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Abstract—The prenylated isoflavone warangalone from the insecticidal plant Derris scandens is a selective and
potent inhibitor of rat liver cyclic AMP-dependent protein kinase catalytic subunit (cAK) (ICs, 3.5 uM). The
inhibition of rat liver cAK by warangalone is non-competitive with respect to both ATP and the synthetic
peptide substrate (LRRASLG) employed in this study. Warangalone is a poor inhibitor of avian calmodulin-
dependent myosin light chain kinase (MLCK), rat brain Ca’*- and phospholipid-dependent protein kinase C
(PKC) and wheat embryo Ca’*-dependent protein kinase (CDPK). The related plant derived prenylisoflavones
are also potent cAK inhibitors. Thus, 8-y-y-dimethylallylwighteone, 3’-y-y-dimethlallylwighteone and nallanin
are inhibitors of cAK with ICs, values in the range 20-33 yM. The prenyl-substituted isoflavones tested in this
study are ineffective or poor as inhibitors of PKC. Thus nallanin is a poor PKC inhibitor (ICs, value of 120
1M). The related isoflavones biochanin A and genistein are poor inhibitors of cAK (ICs, values 100 uM and
126 uM, respectively). Genistein inhibits MLCK (ICs, value 14 uM) but biochanin A is a poor MLCK inhibitor
(ICs, value 300 uM). The D. scandens prenyl-isoflavones and related isoflavones are ineffective inhibitors of
wheat embryo Ca®*-dependent protein kinase (CDPK). The 4-methoxy-3-phenyl-coumarin robustic acid is a
potent inhibitor of rat liver cAK (ICs, value 10 uM) but is a poor inhibitor of rat brain PKC, avian MLCK
and wheat embryo CDPK. The coumarins 5-methoxypsoralen and 4,4"-di-O-methyl scandenin are poor cAK
inhibitors (ICs, values 240 and 248 uM, respectively). All of the non-prenylated coumarins examined are
ineffective as inhibitors of the eukaryote signal-regulated protein kinases cAK, MLCK, PKC and CDPK. The
selective, high affinity interaction of warangalone and robustic acid with cAK may contribute to their biological
effects in vivo and to the insecticidal activity of the plant D. scandens. Copyright © 1997 Elsevier Science Ltd

INTRODUCTION of (Na*+K*)ATPase by cardiac glycosides, inter-
action of curare with the nicotinic acetylcholine recep-
tor and inhibition of cytochrome oxidase by CN~
derived from plant cyanogenic glycosides [1, 2].
Nevertheless, there remains a massive task of defining
high-affinity biochemical sites of action of a large
number of plant defensive secondary metabolites in
target microorganisms and animal herbivores.

Many plant defensive secondary metabolites inter-
act with protein kinases involved in signal trans-
duction in eukaryotes. Thus particular plant-derived
anthraquinones variously inhibit animal Ca’>*- and
phospholipid-dependent protein kinase C (PKC),
Ca®"- and calmodulin-dependent myosin light chain
kinase (MLCK) and cyclic AMP-dependent protein
kinase catalytic subunit (cAK) as well as plant Ca**-
dependent protein kinase (CDPK) [8]. Several plant-
derived xanthones inhibit MLCK and are potent
inhibitors of cAK and CDPK [9]. Particular fla-
+ Author to whom correspondence should be addressed. vonoids inhibit MLCK [10, 11], PKC [12-17], cAK

A wide variety of bioactive secondary metabolites are
produced by plants. Such compounds are involved in
their defence against animal herbivores and microbial
pathogens [1-7]. In addition, some plant secondary
metabolites have been shown to have allelopathic
effects enabling defence against competing plants [1,
3]. The nature of high affinity sites of action of many
plant secondary metabolites (or the metabolic prod-
ucts of such compounds) can be inferred in many
situations when such compounds have animal hor-
mone or pheromone properties or have evident
physiological effects related to their taste or smell [1].
High-affinity biochemical sites of action of a variety
of toxic plant secondary metabolites have been dem-
onstrated, well known examples including inhibition
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[18] and tyrosine kinase [19]. A range of flavonol com-
pounds, notably oligomeric procyanidins, are potent
inhibitors of cAK, PKC and of plant CDPK [20] as
are a variety of gallic acid esters [21, 22] including
hydrolysable tannins [21]. The isoflavone genistein is
a potent tyrosine kinase inhibitor [23] as is the stilbene
derivative piceatannol [24]. Certain non-aromatic
plant defensive compounds are selective inhibitors of
c¢AK including various amphiphilic, acidic tri-
terpenoids [22] and the carotenoid crocetin [22].

