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all  wavasnwddmmainaliineannudnlaludnwlasssioussna lnnsissd jisonvas
ubrdnnlaasendWiaezgianlaasandias (p-hydroxyphenylacetate hydroxylase: HPAH)
uazlwilus 2-0anfiaa (pyranose 2-oxidase: P20) (Huatigs dniuiauwlminilaasen
Ad4da a =) né v a A . e 1 aaa
FWAsozBianlaasandiaadsldanuuaiiiss  Acinetobacter baumannii 139Uz laasan
Batulasmudunylansandandumibs ortho vaimIasduwIT laatandiilaazdion (p-
hydroxyphenylacetate: HPA) ¥nlila  3.4-lalaasendiiaesBionidussndanst 210
mM3Ane@IBdT fluorescence up-conversion HWWUINAINNMIAARIVBILTINGDDLTRTUS LY
fuwaulodIanas (C;) {UMUUKNANITZTRININTAABILULTILAZLULLTI HNMABUATANEN
meﬁ’waaamimﬁauvl,mmaaIwLaqa (molecular dynamics simulation) ﬂ’n_l@jﬁ"i_lﬂ’mﬂﬁslml,ﬂad
wijuawitsvasninezlluunsdunluoulss (site-directed mutagenesis) uazn1IANIA
ﬁlauwama@]ﬂumanmﬁﬂg‘jﬁ%mﬁauﬁaamwam;a (transient kinetics) wudmgwmiﬁwaa
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~1.1 X 100 M's ' UazAINaaaati9 pH 6.2-9.9 weNansnuasaa M aiatalasiawdas
& [ Q/ & ] aaa A a X Py &
panlodannIaamsdivessIdInasluluneudeanvasl fisenaslaninimile pH gelu
wazld1  pka wnnd1 9.4 dwiudjitenlsnasduninlaasendifiaezBianiegein
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lug19 pH 6.0-10.0 Fwiuanlaflnnlug 2-sanfiasinazissljismaandiatusasinna
D-glucose %%amfwmaﬁa?ﬁlueﬂunajﬂwsﬂuaﬁéﬁmeﬂﬁuauﬁ 2 ¢ 2-keto sugar 1Juss
WiaA UFASonnmassdenlodinnlus 2-eanfieafialdindul §Asonduelomd
ludunsdsanzdanadsznavlunguanslulaam lasanaInaenimsl  2-keto  sugar
mmmﬁﬂﬂlﬂumﬁamﬁzﬁmﬂumjum%‘[ﬂmmmﬁlﬁﬂiﬂ%ﬁéfﬁﬂﬁ@iavlﬂ 7N
msdnsna lnmsnuvesenlodinnlug  2-00nBiaa 13 IGAWNUFITAINAN  Cda-

. J | a s ' . .
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uassusn LLazmﬂmi?mmﬂﬁﬁ%mﬂaﬁﬁﬁﬂ"ﬁ"uﬁaUmié?aﬁu D-glucose W&z D-galactose
madLau"lmﬁﬁﬁmnﬂ?iUuLLﬂaW;&'meﬁﬂma:ﬁIuw%Iaﬁm‘i%mﬂa 169 (T169) LWIsuinay
nulnsenveonlodund wuinawlmidnmswasuudsmyuansiinsaazilunilaiin
Gunsa 169 1unsaazdluiwadn (T169S) 1 WUSUATASINTEWING N5 PoINAIUNLNY
wpwitsvantaazilwaeiufidiunis 169 MifianudAydalfismnaiuiandunazaan
Fiatu

