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Pseudomonas putida strain G7 cis-1,2-dihydro-1,2-
ihydroxynaphthalene dehydrogenase (NahB) and Co-
amonas testosteroni strain B-356 cis-2,3-dihydro-2,3-
ihydroxybiphenyl dehydrogenase (BphB) were found
o be catalytically active towards cis-2,3-dihydro-2,3-
ihydroxybiphenyl (specificity factors of 501 and 5850
21 mM21 respectively), cis-1,2-dihydro-1,2-dihydroxy-
aphthalene (specificity factors of 204 and 193 s21

M21 respectively) and 3,4-dihydro-3,4-dihydroxy-
,2*,5,5*-tetrachlorobiphenyl (specificity factors of 1.6
nd 4.9 s21 mM21 respectively). A key finding in this
ork is the capacity of strain B-356 BphB as well as
urkholderia cepacia strain LB400 BphB to catalyze
ehydrogenation of 3,4-dihydro-3,4-dihydroxy-2,2*,5,5*-
etrachlorobiphenyl which is the metabolite resulting
rom the catalytic meta-para hydroxylation of 2,2*,5,5*-
etrachlorobiphenyl by LB400 biphenyl dioxygenase.
1999 Academic Press

Bacteria able to convert selected chlorobiphenyl
PCB) congeners into corresponding chlorobenzoates
se the biphenyl degradation pathway. This pathway

nvolves four enzymatic steps. The initial reaction is
atalyzed by the three component biphenyl 2,3-
ioxygenase (Bph dox) which catalyzes the oxygen-
tion of two vicinal ortho-meta carbons of the biphenyl
ing to yield a 2,3-dihydrodihydroxybiphenyl (2,3-DD-
iphenyl) (1, 2). The dihydrodiol intermediate is then a
ubstrate for BphB, an NAD1-dependent dehydroge-
ase that produces 2,3-dihydroxybiphenyl for BphC, a
ing fission dioxygenase. Following ring fission, hydro-
ytic cleavage by BphD produces benzoate and 2-hy-
roxypenta-2,4-dienoate.

1 Corresponding author. Fax: 514-630-8850. E-mail: Michel.Sylvestre@
NRS-Sante.Uquebec.ca.
181
Tolerance of the various enzymes of the biphenyl
egradation pathway for chlorine substituents varies
rom organism to organism. A key feature of Burkhold-
ria cepacia LB400 Bph dox is its capacity to catalyze
he oxygenation of selected PCB congeners at the 3,4-
ositions, rather than at the usual 2,3-positions. For
xample, unlike the homologous enzyme from Co-
amonas testosteroni B-356 (3), strain LB400 Bph dox

an oxygenate selected congeners, such as 2,29,5,59-
etrachlorobiphenyl, for which none of the ortho-meta
ositions are available for oxygenase attack (4). How-
ver, complete degradation of PCB congeners requires
hat such products be converted into corresponding
cyclic metabolites. Preliminary results have indicated
hat the second enzyme of the pathway, 2,3-dihydro-
,3-dihydroxybiphenyl 2,3-dehydrogenase (BphB) of
train LB400, is unable to dehydrogenate cis-3,4-
ihydro-3,4-dihydroxy-2,29,5,59-tetrachlorobiphenyl
3,4-DD-2,29,5,59-TCB) which is the metabolite result-
ng from the 3,4-dioxygenation of 2,29,5,59-tetrachloro-
iphenyl (4, 5, 6). While Hülsmeyer et al. recently
lucidated the structure of BphB from strain LB400,
nd modeled enzyme-substrate interactions, these
tudies were unable to explain why 3,4-DD-2,29,5,59-
CB is not a substrate for the enzyme (6).
Several reports have suggested that cis-dihydrodiol

ehydrogenases involved in the metabolism of aro-
atic compounds have relaxed substrate specificity

7, 8, 9, 10, 11, 12). In addition, cis-1,2-dihydro-1,2-dihy-
roxynaphthalene 1,2-dehydrogenase from Pseudomo-
as putida G7 NAH7 plasmid (G7 NahB) was found to
ehydrogenate 3,4-DD-2,29,5,59-TCB (13). Further-
ore, a preliminary investigation in our laboratory

sing crude extracts suggested that Comamonas tes-
osteroni B-356 BphB, like strain G7 NahB, can cata-
yze the dehydrogenation of 3,4-DD-2,29,5,59-TCB.