The benzophenanthridine natural product cheler-
ythrine is a potent and selective inhibitor of PKC
[25] and a number of structurally related synthetic
phenanthrene derivatives are protein kinase inhibitors
[26]. A number of microbial indole derivatives
(notably staurosporine) are potent protein kinase
inhibitors [27-29] and various synthetic bis-indolyl
compounds are potent and selective PKC inhibitors
[30, 31]. A series of synthetic isoquinoline derivatives
are potent and selective cAK inhibitors [32-34]. The
structure/activity relations of naturally occurring pro-
tein kinase inhibitors may be useful for the devel-
opment of synthetic chemotherapeutic agents that are
protein kinase inhibitors. Conversely, knowing that
particular chemotherapeutic agents interact with par-
ticular protein kinases may assist in the detection of
naturally occurring bioactive compounds with similar
properties. Thus the synthetic phenanthrene-based
antimalarial halofantrine is a selective inhibitor of
cAK [26] and a variety of anti-tumour compounds are
inhibitors of PKC {8, 35-38] or of MLCK [8, 38].

Numerous species of Derris and Lonchocarpus have
been used as insecticides and have been examined
for insecticidal compounds and especially for their
rotenone content [39]. The climbing shrub Derris scan-
dens which occurs throughout S. E. Asia and N. Aus-
tralia, belongs to the sub-section Brachyterum of the
genus Derris, to which D. robusta also belongs. The
roots were first examined by Clarke [40] who isolated
scandenin, together with lonchocarpic acid, pre-
viously obtained by Jones from a species of Lon-
chocarpus [41, 42]. Various 4-hydroxy-3-phe-
nylcoumarins and prenylisoflavones have been iso-
lated and structurally characterized [43—48]. We have
investigated the possible interaction between these
bioactive plant defense compounds and protein kin-
ases involved in signal transduction in eukaryotes in
order to identify possible biochemical sites of action.
The present paper describes the specific inhibition of
rat liver cAK by warangalone and robustic acid from
the insecticidal plant D. scandens and the interaction
of certain other related compounds with cAK and
MLCK.

RESULTS
Inhibition of protein kinases by warangalone and related
isoflavones

Four signal-related eukaryote protein kinases were
screened for inhibition by the prenyl isoflavones and

other isoflavones targeted in this investigation. The
protein kinases were assayed employing synthetic oli-
gopeptides as substrates rather than high molecular
weight protein substrates to avoid possible inter-
actions of the test compounds with such proteins [11,
18]. Rat liver cyclic AMP-dependent protein kinase
catalytic subunit (cCAK) was assayed using kemptide
(LRRASLG) as the polypeptide substrate and rat
brain Ca’"- and phospholipid-dependent protein
kinase C (PKC) was assayed with the epidermal
growth factor receptor-based peptide EGFRP
(VRKRTLRRL-NH,) as substrate. Both wheat
embryo Ca’~-dependent protein kinase (CDPK) and
avian gizzard calmodulin-dependent myosin light
chain kinase (MLCK) were assayed using the myosin
light chain-based peptidle MLCP (KKRAA-
RATSNVFA-NH,) as substrate. Wheat CDPK was
included in this protein kinase screening analysis since
various compounds that inhibit non-plant protein kin-
ases such as MLCK, PKC or cAK also inhibit wheat
CDPK [8, 9, 11, 18, 20-23]. Further, it was of interest
to see if defensive isoflavone secondary metabolites
are ineffective as inhibitors of plant signal-regulated
CDPK as found for a variety of flavonoids that inhibit
cAK [11, 18].

