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SUMMARY

Practical enzymatic procedures have been developed for efficient incorporation of p- and unusual amino
acid derivatives into peptides. By utilizing the kinetically controlled approach towards enzymatic peptide
synthesis (aminolysis of esters), we are able to greatly enhance the relative esterase vs. amidase activity of
several proteases. This approach uses conditions of high organic solvent and high pH, Under these conditions,
the enzymatic coupling of an W-protected amino acid or peptlide ester and an unusual amine component is
much faster than the enzvme-catalysed hydrolysis of amide bonds, and the resulting unusual peptide is
protected from subsequent hydrolysis by the enzyme. Compuler-assisted molecular modeling and kinetic
study are employed for the rationalization of such unusual reactions. Similarly, lipases and esterases without
amidase activity have been used in the synthesis of peptides thal are the precursors of penicillin antibiotics,

INTRODUCTION

Protease-catalysed peptide synthesis has become
a very important process in the laboratory and in
industry [4-6,8.9]. The advantages of this approach
include (a) general freedom [rom racemization, (b)
less need for side chain protection, (¢) mild reaction
conditions in environmentally acceptable solvents
with catalytic efficiency, and (d) enzvme immobil-
ization allowing for the recovery of catalytic activ-
ity, giving these techniques considerable economic
advantage over chemical stoichiometric proce-
dures. Two strategies are generally used in enzy-
matic peptide synthesis [5]: one is a thermodyn-
amically controlled approach (i.e.. a direct reversal
of the catalytic hvdrolysis of peptides): the other is
a kinetically controlled approach (ie., aminolysis
of N-protected amino acids or peptide esters), The
first approach is an endergonic process and ma-
nipulation of reaction conditions is required to in-
crease the concentration of peptide products. The
use of water-miscible or immiscible organic sol-

vents, the formation of insoluble products, and the
use of reverse micelles have been shown to be quite
effective in this approach. The kinetically controlled
approach is [aster and the product yield can be im-
proved by manipulating the reaction conditions as
in the thermodynamic approach. The kinelic ap-
proach, however, requires the preparation of an es-
ter and is limited to those enzymes which form an
acyl-enzyme intermediate during the hydrolysis of
the ester. Fig. | illustrates detailed mechanisms for
the esterase and amidase activities of serine or cys-
teine proteases. Both activities are similar in mech-
anism but different in rate-determining steps. This
difference allows us to find working conditions to
control the amidase vs. esterase activily for use in
the kinetic approach in which the amidase activity
is not desirable. An ideal case would be the catalytic
use of eslerases without amidase activity if the en-
zyme would accept amino acid derivalives as a nu-
cleophilic substrate.
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Fig. 2. Kinetic vs. thermodynamic approach to peptides. Time

course for the chymotrypsin-catalysed synthesis of Z-L-Tyr-p-

Met-OMe and Z-L-Tyr-1-Met-OMe. The reaction mixture con-

lained 0.2 mM eneyme, 50 mM 2-L-Tyr-OMe and 200 mM b-

Met-OMe in 0.2 M carbonate buffer, pH 9.5/50% dimethyl-

formamide. The reaction at pH 7.1 was carried ouwt in a phos-
phate bufer/50% dimethylformamide.

dipeptides suffers from a secondary hydrolysis of
the product by the enzyme. To understand this, a
computer-assisted molecular modeling of Z-L-Tyr-
p-Mel-OMe in the enzyme active site was carried
out. In a best fit, the Z-L-Tyr portion is put in the
hyvdrophobic pocket. The p-Met-OMe portion,
however, is pointing toward a disulfide bridge with
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unfavorable energetic interaction (Fig. 3). The
modeling indicates that the LD dipeptide is bound
to the enzyme less tightly than the LL peptide (K,
= 2 mM compared to 0.03 mM lor the LL peptide)
and the scissile amide linkage is not properly orient-
ed for a nucleophilic attack by serine. This model-
ing explains the irreversible nature of the LD peptide
synthesis and is consistent with the kinetic results,
which indicate that n-Met-OMe is not a compeli-
tive inhibitor, suggesting that it approaches the Z-
L-Tyr-enzyme intermediate from a position other
than the §' site.

The optimum pH for the kinetic approach is
about 9. At this pH the esterase vs. amidase activity
is enhanced by a faclor of about 1000 so that the
resulting peptide prepared under this condition is
protected [rom subsequent hydrolysis by the en-
zyme. This new strategy has been applied to a step-
wise papain-catalysed synthesis of a protected en-
kephalin [2] as shown in Fig. 4 and to the synthesis
of several dipeptides including the sweetener Asp-
p-Ala derivative [2] (Table 1). Organic solvents
show a similar effect on the esterase vs. amidase
activities of several proteases (Fig, 5). These en-
zymes with controlled amidase activity are being
used as catalysts for condensation of peptide frag-
ments.
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Fig. 3. Computer-assisted molecular modeling of Z-L-Tyr-p-Met-0OMe, The modeling was performed on a VAX 11780 equipped with
an Evans and Sutherland P330 graphics terminal with the aid of program FRODOG,






