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Abstract-The inhibitory potencies of bioflavonoids on various tyrosine protein kinases and serine/ 
threonine protein kinases were investigated. The phosphotransferase activity of an oncogene product, 
pplSO’P”, and a growth factor receptor, insulin receptor, were inhibited by myricetin, a derivative of 
quercetin, However, tyrosine kinase activity in the particulate fraction from human platelets (PM-TPK) 
was resistant to myricetin. Apparent K, values of myricetin for tyrosine protein kinases of ppl3O‘p” and 
insulin receptor were 1.8 and 2.6 PM, respectively. The K, values for serine/threonine kinase activities 
of myosin light chain kinase (MLC-kinase), casein kinase I, casein kinase II, CAMP-dependent protein 
kinase, and protein kinase C were 1.7,~M, 9.0pM, 0.6pM, 27.5pM, and 12.1 PM, respectively. 
Lineweaver-Burk plots revealed that myricetin competitively inhibits ppl3O’P’ tyrosine kinase, myosin 
light chain kinase, casein kinase I and II with ATP, but does not inhibit other protein kinases. Since 
myricetin is a hydroxylated derivative of quercetin, the inhibitory effects of a series of seven flavonoids 
with various numbers of hydroxy residues were examined. Structure activity studies exhibited that the 
inhibitory potencies of the flavonoids for tyrosine kinases of pp130’ps and insulin receptor correlated 
with the number of hydroxy residues on the flavone rings (y = 0.974 and 0.926, respectively), whereas 
the hydroxylation influenced to a lesser extent the inhibitory potencies for serine/threonine protein 
kinase. The hydroxy residues at position 3’ and 5’ did not affect the activities of CAMP-dependent 
protein kinase, and protein kinase C, and the hydroxylation at position 5’ is detrimental for the inhibition 
of MLC-kinase, and casein kinase I and II. Thus, flavonoids may be useful tools to elucidate the active 
site of tyrosine and serine/threonine protein kinases. 

Bioflavonoids, like quercetin; 2-(3,4-dihydroxy- 
phenyl)-3,5,7-trihydroxy-4H-l-benzopyran-4-one, 
inhibits growth and proliferation of certain malig- 
nant cells in vitro [l] and suppress the effect of 
tumor promotors on skin papilloma formation in 
mice, as initiated with 7,12-dimethylbenz[a]- 
anthracene [21]. Recent studies indicated that 
quercetin also inhibits several protein kinases, 
including tyrosine kinases associated with DMBA- 
induced rat mammary tumor [3] and pp60”” [4], 
casein kinase II [5], phosphorylase kinase [6] and 
Ca2+-phospholipid-dependent protein kinase (pro- 
tein kinase C) [7]. The inhibitions of casein kinase 
II and pp60”” tyrosine kinase by quercetin apparently 
compete with ATP [4,5]. We reported that iso- 
quinolinesulfonamides such as H-7 and H-8, which 
interact with the ATP-binding site of enzymes, 
potently inhibited protein kinase C and cyclic nucleo- 
tide-dependent protein kinases but had a com- 
paratively weak inhibition for casein kinase I and II 
and myosin light chain kinase [8], thereby suggesting 
that isoquinolinesulfonamides can be used as mol- 
ecular probes for mapping of active sites of protein 
kinases. We have now investigated the molecular 
mechanism of inhibitory effects of myricetin, a more 
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potent derivative of quercetin, on tyrosine protein 
kinases and serinelthreonine protein kinases, the 
objective being to determine (a) whether the effects 
of bioflavonoids are restricted to tyrosine protein 
kinases associated with malignant cells or all the 
tyrosine protein kinases, and (b) whether biofla- 
vonoids exert inhibitory effects on tyrosine and 
serine/threonine protein kinases, via a common mol- 
ecular mechanism. 