The most suitable enzymes for the development of
ngineered bacteria with enhanced ability to degrade
0006-291X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.
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he most persistent PCB congeners will be those that
how the highest level of affinity and selectivity to-
ards these substrates. Although the crystal structure
f strain LB400 BphB is now known, identification of
he major structural determinants responsible for
inding and specificity of the enzyme is so far hindered
y the lack of a structure for the enzyme-substrate
omplex (6). Given these premises, the purpose of this
ork was to compare the kinetic parameters of strain
7 NahB with those of strain B-356 BphB towards

is-2,3-dihydro-2,3-dihydroxybiphenyl (2,3-DD-biphenyl),
is-1,2-dihydro-1,2-dihydroxynaphthalene (1,2-DD-naph-
halene) and 3,4-DD-2,29,5,59-TCB, and to reevaluate the
apacity of LB400 BphB to catalyze the dehydrogenation of
he latter substrate.

ATERIALS AND METHODS

acterial Strains and General Protocols

The bacterial strains used in this study were: Escherichia coli
15[pREP4] carrying C. testosteroni B-356 bphB or P. putida G7

ahB on pQE31 (13, 14); C. testosteroni B-356 (15); and B. cepacia
B400 (16). Most molecular biology manipulations were done accord-

ng to protocols described by Sambrook et al. (17). Polymerase chain
eactions (PCR) to amplify nahB from strain G7 NAH7 for DNA
equencing were performed using Pwo DNA polymerase according to
rocedures outlined previously (13). DNA Sequencing was done from
ubclones in M13mp18 and M13mp19 using the Pharmacia Auto-
ated Laser Fluorescent A.L.F. DNA Sequencer. Sequence analyses
ere performed by the DNA sequencing service at Institut Armand-
rappier, Laval, Québec, Canada. The two oligonucleotides used to
mplify nahB for sequencing were based on the known sequences of
he terminal portion of strain G7 nahAd (18), and the terminal
ortion of Pseudomonas putida OUS82 pahB (19) and of nahB
arried on plasmid NPL1 of Pseudomonas putida BS202 (20). The
ligonucleotide sequences were: KpnI 59 CGAGGTACCGATGAT-
ATCAATATTCAAG 39 and KpnI 59 CGACGGTACCTCACTTGC-
ACCGAGC 39.

xpression and Purification of His-Tagged
B-356-BphB and G7-NahB

B-356 BphB and G7-NahB were expressed and purified as fused
is-tagged (ht-) proteins. Ht-B-356-BphB and ht-G7-NahB were ex-
ressed in E. coli and purified by affinity chromatography according
o protocols described previously (13, 14).

hemicals

2,3-DD-Biphenyl and 3,4-DD-2,29,5,59-TCB were produced enzy-
atically from biphenyl (Aldrich Chemicals, Milwaukee, WI) and

,29,5,59-tetrachlorobiphenyl (ULTRA Scientific, North Kingstown,
I) according to protocols described previously (13, 14). The identi-

ies of 2,3-DD-biphenyl and 3,4-DD-2,29,5,59-TCB were assessed by
as chromatography-mass spectrometry (GC/MS) analysis of their
utylboronate derivatives as described previously (14). Chemically
ynthesized 1,2-DD-naphthalene was graciously provided by D. T.
ibson and S. M. Resnick (University of Iowa, Iowa City, IA). Con-

entrations of 2,3-DD-biphenyl and 1,2-DD-naphthalene were calcu-
ated from the weights of purified powder used to make the stock
olutions. The concentration of 3,4-DD-2,29,5,59-tetrachlorobiphenyl
n solution was obtained using high-performance liquid chromatog-
aphy (HPLC) analysis as described previously (13).
182
phB and NahB Assays

The activities of purified preparations of ht-BphB and ht-NahB
ere measured at 37°C in Bicine buffer, 50 mM, pH 9.0.

(i) HPLC assay. The assay mixture (200 ml total) contained 2-2.5
M NAD1, 0.5 mg of the purified enzyme and variable concentra-

ions (75 to 1,000 mM) of 2,3-DD-biphenyl or 1,2-DD-naphthalene.
hen the substrate was 3,4-DD-2,29,5,59-TCB, the amount of en-

yme in the reaction medium was raised to 25 mg. The reaction was
nitiated by adding the substrate dissolved in 2 ml of acetone, and it
as stopped after 1 min by addition of 400 ml acetonitrile. This
ixture was centrifuged 30 s, then samples of the supernatant (50
l) were injected onto an octyldecyl silane Hypersil II HPLC column
o evaluate substrate depletion by reverse-phase chromatography.
he substrate was detected using a Perkin-Elmer LC95 UV/visible
etector set at 306 nm for 2,3-DD-biphenyl, 264 nm for 1,2-DD-
aphthalene and 283 nm for 3,4-DD-2,29,5,59-TCB.

