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Abstract—In view of the critical role that the Ca’*- and phospholipid-dependent enzyme protein kinase
C (PKC) plays in mediating proliferative responses to a number of growth factors, hormones, and tumor
promoters, it is thought that selective PKC inhibitors may provide a new class of antiproliferative drugs.
Established PKC inhibitors include three major classes of agents: agents that compete with the substrate
ATP, agents that compete with the protein substrate, and agents that both compete with ATP and
interact with the cofactor phosphatidylserine (PS). In this report, we have characterized the interactions
between PKC and N-myristyl-Lys-Arg-Thr-Leu-Arg, a myristylated analogue of a synthetic peptide
substrate of PKC. We determined that the myristylated peptide was a novel PKC inhibitor that interacted
with PS as well as competed with the protein substrate of PKC. The inhibitory activity of the peptide
was conferred by myristylation. We found that the myristylated peptide antagonized Ca?*- and PS-
activated PKC with an 15, of 75 pm, whereas the nonmyristylated peptide lacked this inhibitory activity.
A fully active, Ca?*- and PS-independent catalytic fragment of PKC can be generated by limited
proteolysis. Although the myristylated peptide was a very poor PKC substrate, this peptide inhibited
the catalytic fragment of PKC by apparent competition with the phosphoacceptor substrate histone ITIS
with an ICso of 200 uM, whereas the nonmyristylated peptide showed no inhibitory activity against the
catalytic fragment. Thus, the myristylated peptide may serve as a model for the development of selective
PKC inhibitors, because its inhibitory mechanism exploits the substrate specificity of PKC, as well as
the novel regulation of the enzyme. Furthermore, since endogenous PKC substrates include acylated
proteins, the observations that we report here concerning a myristylated synthetic peptide suggest that
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acylation of proteins may be important in the regulation of PKC activity in vivo.

Protein kinase C (PKC]|) is comprised of a family of
isozymes that play a critical role in mediating the
actions of a number of growth factors and hormones
[1-3]. The importance of PKC in cell growth is
indicated not only by the direct activation of PKC
by tumor-promoting phorbol esters [4] and by diacyl-
glycerol, a second messenger of certain growth fac-
tors and related agents [5], but also by the loss
of growth control mechanisms in fibroblasts that
specifically overexpress PKC [6, 7]. Evidence for a
critical role for PKC in proliferation has provided an
impetus for studies of PKC inhibitors. It is thought
that inhibitors selective for PKC or one of its iso-
zymes may provide a new class of antiproliferative
drugs [8].

* “Myristyl” is a commonly used abbreviated form of
“myristoyl”.

} Correspondence should be addressed to C. A. O’Brian
or R. M. Liskamp.

| Abbreviations: Boc, tert-butyloxycarbonyl; BSA, bov-
ine serum albumin; Bzl, benzyl; EGTA,
ethyleneglycolbis(aminoethylether)tetra-acetate; H-7, 1-
(5-isoquinolinylsulfonyl)-2-methylpiperazine; HOBt,
hydroxybenzotriazole; Mbs, 4-methoxybenzenesulfonyl;
NMR, nuclear magnetic resonance; PKA, cAMP-depen-
dent protein kinase; PKC, protein kinase C; PMSF, phenyl-
methylsulfonyl fluoride; PS, phosphatidylserine; TCA,
trichloroacetic acid; TFA, trifluoracetic acid; TMS, tetra-
methylsilane; w7, N-(6-aminohexyl)-5-chloro-1-
naphthalenesulfonamide; and Z, benzyloxycarbonyl.
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One major class of PKC inhibitors, which includes
indole carbazoles such as staurosporine [9, 10] and
isoquinolinesulfonamides such as H-7 [11], inhibits
PKC simply by competing with the substrate ATP.
A second major class of PKC inhibitors, which
includes the triphenylethylene tamoxifen [12-15],
the naphthalenesulfonamide W7 [16, 17], and the
aminoacridine dye acridine orange [18], inhibits PKC
by both competing with the substrate ATP and inter-
fering with the activation of the enzyme by Ca?* and
PS. A third major class of PKC inhibitors, repre-
sented by the pseudosubstrate octadecapeptide syn-
thesized by House and Kemp [19], inhibits PKC
simply by competing with its phosphoacceptor sub-
strate. In this article we report that N-myristyl-Lys-
Arg-Thr-Leu-Arg* is a novel PKC inhibitor that
competes with the phosphoacceptor substrate of
PKC and interacts with the phospholipid cofactor of
the enzyme.

