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Esterase Activity of Pepsin 
IT is kno~ that m~ny proteolytic enzymes-trypsin, 

ch~otryps1~, thrombm, papain and others-hydrolyse 
peptide, amide and ester bonds. Pepsin, however, is 
g~nerally b~li~V:ed to hydrolyse the peptide bonds only, 
~1thout exh1b1tmg the esterase activity'. This conclusion 
1s based on observations which suggest that pepsin does 
not hydrolyse the ester bonds in several esters of N -sub
stit~ted amino-acids and peptides, but no special investi
gat10n of the esterase activity of pepsin has been pub
lished. 
. In view _of the poss~ble significance of esterase activity 
m the act1011 of pepsm, we have examined its effect on 
some esters. Tho N-substituted aromatic amino-acid 
esters differing in the structure of the alcoholic component 
were chosen as substrates and the following were used: 
N-acetyl-L-tyrosine ethyl ester, L-phenylalanine benzyl 
ester (the corresponding N -substituted phenylalanine 
ester could not be used as it was insoluble in the experi
mental conditions), and N-acotyl-L-phenylalanyl-L-phonyl
lactic acid. Effect of pepsin on the N-acetyl-L-phenyl
alanyl-L-phenylalanine methyl ester, which could be 
expected to be hydrolysed, was investigated as well. 

N-Acctyl-L-phenylalanyl-L-phenylalanine methyl oetor 
(APPMe) and N-phenylalanyl-L-phenyllactic acid (APPL) 
were prepared by tho method of mixed anhydrides from 
N-acetyl-L-phenylalanine and L-phenylalanino methyl 
ester and L-phenyllactic acid, respectively. 

Twice-crystallized pepsin (Nutritional . Biochemical 
Corporation) was used. Some experiments were performed 
with pepsin and pepsinogen purified on a DEAE-cellulose 
column 2. 

The effect of pepsin on the ester substrates was inveEti
gated at pH 2-4 at 37° C during 20-48 h; the concen
trations of substrate and enzyme were 2·7 x I0-8 M and 
2·7 x 10-6 M, respectively. Because of limited solubility 
of APPL and APPMe, all the experiments were per
formed in the presence of 10-15 per cent of ethanol. 

The cleavage of the ester bond was estimated by the 
hydroxamate reaction, by the method of Hestrin8• After 
20-min treatment by hydroxylamine, HCl (about 4 N) 
was added, followed, after incubation for 2 min, by a 
10 p~r cent solution of 1feC13·6H20 in O· l N HCI. Optical 
density at 540 mµ (spectrophotometer SF-4) was im
mediately measured in filtrates of these samples. 

Table 1. EFFECT OF PEPSIN ON SOME ESTERS 

Substrates 

pH 

Hydrolysis: 
(per cent) 

ATEE 

2 4 

0 0 

APPMe 

2 4 

0 0 

PBE 

2 4 

0 0 

APPL 

2 4 

30 0 

The data presented in Table 1 show that after incuba
tion of pepsin with the N-acetyl-L-tyrosine ethyl ester 
(ATEE) and N-acetyl-L-phenylalanyl-L-phenylalanino 
methyl ester (APPMe) no decrease in the quantity of 
esters could be detected although the cleavao-c of the 
peptide bond occurred in the course of incubation of 
APPMe with pepsin. No cleavage of the ester bond was 
noted in experiments with phenylalanine benzyl ester 
(PBE). But after the incubation of N-acctyl-L-phenyl
alanyl-L-phcnyllactic acid (APPL) with pepsin at pH 2 a 
decrease in the quantity of ester was observed. Table 1 
shows that cleavage of APPL at pH 2 during 48 h is 
about 30 per cent. In control samples, where APPL was 
incubated without the enzyme or in the presence of 
pepsin previously inactivated by alkali, no decrease in tho 
quantity o~ ester was recorded. The hydrolysis of APPL 
tmdor the mfluence of pepsin was confirmed by silica-gel 
thin-layer chromatography in a methanol : ethylacetate 
(1: 5 v/v) system, and iodine treatment. Tho outline 
taken from the chromatogram (Fig. 1) shows, in the 
?ontrol sample, a single spot of APPL. In the sample 
mcubated with pepsin during 48 h at pH 2 a second spot 
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Fig. 1. Schema of silica-gel thin-layer chromatogram in methanol
ethylacetate (1: 5, v/v) system. 1 N-acetyl-L-pheuylalanine· 2 
L-phenyllact!c acid; 3, control sampie, APPL after 48-h incubation'. 
at pH 2 without_ the en~yme; 4, e~perlmental sample, APPL after 

48-h mcubat10n at pH 2 m presence of pepsin 

was found. The position of this spot corresponds to 
N-aootyl-L-phenylalanino and L-phenyllactic acid. Neither 
of these compounds is resolved in the solvent system used. 

Cleavage of APPL under the influence of pepsin occurs 
at pH of about 2. No hydrolysis of APPL by pepsin at 
pH > 3 could be detected (Table I). 

It could be supposed that APPL is hydrolysed by somti 
other enzyme probably present as an impurity in the 
pepsin preparation used. To exclude this possibility, we 
have investigated the effect of various preparations of 
p epsin on APPL. Three preparations of pepsin purified 
on a DEAE-cellulose column were used. One of these 
preparations was free from admixtures of gelatinase. In 
one of the experiments, pepsinogen activated directly in 
the experimental samples was used . All the preparations 
of pepsin used hydrolysed APPL. The degree of hydro
lysis of the ester was about 20-30 per cent. Hydrolysis 
of APPL by pepsin could also be demonstrated with 
several different preparations of APPL. 

The data presented here show that pepsin, like many 
other proteolytic enzymes, possesses the ability to hydro
lyse ester bonds. But the ester bond, to be hydrolysed 
by pepsin, has to be formed not only by a specific amino
acid residue but also by a definite alcoholic component. 

The data obtained are of interest in relation to the 
mechanism of pepsin action. They suggest that CO
activation takes place during the action of pepsin. A 
similar conclusion may be drawn from the published data 
on the isotope exchange of oxygen in carboxyl groups of 
some N-substituted amino-acids occurring under the 
influence of pepsin in H 20 18 (refs. 4 and 5). On the other 
hand, it is known that pepsin catalyses transpoptidation 
of the 'amino transfer' type8 •1 • In view of these observ
ations, it may be supposed that the cleavage of peptide 
bonds by pepsin includes a synchronous 'attack' on both 
CO- and NH-groups. 
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