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Abstract: Using the electrospray ionization mass spectrometric method, we have shown that (28,3R)-2-
benzyl-3,4-epoxybutanoic acid methyl ester (BEBAME) inactivates a-chymotrypsin most probably by

modifying covalently the hydroxyl of Ser-195. Copyright © 1996 Elsevier Science Ltd

Recently, we have reported that (2S,3R)-2-benzyl-3,4-epoxybutanoic acid methyl ester (BEBAME) is
a novel type of active-site directed inhibitor for o-chymotrypsin (a-CT) designed on the basis of the designing
principle that makes use of the stereospecificity of the enzyme: the oxirane ring of the inhibitor is expected to
be rested in the catalytic site and thus to experience a nucleophilic attack by the hydroxyl of Ser-195, forming
an ether linkage to the inhibitor with opening of the oxirane ring (Figure 1).""? The inhibitor showed a time
dependent inactivation for «-CT to suggest strongly that the covalent modification was indeed occured at the
active site of the enzyme. This communication describes the electrospray ionization (ESI) mass spectrometric
study of a-CT/BEBAME complex to show that BEBAME inactivates the enzyme through the formation of a
covalent bond and that Ser-195 is the probable site for the covalent modification.
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Figure 1. Schematic representation of the interaction of BEBAME with «-CT to covalently modify the
enzyme at the hydroxyl of Ser-195.

Figure 2 shows transformed ESI mass spectra’ of o-CT before and after incubation with BEBAME. It
can be seen from the figure that as the incubation period is lengthened, the peak at 25440 Da which
corresponds to the molecular weight of covalently modified a-CT by the inhibitor becomes predominant at the
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expense of the peak of the free enzyme at 25234 Da. Although these data suggest strongly that the incubation
causes BEBAME to interact with the enzyme, this does not necessarily prove that a covalent bond formation is
resulted between them, because ESI can generate ions of noncovalent complexes as well.“® However, the
possibility that the peak of 25440 Da is due to the formation of a noncovalent complex of the enzyme with the
inhibitor is highly unlikely, because the peak of 25440 Da was observed even after the incubation was
quenched with a strong denaturant, trichloroacetic acid. If the peak at 25440 Da is due to a noncovalent
complex, the complex is expected to dissociate upon the quenching, and the peak will be no longer observed.
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The covalent complex of o-CT with BEBAME was digested with trypsin for 20 h at pH 8, the
cleavage products were separated by reversed-phase HPLC, and each band thus obtained was examined by
ESI mass spectrometry for the covalently modified amino acid residue. T17 peptide'® obtained from the
digestion has the following amino acid sequence: Asp'’® Ala-Met-Ile-Cys*-Ala-Gly-Ala-Ser' **-Gly-Val-Ser'*%
Ser'*®Cys*-Met-Gly- Asp-Ser' *>Gly-Gly-Pro-Leu-Val-Cys*-Lys*** where Cys* represents a S-carbamoyl-
methyl cystein residue obtained by treating Cys with iodoacetamide to prevent thiols from forming disulfide
linkages. Since T17 peptide contains Ser-195 residue, it should be the first target in checking for the presence
of covalent modification. The ESI-generated ions of T17 peptide at pH 2 are expected to have two or more
positive charges, because the peptide has two amino groups (one at the N-terminal and the other at the side
chain of Lys-202) and three slightly basic amide groups (at Cys* residues). The calculated m/z values of [M +
2H1** and [M + 3H}* ions generated from T17 peptide modified covalently with BEBAME are 1348 and 899,
respectively.'! Each scan point in the total-ion-current (TIC) chromatogram (Figure 3a) was searched for
those ion peaks. Plotting of the two ion currents against scan number produced single-ion-current (SIC)
chromatograms cotresponding to [M + 2H]** and [M + 3H]*" ions (Figures 3b and 3c, respectively).
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Comparing of the SIC chromatograms with the TIC chromatogram shows that the fraction indicated by an
arrow in Figure 3a corresponds to BEBAME-linked T17 peptide. The ESI mass spectrum for the fraction
(Figure 3d) was obtained by averaging the mass spectra of scan points under the band. Two of three major
peaks in the spectrum corresponds to [M + 2H]** and [M + 3H]* ions of the peptide, and the peak at m/z
813.9 comes from a component that was not separated from the modified T17 peptide under our HPLC
separation conditions. These analyses of mass spectrometric data suggest strongly that a nucleophile in T17
peptide, probably the serine hydroxyl, is responsible for the covalent modification.
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Figure 3. (a) An HPLC/MS TIC trace (m/z 650 — 1450) of a tryptic digest of the inactivated a-CT.
A microbore (1 mm x 250 mm) C18 column was used. The entire effluent (50 pL/min) entered an
ESI source. (b) and (c) SIC chromatograms of (b) m/z 1348 and (c) m/z 899 ions. (d) An ESI mass
spectrum of the fraction indicated by an arrow in (a).

There are four serine residues (Ser-186, Ser-189, Ser-190, and Ser-195) in T17 peptide, but those
serines except Ser-195 are highly unlikely to undergo a covalent bond formation with BEBAME since they are
not suitably located for the chemical interaction with the oxirane ring of the active site bound inhibitor. The
X-ray crystal structures of the free and inactivated a-CT revealed that Ser-186 is rested at the surface of the
enzyme and the hydroxyl of Ser-190 is involved in the stabilization via hydrogen bonding of the tetrahedral
transition state in the enzyme hydrolysis reaction.'*'* Therefore, both serine residues are unlikely to interact
with the oxirane ring of the inhibitor. Ser-189 is located also too remotely for its hydroxyl to attack the
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oxirane ring, ” thus leaving the hydroxyl of Ser-195 as the only nucleophile which can undergo a reaction

with the oxirane ring.



1452

Y. ). KM et al.

In conclusion, we have demonstrated using the ESI mass spectrometric method that the hydroxyl of

Ser-195 is the most probable site for the covalent modification when BEBAME inactivates a-CT as expected
from the designing rationale. Furthermore, together with the result from the kinetic analysis of the

inactivation, the present study shows that the principle used in designing of BEBAME as a site-directed

inactivator for o-CT is valid and is potentially applicable to the design of inhibitors of other serine proteases.
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