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Hydroxybenzoate 6-hydroxylase (3HB6H) from Rhodococcus josti RHA1 is an NADH-specific
flavoprotein monooxygenase containing flavin adenine dinucleotide (FAD) as a cofactor. The
enzyme catalyzes para-hydroxylation of 3-hydroxybenzoate (3 HB) to form 2,5-dihydroxybenzoate
(2,5-DHB). The enzyme reaction mechanism was studied using stopped-flow spectrophotometry
and rapid-quench techniques. The overall catalytic reaction consists of two half-reactions. The
reductive half-reaction is the reduction of FAD by NADH and an oxidative half-reaction is the
hydroxylation of the aromatic substrate. Kinetics of enzyme reduction has indicated that 3-HB act
as an effector that can increase the reduction rate constant dramatically ~119-fold (0.43 s in the
absence of 3-HB versus 51 s in the presence of 3-HB). For the oxidative half-reaction, the
reduced enzyme-3HB complex reacts with oxygen to form two intermediates. Thg fir_qt _iptermediate
is C(4a)-peroxyflavin, which forms with a rate constant of 1.13 T 0.01 X 10 M s, while the
second intermediate is C(4a)-hydroperoxyflavin. The second intermediate formed with a slower rate
constant in D,O with a SKIE of 1.76, indicating that this_§tep is involved with proton transfer. The
hydroxylation occurs with the rate constant of 35 £ 2 s~ and 86% of the product formation. The
correlation between pre-steady state and steady-state kinetics indicates that the steps of product
release (~12 s ) and hydroxylation partially control the overall catalytic turnover.

Based on the enzyme crystal structure, the residues H213 and Y217 potentially interact with 3-OH
and carbonyl oxygen of 3-HB, respectively. Site-directed mutagenesis of these two residues are
employed to investigate their functional roles. The H213A variant can form C4a-hydroperoxyflavin
but cannot hydroxylate 3-HB. Both hydroxylation rate constant (1.6 & 0.02 s ) and percentage of
product formation (25%) of the H213S variant are less than those of the wild-type enzyme.
Interestingly, the hydroxylation rate constant of H213E (35 s ) is similar to the value of wild-type
enzyme and the variant is more efficient in hydroxylation (~ 92% product formation). Studies of
Y217 variants, Y217A, Y217F and Y217S, indicate that these enzymes cannot bind 3-HB well. The
results indicate that H213 is important for hydroxylation while Y217 is necessary for substrate
binding.
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