MATERIALS AND METHODS

Chemicals

Histone IIIS, PS, ATP, Tris-HCl, PMSF, leupep-
tin, soybean trypsin inhibitor type I, kemptide, puri-
fied catalytic subunit of bovine heart cAMP-
dependent protein kinase (36 nM units/mg protein),
and N-tosyl-L-phenylalanyl chloromethyl ketone-
treated trypsin from bovine pancreas (sp. act.
10,000-13,000 N-a-benzoyl-L-arginine ethyl ester
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units/mg protein) were purchased from the Sigma
Chemical Co. (St Louis, MO). Frozen rat brains
were purchased from Charles River Breeding Lab-
oratories (Wilmington, MA). [y-3*P]ATP was pur-
chased from the Amersham Corp. (Arlington
Heights, IL). Phosphocellulose paper, grade p81,
was purchased from Fisher Scientific (Houston, TX).
The pentapeptide Lys-Arg-Thr-Leu-Arg and the
phosphopeptide Lys-Arg-Thr(P)-Leu-Arg were syn-
thesized and purified as previously reported [20].

Synthesis of N-myristyl-Lys-Arg-Thr-Leu-Arg

N-Myristyl-Lys-Arg-Thr-Leu-Arg was synthesized
as follows. The Boc-group of protected Lys-Arg-
Thr-Leu-Arg, i.e. Boc-Lys(Z)-Arg(Mbs)-Thr(Bzl)-
Leu-Arg(Mbs)-OMe  (118.5mg, 82 umol),  was
removed by dissolution in 50% trifluoracetic acid in
dichloromethane and stirring for 1 hr. Subsequently
the solvent was removed by evaporation, and the
residue solidified upon the addition of dry ether. The
solid was washed twice with dry ether and dried in
vacuo over KOH. Myristylation was carried out by
reaction of the thus obtained trifluoracetic acid salt
with the hydroxybenzotriazole ester (HOBt) of myr-
istic acid in the presence of 4-ethylmorpholine and
was analogous to the procedure described [20] for
the coupling of amino acids. To ensure completion
of the reaction, a total of four equivalents of the
myristyl-OBt ester was added. The product was puri-
fied by gel filtration on Sephadex LH-20 (eluant
MeOH/CH,Cl, 1:1, v/v) to afford the homogeneous
(according to thin-layer chromatography on Merck
precoated silica gel 60 F254 0.25-mm plates, R
MeOH/CH,Cl,1:9 (v/v) = 0.56) protected myrlstyl
pentapeptide in 86% yield. The product was char-
acterized by 'H and 1*C NMR (200 MHz) spectro-
scopy.

Final deprotection to N-myristyl-Lys-Arg-Thr-
Leu-Arg was achieved by acidolysis with trifluoro-
methane sulfonic acid in trifluoracetic acid to remove
the Z, Mbs, and Bzl groups, followed by sap-
onification of the methyl ester as described pre-
viously [20]. The product was purified by preparative
reverse-phase chromatography using a Pharmacia
FPLC equipped with a PepRPC HR 16/10 column.
An appropriate gradient, from 0% to 100% aceto-
nitrile in water containing 0.1% TFA, was used. N-
Myristyl-Lys-Arg-Thr-Leu-Arg was pure, according
to analytical reverse-phase FPLC. The peptide was
obtained in 50% yield and fully characterized by
two-dimensional '*C—'H NMR [21] on a Bruker MSL
400-MHz apparatus interfaced with an ASPECT
3000 computer (see Fig. 1). The solvent was CD;0D,
with TMS as an internal reference. Shifts are indi-
cated in ppm relative to TMS. The numbering is
according to [UPAC recommendations [22].

