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Abstract

The stopped-flow technique has
been used to determine the rate constant
of each individual step in the catalytic
pathway of MP-catalyzed reaction. We
have characterized two intermediates (I
and 1) spectroscopically. The pH-
dependence of k, . is bell-shaped with
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pK, values of 8.6 and 9.6, while the
vaue of k, . increases dramaticaly at
pH above 9. This is consistent with the
fact that | dominates at pH 7 and Il
dominates at pH 10.7. The reactivity of
Il depends on the substrates used. The
rate constants differ by four order of
magnitudes for different substrates. The
presence of methanol causes a linear
decreasein log k; as %CH,OH increases.
GdnHCI and Tris significantly increase
the reaction rate at pH 7. At pH 10.7,
GdnHCI dlightly decreases the rate,
while Tris dlightly increases the rate.
Both Ea andA S decrease at pH 7 but
increase a pH 10.7. Because the
opposite effect of Eaand A S, the rate
depends on the relative magnitudes of
these two parameters. We aso proposed
amechanism of MP-catal yzed reaction.
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Hemoproteins play important roles
in biological functions: such as transport
of O, (hemoglobin, myoglobin) or
electron (cytochromes), reducetion of O,
(cytochrome ¢ oxidase), oxidation of
substrate (peroxidase), decomposition of



H,O, (catalase), etc. Microperoxidase
(MP), obtained from the proteolytic
digestion of cytochrome c by pepsin and
trypsin, is an excellent model for these
heme enzymes because it's heme c
moiety still contains a convaently-
linked oligopepetide with a histidine
serving as the proximal ligand. Kinetic
studies of MP are usually carried out at
high concentration of H,O,, which may
cause partial degradation of MP and the
formation of a mixture of products.
These will complicate the interpretation
of the kinetic results and affect the
reliability of the obtained rate constants.
In this report, we have carried out the
kinetic study of MP at low concentration
of H,O, under the single turn-over
condition using the stopped-flow (time-
resolved and fixed wavelength)
techniqgue. We have characterized the
intermediate, 11, of MP at pH 10.7 and
measured the rate of its formation and
reactivity against various substrates. We
aso investigate the effects of pH,
methanol, GdnHCI, and temperature on
the rate constants. These results are
important  in  understanding  the
mechanism of M P-catalyzed reaction.

Characterization of I ntermediates

The absorption and difference
spectra of the reaction of MP8 and H,O,
in carbonate buffer, pH 10.7 a 25°C
clearly show the disappearance of the
original peak of MP8 at 398 nm and the
appearance of new bands at 415, 522,
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Fig.1 Time-resolved difference spectra for (a) the reaction of native MP
and H,0, (0.24 s/trace). (b) the reaction of Il and OMP (0.03s/trace). In
carbonate buffer, pH10.7

and 549 nm (Fig. 1). These bands are
characteristics of 11 of heme enzymes or
model compounds. The sharp isosbestic
point at 405 nm indicates the direct
transformation of MP8 to Il. | is not
observed at pH 10.7 probably because of
its fast decay such that no significant
accumulation occurred. Addition of the
substrate, OMP (o-methoxyphenal), to
[l results in a gradual decrease in
absorbance at 415, 522, and 549 nm and
a concomitant increase in absorbance at
398 nm. These data clearly indicate the
conversion of |l to native MP8 by the
presence of substrate. Based on the
above results and the results from the
following sections, we proposed the
following mechanism for MP-catalyzed
reactions.

ky

k
MP$ + H,0, —'> 1 M+ 2, MP§+P

5 lh S: substrate

MPS + P P: product
The extinction coefficients of 11 at pH
10.7 are Dey, ,,=3.76" 10* M*cm™ and
Deys =3.86"10* M'cm™. Under the
condition of k, >> k,, thefirst step (k,) is



rate determining, the initia rate of
formation of Il is given by
k,[MP8][H,O,] and the initial rate for
the reaction of Il and OMP is given by
kj lI][OMP]. The rate constants,
determined from the absorbance
changed a 398 and 415 nm, are
k,=1.7" 10° M's* and k;=4.4" 10° M"'s",
respectively.

