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Cu" Carboxypeptidase A-catalysed Hydrolysis of S-(trans-Cinnamoyl-L-a-
mercapto-B-phenylpropionate

By MIcHAEL SCHNEIDER, JUNGHUN SuH, and E. T. KAISER*
(Department of Chemistry, University of Chicago, Chicago, Illinois 60637)

Swumimary Cull carboxypeptidase A has been found to
catalyse the hydrolysis of S-(frans-cinnamoyl)-L-e-mer-
capto-f-phenylpropionate at pH 7-5 and 25 °C at a rate
similar to that of the catalytic hydrolysis of the thiolester
by the native zinc enzyme; this is the first observation of
catalytic activity for the copper form of the enzyme and
makes possible mechanistic investigations of this metallo-
carboxypeptidase species.

REPLACEMENT of the active site Zn! jon with Cull in
carboxypeptidase A (CPA) is known to result in a complete
loss of the catalytic activity of the enzyme in the hydrolysis
of both peptide and ester substrates.!>? The lack of
catalytic activity of the Cull species is in marked contrast
to the behaviour of metallocarboxypeptidases containing
other divalent metal ions which have been found to retain
either peptidase or esterase or both activities.;2 Some
evidence exists against the hypothesis that CulICPA is
catalytically inactive for reasons associated with strong
distortions of the arrangement of the ligands around the
metal ion from a nearly tetrahedral toward a planar
geometry.®* The alternative proposal* that the Cull
enzyme is catalytically inactive toward peptides and esters
because certain of the important protein side chains which
participate in the catalytic action of the native enzyme
have shifted from their optimal positions in the case of the
Cull species also lacks definitive support.

Recently, we reported that the hydrolysis of both
enantiomers of S-(trans-cinnamoyl)-¢-mercapto-f-phenyl-
propionate (I) was catalysed by native carboxypeptidase

A.> We also presented evidence for a difference in mechan-
ism between the reactions with CPA of -(I) and p-(I).® We
now report that CullCPA shows a substantial degree of
catalytic activity in the hydrolysis of L-(I). When assayed
at 310 nm with 0-8 x 10~* M O-(trans-p-chlorocinnamoyl)-
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L-B-phenyllactate at pH 7-5 and 25 °C in 0-5 M NaCl and
0-05 M Tris buffer, the activities of apoCPA obtained by the
treatment of CPA,! with 1,10-phenanthroline, CullICPA
obtained by the treatment of apoCPA with CuCl, and
CPA obtained by the reconstitution of apoCPA with ZnCl,
were found to be 2-49,, 2-19%,, and ca. 1009 compared to
that of native CPA. However, measurements at 310 nm
indicated that the CulICPA-catalysed hydrolysis of r-(I)
occurs readily in 0-5 M NaCl, and 0-05 M buffer at pH 7-0
and 25 °C. Values of 2¢at/Km, %cat, and Ky, for the action
of CullCPA on r-(I) which were obtained from the analysis
of the rate data under these conditions with E4 >> S, were
386 £ 27 M~1s-1, 0-0363 + 0-012s71, and (942 + 3:77)
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X 1075 M, respectively. The value of Zeai/Kpy obtained
for the Cu enzyme is about 459, of that for the action of
native ZnlICPA on L-(I) at the same pH.” When the
reaction of CullCPA toward p-(I) was examined at pH 8-0
under conditions where the native enzyme shows consider-
able activity toward the pD-enantiomer no catalytic activity
was found in the case of the copper enzyme.

The activity manifested by CulICPA exclusively on the
L-(I) thiolester species is in marked contrast to the lack of
activity of the copper enzyme on O-acyl esters of L-o-
hydroxy acids or peptides derived from L-amino acids. The
nature of the binding of the rL-thiolester in the active site
region of the copper enzyme remains to be elucidated, but

1J. E. Coleman and B. L. Vallee, J. Biol. Chem., 1961, 236, 2244.
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the similarity in the value of k¢qay/Km to that found for the
action of the native enzyme on the L-thiolester suggests that
the productive binding modes in the reactions of the thiol-
ester with the copper and native enzymes may be quite
similar. Having discovered a way in which the catalytic
activity of CulICPA can be studied, we are now engaged in
studies to compare its mechanism of action to those of other
metallocarboxypeptidases.
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