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Isolation and synthesis of isoflavonoids has become a frequent endeavor, due to their interesting biological
activities. The introduction of hydroxyl groups into isoflavonoids by the use of enzymes represents an attractive
alternative to conventional chemical synthesis. In this study, the capabilities of biphenyl-2,3-dioxygenase
(BphA) and biphenyl-2,3-dihydrodiol 2,3-dehydrogenase (BphB) of Burkholderia sp. strain LB400 to biotrans-
form 14 isoflavonoids synthesized in the laboratory were investigated by using recombinant Escherichia coli
strains containing plasmid vectors expressing the bphA1A2A3A4 or bphA1A2A3A4B genes of strain LB400. The
use of BphA and BphB allowed us to biotransform 7-hydroxy-8-methylisoflavone and 7-hydroxyisoflavone into
7,2�,3�-trihydroxy-8-methylisoflavone and 7,3�,4�-trihydroxyisoflavone, respectively. The compound 2�-fluoro-
7-hydroxy-8-methylisoflavone was dihydroxylated by BphA at ortho-fluorinated and meta positions of ring B,
with concomitant dehalogenation leading to 7,2�,3�,-trihydroxy-8-methylisoflavone. Daidzein (7,4�-dihydroxy-
isoflavone) was biotransformed by BphA, generating 7,2�,4�-trihydroxyisoflavone after dehydration. Biotrans-
formation products were analyzed by gas chromatography-mass spectrometry and nuclear magnetic resonance
techniques.

Isoflavonoids are one of the six main subclasses of flavonoids
and the only one which contains a rearranged C15 skeleton
based on 3-phenylchroman. The interesting biological proper-
ties described for isoflavonoids include antimicrobial, antioxi-
dant, anti-inflammatory, estrogenic, and cancer chemopro-
tectant activities (3, 9, 14, 29). Genistein and daidzein have
antioxidant properties, leading to the inhibition of lipid per-
oxidation in a liposomal system, and are quenchers of singlet
oxygen (1, 5). The anti-inflammatory activities of isoflavonoids
are associated with the inhibition of lipoxygenases and cy-
clooxygenases (6, 28). The estrogenic activity of genistein,
daidzein, and equol are currently being extensively investigated
at the molecular, preclinical, and clinical levels to determine
their potential for the treatment of chronic diseases such as
hormone-dependent cancer, cardiovascular disease, and osteo-
porosis (31).

To extend the diversity of isoflavonoids and to improve their
availability, chemical synthesis is being used. Methods for the
chemical synthesis of isoflavonoids have been previously de-
scribed (17, 25, 30). In addition to chemical synthesis, which
often generates toxic waste products, microbial biotransforma-
tion has been used (13). Biotransformation is of increasing
importance in the chemical industry, and the use of enzymes
for the production of organic molecules is an important field of

biotechnology (10, 18, 20). Microbial transformation offers the
advantages of high stereospecificity, operation at nonextreme
pH and near room temperature, and reduced levels of toxic
waste products (18). Biotransformation with recombinant mi-
crobial enzymes has been widely used, including applications
for the production of hormones, antibiotics, and speciality
chemicals (10, 20).

Hydroxylation of aromatics by chemical synthesis is difficult
and involves diverse reaction steps. Since the conversion of a
carbon-hydrogen to a carbon-hydroxyl bond is one of the key
features of the oxidative metabolism of many aromatic com-
pounds (12), hydroxylation of these substrates by biotransfor-
mation is straightforward. The enzyme biphenyl-2,3-dioxygen-
ase (BphA) of the bacterium Burkholderia sp. strain LB400 is
an enzyme with an unusually broad substrate range (11, 21–
24). BphA of strain LB400 can oxidize a wide range of aro-
matic compounds, including a number of substituted biphenyls,
unsubstituted dibenzofuran, and dibenzodioxin. In addition,
the dehalogenation potential of BphA of strain LB400 toward
substituted biphenyls has been observed (11, 22–24). While this
work was in preparation, a report was published that described
the transformation of flavones by a hybrid biphenyl dioxygen-
ase (7).