The various prenylated isoflavones (1-4,7) in this
study were isolated from D. scandens, a plant used as
a traditional insecticide [39]. Four related isoflavones
(5, 6,8,9) were also examined as potential inhibitors
of various protein kinases. Warangalone (1) is a potent
inhibitor of rat liver cAK (ICs, 3.5 uM) (Table 1, Fig.
1). However, warangalone at high concentration does
not inhibit PKC, MLCK or CDPK (Table 1). There
is notable specificity in the inhibition of cAK by war-
angalone and in the lack of inhibition of other protein
kinases by this compound. Further, a variety of
related compounds are ineffective or much less effec-
tive as inhibitors of cAK and of other protein kinases
examined (Table 1).

Other isoflavones, namely compounds 2-5, are also
relatively specific inhibitors of rat liver cAK, although
they are much poorer inhibitors than 1 (Table 1). Thus
8-y-y-dimethylallylwighteone (2) (ICs, value for cAK
20 uM), 3'-y-y-dimethylallylwighteone (3) (ICs, 24
uM), nallanin (4) (ICs, 33 uM) and biochanin A (5)
(IC5, 100 uM) inhibit cAK but are not inhibitors or are
relatively poor inhibitors of the other protein kinases
tested (Table 1, Fig. 2). Genistein (6) is a relatively
poor cAK inhibitor (IC,, for cAK 126 uM) (Table 1,
Figs 1 and 2) but is a much more effective inhibitor of
MLCK (ICs, for MLCK 14 uM) (Table 1, Fig. 3).
Eturunagarone (7) from D. scandens is a relatively
poor inhibitor of cAK (ICs, 248 uM). Genistein (8)
and  2-carbethoxy-5.7-dihydroxy-4-methoxyisofla-
vone (9) are ineffective as inhibitors of cAK and of
the other protein kinases examined (Table 1).

None of compounds 2-9 cause significant inhibition
of PKC at 0.3 mM but 4 is a weak inhibitor of PKC
(ICs, value 120 uM) (Table 1). With the exception of
genistein (6), the isoflavones studied here are either
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inactive or are relatively poor inhibitors of CDPK and
MLCK (Table 1). The isoflavone genistein (6) is an
effective inhibitor of MLCK (ICs, 14 uM) (Table 1,
Fig. 3) as well as being an inhibitor of protein tyrosine
kinase (ICs, about 22-29 yM)[23]. With the exception
of genistein (6), isoflavones (1-7) are relatively selec-
tive inhibitors of cAK (Table 1). The most potent
inhibitors of cAK are isoflavones 1-4 having 1- or 2-
position prenyl substituents (Fig. 1) However, it is
notable that the most potent protein kinase inhibitors
per se in this series are warangalone (1) (ICs, for cAK
3.5 uM) and genistein (6) (ICs, for MLCK 14 uM)
(Table 1), these two compounds differing from the
other isoflavones in lacking a polar substituent on the
p-position of the isoflavone phenyl ring.

Inhibition of protein kinases by robustic acid and related
coumarins

Since the isoflavone warangalone is such a potent
and specific inhibitor of cAK (Table 1, Fig. 1), the

interaction with eukaryote protein kinases of struc-
turally related coumarins from the same plant source

OCH,4

6 Genistein

and of some other coumarins was examined. The 4-
methoxy-3-phenyl-coumarin robustic acid (10) is a
potent and selective inhibitor of cAK (IC;, 10 uM)
(Table 2, Fig. 4). Robustic acid at high concentration
does not inhibit PKC, MLCK and CDPK (Table 2,
Fig. 4). The other structurally related coumarins stud-
ied here (11-25) are inactive or relatively ineffective
as inhibitors of cAK (Table 2). There is a notable
specificity in the inhibition of cAK by robustic acid in
both the lack of inhibition of the protein kinases by
this compound and the ineffectiveness or relative
ineffectiveness of a range of other coumarin deriva-
tives as inhibitors of cAK and other protein kinases
examined (Table 2).

