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ABSTRACT

p-hydroxyphenylacetate hydroxylase (HPAH) from Acinetobacter baumannii
catalyzes hydroxylation of p-hydroxyphenylacetate (HPA) to 3,4-dihydroxyphenylacetate
(DHPAO), and was found to be a two-component enzyme consisting of the reductase
component (C;) and the oxygenase component (C,). C; component is a flavoprotein
containing FMN as a cofactor, and its function is to provide reduced FMN for C, to
hydroxylate a substrate, HPA. The gene encoding for C, was isolated, cloned and expressed in
E. coli. Studies have shown that the recombinant enzyme behaves similarly to the native one.
Kinetics of both C; and C, reactions were investigated by using a stopped-flow
spectrophotometer in both single- and double-mixing mode. C; alone catalyzes NADH
oxidase reaction in which the FMN cofactor is first reduced by NADH and then re-oxidized
by oxygen to form H,0,. Kinetic results have shown that the reduction of C; by NADH is
biphasic, indicating that the enzyme exists in two isoforms, and each has the reduction rate
constant of 11.6 s and 3.06 s™. The re-oxidation of reduced C, by oxygen was also bi-phasic
with the rate constants of 820 M*s?and 320 M?s™. HPA serves as an effecter to C, reaction
by modulating the reaction to be single-phasic and enhancing the reduction rate to be 300 s™.
HPA has no effect on the rate of C;-reoxidation, but causes the enzyme to exist more in a fast-
reacting form. The redox potentials indicate that the rate enhancement by HPA is not due to
thermodynamics (E°m of C;-HPA complex is -245 mV compared to E®, of C, of -236 mV),
but likely to be the protein conformational change. Studies of C, reaction have shown that the
enzyme rapidly and tightly binds to reduced FMN (with the rate constant >185 s™ and Kg =
1.2 pM), but loosely binds to oxidized FMN (Ky = 87 uM). A C,-FMNH, complex reacted
with oxygen to form C,-C(4a)-hydroperoxy FMN with the rate constant of 1.1x10° Ms™
while a C,-FMNH,:HPA reacted in the same reaction with the rate constant 4.8x10* M?s™.
Kinetic mechanism of hydroxylation of C, was shown to be the preferential random-order
type where the preferred pathway was oxygen reacting with C,-FMNH; or C,-FADH, to form
C(4a)-hydroperoxy flavin prior to HPA binding. Spectra of C(4a)-hydroperoxy FMN(FAD)
and C(4a)-hydroxy FMN(FAD) were detected and shown to be similar. At high HPA
concentration, HPA formed a dead-end complex with C(4a)-hydroxy FMN(FAD), and
inhibited the enzyme from returning to the oxidized form. When the reaction was catalyzed by
both C, and C,, it was found that the FMN cofactor on C,, after being reduced, acted as a
substrate for C,, and then returned back to C; after completing oxygenation reaction. It was
shown that HPA enhanced the rate of reduced FMN transfer from C; to C, active site, from
0.35s™ to be 74 s™ by promoting the reduced FMN to be in a more accessible form.
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