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Tyrosine-specific protein kinase activity of the epi-
dermal growth factor (EGF) receptor, pp60'** and
ppl110%**'* was inhibited in vitro by an isoflavone
genistein. The inhibition was competitive with respect
to ATP and noncompetitive to a phosphate acceptor,
histone H2B. By contrast, genistein scarcely inhibited
the enzyme activities of serine- and threonine-specific
protein kinases such as cAMP-dependent protein ki-
nase, phosphorylase kinase, and the Ca2*/phospholipid-
dependent enzyme protein kinase C. When the effect
of genistein on the phosphorylation of the EGF receptor
was examined in cultured A431 cells, EGF-stimulated
serine, threonine, and tyrosine phosphorylation was
decreased. Phosphoamino acid analysis of total cell
proteins revealed that genistein inhibited the EGF-
stimulated increase in phosphotyrosine level in A431
cells.

Tyrosine-specific protein kinase activity is known to be
associated with oncogene products of the retroviral src gene
family (1-3). This kinase activity is strongly correlated with
the ability of retroviruses to transform cells, since mutants
with reduced kinase activity have lower transforming effi-
ciency, and mutants which lack tyrosine kinase activity are
transformation-defective (4). Similar kinase activity is also
associated with the cellular receptors for several growth fac-
tors such as EGF* (5), platelet-derived growth factor (6, 7),
insulin (8, 9), and insulin-like growth factor I (10, 11). There-
fore, it is possible that tyrosine pohosphorylation plays an
important role for cell proliferation and cell transformation.

According to this hypothesis, a specific inhibitor for tyro-
sine kinases could be an antitumor agent as well as a tool for
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understanding the physiological role of tyrosine phosphoryl-
ation. Although not so specific for tyrosine kinases, several
compounds have been reported to inhibit tyrosine kinase
activity. A protease inhibitor NP-tosyl-L-lysyl chloromethyl
ketone was demonstrated to inhibit tyrosine kinase activity
associated with pp60'*™ and revert the effects of avian sar-
coma virus transformation on cell morphology, adhesion, and
glucose transport (12). A flavone quercetin was reported to
inhibit the tyrosine kinase activity of pp60** (13, 14) as well
as the activities of cAMP-independent protein kinase (15),
the Ca®*/phospbolipid-dependent enzyme protein kinase C
(16), phosphorylase kinase (17), Na*,K*-ATPase (18), and
Ca®** Mg>*-ATPase (19). More recently, amiloride, which is
well known as an inhibitor for Na*,K* antiporter (20-22),
was shown to directly inhibit growth factor receptor tyrosine
kinase activity (23).

In the search for specific inhibitors for tyrosine kinases, we
have recently isolated an isoflavone compound genistein from
fermentation broth of Pseudomonas sp. (24). In this study, we
show that genistein is a highly specific inhibitor for tyrosine
kinases but scarcely inhibits the activity of serine and threo-
nine kinases and other ATP analogue-related enzymes in
vitro. Furthermore, genistein was revealed to inhibit EGF-
stimulated phosphorylation in cultured A431 cells.

EXPERIMENTAL PROCEDURES AND RESULTS?
DISCUSSION

In this study, we demonstrated that genistein inhibits the
activities of tyrosine-specific protein kinases. Kinetic analysis
revealed that inhibition of the EGF receptor kinase activity
was competitive with ATP and that genistein leads to the
formation of nonproductive enzyme-substrate complexes.
Therefore, since Erneux et al. (39) have proposed that the
reaction mechanism of the EGF receptor kinase is a sequential
Ordered Bi Bi reaction with a peptide as the first substrate
and ATP as the second, genistein could be expected to act
uncompetitively with respect to a phosphate acceptor, histone
H2B, i.e. genistein could bind to the enzyme only after histone
combined (40). However, our results indicated that genistein
was a noncompetitive inhibitor with respect to histone H2B.
Since genistein bears no structural relationship to ATP, in-
hibition of the EGF receptor kinase activity by genistein may