MATERIALS AND METHODS 

Histones Hl and H2B were purchased from 
Boehringer-Mannheim Biochemicals. Phosphatid- 
ylserine (pig liver) was purchased from Serdary 
Research Laboratories, Inc. A synthetic peptide Glu 
4:Tyr 1 was from Sigma. Chloroform was removed 
from this phospholipid by a stream of nitrogen, and 
the phospholipid was sonicated in water for 1 min to 
produce a suspension of 0.5 mg/ml. [Y-~*P]ATP and 
[Y-~~P]GTP was obtained from Amersham, U.K. All 
other chemicals of the highest grade were obtained 
from commercial sources. The structures of the com- 
pounds tested are illustrated in Fig. 1. Quercetin and 
apigenin were obtained from Sigma Chemical Co., 
and myricetin and other flavonoids were from 
Aldrich Chemical Co. 
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Compounds -OH 

Flavone - 

7-hydroxYf1ovone 7 
Chrysin 5,7 
Aplgenin 11',5,7 

Fisetin 4',5',3,7 

Quercetin 3',4',3,5,7 

Myricetin 3',4',5',3,5,7 

Fig. 1. Chemical structures of flavonoids. 

Tyrosine protein kinase preparation and assay. 
Fujinami virus-infected cells and anti pp130fPs mouse 
monoclonal antibody used in the experiments 
described here were prepared by Greiser-Wilke er 
al. [9]. pp130fPs was purified from these cells by 
immunoaffinity chromatography. The phospho- 
transferase activity of pp130fPs was measured 
in a 50 ,~l reaction mixture containing 20 mM 
Tris-HCl (pH 7.5), 10 mM MnC12, 0.1 mM EDTA, 
0.2 mg/ml myosin light chain, and various con- 
centrations of [Y-~~P]ATP in the presence of 
approximately 1.0 X 10’ cpm radio activity labelled 
nucleotide (5 pCi/nmol). The reactions were incu- 
bated at 30” for 15 min and terminated by addition 
of 20~1 of five times concentrated electrophoresis 
sample buffer and by heating at 95” for 2 min (elec- 
trophoresis sample buffer: 70 mM Tris-HCl 
(pH6.8), 10% glycerol, 2% SDS, 0.01% bro- 
mophenol blue, 2% 2-mercaptoethanol). The prod- 
ucts of the reaction were resolved by polyacrylamide 
gel electrophoresis (1 mm thick; 11.5 x 14 cm; 10% 
acrylamide, 0.26% bisacrylamide) using the buffer 
systems described by Laemmli [lo]. The gels were 
fixed in 10% acetic acid, 5% methanol, dried onto 
Whatman 3 MM paper and the labeled proteins were 
visualized by autoradiography using Kodak X-Omat 
R film. The radioactive bands were cut out of the 
dried gels and the radioactivity was quantified by 
liquid scintillation spectrometry. 

Insulin receptor tyrosine kinase was prepared from 
rat liver and measured by the method of Freidenberg 
et al. [ll]. Lectin-purified extracts of liver mem- 
branes (20~1, 0.2pg protein) were used as the 
enzyme fractions. After an overnight incubation at 
4” in the absence or presence of insulin (1 PM), 
the phosphorylating reaction was initiated by the 
addition of 30 ,ul of a reaction mixture calculated to 
give final concentrations of 50mM Tris-WC1 
(pH 7.4), 5 mM MnCl*, 2 mM MgCl*, 1 mg/ml syn- 
thetic polypeptide (Glu : Tyr = 4 : 1) and various 
concentrations of [ Y-~~P]ATP (1 @/nmol). After 
incubating this solution at 30” for 15 min, a 35 ~1 of 

* Abbreviations used: CaM, calmodulin; PS, phospha- 
tidy1 serine; PM-TPK, platelet membrane-related tyrosine 
protein kinase; MLC-kinase, myosin light chain kinase. 

the supernatant was spotted on a piece of phospho- 
cellulose paper (Whatman. P81). The paper was 
extensively washed in 75 mM phosphoric acid and 
placed in a vial containing Aquasol (New England 
Nuclear). Duplicates of papers were prepared from 
each reaction mixture and “P incorporated into the 
peptide was quantitated in a liquid scintillation 
counter. The kinase activity of insulin receptor was 
calculated, excluding that without insulin. Platelet 
membrane tyrosine kinase was prepared and assayed 
by the method of Nakamura et 01. [12]. Tyrosme 
protein kinase activity of the platelets particular frac- 
tion (30yg/tube) was measured by stimulating the 
phosphorylation of angiotensin II using SO mM 
MgCl,. 0.05% of Nonidet P-40 and various con- 
centrations of [y-““P]ATP (1 &i/nmol). The 
phosphorylation reaction was initiated by adding 5 ~11 
of [y-“‘P]ATP. incubated at 30” for 10min. and 
halted by adding of SO ,ul of 5% trichloroacetic acid 
and 20 ,~l of bovine serum albumin (10 mg/ml). The 
proteins were precipitated by centrifugation for 
5 min. A 70 ~1 aliquot of the supernatant was spotted 
on a piece of phosphocellulose paper (Whatman, 
P81) and washed in 75 mM phosphoric acid. 