While robustic acid is a potent and specific cAK
inhibitor, other coumarins namely, 7-hydroxy-4-
methylcoumarin (15) 7-hydroxycoumarin (19), pso-
ralen (12), 3-[2-(diethylamino)ethyl}-7-hydroxy-4-
methylcoumarin (20) and coumarin (18) exhibit rela-
tively weak activity as inhibitors of MLCK with ICs,
values of 167, 197, 267, 287, and 317 uM, respectively
(Table 2). Compounds 10-25 do not inhibit PKC or
CDPK (Table 2).
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Mechanism of inhibition of cAK by warangalone

Lineweaver-Burk double reciprocal plots of vy’
[(initial velocity)™'] vs [substrate] ' from enzyme kin-
etic data obtained in the presence or absence of war-
angalone (1) indicate that 1 is a non-competitive
inhibitor of cAK with respect to the synthetic peptide
substrate kemptide (Fig. 5(A)). Thus the inclusion of
1 decreases the V,, but the K, remains approximately
the same (Fig. 5(A)). The K, for cAK of 1 with respect
to kemptide substrate is 4.7+2.5 uM (mean+S.D.
from three determinations). Compound 1 is also a
non-competitive inhibitor with respect to ATP with a
K, of 2.0+0.5 uM (Fig. 5(B)). The K, estimate for
warangalone (1) as a non-competitive inhibitor of
cAK is similar to the 1Cy, value for warangalone inhi-
bition of rat liver cAK determined in the standard
assay conditions (3.5 uM) (Table I, Fig. 1). We have
previously found that cAK is inhibited non-com-
petitively with respect to both ATP and peptide sub-
strate by a potent polycyclic, aromatic, catechin-
derived inhibitor [20], various azaacridine inhibitors
[38] and by the antimalarial halofantrine [26].
Genistein, while having a structural similarity to war-
angalone, is an inhibitor of protein tyrosine kinase
(ICs, values 22-29 M) [23]. Genistein is not a specific
protein tyrosine kinase inhibitor as it also inhibits
MLCK (ICs, 14 uM) (Table 1, Fig. 3). The prenyl
substitution of positions 6 and 8 of the isoflavone ring
may contribute to the specific inhibition of cAK by
warangalone as compared to the specificity
of genistein for protein tyrosine kinase [23] and MLCK
(ICsy 14 uM) (Table 1, Fig. 3). The prenyl substitution
of position 6 of coumarin may well contribute to the
specificity of the inhibition of cAK by robustic acid as
neither cAK nor any of the other protein kinases tested

Table 1. Inhibition of protein kinases by prenylated isoflavones and related isoflavones

1Cs, [uM] or [% control]*

Compound cAK

PKC

MLCK

CDPK

1 warangalone 35
2 8-,v-dimethylallylwighteone 20
3 ¥-y,y-dimethylallylwighteone 24
4 nallanin 33
5 biochanin A 100
6 genistein 126
7 eturunagarone 248
8 genistin (60%)
9 2-carbethoxy-5,7-dihydroxy-4’-methoxyisoflavone (86%)

(78%)
(89%)
(88%)

120
(92%)

(111%)
(84%)
(99%)

(113%)

(91%)
(100%)
(89%)
(75%)
303
14
(88%)
(54%)
(83%)

(93%)
(90%)
(99%
(73%)
(75%)
(73%)
(93%)
(73%)

(104%)

* Rat liver cAK, wheat germ CDPK, avian MLCK and rat brain PKC were assayed as described in the Experimental in
the presence or absence of increasing concentrations of the test compounds. Test compounds were added dissolved in 10%
(v/v) DMSO to give 2% (v/v) final DMSO concentration (cAK and CDPK assays) or 1.7% final DMSO concentration
(PKC and MLCK assays). Concentrations for 50% inhibition (ICs, values) were determined by interpolation from plots of
protein kinase activity vs inhibitor concentration. Where relatively little inhibition was observed with inclusion of 400 uM
inhibitor (cAK or CDPK assays) or 333 uM inhibitor (PKC or MLCK assays), the protein kinase activity observed is

