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Reaction mechamism of oxidative rearrangement of flavanone in
1soflavone biosynthesis

Muhammed Faisal Hashim, Takashi Hakamatsuka, Yutaka Ebizuka and Ushio Sankawa

Faculty of Pharmaceutical Sciences, the University of Tokyo, 7-3-1, Hongo Bunkyo-ku, Tokyo 113, Japan
Received 12 July 1990; revised version received 10 August 1990

Microsomes that were prepared from elicitor-treated Pueraria lobata cell cultures catalyzed the conversion of liquiritigenin, a flavanone, into
daidzein, an isoflavone. The reaction was resolved into two steps. 2, 7, 4-Trihydroxyisofiavanone was formed as a major product when liquiritigenin
was incubated with carefully washed microsomes in the presence of NADPH. The structure of 2, 7, 4-trihydroxyisoflavanone was confirmed by
mass and 'H NMR spectroscopies. The enzyme responsible for this rearrangement reaction is a cytochrome P-450-dependent monooxygenase.
Upon treatment with a soluble enzyme fraction 2, 7, 4-trihydroxyisoflavone yielded daidzein quantitatively. The incorporation of *Q from '#0,
into the 2-hydroxy group of 2, 7, 4-trihydroxyisofiavanone was demonstrated by the shift of molecular ion in its mass spectrum. Based on these
observations a new reaction mechanism, hydroxylation associated with 1,2-migration, is proposed for the oxidative rearrangement reaction cata-
lyzed by the cytochrome P-450 enzyme of Pueraria lobata.
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1. INTRODUCTION

Isoflavonoids are phenolics widely distributed among
higher plants and exhibit a wide variety of biological ac-
tivities [1]. In particular, leguminous plants produce
isoflavonoid phytoalexins as defense substances against
phytopathogenic microorganisms [2]. An enzyme that
catalyzes the rearrangement reaction of flavanone is the
first enzyme of isoflavonoid biosynthesis which bran-
ches from the general flavonoid pathway [3-5]. Several
hypotheses were proposed for the reaction mechanism
of this oxidative 1,2-aryl migration reaction [6]. Kochs
and Grisebach reported the isolation of 2-hydroxyiso-
flavanone as an intermediate in isoflavone synthesis by
microsomes from elicitor challenged soybean cells, and
proposed a mechanism which involves an enol epoxide
of flavanone as a reaction intermediate [3,4]. Crombie
et al. suggested another mechanism in which epoxida-
tion occurred on the side phenyl group of flavanone [7].
To clarify the reaction mechanism a microsomal prepa-
ration obtained from the elicitor challenged cell cultures
of Pueraria lobata was studied in detail. This paper
deals with the spectroscopic investigations of 2-hydrox-
yisoflavanone and discusses the results of incorporation
experiments with %0, gas and '8O-labeled Ii-
quiritigenin. A new reaction mechanism, hydroxylation
associated with 1,2-aryl migration, will be proposed for
the P-450-mediated reaction of isoflavone synthesis.
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2. MATERIALS AND METHODS

2.1. Materials and spectroscopies

30, gas was obtained from ISOTEC Inc. [4-'*0O]Liquiritigenin was
prepared by an exchanging method [8]. The ratio of '*O and %0 at
C-4 was determined by mass spectroscopy as 45:55. Mass of NMR
spectra were taken on a Hitachi M-80 mass spectrometer and on a
JEOL GX-500 apparatus, respectively.

2.2. Cell cultures, elicitor treatment and enzyme preparation

Cell suspension cultures of Pueraria lobata were established and
challenged with the elicitor as described in a previous communication
[5]. The elicitor-challenged cells (100 g fresh weight) were ground in
a mortar together with sand (50 g) and polyvinylpyrrolidone (10 g)
and buffer (150 ml, pH 7.5) consisting of potassium phosphate (0.1
M), 2-mercaptoethano! (14 mM) and sucrose (10%). The mixture was
filtered through nylon gauze and the filtrate was stirred for 20 min
with Dowex I x 2 (20 g) pre-equilibrated with the same buffer. After
centrifugation at 20 000 x g for 30 min, the supernatant was further
ultracentrifuged at 105 000 x g for 60 min. The supernatant obtained
was used as the soluble enzyme fraction. The pellet was taken up in
20 ml of the same buffer and the slurry was homogenized in a glass
homogenizer to give the microsomal fraction. To wash out the con-
taminated soluble enzymes, the microsomal fraction obtained was re-
ultracentrifuged for 60 min at 105 000 x g. Pellet was resuspended in
the same buffer at a final concentration of 0.2-0.6 mg protein/ml and
used as the washed microsomal fraction.

