
VOL. XLII NO. 5 THE JOURNAL OF ANTIBIOTICS 823

Notes

SCREENING OF PHOSPHATIDYL-
INOSITOL KINASE INHIBITORS

FROM STREPTOMYCES

hlroshi nlshioka, masaya imoto,
Tsutomu Sawa, Masa Hamada,

Hiroshi Naganawa, Tomio Takeuchi
and KazuoUmezawa

Institute of Microbial Chemistry,
3-14-23 Kamiosaki, Shinagawa-ku,

Tokyo 141, Japan

(Received for publication December 22, 1988)

Phosphatidylinositol turnover is important in
intracellular signal transduction in response to
various growth factors, hormones and neuro-
transmitters1}. Transformation by oncogenes

such as ras2^, 5rc3), erbB^, fmsb) and fes^ also
enhances cellular phosphatidylinositol turnover.
Phosphatidylinositol kinase is an enzyme in-
volved in the pathway of phosphatidylinositol
turnover. Especially, its activity is known to
be enhanced by transformation with srcz>e\
erbB4^, fms6) and sis*0 and by platelet-derived
growth factor6). Therefore, we have screened
for inhibitors of phosphatidylinositol kinase

from microbial secondary metabolites and found
that 2,3-dihydroxybenzoic acid and orobol
strongly inhibit the enzyme.
The phosphatidylinositol kinase from A431
cells has been purified to near homogeneity7).
The enzyme has a subunit weight of 55,000 and
acts as a monomer. It phosphorylates the
inositol moiety of phosphatidylinositol on the
4-position and is therefore phosphatidylinositol
4-kinase (Type II)8).
With the A431 cell membrane, we have de-
veloped a rapid assay method for phosphatidyl-
inositol kinase using a small packed silica gel

column for separating phosphorylated lipid and
unreacted [^-32P]ATP. The reaction mixture of
phosphatidylinositol (60 ^g) and membrane frac-
tion of A431cells with or without inhibitor was
incubated in 90 jul of 20 mM4-(2-hydroxyethyl)-
1 -piperazineethanesulfonic acid (HEPES) buffer
(pH 7.2) at 20°C for 10 minutes, then [r-32P]ATP
was added to give about 2 ^m final concentration
and incubation was continued at 20°C for 20
minutes. The reaction was stopped by addition
of 700 iA of a mixture of CHC13, MeOHand 1 n
HC1 (4:1 :2). The mixture was centrifuged
(3,000rpmx10 minutes) to separate the two

phases. Then, 200 p\ of the lower phase was

Table 1 Inhibition of phosphatidylinositol (PI) kinase by benzoic acids and benzaldehydes.

p p p p p p PI kinaseRl ^ 2! ICso (^g/ml)

COOH OH OH H H H 0. 7
COOH OH H OH H H > 10
COOH OH H H OH H > 10
COOH OH H H H OH > 10
COOH H OH OH H H 5. 6
COOH H OH H OH H > 10
COOH OH H H H H > 10
CHO OH OH H H H 0. 45
CHO OH H OH H H > 10
CHO H OH OH H H 1 0
CHO OH OH OH H H > 10
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applied to a packed silica gel column (1 ml).
The phosphorylated lipid was eluted with a mix-
ture of CHCI3, MeOHand 4 n NH4OH(9 :7 :2)
and the eluted fraction was evaporated to dryness
in vacuo. The residue was dissolved in 100 /A
ofa mixture ofCHC13and MeOH(2 : 1). Then,
80 /A of the solution was applied on a cellulose
filter paper. The paper was dried and counted
for radioactivity.
After screening for phosphatidylinositol kinase

inhibitors from hundreds of Streptomyces cul-
ture filtrates, we isolated 2,3-dihydroxybenzoic

acid which inhibited the enzyme with an IC50 of
0.7 i^g/ml. For isolation of 2,3-dihydroxy-
benzoic acid, Streptomyces strain MI689-SF6

was cultured in media containing glucose 2%,
starch 3 %, corn steep liquor 1 %, soybean meal