Flavonoids were dissolved in 100% DMSO and 
added to the reaction mixture at concentrations 
between 0.1 PM and 500 ,uM. The final concentration 
of DMSO in the reaction mixture was 5%. This 
concentration of DMSO had no effect on the protein 
kinase activities tested herein. 

Serinelthreonine protein kinase preparation and 
assay. Calmodulin (CaM)* isolated from bovine 
brain was prepared by the procedure described by 
Yazawa et al. [13]. Myosin light chain was prepared 
from chicken gizzard by the method of Hathaway and 
Haeberle [ 141. The partially purified holoenzyme of 
CAMP-dependent protein kinase I (second DE-52 
step) and its purified catalytic subunits were prepared 
from rabbit skeletal muscle. by the method of Beavo 
et al. [15]. Ca*+ -activated, phospholipid-dependent 
protein kinase (protein kinase C) was prepared from 
rabbit brain, as described by Inagaki et al. 1161. 
Ca*+-CaM-dependent myosin light chain kinase was 
purified from chicken gizzard by the method of Walsh 
et al. [ 171. Casein kinase I from rat liver was prepared 
by the method of Meggio et al. [ 181. Casein kinase 
II from rabbit skeletal muscle was prepared accord- 
ing to Huang et al. 1191. The phosphotransferase 
activities of CAMP-dependent protein kinase, pro- 
tein kinase C, myosin light chain kinase and casein 
kinase I and II were assayed under the conditions 
described by Inagaki et al. [20]. 

CAMP-dependent protein kinase activity was 
assayed in a reaction mixture containing, in a final 
volume of 0.2 ml. SO mM Tris-HCI (pH 7.0), 10 mM 
magnesium acetate, 2 mM EGTA, 1 PM CAMP or 
no CAMP, 3.3-20 PM [y-“*P]ATP (0.2 &i/nmol), 
0.5 pg of the enzyme, 100 pg of histone H2B, and 
each compound. as indicated. 

Protein kinase C activity was assayed in a reaction 
mixture containing, in a final volume of 0.2 ml, 
50 mM Tris-HCl (pH 7.0). 10 mM magnesium acet- 
ate, 0.5 mM calcium chloride or 1 mM EGTA, 10 pg 
of PS, 3.3-20 PM [y-“P]ATP (0.2 &i/nmol), 100 pg 
of histone Hl, and 0.3pg of the enzyme. MLC- 
kinase activity was assayed in a reaction mixture 
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containing, in a final volume of 0.2 ml, 50 mM Tris- 
HCl (pH 7.0), 10 mM magnesium acetate, 0.1 mM 
calcium chloride or 1 mM EGTA, 100 ng of CaM, 
S-100 PM [y-32P]ATP (0.2 @/nmol), 20 PM smooth 
muscle 20,000-Da myosin light chain, and 0.6 yg of 
MLC-kinase. Casein kinase I activity was assayed in 
a reaction mixture containing, in a final volume of 
0.2m1, 50mM Tris-HCl (pH7.0), 10 mM mag- 
nesium acetate, 0.5 mM EGTA, 1mM 
dithiothreitol, 3.3-20 PM [y3’P]ATP (0.2 &i/ 
nmol), 3.0 pg of the enzyme, and 800 yg of casein 
(Hammerstein quality). Casein kinase II activity was 
assayed in a reaction mixture containing, in a final 
volume of 0.2 ml, 50 mM Tris-HCl (pH 7.0), 5 mM 
magnesium acetate, 0.5 mM EGTA, 1 mM dithio- 
threitol, 3.3-20 PM [Y-~~P]ATP (0.2 @X/nmol or 
3.3-20 ,uM [Y-~~P]GTP (0.35 pCi/nmol), 2.8 pg of the 
enzyme, and 800 pg of casein (Hammerstein quality). 