2.3. Enzyme assay

Incubation experiments with washed and unwashed microsomes
were carried out as described in a previous paper [5]. The products
formed were analyzed by reverse-phase HPLC (TSK gel ODS-120A,
4.6 x 250 mm, Tosoh) with a solvent system of acetonitrile/water/
acetic acid (19:57:4) at a flow rate of 0.8 ml/min. Retention times
(min) of 2,7,4’-trihydroxyisoflavanone, liquiritigenin and daidzein
were 8.9, 23.0 and 24.5, respectively.

2.4. Isolation of 2.7.4 '-trihydroxyisoflavanone
7.0 pmol of DL-liquiritigenin was incubated for 20 min at 30°C
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with 35 ml of the washed microsomal fraction containing 35.0 umol
of NADPH. The reaction products were extracted with ethyl acetate
and applied to a cellulose plate (Funakoshi), which was developed
with 15% acetic acid. The corresponding zone of 2,7,4' -trihydroxy-
isoflavanone, Ry=0.57, was scraped off and eluted with ethyl acetate.
1t was further purified with HPLC performed with the same condition
as described above.

2.5. Incorporation experiments with "0, gas and [4-*°OJliquiritigenin

3.2 umol of DL-liquiritigenin and 16.0 umol of NADPH were add-
ed to 16 ml of washed microsomal fraction in a 50 ml flask which was
closed tightly with a rubber septum. The mixture was frozen in a dry-
ice/acetone bath and air in the flask was removed by a vacuum pump
through an injected needle. The mixture was thawed in a water bath
at 4°C. The degassing procedure by freeze and thawing was repeated
several times. '*0, gas was introduced through a needle to the reac-
tion mixture (in a control experiment air was introduced), which was
incubated for 20 min at 30°C. The reaction products were extracted
with ethyl acetate and subjected to HPLC separation. Labeled
2,7,4" -trihydroxyisoflavanone was analyzed by mass spectroscopy.

In the incorporation experiments of '*0, gas and [4-'%0[li-
quiritigenin into daidzein, unwashed microsomes were used. The
daidzein formed was purified with HPLC and submitted for mass
spectral measurement.

3. RESULTS
3.1. Characrerization of 2,7,4 '-trihydroxyisoflavanone
When liquiritigenin, 7,4'-dihydroxyflavanone, was
incubated with a microsomal fraction prepared from
the elicitor challenged cell cultures of P. lobata in the
presence of NADPH, the only product formed was
daidzein, 7,4’-dihydroxyisoflavone [5]. However,
another compound was detected as a major product in
the reaction mixture which was incubated with a
carefully washed microsomal fraction. This compound
is an intermediate of the reaction, since it was almost
quantitively converted into daidzein by the soluble en-
zyme fraction (data not shown). A sufficient amount of
the intermediate required for NMR spectroscopy was
prepared by a large scale incubation. The EI mass spec-
trum of the intermediate gave a M™ peak and an intense
[M-H;O1* peak at m/z 272 (10%) and 254 (54%),
respectively. From the chemical and mass spectral data
the compound was identified as 2,7,4’ -trihydroxyiso-
flavanone. '"H NMR spectrum of 2,7,4’-trihydroxyi-
soflavanone showed two series of signals arising from
two stereoisomers (I and 11, see Table I) in a ratio of 3:1
in d¢-acetone solution. The complete assignments of
NMR signals based on decoupling experiments are
shown in Table I.

