaction resembling hydrolytic enzyme-catalyzed hydrolysis in the following sequence with its 
K k 

associated kinetic parameters, Km and k cat: BRA + NPA *MA-NPA 
cat 

H2° 
+ BSA + NP + A, where 

BSA-NPA represents the Michaelis complex, NP p-nitrophenol and A acetic acid. Table I shows the 

Table I. The kinetic parameters obtained for the BSA-catalyzed hydrolysis of NPA at different 

pH values at 25°C. 

PH Km(m) k cat(x10-3 set-I) kun(x10m5 sec-ljC 

8.0' 0.19 3.4 2.48 

8.5b 0.31 14 8.43 

8.gb 0.63 45 17.3 

"A 1% dioxane-0.05 M phosphate buffer (v/v). 
b 
A 1% dioxane-0.05 M Tris-HCl buffer (V/V). 

'The first-order rate constant for the hydrolysis of NPA in the absence of BSA. 
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kinetic parameters obtained for the catalytic hydrolysis at pH 8.0, 8.5 

the pseudofirst-order rate constant, k un for the uncatalyzed hydrolysis 

Because base-catalyzed hydrolysis proceeded very rapidly above pH 9, it 

termine the kinetic parameters correctly in this pH region. There is a 

and 8.9 together with 

at the same pH values. 

was difficult to de- 

tendency of increasing 

Km with raising pH: 0.19, 0.31 and 0.63 mM at pH 8.0, 8.5 and 8.9, respectively, all of which 

are comparable with those obtained by some hydrolytic enzymes. 6) On the other hand, kcat is 

larger by only a factor of 140-270 than k 
un 

in the investigated pH region, where larger rate- 

acceleration is obtainable at higher pH. Thus, these results obviously demonstrate that very 

small effect on the rate-acceleration at this k 
cat 

step makes BSA to be Ila poor hydrolytic 

,I 
enzyme. 

Furthermore, the enantioselectivity of the BSA-catalyzed hydrolysis was investigated by 

using both the enantiomeric esters of D- and L-NPMA's. For each ester the catalytic rate 

followed the same Michaelis-Menten equation to that observed for NPA. The Km and kcat values 

obtained for the hydrolysis at pH 8.0 are listed in Table II. 
The kcat 

for D-NPMA is slightly 

larger than that for the L-NPMA, while the Km values are significantly different between both 

the esters, of which the former enantiomer showed a larger value. Thus, on the basis of com- 

parison of kcat/Km values between the two esters, which represent an index of susceptibility to 

hydrolysis, it is concluded that BSA exhibits higher hydrolytic activity for the L-enantiomer 

by about three times than for the D-enantiomer. 

Table II. The kinetic parameters obtained for the BSA-catalyzed hydrolysis of D- and L-NPMA's 

in a 5% dioxane-0.05 M tris-HCl (pH 8.0) buffer (v/v) at 25°C. 

k cat(X10-2 set-')' k cat/Km(M-lsec-l) 

D-NPMA 0.28 3.0 110 

L-NPMA 0.063 2.0 320 

oThe first-order rate constant, k for the hydrolysis of each enantiomeric ester in the 

absence of BSA was 3.11X10 
-4 _1un' 

set . 

It should be of considerable interest in connection with studies on generation and molecular 

evolution of proteins that BSA, actually having essential functions of carrying various kinds of 

organic compounds and metal ions and of maintaining colloid osmotic pressure of blood in biological 
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system, also catalyzes hydrolysis of ester with full characteristics of some hydrolytic enzymes 

, i.e., rate-acceleration, turnover of catalyst and enantioselectivity, although all the effects 

are fairly inferior to those of the enzymes. 
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