Our research supported by TRF during 2008-2011 has focused on studying p-
hydroxyphenylacetate (HPA) hydroxylase (HPAH) and pyranose oxidase (P20). Overall, the
project was very successful. We have obtained 15 publications in leading international
journals. These research output have contributed significantly to the understanding of in-
depth mechanistic and structural aspects controlling catalysis in p-hydroxyphenylacetate
hydroxylase (HPAH) and pyranose 2-oxidase (P20). p-Hydroxyphenylacetate hydroxylase
(HPAH) from Acinetobacter baumannii catalyzes the hydroxylation of p-hydroxyphenylacetate
(HPA) at the ortho-position to yield 3,4-dihydroxyphenylacetate. Based on the fluorescence
up-conversion method, kinetics of fluorescence decay of the reductase component is a
mixture of fast and slow decays. We have used molecular dynamics simulations, site-directed
mutagenesis and transient kinetics to demonstrate that the residue F266 is a gating residue
controlling oxygen diffusion to the active site. The reaction kinetics of C,:FMNH with oxygen
at various pHs indicates that in the absence of HPA, the rate constant for the formation of
C4a-hydroperoxy-FMN (~1.1 x 10° M''s’) is unaffected at pH 6.2 - 9.9 while the rate
constant for the following H,O, elimination step increases with higher pH, which is consistent
with a pKa >9.4. In the presence of HPA, the rate constants for the formation of C4a-
hydroperoxy-FMN (~4.8 x 10* M'1s'1) and the ensuing hydroxylation step (15-17 3_1) are not
significantly affected by pH. The enzyme efficiently catalyzes hydroxylation without generating
significant amounts of wasteful H,O, at pH 6.2-9.9. P20 catalyzes oxidation of D-glucose or
other pyranoses at the C2 position, resulting in the corresponding 2-keto sugars as products.
The reaction catalyzed by P20 is regarded as one of the most useful types for carbohydrate
syntheses because 2-keto-sugars can be used in chiral syntheses of valuable compounds.
One of our major findings of this project is the detection, for the first time, of a C4a-
hydroperoxy flavin intermediate in the reaction of flavoprotein oxidase. The reduction of the
enzyme-bound FAD of T169 mutants by D-glucose and D-galactose was investigated and
compared with the wild-type enzyme. The results have shown the interaction of flavin N5 with

the side chain of T169S is important for reductive and oxidative half-reactions.



Keywords: Flavin, Flavoprotein, hydroxylase, monooxygenase, reducatse,
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Executive summary for p-Hydroxyphenylacetate hydroxylase (HPAH) project

Background and Introduction

Two-component monooxygenases are flavin-dependent enzymes that have been
identified mostly during the past decade. These enzymes have emerged as common
enzymes in nature that are involved in many important reactions in various microorganisms
including oxygenation and halogenation of organic compounds. p-Hydroxyphenylacetate
hydroxylase (HPAH) from Acinetobacter baumannii catalyzes the hydroxylation of p-
hydroxyphenylacetate (HPA) at the ortho-position to yield 3,4-dihydroxyphenylacetate. The
enzyme is by far the most studied two-component flavin-dependent monooxygenase. It
consists of a smaller reductase component (C,), which contains FMN as a cofactor, and a
larger oxygenase component (C,), which has no cofactor bound and employs reduced FMN
(FMNH-) as a substrate for the hydroxylation of HPA. The transfer of the reduced flavin from
the reductase to the oxygenase occurs efficiently via a simple diffusion. Based on the X-ray
structure of C,, the active site of C, contains a few catalytic residues, which comprise
dissociable protons. These residues are in the proper vicinity to participate in the

hydroxylation reaction.

Materials & Methods

Insights into the reaction mechanism of HPAH were investigated by pH-dependent studies
and site-directed mutagenesis. Transient kinetics of the reductase and oxygenase were

investigated using stopped-flow and rapid quench flow techniques.