2 Portions of this paper (including “Experimental Procedures,”
“Results,” Figs. 1-4, and Tables I-V) are presented in miniprint at
the end of this paper. Miniprint is easily read with the aid of a
standard magnifying glass. Full size photocopies are available from
the Journal of Biological Chemistry, 9650 Rockville Pike, Bethesda,
MD 20814. Request Document No. 86M-0280, cite the authors, and
include a check or money order for $7.20 per set of photocopies. Full
size photocopies are also included in the microfilm edition of the
Journal that is available from Waverly Press.
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not be due to true competition for exactly the same site as
that utilized by ATP. Thus, it would be possible that genistein
binds in multiple places in the reaction pathway and, conse-
quently, appears noncompetitive with respect to a phosphate
acceptor. In this regard, it is intriguing that quercetin, which
has a structure closely related to genistein, has also been
reported to be competitive with ATP and noncompetitive
with respect to histone (14), whereas amiloride, which resem-
bles the structures of purines and pyrimidines, is competitive
with ATP and uncompetitive with histone (23).

Genistein exhibited specific inhibitory activity against ty-
rosine kinases, that is, the EGF receptor kinase and pp60***
and pp110%%€-%* kinases, but scarcely inhibited the activity of
serine- and threonine-specific kinases such as cAMP-depend-
ent protein kinase, protein kinase C, and phosphorylase ki-
nase. These results are consistent with the fact that primary
amino acid sequences of tyrosine kinases are closely related
to each other but weakly homologous with the sequence of
the catalytic subunit of cAMP-dependent protein kinase (1).
Thus, genistein is not a mere ATP analogue, and can discrim-
inate the differences in the catalytic site for ATP of these
protein kinases. In addition, the activities of 5'-nucleotidase
and phosphodiesterase were also poorly inhibited by genistein.
The property of genistein to specifically inhibit tyrosine ki-
nase activity is clearly different from that of a flavone quer-
cetin, which has been reported to inhibit not only the tyrosine
kinase activity associated with pp60*®™ (13, 14) but also the
activities of protein kinase C (16), phosphorylase kinase (17),
Na*,K*-ATPase (18), and 5'-nucleotidase (Table I, Mini-
print). High specificity of genistein will be advantageous for
utilizing this compound as a tool for elucidating the role of
tyrosine phosphorylation in cells.

When the effect of genistein on the phosphorylation of the
EGF receptor was examined in cultured A431 cells, EGF-
stimulated increase of tyrosine phosphorylation was observed
to decrease. EGF-induced increase in the level of cellular
phosphotyrosine was also inhibited by the treatment of A431
cells with genistein. These results indicate that genistein
inhibits the tyrosine kinase activity of the EGF receptor in
intact A431 cells. Furthermore, genistein was found to inhibit
EGF-stimulated serine and threonine phosphorylation of the
EGF receptor. This may result from in vivo direct inhibition
of serine and threonine kinase activity which is responsible
for phosphorylation of the EGF receptor. Alternatively, inhi-
bition of the EGF receptor-associated tyrosine kinase activity
may block a putative cellular pathway regulating serine and
threonine kinase activity that phosphorylates the EGF recep-
tor. Precise mechanism of this effect is, however, not known
at the present time and remains to be determined.
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SUPPLEMENTAL MATERIAL TO:

GENISTEIN, A SPECIFIC INHIBITOR OF TYROSINE-SPECIFIC PROTEIN KINASES

Tetsu Akiyama, Junko Ishida, Suguru Nakagawa, Hiroshi Ogawara,
shun=ichi, Noriki Itoh, Shibuya and Yasuo Fukami

EXPERIMENTAL PROCEDURES

Materials Acacetin, prunetin, genistin and daidzein were purchased from

ies Sarget. Biochanin A was ined from Aldrich, flavone, kaempferol and
apigenin from Sigma and quercetin from Nakarai. Genistein was prepared from fermentation
broth of Pseudomonas sp. as described previously (24).
Antibodies --- Mouse monoclonal anti-EGF receptor antibody (528 IgG) (25) was a gift
of Dr. i i ity), Sera from rabbits bearing tumors induced
by Rous sarcoma virus (TER sera) wera kindly provided by Dr, Ryotaro Ishizaki (Nihon
Medical School) (26). Anti-ppl109297T%5 sneigera were obtained from Fisher rats bearing
GA-FeSV-traneformed 3Y1 cells.
Human epidermoid carcinoma A43l cella (27) and RSV-tranaformed rat 3yl
cells (28) were obtained from Drs. Gearge J. Todaro (Washington Univermity) and Reiko
Wirai {The Tokyo Metropolitan Institute of Medical Science), respectively. GA-PeSV-
& calls wars by transfecting Y1 cells with pBR322—GA-FeSV-proviral DNA
recombinant plasmid which was obtained from Dr. Charles J. Sherr (National Cancer
Institute) (29). Rat 3Yl is the normal cell line established from Fisher rat kidney (30).
These cell lines were grown in Dulbecco’s modified Eagle's medium (DMEM) supplemented with
7% fetal calf serum,