3.2. Participation of cytochrome P-450

The conversion of liquiritigenin into 2.7.4’-trihy-
droxyisoflavanone by the washed microsomal fraction
required NADPH and atmospheric oxygen. The reac-
tion was inhibited by typical P-450 inhibitors as well as
carbon monoxide, indicating that the enzyme responsi-
ble for this reaction is a P450 (Table II). Dehydratase
that converted 2.7.4'-trihydroxyisoflavanone into
daidzein was not affected by P-450 inhibitors (data not
shown).
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Table 1
'H NMR data for 2,7,4'-trihydroxyisoflavanone (de-acetone, 500
MHz)
Proton no.* Isomer (I) Isomer (1I)
ppm J (Hz) ppm J (Hz)
2 5.91d 3.1 5.86d** 31
3 3.77d 3.1 4,22d 3.1
5 7.52d 8.6 7.76d 8.6
6 6.63dd 8.6, 2.1 6.62dd 8.6, 2.1
8 6.46d 2.1 6.46d 2.1
2',6" [2H] 7.18d 8.6 7.26d 8.6
3',5'" [2H] 6.81d 8.6 6.83d 8.6

*Numberings were shown in Fig. 2
**Broad doublet

3.3. The origin of the 2-hydroxy group of 2.7.4'-tri-
hydroxyisoflavanone

An incorporation experiment with '*0O; gas has clear-
ly demonstrated the origin of the C-2 hydroxyl of
2,7,4' -trihydroxyisoflavanone. As shown in Fig. 1, the
labeled 2,7,4'-trihydroxyisoflavanone gave a shifted
molecular ion peak by 2 mass units at m/z 274, while
the dehydrated fragment peak appeared at m/z 254
without any shift. It was concluded from these results
that '®0 atom of '®0, gas was incorporated into the
2-hydroxyl of 2,7,4'-trihydroxyisoflavanone in an in-
corporation ratio of ca 30%.

3.4. Retention of carbonyl oxygen of liquiritigenin
during 1,2-aryl migration

The mass spectrum of daidzein obtained from an in-

cubation experiment with [4-'%0]liquiritigenin showed

a ratio of '°0:'%0 which was exactly the same as in the

Table 2

Effect of inhibitors for cytochrome P-450 enzyme on
2,7,4'-trihydroxyisoflavanone synthesis

Inhibitor Conc. Inhibition
(umol/1) (%)
None - 0
SKF 525-A 2000 73
1000 44
100 8.5
Ancymidol 1000 100
100 91
10 65
1 5
Uniconazole 100 100
10 89
1 33
Metyrapone 100 100
10 85
1 35
CO gas - 52
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starting material (45:55). This indicates that the car-
bonyl oxygen of liquiritigenin was not exchanged dur-
ing the reaction. As expected, the incorporation of '*QO
from 0, gas was not observed into the 4-carbonyl of
daidzein.

4. DISCUSSION

As suggested by Kochs and Grisebach [4] the reaction
catalyzed by the microsomal preparation of P. lobata
which converts liquiritigenin to daidzein consists of two
reaction steps. In the first step, liquiritigenin is con-
verted into 2,7,4'-trihydroxyisoflavanone by a
microsomal P-450-dependent monooxygenase. In the
second  step, 2,7,4' -trihydroxyisofiavanone  is
dehydrated to yield daidzein by a dehydratase which is
a soluble enzyme contained in unwashed microsomal
preparations. The "H-NMR spectrum indicates that
2,7,4' -trihydroxyisoflavanone exists as a mixture of
two stereoisomers in de-acetone solution. A facile
epimerization at C-3 would generate isomers at C-3,
while the isomerization of C-2 configuration would be
also possible through a hemiacetal and an aldehyde
equilibrium. Due to the lack of data the exact
stereochemistries of the isomers are unknown.

It was unambiguously demonstrated that %0 of
molecular oxygen was incorporated into the 2-hydroxy
group of 2,7,4'-trihydroxyisoflavanone. A relatively
low incorporation ratio (ca 30%) may be attributable to
an exchanging reaction through free aldehyde, and also
to an exchange of oxygen bound to P-450 porphyrin
iron with water [9]. If the enol epoxide of flavanone is
involved in the rearrangement reaction, a ketal hydrox-
yl that was derived from the epoxide oxygen had to
migrate stereospecifically from C-4 to C-2 to give the

254 254
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Fig. 1. EI-MS spectral data of enzymatically formed 2,7,4'-tri-

hydroxyisoflavanone in (a) control experiment and (b)