Results & Discussion

The reaction kinetics of C,:FMNH- with oxygen at various pHs indicates that in the absence
of HPA, the rate constant for the formation of C4a-hydroperoxy-FMN (~1.1 x 106 |v|'1s'1) was
unaffected at pH 6.2 - 9.9, which indicated that the pKa of the enzyme-bound reduced FMN
is less than 6.2. The rate constant for the following H,O, elimination step increased with
higher pH, which is consistent with a pKa >9.4. In the presence of HPA, the rate constants
for the formation of C4a-hydroperoxy-FMN (~4.8 x 104 M_1s_1) and the ensuing hydroxylation
step (15-17 s_1) were not significantly affected by pH. In contrast, the following steps of C4a-
hydroxy-FMN dehydration to form oxidized FMN occurred through two pathways that were
dependent on the pH of the reaction. One pathway, dominant at low pH, allowed the
detection of a C4a-hydroxy-FMN intermediate, whereas the pathway dominant at high pH
values produced oxidized FMN without the apparent accumulation of the intermediate.
However, both pathways efficiently catalyzed hydroxylation without generating significant

amounts of wasteful H,O, at pH 6.2-9.9.

Based on the crystal structures of the oxygenase component (C,), His120 and
Ser146 were speculated to be the residues important for binding of a substrate, HPA, since
both residues are in vicinity to interact with the hydroxyl group of HPA via H-bonding.
Therefore, His120 was mutated into Asn (H120N) and Asp (H120D) and S146 was mutated
into Ala (S146A) and Cys (S146C) to investigate the role of both residues in the substrate
binding. For the mutants H120N and H120D, results from stopped-flow and single-turnover
product analysis experiments indicate that HPA can bind to the enzymes but these mutants
cannot catalyze hydroxylation of HPA at pH 6-10, probably due to the lack of proper H-
bonding between His120 and HPA. For the reaction of S146A, the enzyme catalyzes 70%
hydroxylation at pH 6.2-9.3. These results are different from those of C2 wild type where the

yield of the hydroxylated product is ~90%.



Executive summary for Pyranose 2-Oxidase project

Background and Introduction

Pyranose 2-oxidase (P20; pyranose:oxygen 2-oxidoreductase; EC 1.13.10) from
Trametes multicolor is a member of the GMC oxidoreductase and catalyzes oxidation of
several aldopyranoses by molecular oxygen at the C2 position to yield the corresponding 2-
keto-aldoses and hydrogen peroxide. The enzyme is useful for its applications in sugar
syntheses. P20 is a homotetrameric enzyme with a native molecular mass of 270 kDa. Each

subunit contains one flavin adenine dinucleotide (FAD) covalently attached to N3 of His167.

Materials & Methods

Insights into the reaction mechanism of P20 were investigated by pH-dependent studies and
site-directed mutagenesis. Transient kinetics of P20 was investigated using stopped-flow

kinetic isotope effects techniques.

Results & Discussion

A catalytic reaction of P20 can be divided into a reductive half-reaction in which two
electrons as a hydride equivalent are transferred from a sugar substrate to generate the
reduced FAD and 2-keto-sugar (Prongjit et al., 2009; Sucharitakul et al., 2008), and an
oxidative half-reaction in which two electrons are transferred from the reduced flavin to
oxygen to form hydrogen peroxide (Sucharitakul et al., 2008; Prongjit et al., 2009). P20 is
the first flavoprotein oxidase in which formation of C(4a)-hydroperoxy-flavin was observed
during the oxidative half-reaction (Sucharitakul et al., 2008). The intermediate was detected
in other flavoprotein oxidases only under specific conditions such as in the crystalline form of
choline oxidase and the mutant form, C42S, of NADH oxidase. In addition, the reductive half-
reaction of P20 has shown a few interesting features not found in other flavoprotein

oxidases, such as the absorbance increase at 395 nm and the inverse kinetic isotope effect



at the D-glucose binding step (Prongijit et al., 2009, Warintra et al., 2010). Out recent
investigations on solvent and primary kinetic isotope effects on P20 indicate that the
deprotonation of the C2-OH of D-glucose is decoupled with the hydride transfer step
(Sucharitakul et al., 2010) and the reaction is involved with formation of D-glucose alkoxide
intermediate. His548 was proposed to act as a base abstracting a proton from D-glucose and

also proposed to be a residue enabling FAD covalent linkage formation (Tan et al., 2010).

Output

In summary, we have obtained 15 papers.

(The PI is a corresponding author for 11 papers)
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