Enzymes --- The EGF receptor was purified from Triton X-100-solubilized membranes of
A431 cells by sequential affinity chromatography on wheat germ agglutinin-agarose and
tyrosine-Sepharose columne as described previoualy (31), The pps0¥ “IC kinase was
purified from Triton X-100-solubilized membranes of Rous sarcoma virus-transformed chick
embryo fibrablasts by ial affinity on casein-ag and tyrosine-
Sepharose columns (32). Protein kinase C was purified from rabbit kidney by sequential

an 48 ana polyacrylamide-immobilized phosghatidylserine
according to Uchida et al. (33), cAMP-depandent protein kinsse {(rabbit muscla),
phosphorylase kinase (rabbit muscle), phosphodiesterase (bovine heart} and S'-nucleotidase
{snake venom) were cbtained from Sigma.

Aspay of snayme activity--- EGF receptor kinase reactions vere performed in a final
volume of 50 pl containing 20 mM Pipes- NaOH pH 7.2, 10 mM MgCl,, 3 mM MnCl,, 1 mM DTT,
100 uM sodium vanadate, 10 pM [y->“PATP (4 mCi/umol), 1 po/ml ‘mouse EGF (Collaborative
Research), 10 pg of A431l cell membrane, which was prepared as described previously (31},
and the lnhibitar. When the kinase activity against an exogenous substrate was assayed,
histone H2B (25 pg) (Sigma) was included in the reaction mixture, The reaction was
continued for 5 min at 0°C and terminated by addition of Laemmli’s SDS sample buffer (34)
and by boiling for 2 min, The samples were analyzed by SDS polyacrylamide gel
electrophoresis followed by autoradiography. The bands of the EGF receptor were excised
from the gels and the radioactivity was counted with a liquid scintillation counter. In
table I, the effect of genistein was examined by using the purified EGP receptor instead
of A431 cell membranes the purified EGE creceptor (0,1 pg), an exogenous substrate, histone
H2B (25 ng), and 0,05 % TX-100 were included in the reaction mixture described above. The
reaction was performed at 30°C for 3 min. cAMP-dependent protein kinase activity was
assayed in a reaction pixture (final volume of 50 ul) containing 50 mM Hepea-NaOH pH 7.5,
10 mM MgCl,, 10 pu [y=??PJATP (2 mCi/pmol), 6 ma/ml histone type IIA [Sigma), 10 pM CAME,
4 pg of the enzyme and the inhibitor. Phosphorylase kinase activity was assayed in a
reaction mixture (final volume of 50 pl) consisting of 40 mM Tris-HCL pH 7.4, 10 mM MgCl,,
Q.1 mM CaCly, 1 mM DTT, 10 uM [y»”?]up (2 mCi/pmol), 10 pg of phosphorylase b (Sigma), 2
49 Of the enzyme and the inhibitor. Activity of pratein kinase C was assayed in a
reactigy mixture (final volume of 50 pl) containing 25 mM Tris-HCL pH 7.5, 10 mM MgCly, 10
uM [y-?“PIATP (4 mCi/pmol), 50 pg/ml of phosphatidylserine, 0.5 pg/ml of diolein, 0,5 'mM
CaCl,, 10 pg of histone Hl (Sigma), O.1 pg Of the enzyme and the inhibitor, The reaction
mixtyre waa incubated for 3 min at 30°C and analyzed as described for EGP receptor kinase.
Phoaphodisstarase activity vas assayed in & reaction mixture (final volume of 50 pl)
composed of 50 mM Tris-HCL pH 7.5, 8 m& MgCl,, 0.8 mM EOTA, 0,02 mM OTT, 10 pM (lclcane
(286 mCi/mmol), 1 ng of the enzyme and the inhibitor, 5'-Nucleotidase activity was
assayed in a reaction mixture (finsl volume of 50 ui) containing 55 mM Tris-HCL pHE.S, 5.5
=M MgCly, 10 1M (14CIAMP (58 mCi/mmol), 10 mM sodium potassium tartrates 2 ng of the
enzyme and the inhibitor. After incubating for 3 min at 30°C, the reaction was
terminated by boiling for 45 sec. The reaction product was analyzed by thin-layer
chromatography on cellulose in ethyl alcohol/ 1.0 M ammonium acetate pH 7.5. The spot of
adencsine wes ecraped and the radioactivity was measured with a liquid scintillation
counter, Tyrosine kinase activity of ppb0¥ FC, immunoprecipitated by TBR sera and
protein 4B from the lysate of RSV transformed-3Yl cells was assayed
in a reaction mixture (final volume of 50 pl) containing 20 mM Pipes-NaOH pd 7.2, 5 mM
?quz, 1 mM DTT, 10 pM [y- 2p)ATP (2 mCi/pmol). Autophosphorylation activity of ppll093g”