presented as % of control (no added inhibitor) in parentheses.
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Fig. 1. Inhibition of cAK by isoflavones. O- 0,1, @-@,2: A-A.3; A- A, 4.
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Fig. 2. Inhibition of cAK by isoflavones. Rat liver cAK was assayed with 20 uM kemptide as substrate in the standard assay
containing 2% (v/v) DMSO and increasing concentrations of test inhibitor. The cAK activity is expressed as % control (no
added inhibitor). 0- 0,5 90 - @®.6; A—A. 7.
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Fig. 3. Inhibition of MLCK by genistein and biochanin A. MLLCK was assayed as described in the Experimental and MLCK
activity is presented as % control activity (no added inhibitor). O - O, Biochanin A; @ — @, genistein.

exhibit a comparable affinity for a range of other related DISCUSSION
coumarins. We conclude that the prenyl substituent of
warangalone and robustic acid may contribute to the The present paper demonstrates that the prenylated

high affinity and selectivity of the interactions of these isoflavone warangalone and the 4-methoxy-3-phenyl
compounds with cAK. coumarin robustic acid are potent inhibitors of the
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34], H-88 and H-89 [33, 34] which are potent and
relatively selective inhibitors of cAK. While the K, of
warangalone for rat liver cAK (3.5 uM) is comparable
to the K; values of H-7 and H-8 for cAK (3.0 and 1.2
uM, respectively) [32], it is much higher than the K|
values of H-88 and H-89 for cAK (0.4 uM and 0.05
uM, respectively) [33]. However, while warangalone
does not inhibit PKC even at 0.3 uM (Table 1), the K,
values, of H-7, H-8, H-88 and H-89 for PKC are 6,
14, 76 and 32 uM, respectively [32, 33]. While war-
angalone inhibits CDPK and MLCK by less than
10% at 0.4 mM and 0.33 mM, respectively (Table 2),
the K; values of H-89 (the most potent and selective
isoquinoline sulphonamide inhibitor of cAK) for
MLCK, PKC, casein kinase I and Ca®*-calmodulin-
dependent protein kinase 11 are all about 30 uM [33].

While warangalone is a specific inhibitor of cAK,
the related isoflavone genistein inhibits cAK while
also inhibiting MLCK (Table 1) and protein tyrosine
kinase [23]. Genistein inhibits avian MLCK with an
ICy, of 14 uM, noting that this is about half of the
1C4, value for the inhibition of protein tyrosine kinase
(22-29 uM) [23]. Thus in comparison with genistein,
warangalone has both a high specificity as well as a
high affinity as an inhibitor of cAK. The high affinity

cAK (% control)
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Fig. 4. Inhibition of cAK by robustic acid and 4, 4'-di-O-methyl scandenin. Other details as for the legend to Fig. 2. O - O,
Robustic acid; @ — @, 4, 4'-di-O-methyl scandenin.

catalytic subunit of cyclic AMP-dependent protein
kinase (cAK). This inhibition is very specific in that
of the protein kinases tested only cAK is inhibited by
low concentrations of warangalone and robustic acid
(the ICs, values for warangalone and robustic acid
being in the range from 107° to 10~ ¢ M). Neither cAK
nor any of the other protein kinases tested exhibit a
comparable affinity and specificity for any of a range
of related compounds examined.

Warangalone can be usefully compared with the
synthetic isoquinoline sulphonamides H-7, H-8 [32,

and specificity of warangalone as a cAK inhibitor
indicates a potential for this compound as a phar-
macological tool for examining cAK-mediated bio-
logical processes.