Biphenyl-2,3-dihydrodiol 2,3-dehydrogenase (BphB) of the
bacterial strain Burkholderia sp. strain LB400 is able to further
oxidize diverse dioxygenation products of BphA (21–24).
BphA and BphB are the first two enzymes of the upper biphe-
nyl pathway of strain LB400. We describe here the enzymatic
transformation of natural and synthetic isoflavonoids catalyzed
by BphA alone or by both BphA and BphB of the bacterium
Burkholderia sp. strain LB400.
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MATERIALS AND METHODS

Isoflavonoid synthesis. Isoflavonoids (�90% pure) were synthesized in the
laboratory by previously described methods (25). Briefly, BF3-diethyl ether (0.88
mol) was added dropwise to a solution of a benzylketone (0.18 mol) in dry
N,N-dimethylformamide (200 ml). To this solution, warmed to 50°C, was slowly
added a solution of methanesulfonyl chloride (0.56 mol) in N,N-dimethylform-
amide (100 ml). The resulting mixture was then heated to 100°C for 2 h. After it
cooled, it was poured into water (4 liters) and left overnight to yield a precipitate,
which was filtered and stirred for 2 h in cold methanol (50 ml), filtered again, and
then crystallized in the appropriate solvent.

Bacterial strains, plasmids, and culture conditions. The Escherichia coli
strains used in the present study were BL21(DE3)/pLysS (26) harboring either
pT7-6, pAIA111, or pAIA13 plasmids. pT7-6 is the vector devoid of bph genes.
pAIA111 and pAIA13 are based on the phage T7 expression vector pT7-6.
pAIA111 carries bphA1A2A3A4 (bphA1A2A3A4 are collectively referred to as
bphA), and pAIA13 harbors bphAB of Burkholderia sp. strain LB400. The con-
structions of pAIA111 and pAIA13 have been described previously (16, 23).
Bacteria were grown in Luria-Bertani medium (19) at 37°C. Where appropriate,
chloramphenicol and ampicillin at concentrations of 20 and 50 �g/ml, respec-
tively, were used for selection.

Preparation of resting cells. Preparation of resting cells was carried out as
previously described (21) with minor modifications. E. coli BL21(DE3)/pLysS
cells harboring either pT7-6, pAIA111 (bphA), or pAIA13 (bphAB) were grown
in Luria-Bertani medium until the exponential phase was reached (21, 23, 26),
followed by further incubation in the presence of 0.4 mM IPTG (isopropyl-�-D-
thiogalactopyranoside) for 30 min at 30°C. Cells were harvested, washed with 50
mM sodium phosphate buffer (pH 7.5), and resuspended in a 1/30 volume of the
same buffer.

Biotransformation of isoflavonoids by BphA or BphA-BphB and analysis of
products. Resting cell suspensions (i.e., an optical density at 600 nm of 18) of E.
coli BL21(DE3)/pLysS harboring either pAIA111 or pAIA13 were incubated
with an isoflavonoid at a nominal concentration of 1 mM on a rotary shaker for
6 h at 30°C. The reaction mixtures were extracted with ethyl acetate at a ratio of
1:0.8. The organic layer was reextracted with 1 volume of 50 mM sodium phos-
phate buffer (pH 7.5) and dried over magnesium sulfate, and the solvent was
removed from the extract.

To obtain trimethylsylil derivatives, the residue was redissolved in 50 �l of
N-�-bis-(trimethylsylil)-trifluoracetamide–trimethylchlorosylane (BSTFA-TMCS)
(99:1), and the solution was incubated at 70°C for 30 min. After derivatization,
mixtures were evaporated to dryness under a stream of nitrogen and dissolved in
10 �l of n-octane or cyclohexane. Samples (1 �l) were injected in the splitless
mode into a gas chromatography-mass spectrometry (GC-MS) system (Perkin-
Elmer Autosystem XL gas chromatograph) with a MDN-1 column (Supelco,
Bellefonte, Pa.), coupled with a Perkin-Elmer Turbo-Mass mass spectrometer.
Helium served as the carrier gas. The mass spectrometer was operated in the
electron impact ionization mode at 70 eV.