€8 {mmunoprecipitated from Feline sarcoma virus-tranaformed 1Yl cells was assayed under
similar conditions. After incubating for § min at J0°C, the resction was stopped by the
sddition of Laemmli's SDS sample buffer and by boiling for 2 min, The reaction product
was analyzed by SDS-polyacrylamide gel electrophoresis as described for the £GF receptor.
In table I, purified pps0Y ¥TC yas alsc used to examine the effect of genisteins

purified ppeG” 3TC (0,65 ug) and an exogenous substrate, casein (25 pgl. wers included in
the reaction aixture, The reaction was performed at 30°C for 3 min and the reaction
products were snalyzed similarly.

Immunoprecipitation of the EGF receptor---A431 cells were labeled for 6 h in
phosphate-free Dulbecco's madified Eagle's mediun supplemented with 2 ¥ dislyzed fetal
calf serum and 1 mCi/ml of [> Florthophosphate (Amersham), and incobated with EGF (100
ng/ml) and the inhibitor for the last 15 min. The labeled cells were lysed in RIPA buffer
{40 mM Hepes-NaOH pH7.4, 1 v NP-40, 0,1 3 SDS, 0.5 § sodium deoxycholate, 0,15 M NaCl, 1
wN PMSF, 10 mM sodium pyrophosphate, 10 mM sodium fluoride, 4 mM EDTA, 2 mM sodium
vanadate) (35), and the lysates were incubated with anti-EGP receptor antibody (528 IgG)
(25), The i exes vere to protein 4B and washed extensively
with RIPA buffer (36). The immunoprecipitates were analyzed on a SDS-polyacrylamide gel
electrophoresis followed by autoradiography.

ino acid analysis--- The ylated EGP by sbs
polyscrylamide gel slectzophoresis was eluted from the gel and subjected to acid-
hydrolysis in 6 N KC1 for 1.5 h at 110 °C, The phosphoamino acids were resolved by two-
dimensional meparation of electrophoresis at pH 1,9 followed by electrophoresis at pH 3.5
(37), For the estimation of the level of phosphotyrosine in totyl cellular protein, cell
protein was extracted with phenol from the detergent lysate of [-2P)phosphate-labeled
A431 cells and then precipitated with 20 ¥ TCA. The cell protein thus obtained was acid-
hydrolyzed and sgbjected to two-dimensional separation as described above.

Binding of 1%°I-EGF to 430 cellg--~ A¢3l cells were preincubated in Serum-free
medium for 1 h prior to adding '2°I-EGF (100 pCi/pg, Amersham). EGF binding was measured
by incubating at 4°C for 1 h in the presence of 2 ng of labeled EGF in 1 ml of binding
medium (DMEM, 5 mM Hepes ph 7.5, 0.1 v BSA). HNonspecific binding was measured with 2
hg/ml unlabeled EGF. After the incubation, the monolayers were washed four times with 2
ml of binding medium and solubilized with 1 ml of 1 N NaOH at 37 °C far 1 h (38).

