
In the hydrolysis of several dipeptides by carboxypeptidase-Y
(CPD-Y), there was found a good linear relationship (r = 0.999)
between Michaelis–Menten constant Km and hydrophobicity of the
substrates evaluated as relative elution volume in reversed-phase
HPLC.

Carboxypeptidase-Y (CPD-Y) from bakers yeast is a serine
exopeptidase which catalyzes the hydrolysis of the carboxyl-termi-
nal peptide bond of proteins.  It has been established that the
enzyme has a Ser-His-Asp catalytic triad as found in the trypsin
and chymotrypsin families of endopeptidases.1 From the X-ray
structure of CPD-Y,2 it has been speculated that the active site or
catalytic cavity in CPD-Y consists of a binding pocket in which the
amino acid residues Ser 146, Asp 338, and His 397 constitute the
catalytic triad or charge relay system.  Near the residues are two
hydrophobic pockets (S1 and S1') which could accommodate
hydrophobic side chains at the P1 and P1' positions.  A fascinating
feature of CPD-Y is that it readily hydrolyses peptide bonds bear-
ing proline as the N-moiety whereas α-chymotrypsin can not.
Implications are that the presence of the hydrophobic binding
pockets is the cause of such phenomena.  If this were so,
hydrophobicity would be expected to be reflected in kinetic param-
eter Km.  With this idea in mind we have reinvestigated this process
by undertaking kinetic examinations of the hydrolysis of two ben-
zyloxycarbonyl dipeptides (Z-Phe-NMeAla and Z-Phe-Sar) of
high hydrophobicity along with three previous probed benzyloxy-
carbonyl dipeptides (Z-Phe-Gly, Z-Phe-Ala, and Z-Phe-Pro).3,4

All kinetic measurements were performed in solutions of pH
6.5 at 37 °C.5 The progress of the hydrolysis reactions was deter-
mined spectrophotometrically at 230–240 nm.  Kinetic parameters

as shown in Scheme 2 for the hydrolysis of these dipeptides by
CPD-Y are summarized in Table 1.  The reported values are the
average of two runs.

The order of the catalytic rate constants (kcat) in the present
work in regards with the C-terminal residue was
Ala>Gly>Pro>Sar>NMeAla, while the order of overall reactivity
(kcat/Km) was Ala>Pro>Gly>Sar>NMeAla.  The Km values for the
Pro and NMeAla substrates were smaller than those of the N-
unsubstituted amide substrates (Ala and Gly).

In general, Km values are related to various types of inter-
actions involved in enzyme–substrate complex (Michaelis com-
plex) formations (covalent bonds, electrostatic interactions,
hydrogen bonds, and hydrophobic interactions, etc.).7 The Km
values obtained in this study seemed to point to the importance
of hydrophobic interactions.  Thus, we decided to examine
whether a quantitative correlation exists.

V. Pliska and his co-workers demonstrated that the
hydrophobic parameters π for α-amino acids are highly correlat-
ed to the Rf values of thin-layer chromatography on silica gel and
cellulose plates.8a The hydrophobicities for the dipeptides were
evaluated as their affinity towards the stationary phase in
reversed-phase HPLC relative to the Gly containing dipeptide
(∆Gret),

9 which is related to elution volume (calculated from the
column volume, flow rate, and retention time).  In order to con-
firm the validity of using ∆Gret, we first examined the relation-
ship between ∆Gret and π for Gly, Ala, and Pro and observed
complete linearity (∆Gret = –0.784π+ 6.65 × 10–3, r = 0.999).8b,c

In the hydrolysis of the dipeptides by CPD-Y, there was
found a linear relationship between relative Km and ∆Gret, as
shown in Figure 1. 

where Km
Gly is the Michaelis–Menten constant in the hydrolysis
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of Z-Phe-Gly.  The slope represents the sensitivity of Km to
hydrophobic atmosphere.  The high correlation between
hydrophobicity of the dipeptide substrates and Km elucidated in
this study suggests that the hydrophobicity of the C-terminal
amino acid is a major factor governing the stability of the
enzyme–substrate complex.

While the Pro and Sar residues were resistant to α-chy-
motrypsin cleavage, they were easily cleaved by CPD-Y
enzyme catalysis.  This distinct difference can be understood by
assuming that the rotational barrier of the C-terminal residue in
the active cavity is relatively low as compared with that in α-
chymotrypsin.10 The mechanism of the amide bond cleavage
by CPD-Y proceeds via the formation of a tetrahedral interme-
diate which collapses to an acyl-enzyme intermediate at Ser
146.  The role of His 397 and Asp 338 residues is thought to be
to maintain the Ser 146 residue in a state capable of reacting
with the incoming peptide chain, and also to stabilize the transi-
tion state leading to the tetrahedral intermediate formed during
catalysis (Scheme 3).  On the basis of the principle of micro-
scopic reversibility and the stereoelectronic control theory,11 the
higher reactivity of the Pro substrate as compared with the other
N,N-disubstituted substrates (Sar and NMeAla) can be inter-
preted in terms of the difference in steric demands upon confor-
mational change of the P1' residues during the transition state.

We are indebted to the Instrument Center for Chemical
Analysis, Hiroshima University and Hiroshima Prefectural
Institute of Industrial Science and Technology for providing
NMR and MS instruments. 
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