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THE REACTION OF p-NITROPHENYL ACETATE
WITH CHYMOTRYPSIN!
Sir:

The reaction of NPA with chymotrypsin at pH
5.0 results in a stable monoacetyl derivative which
is an intermediate in the catalytic hydrolysis of the
ester at higher pH.? Phosphorylating agents
(e.g., DFP) have a similar effect and give rise to
stable monophosphoryl enzyme derivatives, the
hydroxyl group of a serine residue being the final
point of attachment of the phosphoryl residue.?*?

The reaction of NPA with chymotrypsin is a
two-phase process,® a rapid initial “burst’” of p-
nitrophenol being followed by a slow liberation
until NPA is exhausted. At low temperature and
pH, using rapid mixing techniques, the initial acet-
ylation reaction in isolation has been followed in
the Cary recording spectrophotometer and its
kinetics have been found to correspond to those of
a bimolecular reaction. At higher pH and tem-
perature, the slow zero order reaction, which repre-
sents the turnover of acetylchymotrypsin (de-
acetylation being rate-limiting), has been followed.
The acetylation reaction, with a maximum at pH
8-9, occurs with a wvelocity approximately one
hundred fold that of de-acetylation (maximal at
pH 8.5-10). The energy of activation for the
acetylation reaction at pH 6.0 was found to be
13,700 cal. per mole and for the de-acetylation at
PH 7.5, 15,700 cal. per mole (as compared to 18,400
cal. per mole for the base catalyzed hydrolysis of
NPAS).

The following series of experiments were under-
taken to study the attachment of the acetyl group
to the enzyme. A difference spectrum (600-230
mu) between two portions of the same acetyl-
chymotrypsin solution, one of which had been
allowed to de-acetylate at pH 8.0, 25°, showed that
the two proteins were spectrally identical. Since
a histidine side chain has been implicated in the
action of proteolytic enzymes’™® and since the prop-
erties of acetyl-imidazole are known to include a
characteristic ultraviolet absorption with a peak
at 245 mg,” the changes at 245 mu were carefully
followed during the acetylation reaction. The
quantity of enzyme was chosen to provide an easily
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measurable change at 245 mgu if acetylimidazole
were forined, but no such change was observed.

In contrast to acetyl esters such as ethyl acetate,
the acetyl group in monoacetyl chymotrypsin is
reactive toward hydroxvlamine at pH 5.5 with the
formation of one equivalent of hydroxamic acid.
However, when acetyl-a-chymotrypsin was de-
natured (reversibly) in 8 3/ urea at pH 3.0 and then
reacted with hydroxylamine at pH 5.5, no forma-
tion of hydrokxamate could be detected. (NPA
reacted normally with hydroxylamine in the pres-
ence of 8 1 urea.) The acetyl group remained
bound to the protein, however, and when the urea
was diluted out (with 0.001 ¥V HCl at 0°), regained
its normal properties. However, if chymotrypsin
is initially denatured in 8§ J1{ urea, acetylation by
NPA does not occur. These observations focus
attention upon the modifying influence of the en-
vironment in the native protein upon the reac-
tivity of amino-acid side chains. When the ‘‘re-
active” side chain in the native state is first acety-
lated and the acetyl enzyme is then denatured,
the modifying influence of the protein configuration
is again in evidence, the acetyl group being (re-
versibly) transformed from a state in the native
protein in which it is reactive toward hydroxyl-
amine to an unreactive state in the denatured pro-
tein. It is clear, therefore, that the properties of
this “‘specially reactive’’ group in the protein can-
not be interpreted in terins of the known properties
of the anino-acid side chains in isolation, the reac-
tivity of the group in question being functionally re-
lated to the specific structure of the native protein.
This unusual reactivity has also been demonstrated
by the observation that at pH 3, the same group in
chyimotrvpsin is rapidly acylated by acetic, pro-
pionic or butyric anhydride. It is proposed that
the successive acylation and deacylation of this
uniquely reactive group constitutes an important
feature of the mechanism of hydrolysis of NPA by
chymotrypsin.
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POLYPEPTIDES. X. CONFIGURATIONAL AND

STEREOCHEMICAL EFFECTS IN THE AMINE-INI-

TIATED POLYMERIZATION OF N-CARBOXY-
ANHYDRIDES

Sir:

The usual formulation of the amine-initiated
polymerization of N-carboxy-a-amino-acid anhy-
drides predicts a narrow molecular weight distri-
bution provided the propagation rate is fast com-
pared to initiation.! Recent work on the poly-
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