NMR assignments. 13C: Lys-C!, both Arg-C!, Thr-
C!, Leu-C! and myristyl-C' 176.83, 174.92, 174.78,
174.04, 172.39; Lys-C? 55.13; Arg-C? and Leu-C?
53.56; "Thr-C2 60. 06; Arg-C? 54.61; Lys-C? 32.15;
both Arg-C3 29.70 and 29.54; Thr- C3 68. 50; Leu-
C? 41.62; Lys-C* 23.87; both Arg-C* 26.27; Thr-C*
20.17; Leu-C* 25.81; Lys-C° 28.14; both Arg-C’
41.98 (two signals); Leu-C’ and Leu-C® 23.49 and
21.95; both Arg-C® 158.72; Lys-CS 40.72; Myristyl-
C? 36.74; myristyl-C? to ch 33. 04, 32. 15 30.73,

30.62, 30.43, 26.89, 23.69; myristyl-C!4 14.41. 'H:
Lys-C°H 4.26 (q); Arg-C’H 4.42; Leu-C?H 4.42;
Thr-C?H 4.36 (d); Arg-C?H 4.40; Lys-C*H, 1.79;
both Arg-C’H, 1.92; Thr-C*H 4.21 (8 lines); Leu-
C3H, 1.64; Lys- C4ﬂ21 48; both Arg-C*H, 1.66; Thr-
C*H, 1.19 (d); Lew-C*H 1.74; Lys-C°H, 1.69; both
Arg-C°H, 3.20; Leu-C’H; and Leu- CGH 0.96 (d)
and 0.92 (d); Lys-CH, 2.93 (t); myristyl- C H, 2.27
(t); myristyl-C’H, to C°H, 1.60, 1.31, 1.30, 1.28,
1.26; C!*H, 0.89 (t).

Purification of rat brain PKC

Rat brain PKC was purified to near homogeneity
by a procedure that entailed elution of the enzyme
from melittin agarose with MgATP [23]. The PKC
preparation was fully autophosphorylated as a result
of its exposure to MgATP during its elution from
melittin agarose, and it did not incorporate detect-
able amounts of 3P upon exposure to Mg[y-3?P]ATP
under standard assay conditions in the absence of
histone, in assays terminated by TCA precipitation.
The PKC preparation was stimulated from 10- to 30-
fold by 1 mM Ca?* plus 30 ug/ml PS. Neither Ca?*
nor PS alone stimulated the enzyme activity.

A fully active catalytic fragment of PKC was gen-
erated by incubating equal volumes of 1300 units/ml
trypsin in 20 mM Tris-HCI, pH 7.5, and PKC (10-
20 nmol 3?P/min/ml) together for 30 min at 4°, as
previously described [15, 17]. Proteolysis was ter-
minated with PMSF (final concentration, 1 mM).
The phosphotransferase activity of the proteolyzed
enzyme was stimulated less than 2-fold by 1 mM
Ca®" and 30 ug/ml PS, and the yield of PKC activity
was greater than 50%, indicating the generation of
an active catalytic fragment of PKC.

PKC activity was assayed as previously described
[24]. Reaction mixtures contained 20 mM Tris-HCI
at pH 7.5, 5 mM 2-mercaptoethanol, 10 mM MgCl,,
1mM CaCl, (or 1mM EGTA), 30 ug/ml PS (or
none), 20uM [y-3?P]JATP (300~-600 cpm/pmol),
0.67 mg/ml histone IIIS, and 1-4 ug isolated PKC.
Reactions were initiated by the addition of PKC and
proceeded from 5 to 10 min at 30°, which is within
the linear phase of the time course. Reactions were
terminated by pipetting a 40-ul aliquot of the reaction
mixture onto phosphocellulose paper, and the radio-
activity incorporated into histone was measured as
previously described [24]. In indicated experiments,
reactions were terminated by TCA precipitation
using 20% TCA-1% PP;, as previously described
[24].