0.2%, Polypeptone 0.5%, NaCl 0.3%, CaCO3

0.5% (pH 7.0) for 4 days at 28°C on a reciprocal
shaker. The broth filtrate (3 liters) was ex-

tracted with BuOAc (3 liters) after adjusting to
pH 2.0. The extract was concentrated in vacuo
to give an oily matter which was mixed with

silica gel (8.5g) and applied to a silica gel
column chromatography (31.5 g). The column
was washed with a mixture of CHC13and MeOH,

and an active compound was eluted with a
mixture of BuOH, MeOHand H2O (4:1 :2).
The active fractions were charged on a column

of Toyopearl HW-40 (150ml) which was de-

veloped with MeOH.The residue after evap-
oration of the active fractions was further chro-
matographed on Sephadex LH-20 (100 ml) with
MeOH.Then, the active compound was further

purified by planetary coil centrifuge to yield
4.4 mg of 2,3-dihydroxybenzoic acid which was
identified by *H and 13C NMRand mass spectra.

Among its structural analogues 2,4-, 2,5-,
2,6-, 3,4-, 3,5-dihydroxy and o-hydroxybenzoic

acid were inactive, as shown in Table 1. An
aldehyde analogue, 2,3-dihydroxybenzaldehyde

showed stronger inhibitory activity with an IC50
of 0.45 jug/ml. But, 2,4-, 3,4-dihydroxy and

2,3,4-trihydroxybenzaldehyde did not inhibit
the enzyme. Thus, the 2,3-dihydroxy substitu-

tion is favorable for the enzyme inhibition. In

Table 2. Inhibition of phosphatidylinositol (PI)

kinase by flavonoids.
PI kinase IC50 (/Wg/ml)

Isoflavones
Orobol 0. 25

Psi-tectorigenin > 1 0
Genistein > 10
Daizein > 10
Flavones
Quercetin 1. 8
Fisetin 2. 0
Galangin > 10
Kaempferol > 1 0

Fig. 1. Lineweaver-Burk plot of the phosphatidylinositol (PI) kinase reaction with orobol.
The reaction was carried out with 0 //g/ml (O), 0.25 jug/ml (à"), 0.5 ^g/ml (a) or 1.0 yWg/ml (a) of

orobol. (A) Orobol against ATP, (B) orobol against phosphatidylinositol.
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addition, 2,3-dihydroxybenzoic acid and alde-
hyde inhibited tyrosine kinase of epidermal
growth factor receptor with IC50 of about 10
/zg/ml and 1 ^g/ml, respectively.

Quercetin is known to inhibit phosphatidyl-
inositol kinase. In our assay system it inhibited
the enzyme with an IC50 of 1.8 ^g/ml. There-
fore, we have studied inhibition of phosphatidyl-
inositol kinase by flavonoids which are struc-
turally related to quercetin.

As shown in Table 2, orobol isolated from
Aspergillus mger9) or Streptomyces neyagawa-
ensis10) was found to be a potent inhibitor of
phosphatidylinositol kinase. Its inhibitory ac-

tivity was about 10 times stronger than that of
quercetin. Orobol also inhibits cellular phos-
phatidylinositol turnover in A431 cellsn). Psi-
tectorigenin strongly inhibits cellular phospha-
tidylinositol turnover10, but it does not inhibit
phosphatidylinositol kinase. Thus, it should
inhibit other enzymes involved in phosphatidyl-
inositol turnover. Orobol is known to inhibit
tyrosine kinase competitively with ATP12).
Again it was shown to compete with ATP in
inhibition of phosphatidylinositol kinase. As
shown in Fig. 1, kinetic studies by Lineweaver-
Burk plotting have indicated that orobol is com-
petitive with ATP and is uncompetitive with
phosphatidylinositol. The Dixon plot of orobol
with ATP has shown that the Ki value is 0.49 ^m.
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