(ii) Fluorometric assay. When 2,3-DD-biphenyl was used as sub-
trate for BphB or NahB, activity was also evaluated by monitoring
ontinuous production of NADH using a Shimadzu RF-5000 fluorom-
ter. The assay (400 ml total volume) contained 2.5 mM NAD1, 0.05
g of the purified enzyme, and varying concentrations of diol sub-
trate. The excitation wavelength was set at 340 nm and emitted
ight was measured at 460 nm: wavelength dispersion was 5 nm for
oth excitation and emission.
Kinetic parameters, Km

app and Vmax
app , at 37°C were obtained from

inear least-squares fitting to the Lineweaver-Burk equation. The
cat
app values were determined according to the equation kcat

app 5 Vmax
app /[E]

here [E] is the enzyme molar concentration determined using the
owry method (21) and the predicted molecular weight of the enzyme
ubunit. The specificity constant for each substrate is the kcat /Km

atio.
BphB activity toward 3,4-DD-2,29,5,59TCB was also determined in

rude extracts of C. testosteroni B-356 and B. cepacia LB400 cells.
rude lysates were prepared from 500 ml of fresh log-phase culture
rown on minimal medium no 30 (22) containing 0.1% (w/v) biphenyl
s growth substrate. The harvested cell paste was washed and re-
uspended in 4 ml of 100 mM Bicine buffer, pH 8.0. The cell suspen-
ion was sonicated and then cleared by centrifugation. The superna-
ant was used directly in the enzyme assay. The reaction medium in
00 mM Bicine, pH 8.0, buffer (200 ml total volume) contained 100 ml
f cell lysate, 1 mM NAD1 and 15 nmol substrate added in 2 ml
cetone to initiate the reaction. The reaction products were extracted
ith ethyl acetate, treated with butylboronate and analyzed by
C/MS as described previously (14).

ucleotide Sequence Accession Number

The nucleotide sequence data in this paper has been submitted to
he GenBank nucleotide sequence data bases under the accession
umber AF125184.

ESULTS

atalytic Properties of BphB and NahB
toward Selected Substrates

Preliminary work with crude cell extracts showed
hat, like P. putida strain G7 NahB, C. testosteroni
train B-356 BphB can metabolize 3,4-DD-2,29,5,59-
CB. These results prompted a more exhaustive com-
arison of the catalytic properties of both enzymes
oward this substrate, as well as their natural sub-
trates. Purified ht-BphB and ht-NahB were produced
s described previously (13, 14). Under the assay con-
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itions described in Materials and Methods, purified
t-B-356 BphB or ht-G7 NahB catalyzed the dehydro-
enation of 3,4-DD-2,29,5,59-TCB to generate 3,4-
ihydroxy-2,29,5,59-tetrachlorobiphenyl (Fig. 1A and
B). 3,4-Dihydroxy-2,29,5,59-tetrachlorobiphenyl was
dentified from the mass spectrum of its butylboronate
erivative. The spectrum (Fig. 1C) is similar to one for
,3-dihydroxy-49-chlorobiphenyl reported by Massé et
l. (23). The major fragmentation sequence in its mass
pectrum first involves the loss of an n-butyl moiety
rom the molecular ion with subsequent elimination of
ne or two HCl to yield ions at m/z 333, m/z 298 and
/z 262. Other significant fragmentation ions are

ound at m/z 5 290 (M 2 nBuBO2) and m/z 5 278 (M 2
BuBO 2 CO). 3,4-DD-2,29,5,59-TCB was stable and
emained unaltered for hours under the reaction con-
itions used. Furthermore, controls containing no
AD1 did not produce this metabolite. Taken together,