While the 4-methoxy-3-phenylcoumarin robustic
acid is also a potent inhibitor of cAK, none of the
other related coumarins tested in this study are effec-
tive as inhibitors of rat liver cAK (Table 2). Robustic
acid has little effect, if any, on the other protein kinases
examined here (Table 2). Since robustic acid is the
only prenylated coumarin in this series, we conclude
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Table 2. Inhibition of protein kinases by coumarins

1Cs, [uM] or [% control}*

Compound cAK CDPK PKC MLCK
10 robustic acid 10 (93%) (87%) (99%)
11 4,4’-di-O-methylscandenin 150 (90%) (88%) (104%)
12 psoralen (74%) (111%) (97%) 267
13 5-methoxypsoralen 240 (118%) (99%) (66%)
14 8-methoxypsoralen (83%) (77%) (106%) (74%)
15 7-hydroxy-4-methylcoumarin (87%) (75%) (120%) 167
16 DL-3(x-acetonyl-4-chlorobenzyl)-4-hydroxy- 93%) (65%) (95%) (52%)
coumarin
17 coumarin 152 (95%) (96%) (119%) (75%)
18 coumarin (101%) (90%) (98%) 317
19 7-hydroxycoumarin (104%) (89%) (88% 197
20 3-[2-(diethylamino)ethyl-]-7-hydroxy-4-methyl (112%) (99%) (102%) 287
coumarin hydrochloride
21 coumarin-3-carboxylic acid (114%) (92%) (79%) (67%
22 troflox (116%) (88%) (90%) (72%)
23 7-hydroxycoumarin-4-acetic acid (119%) (83%) (106%) (65%)
24 (+)-warfarin (134%) (93%) (92%) (86%)

25 4-hydroxycoumarin (135%) (85%) (91%) (66%)

* Rat liver cAK, wheat germ CDPK, avian MLCK and rat brain PKC were assayed as described in the Experimental in
the presence or absence of increasing concentrations of test compounds. All other details are as for Table 1.
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Fig. 5. Non-competitive inhibition of cAK by warangalone. Rat liver cAK was assayed at various concentrations of kemptide

(A) or of ATP (B) in the presence or absence of various concentrations of warangalone. Double reciprocal plots of the data

are presented (v ' isin arbitrary units). (A) O — O, no added inhibitor; @ — @, 2 uM warangalone, A — A, 4 uM warangalone;
A — A. 8 uM warangalone; (B) O~ O, no added inhibitor; @ — @, 2 uM warangalone; A - A, 4 uM warangalone.
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that the dimethylallyl (prenyl) group contributes to
this potency and specificity.

It is significant that all of effective cAK inhibitors
found here, namely warangalone (1), 8-y,y-dime-
thylallylwighteone (2), 3’-7,y-dimethylallylwighteone
(3), nallanin (4) and robustic acid (10) (ICs, values
3.5,20, 24,33 and 10 uM, respectively) are prenylated.
Itis notable that certain prenylated xanthones, namely
mangostin and y-mangostin, are also potent inhibitors
of cAK [9]. These prenylated xanthones have a lower
affinity for CDPK and a much lower affinity for
MLCK [9].

Prenylation will contribute to the hydrophobicity
of the effective inhibitors and hence would promote
interaction of such ligands with a hydrophobic region
of cAK. While warangalone (1) is a non-competitive
inhibitor of cAK with respect to both ATP and pep-
tide substrate (Fig. 5), this does not exclude the possi-
bility that this compound binds close to the active site
of cAK. Thus a key hydrophobic site on cAK is a
hydrophobic pocket determined by f strand elements
$1 and B2 and which is involved in binding the purine
moiety of ATP [49].

The synthetic antimalarial halofantrine [26] and
particular synthetic isoquinolines [30-32] are highly
selective inhibitors of cAK. We have previously found
that certain acidic triterpenoids and the naturally-
occurring carotenoid crocetin are potent and selective
inhibitors of cAK [22]. The present paper dem-
onstrates that particular prenylated isoflavones and a
prenylated coumarin can also be selective inhibitors
of cAK. However, noting that cAK is one member of
a large protein kinase family [49], it is quite possible
that there are other high-affinity sites of action of these
compounds. The interaction with cAK described here
can conceivably contribute to the defence properties
of these plants bioactive compounds.

The levels of warangalone and robustic acid in D.
scandens roots can be estimated to be 3 ymol g~' [46)
and about 0.1 ymol g~' [41], respectively. These levels
correspond to concentrations of 3000 M and 100
uM, respectively, as compared to the cAK 1Cy, values
of 3.5 uM (Table 1) and 10 uM (Table 2), respectively.
Accordingly one can envisage these compounds hav-
ing a substantial effect on cAK in an insect feeding on
this plant.