1H NMR spectra of biotransformation products without further purification
were obtained with a Bruker DXP 300 spectrometer. All spectra were recorded
in dimethyl sulfoxide-d6.

RESULTS

The structural formulas of 14 isoflavonoids synthesized and
used for biotransformation experiments are shown in Fig. 1.
Incubations of isoflavonoids were carried out with resting re-
combinant E. coli cells either harboring plasmid pAIA111 and
synthesizing BphA or harboring plasmid pAIA13 and synthe-
sizing BphA and BphB of Burkholderia sp. strain LB400. The
results of the biotransformation experiments are shown in Ta-
bles 1 and 2. Yields were deduced from total ion chromatog-
raphy (TIC) peak areas of the products and are based on the
assumption that similar amounts of the different products yield
similar areas (23). Additionally, for the identification of the
products in some cases, NMR analysis was used. Controls
showed that E. coli BL21(DE3)/pLysS harboring the pT7-6
vector and devoid of bph genes was unable to biotransform
isoflavonoids.

Isoflavonoids of group 1. Two isoflavonoids of this group
were biotransformed by the enzyme BphA of strain LB400
(Table 1). With isoflavonoids 1a and 1c three and one product
were detected, respectively.

Biotransformation of isoflavonoid 1a. When isoflavonoid 1a
was incubated with recombinant E. coli strain synthesizing
BphA, three products were observed by GC-MS (Table 1).
Product 2 yielded the mass spectrum of an isoflavonoid with a
dihydrodiol function on ring B (DHD). Its mass spectrum was
characterized primarily by a molecular ion at m/z 502 and the
high-mass fragment ions [M-CH3]� (m/z 487), [M-TMS] (m/z
429), [M-O-TMS]� (m/z 413), and [M-O-TMS-CH3]� (m/z
397). Products 1 and 3 yielded mass spectra consistent with
isoflavonoids monohydroxylated on ring B (MH). The molec-
ular ion at m/z 412 and the fragment ion [M-CH3]� (m/z 397)
were the principal positively charged species of the mass spec-
tra. The MHs may have been generated by dioxygenation,
yielding a DHD, followed by elimination of water (or TMS-
OH), respectively. DHDs tend to undergo elimination reac-
tions that regenerate the energetically favorable aromatic sys-
tem (4). Such an elimination may occur during incubation,
during metabolite extraction (particularly under acid condi-

FIG. 1. Structural formulas and carbon atom numbering of natural
and synthetic isoflavonoids synthesized and used for biotransformation
experiments. Isoflavonoids were classified into four groups, depending
on the substitution pattern of ring A. Group 1 includes 7-hydroxy-8-
methylisoflavone (1a), 7,4�-dihydroxy-8-methylisoflavone (1b), and 2�-
fluoro-7-hydroxy-8-methylisoflavone (1c). Group 2 includes 7-hydroxy-
isoflavone (2a), 7,4�-dihydroxyisoflavone, or daidzein (2b). Group 3
includes 7,8-dihydroxyisoflavone (3a), 7,8,4�-trihydroxyisoflavone (3b),
7,8-dihydroxy-3�-methylisoflavone (3c), 4�-chloro-7,8-dihydroxyisofla-
vone (3d), and 7,8-dihydroxy-3�-trifluoromethylisoflavone (3e). Group
4 includes 6,7-dihydroxyisoflavone (4a), 6,7,4�-trihydroxyisoflavone
(4b), 4�-chloro-6,7-dihydroxyisoflavone (4c), and 3�-chloro-6,7-dihy-
droxyisoflavone (4d).
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tions), during derivatization, or during GC. After incubation of
isoflavonoid 1a with BphA and BphB, two biotransformation
products were observed (Table 2). Its mass spectrum was char-
acterized primarily by a molecular ion at m/z 500 and fragment
ion [M- CH3] (m/z 485) and corresponds to a catechol. The
minor product derivatized with TMS has a mass spectrum with
a molecular ion at m/z 412, and the principal fragment ion is
[M-CH3] (m/z 397), which are consistent with an isoflavonoid
monohydroxylated on ring B.