RESULTS

Inhibition of tyrosine kinase activity by genistein --- Incubation of A43l cell
membranes with [y~ -PIATP resulted in the autophosphorylation of the 170-kD EGF receptor
(Fig, 1A, lane 1) Fig. 2A)., Addition of genistein to the reaction mixture caused a dose-
dependent inhibition of autophosphorylation of the EGF receptor (Fig. 1A, lane 2j Fig.
2A), The helf maximal effect was observed at 0.7 ug/ml of genistein (Table II). When an
exogenous substrate protein, histone H2B, was included in the reactiop mixture,
phasphorylation of histone H2B proceeded linearly for at least 3 min (Fig. 2B), This was
alao inhibited by genistein in a dose-dependent manner (Pig. 2B). The half maximal effect
was observed at 5,5 yg/ml of genistein, which was considerably higher than that observed
for the autophasphorylation. Similarly, phosphorylation of IgG by ppe0’ “°¢ and
autophospharylation of pp1107297T€8 Lo inhibited by geniatein (Fig. 1B and 1C).

By contrast, genistein scarcely inhibited serine- and threonine-specific protein
kinases such a8 cAMP-dependent-protein kinases, protein kinase C and phosphorylase kinase
at 100 ug/ml (Table I}. In addition, genistein did pat show inhibitory activity against
other ATP-analogua-related enzymes such os phosphodiesterase and 5'-nucleotidase {Table
I). Thus, inhibitory sctivity of genistein was highly specific for tyrosine protein
kinases, On the other hand, a flavone quarcetin inhibited not only tyrosine kinases but
also protein kinase C, phosphorylase Xinase and S5'-nuclectidase (Table I).

Effect of genistein on the kinetics of the EGF receptor kinase sctivity --- Fig. 3A
shows the effect of various concentrations of ATP on genistein-mediated inhibition of the
EGF receptor kinase activity against histone H2B, Genistein was a competitive inhibitor
for the EGF 1yzed ylation of hiatone HZB. The K value for ATP of
the EGF receptor kinsse was 3,6 pM and the K, was 3.7 ug/ml. When the concentration of
histone H2B was varied, a different kind of inhibition pattern was observed, As shown in
Fig, 3B, genistein acted as a non-competitive inhibitor with respect to histone H2B as a
substrate.

Effect of isoflavones and related on the EGF kinase activity ---
To investigate ivity relationshipa, effect of several isoflavones and related

compounds on the EGP recaptor kinase activity was examined {Table Ii), Among isoflavones,
prunetin which has a methyl group in pomition 7 exhibited rather strong activity, while
the introduction of a glucose residue at this position (gemistin) abolished the activity,
This may be due to a steric hindrance by a bulky sugar group. The introduction of a
methoxy group at 4' position (biochanin A) lowered the inhibitory activity.
Interestingly, daidzein which is devoid of hydroxyl group in position 5 did not show any

Inhibitor of Tyrosine Protein Kinase

inhibitory activity at 100 ug/ml. Flavones such as apigenin, acacetin and flavone
exhibited only low activity, Flavonol such as kaempferol and quercetin was highly active.

Effect of genistein on the phosphorylation of the EGF receptor in yivo, --- We next
examined the effect of genistein on the EGF-stimulated phgsphorylation of the EGF
receptor in intact cells, A43l cells were labeled with [ -Plorthophosphate for 6 h and
incubated with EGP for the last 15 min in the presence of various concentratians af
genistein. The ylated EGF i pitated and analyzad by SDS
polyacrylamide gel el is followed by autoradiography. As shown in Fig, 4, the
chosphorylation of the BGF recaptor decreased in the presenca Of gemistein. The half
maximal effect of genistsin waa observed at 30 pg/ml. Phosphoamino acid analysis of the
EGF receptor (Table III) showed that genistein dacreased the phosphorylstion of the
receptor on serine- and threonine residues as well as that on tyrosine residues. Thus, in
intact cells, genistein inhibited not only the sutophosphorylation of the EGF receptor but
also the phosphorylation of the receptor by other serine- and threonine-specific kinaa