Assays were performed for 1, 3 and 5 min at 30” 
and in all cases demonstrated a linear incorporation 
of y-32P-phosphate into the substrate, over the 5-min 
assay. The reaction was terminated by adding 1 ml 
of ice-cold 20% trichloroacetic acid, following the 
addition of 500 pg of bovine serum albumin as a 
carrier protein. The sample was centrifuged at 
3000 rpm for 15 min, the pellet was resuspended in 
ice-cold 10% trichloroacetic acid solution and the 
centrifugation-resuspension cycle was repeated 
three times. The final pellet was dissolved in 1 ml of 
1 N NaOH, and radioactivity was measured in a 
liquid scintillation counter. 

RESULTS 

Inhibitory effect of myricetin on tyrosine protein 
kinases 

Figure 2 shows the effect of the presence of increas- 
ing concentrations of myricetin, a derivative of quer- 
cetin, on the activity of three different types of 
tyrosine protein kinases, namely pp130ips, insulin 
receptor and platelet membrane-associated (PM- 
TPK) tyrosine protein kinases. About 50% of 
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Fig. 2. Effect of myricetin on the activities of tyrosine 
protein kinases. Tyrosine kinases of pp13O’P‘ (0), insulin 
receptor (0) and platelet particulate fraction (A) were 
assayed as described under Materials and Methods, with 
various concentrations of myricetin added as indicated. The 
presented data are the mean of two independent 

experiments. 

lIATP(mM) 

Fig. 3. Kinetic analysis of inhibitory effect of myricetin on 
tyrosine protein kinases. (A) Reciprocal velocity of ppl3O’p” 
tyrosine kinase versus l/[ATP] with 0 (O), 2.0 (A) and 5.0 
(0) PM of myricetin. (B) Reciprocal velocity of insulin 
receptor tyrosine kinase versus l/[ATP] with 0 (O), 5.0 
(A) and 10 (0) PM of myricetin. All other conditions are 

as described under Materials and Methods. 

pp130fPS and insulin receptor tyrosine kinase activi- 
ties were inhibited by 3 or 5 PM of myricetin, respect- 
ively; however, PM-TPK was not significantly 
affected by myricetin concentrations, in the micro- 
molar range. 

Mechanism of tyrosine protein kinase inhibition by 
myricetin 

To characterize further the mechanism of tyrosine 
protein kinase inhibition by myricetin, the enzyme 
activities were assayed at various ATP concen- 
trations and in the presence of increasing con- 
centrations of myricetin. The corresponding data 
were evaluated using Lineweaver-Burk plots, as 
shown in Fig. 3. Myricetin apparently behaves as a 
competitive inhibitor toward ATP in the phospho- 
rylation reaction of pp130fpS but revealed a non- 
competitive inhibition of insulin receptor tyrosine 
kinase. Using these data, the K, values of pp130tPs 
and insulin receptor tyrosine protein kinase were 
calculated to be 1.8 and 2.6 ,uM, respectively. 

Effect of myricetin on serinelthreonine protein 
kinases 

From the data of myricetin inhibition, tyrosine 
protein kinases were classified in three types. To 
examine the specificity of myricetin, we investigated 
the effect of myricetin on various serine/threonine 
protein kinases as CAMP-dependent protein kinase, 
protein kinase C, myosin light chain kinase, and 
casein kinase I and II. In the micromolar range, 
myricetin potently inhibited only myosin light chain 
kinase and casein kinase II (Fig. 4), but at higher 
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Fig. 4. Effect of myricetin on the activities of serine/thre- 
onine protein kinases. Phosphotransferase activities of pro- 
tein kinase C (A), CAMP-dependent protein kinase (A), 
casein kinase I (O), casein kinase II (0) and myosin light 
chain kinase (0) were assayed as described under Materials 
and Methods, with various concentrations of myricetin 
added as indicated. The presented data are means of two 

independent experiments. 

concentrations, myricetin also inhibited the other 
protein kinases tested. 

Kinetic analysis using Lineweaver-Burk plots 
showed that myricetin competitively inhibited myo- 
sin light chain kinase and casein kinase I and II with 
ATP (Fig. 5). The Ki values of each protein kinase 
are summarized in Table 1. 
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Fig. 5. Kinetic analysis of inhibitory effect of myricetin on 
serine/threonine protein kinases. (A) Reciprocal velocity 
of casein kinase II versus l/[ATP] with 0 (Cl), 1.0 (A) and 
3.0 (0) PM of myricetin. (B) Reciprocal velocity of myosin 
light chain kinase versus l/[ATP] with 0 (Cl), 5 (A) and 10 
(0) PM of myricetin. (C) Reciprocal velocity of casein 
kinase I versus l/[ATF’] with 0 (Cl), 100 (A) and 200 (0) 
PM of myricetin. All other conditions are as described 