RESULTS

Inhibition of Ca’*- and PS-dependent PKC activity
by N-myristyl-Lys-Arg-Thr-Leu-Arg

The pentapeptide Lys-Arg-Thr-Leu-Arg is a
phosphoacceptor substrate of PKC with an apparent
K,, of 300 + 40 uM and an apparent V. equal to
approximately one-tenth that of histone IIIS [20].
We compared the capacities of the pentapeptide Lys-
Arg-Thr-Leu-Arg, its phosphorylated analogue Lys-
Arg-Thr(P)-Leu-Arg, and its myristylated analogue
N-myristyl-Lys-Arg-Thr-Leu-Arg (Fig. 1) to inhibit
Ca?*- and PS-dependent PKC-catalyzed histone
phosphorylation. We found that the myristylated
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Fig. 1. Structure and NMR spectrum of N-myristyl-Lys-Arg-Thr-Leu-Arg. Top panel: structure of the

synthetic peptide N-myristyl-Lys-Arg-Thr-Leu-Arg. Bottom panel: Cross-section of the 400-MHz *C-

'H-correlated NMR spectrum. Assignment of the resonances is described in Materials and Methods.

The signals at approximately 49 ppm (**C spectrum, abscissa), at approximately 3.3 ppm ('H-spectrum,
ordinate), and the resulting cross peaks are due to the solvent CD,0D.

peptide inhibited this phosphorylation reaction with
an ICsy of approximately 75 uM (Fig. 2). While the
myristylated peptide was an effective inhibitor of
PKC-catalyzed histone phosphorylation, it did not
serve as a PKC phosphoacceptor substrate across a
concentration range of 20-200 uM peptide (data not
shown). This indicated that the myristylated peptide

was, in fact, a PKC inhibitor rather than simply a
substrate competing with histone.

We found that the parent pentapeptide Lys-Arg-
Thr-Leu-Arg did not inhibit PKC-catalyzed Ca2*-
and PS-dependent histone phosphorylation, even at
peptide concentrations as high as 600 uM (Table 1).
In addition, we observed that 200 uM myristic acid
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Table 1. Effects of the pentapeptide Lys-Arg-Thr-Leu-Arg and its phos-
phorylated analogue on PKC-catalyzed histone phosphorylation

Ca?*- and PS-dependent histone

phosphorylation
Peptide (pmol 3?P/min) % Activity

0uM KRTLR 79+7 1009
200 uM KRTLR 786 9+8
400 uM KRTLR 80+3 102+3
600 uM KRTLR T4+2 94+2

0uM KRT(P)LR 66 =6 1009
200 uM KRT(P)LR 686 103+9
400 uM KRT(P)LR 66 = 7 100 + 11
600 uM KRT(P)LR 59+38 90 + 12

KRTLR represents Lys-Arg-Thr-Leu-Arg and KRT(P)LR represents Lys-
Arg-Thr(P)-Leu-Arg. PKC activity was assayed by our standard procedure, as
described in Materials and Methods. The amount of *?P incorporated into Lys-
Arg-Thr-Leu-Arg was negligible relative to the amount of **P incorporated into
histone. Each data point is the mean = SD of triplicate determinations.
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Fig. 2. Inhibition of Ca®*- and PS-dependent histone phosphorylation by N—myristyl-ijs-‘Arg-Thr-Leu-

Arg. PKC was assayed as described in Materials and Methods in the presencelof the indicated amount

of N-myristyl-Lys-Arg-Thr-Leu-Arg. The units on the ordinate (pmol 32P/1¥m'§) represent the rate of
incorporation of 32P into histone IIIS. Each point is the mean * SD of triplicate determinations.
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Table 2. Inhibition of Ca*- and PS-dependent PKC activity
by N-myristyl-Lys-Arg-Thr-Leu-Arg in the presence of
various PS concentrations