The apparent absence of cAK from plants [50] could
make this enzyme, which is present in other euka-
ryotes including insects [S0-52], an appropriate target
for non-lethal plant defensive compounds [11, 21].
Elevated cyclic AMP concentration is a basic ““hunger
signal” in prokaryotes and in eukaryotes other than
higher plants [53]. Activation of cAK is a major conse-
quence of cyclic AMP elevation in eukaryotes [50-53].
Accordingly, inhibition of cAK in fungal pathogens
and in insects and other herbivores by plant defensive
compounds would effectively block cAK-mediated
cellular responses to a catabolite deficit [53] in these
plant-consuming organisms. In addition it should be
noted that the absence of functional cAK in insects

can lead to developmental as well as metabolic impair-
ment [52].

EXPERIMENTAL

Materials. The compounds from D. scandens (1-4,
7, 10 and 11) were kindly supplied by Professor G.
Srimannarayana, Department of Chemistry, Osmania
University, Hyderabad 500 007, India. The isolation
and identification of these compounds was as pre-
viously reported [48].

Genistein, genistin and 2-carbethoxy-5,7-dihy-
droxy-4’-methoxyisoflavone were obtained from
Sigma. All other isoflavones and coumarins tested
here were obtained from Aldrich [y-**P] ATP (specific
activity 4 000 Ci mmol ~') was obtained from Bresatec,
Adelaide, Australia. Kemptide (LRRASLG), epi-
dermal growth factor receptor-derived synthetic pep-
tide (EGFRP; VRKRTLRRL-NH,) and myosin light
chain-based synthetic peptide (MCLP; KKRAA-
RATSNVFA-NH,) were obtained from Auspep, Mel-
bourne, Australia.

Protein kinase isolation and assay. Rat brain PKC
(specific activity 0.6 mmol min~! mg protein~') with
3.5 uM EGFRP as substrate), chicken gizzard myosin
light chain kinase (MLCK) (specific activity 0.05
mmol min~' mg protein~' with 20 uM MLCP as
substrate), wheat embryo CDPK (specific activity 0.01
mmol min~' mg protein~' with 1.0 mg ml~' histone
type III-S as substrate) and rat liver cyclic AMP-
dependent protein kinase catalytic subunit (cAK)
(specific activity 0.3 mmol min~' mg protein~' with
20 uM kemptide as substrate) were extensively pur-
ified and assayed in standard assay conditions as
described previously [8, 11, 18]. PKC, MLCK, CDPK
and cAK were assayed using 3.5 uM EGFRP, 17
M MLCP, 20 uM MLCP and 20 uM kemptide as
substrates, respectively.

Inhibitor ICs, values (concns for 50% inhibition
of particular protein kinases in the standard assay
conditions) were determined from interpolation of
plots of protein kinase activity versus inhibitor concn.
Control protein kinase activity (no added inhibitor)
was routinely determined in sextuplet and assays with
inhibitor included were determined in duplicate. All
assay results were corrected by subtraction of blank
values from assays conducted in the absence of added
protein kinase. The standard deviations associated
with control protein kinase assays were about 10%
of mean values. Inhibitor compounds were routinely
dissolved in 10% (v/v) DMSO and added to protein
kinase assays to give the following DMSO con-
centrations: 1.7% (v/v) (MLCK and PKC assays) and
2% (v/v) (cAK and CDPK assays). Control protein
kinase assays (without added inhibitor) were con-
ducted with inclusion of the appropriate con-
centration of DMSO. The absolute values of the con-
trol activities (nmol phosphoryl transferred min™!
ml~') were typically about 0.2 (¢cAK and PKC assays),
0.4 (CDPK assays) and 0.05 (MLCK assays), noting
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that 20 ul of enzyme preparation was included in all
protein kinase assays and that the final assay volumes
were 100 ul (cAK and CDPK assays) and 120 ul (PKC
and MLCK assays).
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