FIG. 1. Total ion chromatograms of butylboronate-derived oxidat
nd (B) B-356 ht-BphB. (C) Mass spectrum of 3,4-dihydroxy-2,29,5,5
183
hese results show that the catechol derivative gener-
ted in the reaction medium is the result of a catalytic
ehydrogenation reaction.
Assays were run to determine the Km

app and apparent
aximal rate of turnover (kcat) for both enzymes when

ither 2,3-DD-biphenyl, 1,2-DD-naphthalene or 3,4-
D-2,29,5,59-TCB were used as substrate (Table 1). In
ost cases, assays were done using an HPLC method

eveloped previously to quantitate 3,4-DD-2,29,5,59-
CB (13). In the case of 2,3-DD-biphenyl, the Km

app for
phB was too low to be determined by HPLC measure-
ent of substrate depletion at 37°C, and it was there-

ore estimated by continuous fluorometric monitoring
f NADH production. The kinetics of NahB with 2,3-
D-biphenyl were also estimated using this method,
nd were comparable to those obtained using the
PLC assay (data not shown). Since kinetic parame-

ers sometimes varied after prolonged storage, the ki-

metabolites produced from 3,4-DD-2,29,5,59-TCB by (A) G7 ht-NahB
trachlorobiphenyl produced from 3,4-DD-2,29,5,59-TCB.
ive
9-te
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Vol. 260, No. 1, 1999 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
etic parameters of ht-BphB and ht-NahB reported
ere are those of freshly prepared and diluted enzymes.
The apparent kcat values for 2,3-DD-biphenyl are
ithin a factor of approximately 2 for both enzymes.
owever, the specificity of BphB toward 2,3-DD-
iphenyl is 12-fold higher than NahB resulting from
he fact that BphB has much greater affinity than
ahB for 2,3-DD-biphenyl (Table 1). It is also interest-

ng that the affinity and the specificity factor of NahB
or 2,3-DD-biphenyl are higher than they are for
ts natural substrate, 1,2-DD-naphthalene. However,
he maximal substrate turnover rate with 1,2-DD-
aphthalene is approximately 3 fold higher when the
eaction is catalyzed by NahB than by BphB. Both
nzymes can dehydrogenate 3,4-DD-2,29,5,59-TCB.
owever, although the specificity of BphB toward 3,4-
D-2,29,5,59-TCB is three-fold that of NahB, NahB

howed a much higher affinity for this substrate
han BphB.

Previous data of a preliminary nature had suggested
hat strain LB400 BphB was unable to catalyze the
ehydrogenation of 3,4-DD-2,29,5,59TCB (4, 5, 6). The
ata presented above prompted a reevaluation of the
apacity of strain LB400 BphB to catalyze this reac-
ion. Results presented in Fig. 2 show that, indeed,
iphenyl-induced strain LB400 cell lysates can metab-
lize 3,4-DD-2,29,5,59TCB to produce the correspond-
ng catechol. A similar experiment with biphenyl-
nduced B-356 cell extracts (not shown) showed that
-356-BphB can metabolize 3,4-DD-2,29,5,59TCB un-
er the same conditions used for LB400 in Fig. 2. Thus
-356 BphB is not unique in its ability to catalyze the
,4-dehydrogenation of 3,4-DD-2,29,5,59TCB.

enetic Analysis of G7 nahB

In previous work, alignment of the amino acid se-
uences of bacterial aryl-dihydrodiol dehydrogenases
ifferentiated two main clusters (14). One cluster in-
ludes the enzymes involved in the degradation of
onoaryls containing a carboxyl group, for which bio-

egradation is initiated by class I dioxygenases. The
econd cluster is divided into two lineages: one of these
omprises the dehydrogenases involved in the degra-

Kinetic Constants of BphB a

Substrate

2,3-DD-Biphenyl

BphB NahB

m
app (mM) 0.0039 6 0.0002* 0.11 6 0.032

cat
app (s21) 22.8 6 1.4* 51.7 6 5.5
cat/Km (s21 mM21) 5850 501

* Determined using fluorometry as described in Materials and M
esults were obtained using 1.5 mM NAD1. Assays with other subst
184
ation of compounds for which the initial reaction is
atalyzed by class II dioxygenases (e.g. biphenyl 2,3-
ioxygenase), and the other lineage comprises the de-
ydrogenases that participate in pathways involving
lass III dioxygenases (e.g. naphthalene 1,2-dioxy-
enase). This suggested that the dihydrodiol dehydro-
enases involved in degradation pathways for aromatic
ompounds have evolved simultaneously with the di-
xygenase (14).
The nucleotide sequence of nahB from plasmid
AH7 has not yet been reported, so it is not clear
hether this enzyme fits the previously observed pat-

ern. Since B-356 BphB and G7 NahB can catalyze the
ehydrogenation of the same range of substrates, there
s a possibility of a recent substitution through recom-
ination of G7 nahB by a gene encoding an enzyme
hylogenetically more akin to BphB than NahB.
or example, there is evidence that Sphingomonas

NahB Measured at pH 9.0

1,2-DD-Naphthalene 3,4-DD-2,29,5,59-Trichlorobiphenyl

BphB NahB BphB NahB

28 6 0.06 0.73 6 0.16 1.5 6 0.44 0.062 6 0.008
54 6 6.6 149 6 14 7.4 6 1.4 0.10 6 0.005

193 204 4.9 1.6

ods. The concentration of NAD1 in the assay was 2.5 mM: similar
es and enzymes were performed using HPLC and 2-2.5 mM NAD1.