Effect of genistein on the EGF receptor kinase activity in vivo To investigate
the effect of genistein on the EGF receptor kinese activity in intact cells, the level of
phosphotyrosine in total cellular protein phgsphate was estimated, Collular proteins were
extracted from A43l cells prelabeled with [><Plorthophosphate and subjected to
phosphoamino acid analysis. Table IV shows that treatment of the cells with genistein
blocked the effact of EGF to increase the level of phosphotyrosine, This result indicates
that genistein sleo inhibita the tyrosine-specific kinase activity associated with the EGF
receptor in intact A4il cells,

Effect of gegistein on the binding of '2°I-EGF to M43l cells --- A3l cella were
incubated with ng—rxfgsfox 1 h in the presence of various concentrations of genistein and
the radicactivity of '2°I~EGP bgynd to A3l cells was counted. As indicated in Table V,
genistein scarcely inhibited I-EGF binding to Ad31 cells.

TABLE I

Effect of genistein on the enzyme activities.

Genistein Quercetin

Enzymes 105, po/ml

EGP receptor 6.0} 8.08!

ppéOYErE 7.0 a.0%’
8.0 -

ppl10929-Fes 6.5 -

cAMP-ependent > 100 »100

protein kinase

Protein kinase C > 100 25

Phosphorylase > 100 5.0

Kinase

5*~nucleotidase > 100 30

Phoaphodiesterase > 100 -

The enzyme activities were measured at 30°C for 3 min as described under
“Experimental Procedures” in the absence or of various i of
genistein (L0, 2.5, 5.0, 10, 25, 50, 100 pg/ml). The concentration for 50% inhibition
wag determined from the inhibition curve taking probit of inhibition percent at varied
concentrations of gen%!teUl on ordinate and logarithm of concentrations of genistein on
abgciasa (41, 42). >'Purified EGF receptor (0.1 ug) and pp60’ 5YC (0,05 pg) were used to
assay the ylation of (histone HZB (25 pg) and cagein (25 pgl,
¥TIEC Las assayed

)

respectively). D'phosphorylation of bound IgG by immunoprecipitated pp&0
e, ipitated
P

ylation of 110949788 Las asmayed.

TABLE II

Effect of genistein and related compounds on the EGF receptor kinase and
cAMP-dependent kinase activities

IDgy pa/ml
EGF receptor?’ cAMP-dependent.

5 7 4 kinase protein kinase
Genistein on 23 oH 0.7 > 100
Genistin OH  0-glucose oK > 100 -
Prunetin OH ocH, ocR, 4.2 -
Daidzein - on or > 100 -
Biochanin A on oH ocH, 26.0 > 100

3 s 7 3 e
Apigenin - ot o8 - OH 25.0 > 100
Acacetin - OH OH - OCHy 40.0 -
Flavon - - - - - 50.0 > 100

0.2

Xaempferol OH O OH - oH \); 3.2 > 100
Quercetin O O OH OH OH 5.0 > 100

”Autcphospharylutigg of the EGF receptor kinase was assaved by incubating Ad3l cell

membranes with [Y-"“PJATP in the presence of EGF (1 pg/ml} at 0°C as described under

“Experimental Procedure

TABLE I1I

Phosphoamino acsd analysie of the EGF receptor of Ad4ll cells treated with genistein

Phospho- Phospho- Phospho-
Total tyrosine threonine serine
1
Control 100 G4 32 68
EGF 310 11.0 81 219
EGF + Genistein 146 L2 45 100

M31 cells were labeled for 6 h with [3%piphoaphate and then treated with and
without EGF (100 ng/ml) for 15 min in the absence or presence of genistein (40 ug/mli,
The EGF receptor was immunoprecipitated and analyzed as described in the legend to Fig, 4,
The phosphorylated EGF receptor was eluted from the gel and subjected to acid hydrolysia
in 6 N HC1 for 1.5 h at 110°C. The phosphosmina scids were separated by two-dimensional
thin layer elect: is. Spots cor o ine, and
phosphotyrosine were identified with ninhydrin and cut out from thin layer plates.
Radicactivity of each phosphoamino acid was counted and the resulta are presented as
percent of totsl phosphoaminc acids dstected in the EGF receptor derived from untreated
control cells, 1008 represents 806 cpm.