At pH 7, a significant decrease in
absorbance at 398 nm was observed due
to the formation of 1. There is no change
in absorbance at 415 nm indicting that
the conversion of | to Il is too slow to
be detected. The values of Deyy,,,, and Kk,
are 1.31° 10° M'cm™ and 6.3" 10° M's?,
respectively.

Effect of Substrate on rate constants
The reactivity of |1 depends on the
substrate used. (Fig. 2). The rate
constants (k;) for various substrates
differ by four orders of magnitudes. This
result is quite different from the data by
Pratt et. al,' which shows similar rate
constants for various substrates.
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Fig. 2 Time courses of the change in absorbance at 415 nm of compound
11 reacted with different substrates at pH 10.7

pH Dependence of rate constants
MP8 exhibits maximum activity at

pH9. The pH-dependence of K, . is bell-
shaped with pK, values of 8.6 and 9.6,
which are assigned to the ionizations of
MP-bound H,O, and MP-bound water,
respectively. The value of k, . increases
dramatically at pH above 9. This result
is consistent with the fact that |
dominates at pH 7 and Il dominates at
pH 10.7.

Effect of Solvent on k, and k,

The rate constant (k;) of MP8 and
H,O,, a pH 10.7, is decreased by the
presence of an increasing amount of
methanol. The plot of log k; vs
%CH,OH is linear. Heterolytic cleavage
to form | requires a significant charge
separation of peroxide in the transition
state. The decrease in the dielectric
constant at high percentage of methanol
is unfavorable for the charge separation
process, causing an increase in the
activation energy and hence a reduction
in rate. Both k; and k; decrease five
times by the presence of 50% methanol.
The rate is not affected by the presence
of methanol a pH 7, in consistent with
the results of P. Jones al .2

Effect of GAnHCI

Addition of GdnHCI causes an
acceleration of the rate of formation of |
at pH 7 asillustrated in Fig. 3. Hydrogen
bonding between GdnH® and charge-
separated HO,™ results in a stabilization
of the transition state (lowering of the
activation energy) and hence an
enhancement of the rate.>*
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Fig. 3. Time courses of the change in absorbance at 398 nim of GdnHCl
effect on the reaction of MP8 with hydrogen peroxide at pH 7.

T-dependence of rate constants

The thermodynamic constants from
the temperature dependence experiments
are given below.

kcal/mol Ea AG AH AS(e
MP + H,0,
pH7 1208 1263 1148 -3.86
pH10.7 3.74 10.75 3.15 -25.49
Containing [GdnH*]=0.5M
pH7 941 11.33 882 -8.42
pH10.7 9.59 11.15 9.00 -7.23
Containing [Tris|=0.5M
pH7 581 11.39 521 -20.7
pH10.7 5.63 10.38 5.04 17.91
pH7 dominate PHIOT dominmate 0
A
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Reactants Transition State

Addition of GdnHCI or Tris causes a
significant increase in k; at pH 7.0. This
is due to the stabilization of the
transition state (iii), relative to the
reactant (i), through electrostatic
interaction and hydrogen bonding with
GdnHCI or Tris, as confirmed by the

reduction in Eaand A S. The effect of
Ea is greater than that ofA S, causing
an increase in rate. At pH 10.7, a dlight
decrease in k;, was observed for the
addition of GdnHCI, whereas a dight
increase in k; was observed upon
addition of Tris. The presence of
GdnHCI and Tris causes a greater
stabilization of the reactant (ii) as
compared to the transition state (iii), in
consistent with the increase in Ea and
A S. Because of the compensation
effect, the rate depends on the relative
magnitudes of these two parameters.

MP
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