FIG. 2. Total ion chromatogram showing the butylboronate-
erived oxidative metabolite produced from 3,4-DD-2,29,5,59-TCB by
crude lysate of biphenyl induced LB400 cells. The protocol used to

repare the cells and perform the reaction is described in Materials
nd Methods.
nd
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anoikuyae B1 2,3-dihydro-2,3-dihydroxybiphenyl de-
ydrogenase is involved in both the biphenyl and the
aphthalene degradation pathways of this organism
9). The restriction map of the 11 Kb DNA fragment
rom Pseudomonas sp. C18 carrying the naphthalene/
ibenzothiophene degradation genes is very similar to
he one carrying the NAH7 naphthalene genes (24, 25)
xcept for the portion comprising doxE, the gene ho-
ologous to nahB (24).
In order to clarify the origin of G7 nahB, we have

equenced the gene (Fig. 3). From the dendogram pre-
ented in Fig. 4, which is based on the alignments of
he deduced amino acid sequences of a number of
,2-DD-naphthalene 1,2-dehydrogenases and 2,3-DD-
iphenyl-2,3-dehydrogenases, it is clear that G7 NahB
s more closely related to 1,2-DD-naphthalene 1,2-
ehydrogenases.

ISCUSSION

Sequence analysis shows that G7 NahB and B-356
phB have evolved separately. However, in spite of the

act that G7 NahB and B-356 BphB show only 35-38%
dentity, both enzymes catalyze the oxidation of the
ame range of substrates. Previous reports have indi-
ated that dihydrodiol dehydrogenases involved in the
egradation of aromatic compounds have relaxed sub-

FIG. 3. Nucleotide sequences of G7 NahB.
185
trate specificities (10, 11, 12). G7 NahB and B-356
phB are no exception to this. However, the specificity
onstant of NahB for its natural substrate is much
ower than that of BphB for 2,3-DD-biphenyl. There is
o clear explanation for this observation. Nevertheless,

t is tempting to speculate that NahB reactivity toward
,2-DD-naphthalene might have adjusted to prevent
he accumulation of 1,2-dihydroxynaphthalene which
s spontaneously transformed into 1,2-naphthoquinone,

dead end metabolite (12, 26).
Recent modeling studies on the three dimensional

tructure of LB400 BphB suggested the involvement of
sn143 in enzyme specificity. Asn143 hydrogen-bonds to

he substrate hydroxyl in the modeled ternary complex
6). Asn143 is conserved in this position in all BphB
equences. However, in the NahB sequences this posi-
ion is occupied by the hydrophobic Val (not shown).
ydrogen bonding involving Asn143 might therefore be

he explanation for the fact that BphB showed a high
ffinity for 2,3-DD-biphenyl. Given the results pre-
ented here, it will be interesting to evaluate the effect
f replacing Val by Asn at that position in NahB.
It is also interesting that the sequence of PhnB,
hich is the dihydrodiol dehydrogenase of the Burk-

FIG. 4. Dendrogram obtained from the alignment of amino acid
equences of gene products by using the Clustal X program (30) and
rawgram program (31). Number in parentheses refers to the accession
umber to databases. DoxE-C18 (M60405 and Q52459) DoxE of
seudomonas sp. C18 (23); NahB BS202 (AF010471) NahB of P. putida
S202 (Unpublished); NahB AN10 (AF039533) NahB of Pseudomonas
tutzeri AN10 (unpublished); NagB (AF036940) NagB of Pseudomonas
p. U2 (unpublished); PahB-OUS82 (D16629) PahB of Pseudomonas
utida OUS82 (19); PahB Pa1K (D84146) PahB of Pseudomonas
eruginosa Pa1K (unpublished); BphB-KF707 (M83673) BphB of
seudomonas pseudoalcaligenes KF707 (32); BphB-LB400 (M66122)
phB of B. cepacia LB400 (33); BphB OU83 (Y07655) BphB of P. putida
U83 (34); BphB-B-356 (U57451) BphB of C. testosteroni B-356 (14);
phB-KKS102 (D17319) BphB of Pseudomonas sp. KKS102 (35); BphB
A421 (D88021) BphB of Rhodococcus erythropolis TA421 (unpub-

ished); BphB-P6 (X80041) BphB of Rhodococcus globerulus P6 (36);
pdD-M5 (U27591) BpdD of Rhodococcus M5 (37); BphB-RHA1