Inhibitor of Tyrosine Protein Kinase

‘TABLE 1V

Phosphoamino acid analysis of the total cellular proteins of A43l cells
eated with genistoin

Phospho~ Phospho~ Phospho=
Total tyrosine threonine serine
Control 100 0.09 5.7 9
EGF 106 0.57 6.7 99
EGF + Genistein 9% 0.16 5.5 88

A431 cells were labeled for 6 h with [>2Pphosphate and then treated with or without
EGF (100 ng/ml) for 15 min in the absence or presence of genistein (40 pg/ml). The cell
proteins extracted with phenol and precipitated with 20 % TCA were acid-hydrolyzed and
subjected to two-dimensional separation by electrophoresis at pH 1.9 and pH 3.5. Spots

to n and were identified with

ninhydrin and cut out from the thin layer plate: ty of each
acid was counted and the results are presented as percent of total phosphoamino acids in
untreated control cells. 100% represents 756,000 cpm.
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!x’. 1. Effect gi rnlltun on the tyrosine kinase activity of the EGF receptor,
V787 and pp110929715,  A431 cell membranes (A) were incubated with EGF (1 pg/ml)
and [v-32p) ATP in the absence (lane 1) or presence of 10 pg/ml genistein (lane 2) for S
min at 0°C. The reaction products were analyzed by SDS polyacrylamide gel
electrophoresis and autoradiography as described under "Experimental Procedures”,

assay of pp60Y 3EC § d from 3Y1 cells (B)
immunoprecipitated from Feline sarcoma virus-transformed 3Y1 cells (C)
were carried out at 25°C for 5 min and analyzed similarly.
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Fig. 2 Effect of genistein on the time course of autophosphorylation of the EGP
receptor (A) and phosphorylation of histone H2B H the EGF receptor kinase (B). A431 cell
membranes were incubated with EGF (1 pg/ml), (y="“PJATP (40 pM) and sodium vanadate

(100 pM) in the absence (O) or presence of genistein (A: 4, 1 pg/m1; @, 10 pg/ml; B: 4, 5
Hg/ml; @, 10 ug/ml) for the indicated time periods at 0°C. In panel (B), histone H2B
(500 pg/m1) was included in the reaction mixture. The reaction products were analyzed by
SDS de gel el and the bands of the EGF receptor (A) or histone
H2B (B) were excised from the gels and the radioactivity was counted with a liquid
scintillation counter as described under “"Experimental Procedures®.

TABLE V

Effect of genistein on 12°I-EGF binding to A43l cells.

5595

Genistein 4257-GP bound
pg/ml cpm
0 37483
10 36410
40 37077
100 30475
A o
3

-1 5
V" (pmol/mg/min) 1

02 01 0 01 02 03 04 035
ATP (um

1.5

v (pmol/mg /min)”! =
1.0
./
=]

-5 o 5 10
Histone! (mg/mi)!

Fig. 3  Effect of genistein on the kinetics of the EGF receptor kinase activity.
(M) M31 cell membranes were incubated with EGF (1 jg/ml), sodium vanadate (100 uM),
histone HZB (200 pg/ml) and various concentrations of (Y= 2PJATP in the absence (O) or
presence of genistein (a, 1 pg/ml; @, 3 pg/ml; O, 10 pg/ml) for 3 min at 0°C. The
reaction products were analyzed by SDS polyacrylamide gel electrophoresis followed by
autoradiography. The bands of histone H2B were excised from the gels and the
radioactivity was counted with a liquid scintillation counter. (B) The EGF receptor
kinase activity was assayed with various concentrations of histone H2B in the absence (O)
or presence of genigtein (o, 1 yg/ml; @, 3 ug/mly O, 10 pg/ml) for 3 min at 0°C. The
concentration of [Y="“PIATP was 40 pM.
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Fig. 4 Effect of genistein on the phosphorylation of the EGF receptor in vivo.
A431 cells were labeled for 6 h with [“Plphosphate and then EGF (100 ng/ml) and various
concentrations of genistein were added for t t 15 min. The detergent lysates of the
labeled cells were immunoprecipitated with anti-EGF receptor antibody and protein A-
The i tates were then analyzed by SDS polyacrylamide gel
is followed by