Biotransfomation of isoflavonoid 1c. After incubation of
isoflavonoid 1c with BphA only one product was observed
(Table 1). The product yielded the mass spectrum of an isofla-
vonoid with a dihydroxylated ring B (DH). The molecular and
the fragment ions [M-15]� (loss of CH3) were the only prom-
inent positively charged species, indicating the loss of the sub-
strate’s halogen and the formation of a catechol (15). These
results suggest that BphA-catalyzed dioxygenation of isofla-
vonoid 1c led to the formation of 7,2�,3�-trihydroxy-8-methyli-
soflavone via elimination of hydrofluoric acid from the ortho-
fluorinated ring. In this case, dihydroxylation probably occurs

at the ortho-substituted and meta carbons since previous results
generally indicate a strong preference for the dioxygenation of
ortho and meta carbons on the substituted side of ortho-halo-
genated rings (24). Both the mass spectrum and GC retention
times (tr) of the product of isoflavonoid 1c with BphA were
identical to those of the dihydroxylated product obtained from
isoflavonoid 1a by cells harboring bphAB. The biotransforma-
tion products of isoflavonoid 1c with BphA and isoflavonoid 1a
with BphA and BphB coeluted when a mixture was analyzed by
GC-MS. Thus, the biotransformation product of isoflavonoid
1a with BphA and BphB was also identified as 7,2�,3�-trihy-
droxy-8-methylisoflavone.

Isoflavonoids of group 2. Both isoflavonoids of group 2 were
biotransformed by the biocatalyst BphA. Dioxygenation prod-
ucts were analyzed by GC-MS after derivatization with TMS
(Table 1) and by NMR.

Biotransformation of isoflavonoid 2a. The total ion chro-
matogram obtained after incubation of isoflavonoid 2a with
BphA showed four products (Table 1). Product 2 yielded the
mass spectrum of a DHD at ring B. Two products (products 1

TABLE 1. Characterization of products formed from isoflavonoids by dioxygenation catalyzed by the BphA of Burkholderia sp. strain LB400

Substratea
Products

No. tr (min) Yieldb (%) Prominent ionsc (m/z) Ring B

7-OH-8-CH3-ISF (1a) 1 27.4 30–35 412 (M�, 14), 397 (100), 73 (40) 2�-OHd

2 28.5 5–8 502 (M�, 12), 487 (5), 413 (6), 397 (34), 73 (86) 2�,3�-Dihydrodiole

3 29.5 60–65 412 (M�, 60), 397 (45), 73 (100) 3�-OHd

2�-F-7-OH-8-CH3-ISF (1c) 1 29.7 100 500 (M�, 9), 485 (100), 73 (99) 2�,3�-Di-OHf

7-OH-ISF (2a) 1 26.5 35–40 398 (M�, 10), 383 (100), 73 (41) 3�-OHd

2 27.8 10–15 488 (M�, 12), 473 (7), 397 (24), 383 (68), 73 (100) 3�,4�-Dihydrodiole

3 28.4 10–15 398 (M�, 93), 383 (90), 73 (84) 4�-OHd

4 28.6 35–40 486 (M�, 9), 471 (100), 73 (73) 3�,4�-Di-OHg

7,4�-Di-OH-ISF (2b) 1 28.7 100 486 (M�, 9), 471 (100), 73 (90) 2�-OHg

a ISF, isoflavone.
b Deduced from TIC peak areas.
c The mass ion is underlined. The relative abundance(s) (expressed as the percent base peak) of each ion is given in parentheses.
d Assignment is based on tr values and on the assumption that this is a dehydration product.
e Assignment is based on the identification of the follow up product generated by BphA and BphB.
f The defluorinated product generated by BphA must have been attacked at ortho-fluorinated and meta carbons.
g Identified by NMR analysis.