D32142) BphB of Rhodococcus sp. RHA1 (38); PhnB RP007 (AF061751)
hnB of Burkholderia sp. RP007 (27).
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olderia sp. RP007 phenanthene degradation pathway
27), clusters with BphB of Rhodococcus sp. RHA1
ather than with the dihydrodiol dehydrogenases of the
ther naphthalene degradation pathways (Fig. 4). The
mino acid sequence surrounding Asn143 of LB400
phB, TIS(N143)AGFYP is conserved in all bphB prod-
cts and it is replaced by the sequence TAS(V)SSHAV

n all nahB and pahB products. In PhnB, this sequence
s identical to the one found in the bphB-encoded pro-
eins. Thus it appears the 1,2-DD-naphthalene dehy-
rogenase of the Burkholderia sp. RP007 naphthalene
atabolic pathway has been substituted by a 2,3-DD-
iphenyl-2,3-dehydrogenase in the course of the evolu-
ion of the pathway. Similarly, it has been suggested
hat BphB serves both the biphenyl and the naphtha-
ene degradation pathways in S. yanoikuyae B1 (9).
hese observations are interesting since they support
he data suggesting that BphB can catalyze the de-
ydrogenation of 1,2-DD-naphthalene as efficiently
s NahB.
Examples of substitution of an enzyme belonging to
catabolic pathway by a homologous enzyme taken

rom another pathway are still rare. The reductase
omponent of B-356 BPH dox has been suggested to be
ne such an example (28). However, such substitution
s not likely to be a common phenomenon in the naph-
halene degradation pathway. Further investigations,
ncluding the possible feedback inhibition of the en-
ymes by their reaction products, might bring some
ore insight to the understanding of why, in spite of

imilar kinetic properties toward the same substrate,
phB and NahB are generally preserved in their re-
pective pathways.
A key observation made during this work was that
phB can catalyze the dehydrogenation of 3,4-DD-
CB. Since the kinetic parameters of the other
PH degrading enzymes toward 2,29,5,59-tetrachloro-
iphenyl metabolites are unknown, it is too early yet to
etermine if the BphB reaction is a limiting step in the
egradation of this PCB congener. However, our data
learly show that the dehydrogenase reaction need not
nterrupt its degradation. At this time, we have no
lear explanation for the fact that under the conditions
sed in the present work, strain LB400 BphB was
ound able to dehydrogenate 3,4-DD-TCB whereas pre-
ious reports indicated the inability of this enzyme to
atalyze this reaction (4, 5, 6). However, in the course
f this work, we found that the detection by HPLC or
C/MS of 3,4-dihydroxy-2,29,5,59-tetrachlorobiphenyl,
enerated from the dehydrogenation of 3,4-DD-
,29,5,59-TCB, is strongly influenced by the composi-
ion of the reaction medium (not shown). The reaction
edium described in Materials and Methods was the

nly one that allowed its detection. The chemistry of
he dihydrodiol and dihydroxyl metabolites derived
rom the first catalytic steps involved in aromatic deg-
adation has not yet been investigated thoroughly. For
186
xample, it is not clear why 2,3-dihydroxy-29-chloro-
iphenyl is generated rather than 2,3-dihydro-2,3-
ihydroxy-29-chlorobiphenyl when LB400 Bph dox
atalyzes the oxygenolytic dehalogenation of 2,29-
ichlorobiphenyl (4). Similarly, B-356 Bph dox pro-
uces a quinone derivative from 3,39-dihydroxybi-
henyl (29), and 1,2-dihydroxynaphthalene is rapidly
onverted into 1,2-naphthoquinone when it is produced
n reaction media (12, 26). Therefore, although it has
et to be demonstrated, under certain conditions, 3,4-
ihydroxy-2,29,5,59-tetrachlorobiphenyl may be spon-
aneously transformed into a more reactive species,
uch as a quinone, which is not detected by the meth-
ds used.
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