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Abstract : (3R,45)-3-Benzyl-4-(bromomethyl)oxetan-2-one is a novel type of fast acting alternate

substrate inhibitor for a-chymotrypsin. The hydroxyl group that is generated during the turnover
process appears to be responsible for the high stability of the acyl enzyme intermediate.

Serine proteases play a vital role in a variety of important physiological processes such as
digestion of food intake, blood coagulation, and fertilization'. Recently, these enzymes have
received much attention as they are known to be implicated in the etiology of numerous diseases
including emphysema?, arthritis®, and metastasis’. Of the serine proteases, a-chymotrypsin is
most well studied, and has been served as a designing target in the development of novel protease
inhibitors™”. A large number of these inhibitors bear an electrophilic heterocycle capable of being
attacked by the side chain hydroxyl of the active site serine of the proteases to give ring-opened
acyl enzyme intermediates. A certain type of the intermediates thus formed are highly stable and
resist to be hydrolyzed. Accordingly, an impairment of the enzymic activity results, which
remains for the lifetime of the acyl enzyme intermediates. These inhibitors are referred to as
alternate substrate inhibitors. On the other hand, there may be generated, during the acylation
process, a chemically reactive functional group which can undergo an alkylation reaction with an
accessible nucleophile at or near the active site. This covalent attachment inactivates the enzyme

permanently, even after deacylation. This type of inhibitors are called mechanism-based
inactivators.”

Recently, we have reported on the development of novel designing approaches for

irreversible inhibitors of enzyme, whose inhibitory actions rest on the interaction of an oxirane
ring with nucleophiles present at the active site®. As an extension of the study, we have designed
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(3R,45)-3-benzyl-4-(bromomethyl)oxetan-2-one (BBMO) as a potential mechanism-based
inactivator for a-chymotrypsin. In binding the potential inhibitor to the enzyme, the benzyl
group is accommodated in the primary recognition hydrophobic pocket of the active site, which
would place the oxetane ring at the catalytic region as shown in Figure 1°. There, then, follows an
acylation of the catalytic serine hydroxyl of the enzyme with the concomitant generation of a
hydroxyl which we expected to undergo an oxirane ring formation viz an intramolecular
displacement reaction. Such a ring formation reaction is commonly observed in solution
chemistry™. The chemically reactive oxirane thus generated was thought to be functioning as an
alkylating moiety, causing to modify the enzyme covalently by reacting with an active site
nucleophile possibly the imidazole of His-57 (Figure 1). However, when the designed inhibitor
was evaluated as the inactivator for a-chymotrypsin, it was shown to be an alternate substrate
inhibitor rather than the mechanism-based inactivator. This communication reports kinetic
analyses of the inhibition to show that (3R,45)-BBMO is a novel type of alternate subsrate inhibitor
for a-chymotrypsin.

Br\/ o

(3R,45)-BBMO

Figure 1. Rationale used in the design of (3R,45)-BBMO as a mechanism-based inactivator for
a-chymotrypsin (see explanation in the text).

The designed inhibitor was synthesized in a 62% yield by treating (5)-2-benzyl-2-vinylacetic
acid with bromine in alkaline conditions following the method of Shibata et al."
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The kinetic study was carried out by following the competitive substrate assay method®
based on the kinetic expression (equation 1) derived by Main for the competitive inhibition that
can be represented by Scheme 1. In the equation, S, and I, represent the initial substrate and
inhibitor concentrations, respectively, v, and v are the velocity of substrate hydrolysis at the initial
time and at time t. Figure 2 shows progress curves thus obtained for the inhibition of a-chymotrypsin
by (3R,4S)-BBMO of different concentrations, from which values of k,, were obtained directly
using the computer-assisted UV spectrophotometer (Hewlett Packard Diode array
spectrophotometer 8452A).
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Scheme 1

Equation (1) may be rearranged, after being integrated, to give equation 2 from which kinetic
parameters of K, and k, (acylation rate constant) are obtainable: From the double reciprocal plot of
k. vs [I], (Figure 3), values of K; and &, were calculated to be 2.55 uM and 2.94 min™, respectively.
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The compound showed a time-dependent inhibition of the enzymic activity under pseudo first-
order conditions (Figure 4). The observed inhibitory kinetics satisfies a requirement of the
mechanism-based inactivation, but it conforms to an alternate substrate inhibition as well. In
order to discriminate between the two possible modes of inhibition we carried out a dialysis
experiment to observe a return of the enzymic activity. This return of enzymic activity clearly
demonstrates that (3R, 45)-BBMO is an alternate substrate inhibitor rather than a mechanism-
based inactivator. Apparently, the acyl enzyme intermediate formed during the turnover is stable
and difficultly hydrolyzed, which is supported by the low deacylation rate constant (k,) of 0.094
min™ determined by the proflavin displacement assay method of Bernhard.”
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Figure 2. Progress curves for the inhibition of a-~chymotrypsin by (3R,45)-BBMO in the presence
of succinyl-Ala-Ala-Phe-p-nitroanilide. a-Chymotrypsin (100 nM) was added to a
solution of (3R,45)-BBMO (10 - 40 uM) in 2.5% acetone-0.04% TRIS buffer, 0.5 M CaCl,,
pH 7.8 at 25 °C, and the hydrolysis of the substrate was followed at 400 nm.

50 7
404 = 1/k(obs)
30 1
1/k gbs "
(sec.)
27 { Ki=2.55uM
ka =2.94 min’!
101
0 T T T T T T ¥ LR — ]
0.00 0.01 0.02 0.03 0.04 0.05 0.06
1o (M)
Figure 3. Determination of X; and k, of (3R,45)-BBMO for the inhibition of a-chymotrypsin by the

method of competitive substrate assay. A double reciprocal plot of the initial
concentration of (3R,45S)-BBMO uvs k,, gives a straight line with a slope of (K,/k)
(1+[S],/K,,) and a y intercept of 1/, (see equation (2)).
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Figure 4. Time-dependent inhibition of a-chymotrypsin by (3R,45)-BBMO

Since an X-ray structure of the acyl enzyme intermediate is not available, no definite
explanation may be offered presently for the cause of the high stability of the intermediate, but it
may be envisioned that the newly formed hydroxyl is responsible for the observed stability of the
acyl-enzyme possibly through hydrogen bonding with various functionalities present at the active
site. Reed and Katzenellenobogen suggested that hydrogen bonding between an inhibitor and
enzyme is one of major binding forces which stabilizes the acyl enzyme intermediate®. This
hydrogen bond forming propensity of the newly generated hydroxyl may also be responsible for,
at least in part, its failure to undergo an oxirane ring formation reaction. However, the possibility
of the hydroxyl to displace the active site water molecule that is required for the deacylation can
not be eliminated™.

In conclusion, (3R, 45)>-BBMO is a novel type of alternate substrate inhibitor of a-chymotrypsin,
which inhibits the catalytic activity of the enzyme very rapidly and efficiently. The high stability
of the acyl enzyme intermediate appears to be due to the hydroxyl group that is generated during
the turnover process: The newly formed hydroxyl may be involved in hydrogen bond formations
with various functionalities present at the active site, and /or possibly displace the water molecule

required for the deacylation. Exploitation of the present observation for designing therapeutically
useful inhibitors is in progress.
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