TABLE 2. Characterization of products formed from isoflavonoids catalyzed by the BphA and BphB of Burkholderia sp. strain LB400

Substratea
Products

No. tr (min) Yieldb (%) Prominent ionsc (m/z) Ring B

7-OH-8-CH3-ISF (1a) 1 27.3 2–4 412 (M�, 9), 397 (100), 73 (64) 2�-OHd

2 29.5 96–98 500 (M�, 9), 485 (79), 73 (100) 2�,3�-Di-OHe

7-OH-ISF (2a) 1 26.5 10–15 398 (M�, 9), 383 (100), 73 (80) 3�-OHd

2 27.8 15–20 488 (M�, 10), 473 (7), 397 (46), 383 (76), 73 (100) 3�,4�-Dihydrodiolf

3 28.4 10–15 398 (M�, 93), 383 (92), 73 (100) 4�-OHd

4 28.6 55–60 486 (M�, 9), 471 (100), 73 (60) 3�,4�-Di-OHg

a ISF, isoflavone.
b Deduced from TIC peak areas.
c The mass ion is underlined. The relative abundance(s) (expressed as the percent base peak) of each ion is given in parentheses.
d Assignment is based on tr values and on the assumption that this is a dehydration product.
e Identified by comparison of the mass spectrum and by chromatographic coelution with the defluorinated product of isoflavone 1c.
f Assignment is based on the identification of the follow-up product generated by BphA and BphB.
g Identified by NMR analysis.
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and 3) yielded mass spectra consistent with isoflavonoids mo-
nohydroxylated on ring B. An isoflavonoid with a dihydroxy-
lated ring B (DH) has also been detected, which should be the
result of dehydrogenation probably catalyzed by an E. coli
enzymatic activity. In addition to biphenyl-2,3-dihydrodiol, a
second metabolite identified as 2,3-dihydroxybiphenyl has also
been observed during incubation of E. coli harboring BphA
enzyme with biphenyl, probably due to an E. coli enzyme (M.
Seeger et al., unpublished results).

The enzymatic hydroxylation by BphA and BphB of 7-hy-
droxyisoflavone gave a major product with a yield of ca. 55 to
60% of the compound identified as 7,3�,4�-trihydroxyisofla-
vone, according to GC-MS and 1H NMR analyses. 1H NMR
spectral data of 7,3�,4�-trihydroxyisoflavone: � 8.37 (s, H-2), �
7.97 (d, J � 8.5 Hz, H-5), � 7.56 (d,d, J � 8.0 and 2.5 Hz, H-6�),
� 7.53 (d, J � 2.5 Hz, H-2�), � 7.42 (d, J � 8.0 Hz, H-5�), � 6.95
(d,d, J � 8.5 and 2.5 Hz, H-6), and � 6.87 (d, J � 2.5 Hz, H-8).
1H NMR analysis of this product allowed the assignment of the
hydroxyl groups to meta and para positions of ring B. Two
aromatic ABC systems are present, both with ortho, ortho-
meta, and meta couplings (1,3,4-proton pattern). Furthermore,
one of these systems shows a proton with a chemical shift of �
7.97 and J � 8.5 Hz characteristic of H-5 (A-ring). The other
system corresponds to a ring B hydroxylated at C-3� and C-4�.
The singlet with � 8.37 is typical for an H-2 proton. The de-
scribed result proves that the enzymatic hydroxylation does not
take place at ring A. BphA-mediated ring hydroxylation at the
meta and para positions has been reported for the bph-encoded
enzyme from strain LB400 (11, 23). In addition, three other
products were observed by GC-MS (Table 2). In the NMR
spectrum, other signals belonging probably to minor products
observed by GC-MS are present but could not be clearly as-
signed.