Fig. 6. Activity-structure relationships of flavonoids. The 
ordinate expresses the log (~/Ic~~) of each flavonoid. The 
I& value is defined as the concentration of the compound 
required to produce a 50% inhibition of each enzyme 
activity. The abscissa exhibits the number of hydroxy resi- 
dues of each flavonoid, as shown in Fig. 1. (A) Activity 
structure for pp130fp” (0) and insulin receptor (0) tyrosine 
kinase. (B) Activity structure for casein kinase I (0) casein 
kinase II (A), and myosin light chain kinase (0). (C) 
Activity structure for CAMP-dependent protein kinase (0) 

under Materials and Methods. and protein kinase C (0). 

Table 1. Comparison of inhibitory potency of myricetin on 
serine/threonine protein kinases 

Enzymes K, values (PM) 

Casein kinase II 0.6 
Myosin light chain kinase 1.7 
Casein kinase 1 9.0 
Protein kinase C 12.1 
CAMP-dependent protein kinase 27.5 

Each K, values are mean of two independent 
experiments. 

Structure-activity study of seven fiavonoids on pro- 
tein kinases 

To elucidate the difference of Ravonoids inhi- 
bition on tyrosine and serine/threonine protein 
kinases, a structure-activity relationship concerning 
polar substituents (hydroxy groups) was examined 
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using the aforementioned assay. The corresponding 
data are illustrated in Fig. 6A. Hydroxylation of the 
flavone rings leads to substantial enhancement of the 
inhibitory potencies to pp130fPs and insulin receptor 
tyrosine protein kinases. Although the hydroxylation 
patterns influenced the potencies of flavonoids as 
inhibitors of serine/threonine kinase, it is likely that 
factors beyond the number of hydroxyl substituents 
take part in determining the potency of the inhibitors 
(Fig. 6B, C). 

DISCUSSION 

The inhibitory effect of myricetin, a derivative of 
quercetin, on tyrosine protein kinases was inves- 
tigated using an oncogene product ( 130fpS), a growth 
factor receptor (insulin receptor), and a tyrosine 
kinase from non-proliferative cells (PM-TPK). The 
characteristic property of each tyrosine protein 
kinase was thus revealed: (1) susceptibility to fla- 
vonoids and ATP competes with the flavonoids 
(ppl3O’P”); (2) susceptibility to flavonoids and ATP 
does not compete with flavonoids (insulin receptor); 
(3) resistant to flavonoids (PM-TPK). Whether or 
not these classifications reveal a general property of 
oncogene-encoded, growth factor receptor associ- 
ated or non-proliferative cell associated tyrosine pro- 
tein kinases remains an open question. Graziani et al. 
reported that quercetin also inhibited pp60src tyrosine 
kinase in competition with ATP and the K, value was 
in the range of 6-11 PM [4]. From these data pp60”” 
may have characteristics in common with pp’3”fps. 
The data suggest that the flavonoid binding site is 
placed at or near the ATP binding site of the 
oncogene-encoded protein kinases, whereas the fla- 
vonoid binding site of the insulin receptor does not 
share the ATP binding site. In contrast to the 
accumulative data on oncogene-encoded or growth 
factor receptor associated tyrosine protein kinases, 
tyrosine kinase activity in the particulate fraction 
from human platelets (PM-TPK) was less well 
understood. Nakamura et&. reported that the appar- 
ent M, value of PM-TPK was 52,000, as determined 
by sucrose density gradient sedimentation [21] and 
that PM-TPK may be identical with the 60 kDa pro- 
tein reported by Tuy et al. [22]. Golden et al. showed 
that the levels of pp60”“” kinase activity are elevated 
in blood platelets [23]. Whether or not the flav- 
onoids-resistant tyrosine protein kinase is identical 
with pp60”~“‘” or other unidentified tyrosine protein 
kinase will have to be given attention. 

