
1002 CHEMICAL COMMUNICATIONS, 1969 

The Labelling of a Catalytic Group of Pepsin; Evidence for an Acyl Intermediate 
By M. AKHTAR* and J. M. AL-JANABI 

(Department of Physiology and Biochemistry, University of Southantpion, Southampton SO9 5NH) 

Summary When pepsin is incubated with 2-Tyr or 
2-Tyr-Tyr in the presence of CT,OH, most of the radio- 
activity incorporated into the protein is covalently 
bound, apparently by an ester type of linkage. 

THE proteolytic enzyme pepsin catalyses the hydrolysis of 
amide linkages of synthetic dipeptides1y2 such as benzyl- 
oxycarbonyltyrosyl-tyrosine (I) and also catalyses an 
exchange3 $ *  of the carboxylic oxygen atoms of benzyloxyl- 
carbonyltyrosine (11) with the oxygen atoms of H,l*O. We 
report that the incubation of pepsin with either 2-Tyr-Tyr 
(I) or 2-Tyr (11) in the presence of CT,OH resulted in the 
incorporation of radioactivity into the protein moiety 
The present results and previous evidence from this5 and 
other laboratories2-* v 6  strongly suggest that the crucial 
event in the pepsin-catalysed hydrolysis involves the con- 
certed transfer of the acylt as well as the amino-fragments 
of the amide linkage to the enzyme. A number of hypo- 
thetical mechanisms for the reaction have been con- 
~ i d e r e d . ~ . ~  $ 

2-Tyr (11) (5 mg.) was incubated with pepsin (30 mg.) in 
O.2~-sodium acetate buffer (3.9 ml., pH 4.6) in the presence 
of CT,OH (0.1 ml., 1.36 x 1OSc.p.m./mmole) at  37” for 
24 hr. The incubation was terminated with trichloro- 
acetic acid and the precipitated protein was washed four 
times with ethanol-water (1 : 1).  Measurement of radio- 
activity showed that 4 x 104 c.p.m. had been incorporated 
in the protein fraction. Assuming a molecular weight of 
36,500 for pepsin this represents an incorporation of 0.36 
mole of methanol per mole of pepsin.$ In a control 
experiment it was shown that the incubation of pepsin with 
radioactive methanol, but without 2-Tyr resulted in no 
incorporation of radioactivity in the precipitated protein. 
When the radioactive protein obtained above was dialysed 
against 8M-Urea for 24 hr. at least 90% of the original 
radioactivity was retained in the protein fraction, thus 
showing that most of the radioactivity was covalently 
bound to the protein. When, however, the radioactive 
protein was dialysed against 81~1-urea which was also l~ in 

hydroxylamine at  pH 9, practically all the radioactivity 
was removed from the protein fraction. This observation 
may be interpreted as suggesting that the radioactivity was 
bound to the protein by an ester type of linkage. 

The incorporation of radioactivity in the above experi- 
ment is best explained if one assumes that the initial 
reaction of pepsin with 2-Tyr (11) results in the formation 
of the intermediate (111) which is then hydrolysed in such 
a way that the overall process corresponds to a nucleophilic 
attack a t  the enzyme carbonyl group (Scheme). If the 
formation of the intermediate (111) is due to the property 
of pepsin that is also utilized in the hydrolysis of amide 
linkages then the present work provides support for the 
involvement of an acyl intermediate in pepsin catalysis. 

Pepsin + 2-Tyr-C02H --+ Z-Tyr-CO*OCO* Pepsin 

(11) (111) 
CH,OH 

-------- -+ (11) + Pepsin-CO,CH, 

SCHEME 

When the incubation was performed with 2-Tyr-Tyr (I) 
instead of 2-Tyr (11), once again radioactivity was incor- 
porated into the precipitated protein (0.46 mole of methanol 
per mole of pepsin). In  principle the incorporation of 
radioactivity into the precipitated protein in the experi- 
ment can either be due to the hydrolysis of an acyl inter- 
mediate, or an amino-interniediate,s or both. 

The work reported above provides a convenient method 
for labelling a catalytic group of pepsin. The work also 
suggests that the hydrolysis which is catalysed by pepsin 
may possibly take place through the formation of an inter- 
mediate where the substrate is bound to the enzyme 
through an anhydride linkage, and this intermediate may 
then be further hydrolysed by nucleophilic attack on the 
enzyme carbonyl group. The latter conclusion is further 
supported by a recent r e p ~ r t , ~  which has been confirmed 
by us, that the pepsin-catalysed hydrolysis of dipeptides 

The term “acyl-intermediate” in this communication simply implies that the acyl moiety of the amide group of the substrate has 

$ The pH-dependence of the incorporation of radioactivity in the precipitated protein gave a bell-shaped curve with a maximum 
been transferred to a suitable group on the enzyme; for this and other terminology used here, see ref. 5. 

a t  pH 4.0, 
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in the presence of inethanol did not give the methyl esters 
of the corresponding hydrolysis products, which would be 
expected if the hydrolysis of the acyl-enzyme occured by 
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attackon the substratecarbonyl groupfo [see structure (III)], 
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