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Reverse transcription is a pivotal step in the
replication of retroviruses in which reverse transcrip-
tase plays a crucial role. Therefore, inhibitors of
reverse transcriptase are hopefully candidates for

antiviral chemotherapeutics. Wehave undertaken a
search for inhibitors of avian myeloblastosis virus
(AMV)reverse transcriptase employing natural and
synthetic compounds including known antibiotics
and culture filtrates of soil actinomycetes1*. In that
screening, fisetin, a naturally occuring flavonoid

compound,was found to be one of the most potent
inhibitors. Fisetin had already been recognized as
the inhibitor ofmitochondrial ATPase2) or phospha-
tidylinositol kinase3). Quercetin, another flavonoid
compound closely related in structure to fisetin,
shared many biological activities with the latter.
Cyclic AMP-independent kinase4), phosphorylase5)
and tyrosine protein kinase5>6) were among the target
enzymes of quercetin. Isoflavones such as genistein
or daidzein were also studied extensively for their
effects on various enzymes; catechol-O-methyl-
transferase7), /?-3,4-dihydroxyphenylalanine
(DOPA) decarboxylase8), /?-galactosidase9), phos-
phatidylinositol turnover10), phosphatidylinositol
kinase3), protein kinase C11} and tyrosine protein

kinase6'12>1 3) were adversely affected by isoflavones.
On the basis of these findings, we are interested in
the comparison of inhibitory activities of various
flavones and isoflavones against AMV reverse
transcriptase and the elucidation of structural
requirement for potent inhibitors of this enzyme.
Genistein and myricetin were purchased from

Funakoshi Pharmaceutical Co., Ltd. and Aldrich
Chemical Co., Inc., respectively. Apigenin, quercetin
and acacetin were products of Carl Roth GmbH
Co. Fisetin, morin, 3-hydroxyflavone, 7,8-dihy-
droxyflavone, kaempferol, d-( + )-catechin and a-
naphthoflavone were obtained from Tokyo Kasei
Kogyo Co., Ltd. DN-23, 24 and 25 were kindly

donated by Daiichi Pharmaceutical Co., Ltd. All
other chemicals were commercial products of the
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analytical grade. AMV reverse transcriptase was
assayed by the previous method14).
As shown in Table 1, the inhibition of AMV

reverse transcriptase was significant with quercetin,
fisetin, myricetin or DN-24, whereas the effects of
7,8-dihydroxyflavone, baicalein and morin were
moderate. Apigenin, acacetin, DN-23, DN-25,
genistein, biochanin A, d-(+)-catechin and a-

naphthoflavone were of no or poor activity.
In all the flavones with a potent inhibitory activity

against AMV reverse transcriptase, the hydroxy
groups at 3, 3' and 4' positions exist in common.
The hydroxy group at 4' position, however, does

not appear important as proven by the results for
apigenin, DN-23 and DN-25. The hydroxy group
at 3 position may contribute to some extent since
morin shows a moderate inhibition with an ID50 of
ll ^g/ml. 3-Hydroxyflavone was difficult to be
solubilized in DMSO and a net effect of the
3-hydroxy group could not be elucidated. Flavones
with the hydroxy group at 6 or 8 position
(7,8-dihydroxyflavone and baicalein) are also
moderate inhibitors. In contrast, the 5-, 7- and
4'-hydroxy groups are of no contribution to the
inhibition of reverse transcriptase. The difference
between the spectrum of inhibitors of reverse
transcriptase and that of tyrosine protein kinase
inhibitors was evident from the results obtained in
this study and the previous findings of Ogawara et
al6). According to Ogawara et aL, the hydroxy
group at 5 position of isoflavones is essential for
inhibitors of tyrosine protein kinase and the hydroxy
groups at 7 and 4' positions are also necessary for
full expression of the activity. As for the role of
5-hydroxy group, Umezawaet al.8) suggested that
chelation between the 5-hydroxy group and the

carbonyl group at peri-position in isoflavones was
required for the potent inhibition of DOPA
decarboxylase and the same could be attributable

to a structure-activity relationship for the inhibitors
of tyrosine protein kinase. In the case of flavones,
however, the 3-hydroxy group may be essential for
the inhibition of tyrosine protein kinase, whereas
the contribution of the 3'-hydroxy group is doubtful.

