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Introduction

It is now recognized that the reaction mechanisms of flavo-
protein oxygenases are known in some detail, principally
because of the research with p-hydroxybenzoate hydroxylase

(EC 1.14.13.2) from Pseudomonas fluorescens (1). However,

major gaps remain in our knowledge. For example, during cata-
lysis by aromatic hydroxylases, the transfer of oxygen to the
substrate involves an unidentified transient state of flavin.
Modified flavins provide one experimental tool to probe flavo-
protein mechanisms, by perturbing the active site. With the
naturally occurring flavin, 6-hydroxy-FAD (2), apo-para-
hydroxybenzoate hydroxylase forms an active enzyme which
hydroxylates p-hydroxybenzoate (A. Claibourne, unpublished
result), in contrast to some other modified flavins (3). We
chose to examine the oxygen reactions of the 6-OH-FAD enzyme
in some detail, as the 6-hydroxy group changes the chemistry

of the isoalloxazine ring.

Results and Discussion

Dr L.M. Schopfer kindly prepared 6-OH-FAD using enzymes from
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Brevibacterium ammoniagenes.

Four compounds which are

hydroxylated efficiently by native enzyme were tested with

6-OH-FAD enzyme. The same products were formed as with native

Enzyme containing =
product formation.

enzyme. 0.2% FAD was used to quantify

Rates of NADPH oxidation in turnover were

approximately an order of magnitude lower than with native
enzyme at pH 7, 25°. The ratio of moles product formed to
NADPH oxidised was calculated - 0.69 for p-hydroxybenzoate,
0.25 for p-aminobenzoate, 0.29 for 2,4-dihydroxybenzoate, and

0.52 for p-mercaptobenzoate. Thus, 6-OH-FAD enzyme was an

effective catalyst, but not as efficient as native enzyme.

The oxygen half-reaction of enzyme was studied as described in

the Table and (4). Complex reaction traces were interpreted

in terms of transient chemical species of flavin. The most

Figure. Spectra of flavin species in the reaction E_-p-
aminobenzoate + 02 (see Table) - reduced enzyme (—);

inter-
mediate I (D—0O); intermediate II (0-0); intermediate III
(0-@); oxidised enzyme (———).
T T T T T
o~ ADP - RIB.
// \\ H3C 'I‘ N~ O
251 / \ 3 Z \f
// ‘ H3C N/ NH
/ \ OH 0
/ \
/ \
20 - // \ _jrpkasﬁo7 .
\ / ‘l
< ADP - RIB.
g 1 o, (O—o_o)"’ o/ ‘\ | (o]
- \ - \ HaC N NS0
= 15 o= / | \f i
\
€ / \o \ HsC XN NH
ot // \ 0 o
5 ~, / \
S .\°\ / \
£ 10 PNomno / A)\
V9]

350 380 410
Wavelength (nm)



779

*9TQTSTAUT ATTROTIBUTY ST 93BTPSWISIUT Ue eyl 93edIPUT sosayjusted

-owAzus (QV¥Jd) SATIBU I0J pauTlelqo ATsnoTasid S3UR3SUOD @I SOTTBIT UT S IaquUnN

*(1-S) S3UR3}SUOD I9PIO 3ISIATI aie
SUWNTOD I3Yy3lo UT pue ~AH mH W) S3UBISUOD 93BI ISPIO PUODSS 1P UUNTOD STYI UT SISqUNN,

%o + X0 TWWMJ

0%H+da+sX0g 2724 (111) <2ZL pp EEL (1) WMM|Mlmww %o + st mpmoNcmnxxogvmmMmmmmw

i

%% + X0z fMMW/

on+a+s%% % T11 leml.. IT m..w I MMM M MM ¢y + si3 wpmoNzwnMwm%mmw
Non + mxom Tm|v|/

e SE B g r Ul fos st SR

SOTIDUTY PSAISSHO WOIJ UOTIOBSY Yders I0J Suayds WnurtuTi 923eI3sgns

"oF 03 € 3e ¢ gHd ‘¥YIad¥ Wwp pue (STAL Y3ata 3Tes ) 23eydsoyd wWwoz Io ‘,p 03 € 3I©

66 9Hd ‘ (3Tes ©BN) VIad WwQT pue (3res M) =3eydsoyd wwog ut ushiAxo pue ‘93eazsqns ‘oswizus
Wi9T paureiuod ATTPUTI SUOTINTOS UOTIOEDY *SUOTFIRIJUSOUOD USHAXO jJusIsIITp pue syzbus
~oaeM AueW 3 POMOTIOJ o©I9M SUOT3IOEaI YL ‘uoTljzrisinbe eiep paztasindwoo yitm xoizswozoyd
-oxj3oads moTz-peaddols e uT 1933ng polreushixo U3TM pojroeald sem xoTdwoo swAzus psonpal 8yl
T93TUOTYITP WNTPOS pPaIaiing Y3iTM poonpsl sem swAzus 3yl ‘oTqoIseue 9pell SBM UOTINTOS 3yl
I933IY¥ " 93e0zZUudqixOoIpAyIp-$‘z 103 30ou ATqeqoad 3ng ‘a3eozusqoutwe-d pue a3rozusgixoapiy-d
Jo3 poTITasnl sem uotrzdunsse STYJ -owWAZUD SATIBU JI0J SIUBISUOD UOTIBRTOOSSTP UMOUY

uodn paseq ‘swAzus poINpaI aYj3 I3BANIES O3 93BIISANS YITM POXTW Sem swizud gvd-HO-9 UL

NIDAXO HLIM IWAZNE dIONAIY JO SNOILOVAY NI SHIVIQAWIAINI dNY SINVISNOD ALV “STdel



780

important spectral data is illustrated in the Figure, and
appropriate rate constants in the reactions are compared to

native enzyme under the same conditions in the Table.

By analegy with native enzyme, intermediate I (Figure and
Table) is C(4a)-peroxyflavin and intermediate III is C(4a)-
hydroxyflavin. The 6-hydroxy group has changed these spectra
relative to native enzyme (4). The C(4a)-peroxyflavin decays

partly to H202 (Table). A third transient species (II) was

clearly observed between intermediates I and III with p-
aminobenzoate as substrate. This species has not been de-
tected yet in the hydroxylation of other substrates. On the
basis of known spectral data, there does not appear to be any
known flavin structure responsible for intermediate II. An
inspiration is needed to establish the chemical change in

C(4a)-peroxyflavin which results in the observed spectrum.

The interaction between 2,4-dihydroxybenzoate and 6-OH-FAD
enzyme shows little similarity to the native enzyme. No
transient intermediates were detected upon reaction with
oxygen (Table). Our tentative explanation is that the K4 for

reduced enzyme with substrate is very large (2 0.1M), compared

to 1.8 x 10-4M for native enzyme (4). Results suggest that
the 6-hydroxy group on the flavin interferes with the binding
of this substrate, which places the substrate below and

appressed to the flavin ring in the reduced conformation.
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