Biotransformation of isoflavonoid 2b. The enzymatic hy-
droxylation by BphA of 7,4�-dihydroxyisoflavone (daidzein)
leads to the production of 7,2�,4�-trihydroxyisoflavone as the
only compound as determined by GS-MS and 1H NMR data
analysis. The total ion chromatogram obtained after incuba-
tion of isoflavonoid 2b with BphA detected only one product
(Table 1). The mass spectrum of the TMS derivative of this
product is consistent with an isoflavonoid monohydroxylated
(MH) probably on the ring B. The molecular ions and the
fragment ions [M-15]� (m/z 471) and [M-TMS-CH3] (m/z 398)
were the principal positively charged species of the mass spec-
trum. 1H NMR spectral data of 7,2�,4�-trihydroxyisoflavone: �
12.55 (s, 2�-OH), � 7.95 (s, H-2), � 7.94 (d, J � 9.0 Hz, H-5), �
6.88 (d, J � 8.0 Hz, H-6�), � 6.81 (d, J � 1.5 Hz, H-3�), � 6.78
(d,d, J � 8.0 and 1.5 Hz, H-5�), � 6.35 (d,d, J � 9.0 and 2.0 Hz,
H-6), and � 6.23 (d, J � 2.0 Hz, H-8). 1H NMR analysis
demonstrated that the B ring contained the 2�,4�-resorcine
structure. Here we also introduce two ABC systems: H-5 of
ring A with a chemical shift at � 7.94, (doublet, J � 9.0 Hz) and
H-2 of ring C resonating at � 7.95 (sharp singlet). At � 12.55,
we observed the signal of an hydroxyl proton (C-2�-OH) that
made a hydrogen bridge with the carbonyl group at C-4.

Isoflavonoids of groups 3 and 4. Under the same experimen-
tal conditions BphA of Burkholderia sp. strain LB400 was un-
able to biotransform 6,7-dihydroxyisoflavone (3a), 7,8-dihy-
droxyisoflavone (4a), and related substituted isoflavones 3b-3e
and 4b-4d.

DISCUSSION

In the present study, whole recombinant E. coli cells express-
ing the bphA or bphAB genes of Burkholderia sp. strain LB400
were used. We showed that the recombinant enzymes BphA
and BphB of bacterial strain LB400 are useful for the gener-
ation of isoflavonoids with hydroxy groups at 2�,3� and/or 4�
(ring B). For biotransformation, the use of enzymes in whole
cells (instead of purified enzyme preparations) is simpler, less
expensive, and often more convenient because enzyme isola-
tion and purification is tedious and has a significant cost and
because purified enzyme preparations may lead to a rapid loss
of enzyme activity (8, 20) In fact, BphA of strain LB400 loses
rapidly its activity during biotransformation experiments (J. D.
Haddock, unpublished data). In addition, enzyme BphA re-
quires NADH as a cofactor, which should be regenerated. In
spite of the fact that cofactor regeneration is possible in vitro,
it is easier and less expensive to regenerate cofactors in met-
abolically active cells (20).

Bacterial aromatic-ring-hydroxylating dioxygenases have
been shown to oxidize, in addition to several unsubstituted
compounds, a large number of differently substituted deriva-
tives. Previous studies have shown that BphA of Burkholderia
sp. strain LB400 is able to oxidize a wide range of polychlori-
nated biphenyls (11, 21–23), other substituted biphenyls (24),
and unsubstituted dibenzofuran and dibenzodioxin (24).

The present study shows that the Burkholderia sp. strain
LB400 BphA enzyme is able to biotransform different com-
pounds belonging to the class of the isoflavonoids, compounds
that are found in nature as the secondary metabolites of plants.
BphA of LB400 is able to dihydroxylate isoflavonoids at the
ortho (unsubstituted or halogenated) and meta positions or at
meta and para positions of ring B. 7-Hydroxy-8-methylisofla-
vone was oxidized by BphA at the ortho and meta positions of
ring B generating a DHD (Fig. 2A). The compound 2�-fluoro-
7-hydroxy-8-methylisoflavone was dihydroxylated by BphA at
ortho-halogenated and meta positions with concomitant deha-
logenation, leading to 7,2�3�-trihydroxy-8-methylisoflavone
(Fig. 2B). The defluorination observed with isoflavonoid 1c is
in accordance with previous reports: dehalogenation by the
action of strain LB400 BphA of chlorinated (11, 22, 23), as well
as of brominated and fluorinated biphenyls (24), has been
described. Denitration and dehydroxylation of substituted bi-
phenyls by this enzyme have also been observed (24). 7-Hy-
droxyisoflavone was the only isoflavonoid dihydroxylated by
BphA at the meta and para positions of ring B (Fig. 3A). This
type of attack by this enzyme has been observed with other
aromatic compounds (11, 23, 24). Daidzein was biotrans-
formed by BphA, generating 7,2�4�-trihydroxyisoflavone after
dehydration (Fig. 3B). This compound has been observed by
the plant Phaseolus vulgaris after fungal infection (32) and has
been used in chemical synthesis for substituted pterocarpans
(27).