'80,-exchanged system. The peaks larger than m/z 265 were displayed
as three-times magnified values.
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Fig. 2. Proposed reaction sequence from liquiritigenin (1) to daidzein
(5) via 2,7,4' -trihydroxyisoflavanone (4).

hydroxyl of 2,7,4'-trihydroxyisoflavanone. This is
highly unlikely, since migration should occur via a four-
member ring ether with a hemiketal and acetal struc-
ture. A new reaction mechanism of cytochrome P-450
hydroxylation has emerged from these observations
(Fig. 2). The hydroxylation reaction of cytochrome
P-450 normally proceeds by the abstraction of a
hydrogen followed by bond formation with hydroxy
radical at the same carbon atom [10]. In the case of
2,7,4' -trihydroxyisoflavanone, the abstraction of a
hydrogen at C-3 of liquiritigenin is followed by the
1,2-shift of phenyl group which results in forming a car-
bon radical at C-2. Hydroxylation takes place at C-2 to
give 2,7,4'-trihydroxyisoflavanone. The bond forma-
tion of the hydroxy radical to the migrated radical
center has been observed in the oxidation reactions of
cyclohexene, methylenecyclohexane, and 8-pinene with
a P-450 [11]. The hydroxylation associated with rear-
rangement is a new category in P-450 reactions, though
an underlying reaction, hydrogen abstraction and the
ensuing hydroxylation, is typical for P-450. Many
biosynthetic reactions are accounted for by this
mechanism. For example, the ring contraction of
7-hydroxykaurenoic acid to form a gibberellin (GA
aldehyde) was reported to be catalyzed by a microsomal
preparation and NADPH [12]. The reaction was ex-
plained by 1,2-migration followed by hydroxylation,
exactly the same mechanism as mentioned above,
though there is no evidence that the reaction is catalyzed
by a P-450. Several biosynthetic reactions of this type
are under investigation in our laboratory.

Acknowledgements: The authors thank Dr Y. Shida of the Tokyo
College of Pharmacy for the measurement of Mass spectra and Dr H.
Noguchi of the University of Tokyo for NMR spectra. Thanks are
also due to Dr S. Ohta of the University of Tokyo for helpful discus-
sion. A part of this work was supported by Grant-in-Aids of Ministry
of Education, Science and Culture Japan.

REFERENCES
[1] Dewick, P.M. (1982} in: The Flavonoids, Advances in Research

(Harborne, J.B. and Mabry, T.J. eds) pp. 535-640, Chapman
and Hall, London.

221



Volume 271, number 1,2

[2]
(3]
[4]

[5

(6]

17

222

Smith, D.A. and Banks, S.W. (1986) Phytochemistry 25,
979-995.
Hagmann, M. and Grisebach, H. (1984) FEBS Lett. 175,

199-202.

Kochs, G. and Grisebach, H. (1986) Eur. J. Biochem. 155,
311-318.

Hakamatsuka, T., Noguchi, H., Ebizuka, Y. and Sankawa, U.
(1989) Chem. Pharm. Bull. 37, 249-252.
Harborne, J.B., Mabry, T.J. and Mabry, H.
Flavonoids, Chapman and Hall, London.
Crombie, L., Holden, 1., Bruggen, N.V. and Whiting, D.A.
(1986) J. Chem. Soc. Chem. Commun., 1063-1065.

(1975) The

FEBS LETTERS

(8]

[9

(10]
(11]

[12]

October 1990

Byrn, M. and Calvin, M. (1966) J. Am. Chem. Soc. 88,
1916-1922.

McMurry, T.J. and Groves, J.T. (1986) in: Cytochrome P-450,
Structure, Mechanism and Biochemistry (Ortiz de Montellano,
P.R. ed) pp. 1-28, Plenum Press, New York.

Mansuy, D., Battoni, P. and Batttioni, J.P. (1989) Eur. J.
Biochem. 184, 267-285.

Groves, J.T. and Subramanian, V. (1984) J. Am. Chem. Soc.
106, 2177-2181.

Graebe, J.E. and Hedden, P. (1974) in: Biochemistry and
Chemistry of Plant Growth Regulators (Schreiber, K., Schiitte,
H.R. and Sembdner, G. eds) pp. 1-16, Acad. Sci. German
Democratic Republic. Inst. Plant Biochem., Halle, GDR.