We also examined the inhibitory effects of fla- 
vonoids on five kinds of serinelthreonine protein 
kinases. The quercetin-induced inhibition of casein 
kinase II, phosphorylase kinase and protein kinase 
C has been reported [5-71. In addition, we obtained 
evidence that: (1) bioflavonoids at micromolar con- 
centration ranges potently inhibit myosin light chain 
kinase; (2) at higher concentrations of bioflavonoid, 
including quercetin, they inhibit even CAMP-depen- 
dent protein kinase (purified catalytic subunit) and 
casein kinase I; (3) the inhibition of casein kinase I 
and II and myosin light chain kinase by a flavonoid 
myricetin but not that of CAMP-dependent protein 
kinase and protein kinase C was competitive with 
ATP. These findings correspond to the results 

reported by Gschwendt et al. [7] that protein kinase 
C was inhibited by quercetin interacting with 
phospholipids [7]. 

Structure-activity studies using seven flavonoids 
were performed to investigate characteristics of the 
active site of these protein kinases. Our studies indi- 
cated that the inhibitory effects of flavonoids on 
tyrbsine kinases closely correlated with the number 
of hydroxy residues on the flavon rings (correlation 
coefficient (r) = 0.974). The inhibition of ppl3O’P 
tyrosine kinase was also in accord with the number 
of hydroxy groups (r = 0.926). The introduction of 
hydroxy groups into the flavone rings results in a 
decrease in retention time on the reversed phase 
column [24], hence, there may be a decrease in 
flavonoid hydrophobicity and an increase in polarity. 
These results suggest that the hydrophobicity of fla- 
vonoids is detrimental for inhibition of the tyrosine 
kinases, although the nucleotide binding sites of 
several enzymes with dinucleotide folds are in a 
hydrophobic pocket. The structural requirements for 
inhibition of nucleotide-binding enzymes or human 
platelets functions have been investigated. Beretz et 
al. [25] showed that OH groups are detrimental for 
the inhibition of platelets. Verma et nl. [26] indicated 
that increasing the number of OH groups in ring B 
from one to two enhances the inhibitory activity 
on aldose reductase, but additional OH groups are 
slightly depotentiating. Ferrell et al. 1271 reported 
that changing the planarity of the heterocyclic ring 
greatly decreases the inhibitory potency to cyclic 
AMP phosphodiesterase or bovine pancreatic ribo- 
nuclease and that the lowest empty molecular 
orbitals (LEMO) for both CAMP and flavonoids, 
calculated by CND0/2, are n-type orbitals with 
significant contributions from pyrimidine ring atoms 
of CAMP or the C-ring atoms of flavonoids. Accord- 
ing to their calculations, % C ring in LEMO was 
myricetin > quercetin > fisetin > flavone. This 
order is consistent with the inhibitory potencies of 
tyrosine protein kinases. 

To test whether these findings hold true for other 
protein kinases, we investigated the effects of OH 
groups on serine/threonine kinase. The hydroxy- 
lation pattern also influenced the inhibition of casein 
kinase I and II, and myosin light chain kinase, albeit 
less markedly. 

The fact that quercetin and fisetin are more potent 
inhibitors than myricetin is a common characteristic 
of these protein kinases. Steric factors of three OH 
groups of the B ring may be involved in the decrease 
of inhibitory potency of myricetin. As for protein 
kinase C and CAMP-dependent protein kinase, simi- 
lar structural requirements were observed. The 
inhibitory potencies of compounds substituted with 
fewer OH groups (flavone, 7-hydroxyflavone, and 
chrysin) were more markedly dependent on the 
hydroxylation, but hydroxylation did not increase 
the activities of flavonoids with a higher number of 
hydroxyl substituents (apigenin, fisetin, quercetin 
and myricetin). 

We reported that isoquinolinesulfonamides such 
as H-7 and H-8, which interact with the ATP-binding 
site of enzymes, potently inhibited protein kinase C 
and cyclic nucleotide-dependent protein kinases but 
revealed comparatively weak inhibition for casein 
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kinase I and II and myosin light chain kinase [8]. All 
the accumulated data on isoquinoline-sulfonamides 
and flavonoids suggest the structural resemblance of 
the ATP binding sites of casein kinase I, casein 
kinase II and myosin light chain kinase. 

Parker et al. [28] and our groups [29] reported 
the amino acid sequence of protein kinase C and 
suggested that the catalytic part of protein kinase C is 
highly homologous to the catalytic subunit of CAMP- 
dependent protein kinase. In addition, the domain 
organization of myosin light chain kinase from 
chicken gizzard and rabbit skeletal muscle was 
reported by Guerriero et al. [30] and Takio et al. 
[31], respectively. Our pharmacological observations 
are of interest as tlavonoids are expected to be useful 
molecular probes for mapping of the active site of 
protein kinases. 
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