The dehydrogenase BphB of strain LB400 is able to further
oxidize isoflavonoids dihydroxylated by BphA at the ortho and
meta carbons and at the meta and para positions. The enzyme
BphB of Burkholderia sp. strain LB400 can biotransform at
least two of the isoflavonoids oxidized by BphA. BphB further
oxidized the BphA oxidation products of 7-hydroxy-8-methyli-
soflavone and 7-hydroxyisoflavone to 7,2�3�-trihydroxy-8-meth-
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ylisoflavone (Fig. 2A) and 7,3�4�-trihydroxyisoflavone (Fig.
3A), respectively. Recently, it has been shown that strain
LB400 BphB is able to catalyze the dehydrogenation at, in
addition to the ortho and meta positions, the meta and para
positions of 3,4-dihydro-3,4-dihydroxy-2,2�,5,5�-tetrachlorobi-
phenyl (2). Chun et al. reported the biotransformation of fla-

vones by using a hybrid dioxygenase expressed in a gram-
positive bacteria (7). In that study, flavones with a dihydrodiol
function on a ring, which are the products of dioxygenation,
were not observed, and only mono- and dihydroxylated deriv-
atives were detected. BphA of LB400 was able to dihydroxylate
isoflavonoids at substituted ring B and to dehalogenate an

FIG. 2. Biotransformation of 7-hydroxy-8-methylisoflavone (1a) and 2�-fluoro-7-hydroxy-8-methylisoflavone (1c). (A) Biotransformation of
7-hydroxy-8-methylisoflavone by BphA and BphB. Compounds: 1, isoflavonoid 1a; 2, DHD; 3, 7,2�3�-trihydroxy-8-methylisoflavone. (B) Bio-
transformation of 2�-fluoro-7-hydroxy-8-methylisoflavone. Compounds: 1, isoflavonoid 1c; 2, compound in bracket denote proposed unstable
intermediate; 3, 7,2�3�-trihydroxy-8-methylisoflavone.

FIG. 3. Biotransformation of 7-hydroxyisoflavone (2a) and 7,4�-dihydroxyisoflavone (2b). (A) Biotransformation of 7-hydroxyisoflavone by
BphA and BphB. Compounds: 1, isoflavonoid 2a; 2, DHD; 3, 7,3�4�-trihidroxysoflavone. (B) Biotransformation of 7,4�-dihydroxyisoflavone by
BphA. Compounds: 1, isoflavonoid 2b; 2, compound in brackets denotes a proposed unstable intermediate; 3, 7,2�4�-trihydroxyisoflavone.

VOL. 69, 2003 BIOTRANSFORMATION OF ISOFLAVONOIDS BY ENZYMES 5049



isoflavanoid, generating a dihydroxylated aromatic ring B.
Both properties were not previously observed with the hybrid
dioxygenase (7).

6,7-Dihydroxyisoflavone and 7,8-dihydroxyisoflavone and
seven related substituted isoflavones belonging to groups 3 and
4 are not biotransformed by BphA of strain LB400. This illus-
trates the influence of the substitution pattern of ring A for the
reactivity of isoflavonoids with BphA. Both groups of isofla-
vonoids with a catechol group on ring A are not substrates of
BphA. This could be due to steric or electronic influences of A
ring on the binding to the active site or on the reactivity of the
oxidized ring.

The selective modification of isoflavonoids by these enzymes
is a powerful tool that deserves further analysis. The hydroxy-
lation by biotransformation of ring B of isoflavonoids are likely
to improve their antioxidant properties (1, 5). The activity as
inhibitors of lipoxygenases (6, 28) of these modified isofla-
vonoids should be addressed. Future studies will be needed to
analyze the biological properties of the new isoflavonoids gen-
erated.
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