On the other hand, the spectrum of flavones
inhibiting ATPase resembled to that of inhibitors
of AMVreverse transcriptase. Lang and Racker2)
studied the structure-activity relationship among

flavones inhibitory against ATPase and proposed
that the hydroxy groups at 3' and perhaps 3 positions
are important for the biological activity. Our results
are in good agreement with those obtained by Lang
and Racker. However, we would like to propose
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Table 1. Effect of flavones, isoflavones, d-(+)-catechin and a-naphthoflavone on AMV reverse tran-
scriptase.

Position T(^
Compound - , ?\,

3 5 6 7 8 2' y 4' 5 ' ("g/ml)

7 ,8-Dihydroxyflavone H H H OH OH H H H H 1 7
Chrysin H OH H OH H H H H H NTa

Apigenin H OH H OH H H H OH H > 80
Acacetin H OH H OH H H H OCH3 H 50

Baicalein H OH OH OH H H H H H 9. 5
DN-23 H OH OCH3 OCH3 H H H OH H >80
DN-25 H OH OCH3 OCH3 H OH H OH OCH3 >80

3 -Hydroxyflavone OH H H H H H H H H NTb
Fisetin OH H H OH H H OH OH H 1.6

Kaempferol OH OH H OH H H H OH H 1 6
Quercetin OH OH H OH H H OH OH H 2. 8

Myricetin OH OH H OH H H OH OH OH 3.0
Morin OH OH H OH H OH H OH H 1 1
DN-24 OH OH OCH3 OCH3 H H OH OH H 1.3

Each sample was dissolved in DMSOat a concentration of 5 mg/ml and then diluted with Tris-HCl buffer
(less than 20him, pH 8.0).

a Insoluble in Tris-HCl buffer.
b Insoluble in DMSO.

NT:Nottested.
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alternative explanation for the inhibition of AMV
reverse transcriptase by flavones. There are two
domains by which flavones are endowed with
potency to inhibit reverse transcriptase. One of them
is the 3-hydroxy group and the other is the structure
consists of two or three hydroxygroups at adjacent
positions on the aromatic ring (5,6,7-tri-, 7,8-di-,
2',3',4'-tri- or 3',4'-dihydroxy structure). The com-

pounds with either one of these two domains are
classified as moderate inhibitors, i.e., 7,8-dihydroxy-
flavone, kaempferol, morin and baicalein, and

those with both of them (fisetin, quercetin, myricetin
and DN-24) strongly inhibit reverse transcriptase,
though we can not exclude the possibility that the
existence of 3'-hydroxy group alone was enough to
provide flavones with a potent inhibitory activity
agansit AMVreverse transcriptase.
Genistein was isolated from subterranean clover

(Trifolium subterraneum L.) as a main component
showing oestrogenic activity1 5) and, recently, from
the culture filtrates of Streptomyces roseolus7\

Aspergillus nigerS), Streptomyces xanthophaeus9) and
Pseudomonas sp.13) as the inhibitors of DOPA
decarboxylase, catechol-0-methyltransferase, tyro-
sine protein kinase and /?-galactosidase, respect-

ively. Furthermore, orobol and daizein, isoflavones
found in many plants, and psi-tectorigenin, a
synthetic isoflavone, have been recovered from
microbial culture filtrates as the inhibitors of certain
enzymes3'8 ~ 12). None of them, however, satisfies the
structural requirement for potent inhibitors of
reverse transcriptase. Our unsuccessful screening of
microbial culture filtrates for flavones or isoflavones
inhibiting AMV reverse transcriptase could be

accounted for, at least partly, by this fact.
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