PS 3P (pmol/min)
(ug/ml) No peptide 60 uM Peptide % Inhibition
10 63 0 1001
50 93 35 62*9
100 107 111 0+4
200 112 125 03

Percent inhibition represents the percent inhibition of
PKC-catalyzed, Ca?*- and PS-dependent incorporation of
3P into histone IIIS by 60 uM N-myristyl-Lys-Arg-Thr-
Leu-Arg. Each value is the mean of triplicate deter-
minations; SD values are given for the percent inhibition
column.

had no effect on Ca’?*- and PS-dependent PKC
activity (data not shown). Histone and pentapeptide
phosphorylations are both measured in our standard
assays by binding the histone and pentapeptide to
phosphocellulose paper [20, 24]. Since the level of
pentapeptide phosphorylation is very low relative to
that of histone phosphorylation [20], it is unlikely
that the phosphorylation of the pentapeptide would
interfere with the measurement of histone phospho-
rylation on phosphocellulose paper. To verify that
32P incorporation into the peptide did not mask
an inhibitory activity of the peptide against histone
phosphorylation, we conducted control studies in
which reactions were terminated by TCA precipi-
tation. Since TCA precipitates proteins but not smali
peptides, it allows a direct measurement of 3?P incor-
poration into peptide-free histone. The parent pep-
tide exhibited no inhibitory activity against Ca?*-
and PS-dependent histone phosphorylation in assays
terminated by TCA precipitation (data not shown).
Furthermore, the phosphopeptide analogue, which
served as a control peptide that could not be
phosphorylated, also had no inhibitory activity
against Ca>*- and PS-dependent histone phospho-
rylation (Table 1).

A number of cationic amphiphiles, including
tamoxifen [12, 13], W7 [16] and melittin [25], inhibit
PKC with potencies that are reduced as the phospho-
lipid cofactor concentration is increased. Since the
myristylated peptide is a cationic amphiphile, we
tested the effects of PS on the inhibitory potency of
the myristylated peptide against PKC. Table 2 shows
that the capacity of the myristylated peptide to inhibit
Ca?*- and PS-dependent PKC activity was dim-
inished as the PS cofactor concentration was elev-
ated. Thus, the myristylated peptide, like other
cationic amphiphilic PKC inhibitors, inhibited Ca?*-
and PS-dependent PKC activity with a potency that
was dependent on the lipid cofactor concentration.

Inhibition of the activity of the catalytic fragment of
PKC by N-myristyl-Lys-Arg-Thr-Leu-Arg

A fully active, Ca?*- and PS-independent catalytic
fragment of PKC can be liberated from the enzyme
by limited proteolysis [26]. We determined the
inhibitory effects of Lys-Arg-Thr-Leu-Arg and its
phosphorylated and myristylated derivatives against

a catalytic fragment of PKC generated by limited
proteolysis. At concentrations as high as 600 uM,
neither the parent pentapeptide nor its phospho-
rylated analogue (which served as a nonphospho-
rylatable control peptide) inhibited the Ca?*- and
PS-independent phosphorylation of histone IIIS
catalyzed by the catalytic fragment of PKC (data not
shown). In addition, we found that 200 uM myristic
acid had no effect on the activity of the catalytic
fragment. In contrast, the muyristylated peptide
inhibited the histone kinase activity of the catalytic
fragment of PKC with an 1Csy of approximately
200 uM (Fig. 3).

To examine whether the reduced potency of the
myristylated peptide against PKC in the presence of
elevated PS concentrations might reflect the seques-
tration of the peptide by PS, we examined the effect
of PS on the inhibition of the Ca?*- and PS-inde-
pendent catalytic fragment of PKC by the peptide.
We found that 300 uM myristylated peptide inhibited
the catalytic fragment 100 = 1% in the absence of
PS, 75 = 15% with 50 ug/ml PS, 1 * 5% with 100 ug/
ml PS and 0+ 9% with 200 ug/ml PS. Thus, the
reduced inhibition of PKCin the presence of elevated
PS appears to result, at least in part, from the seques-
tration of the peptide inhibitor by PS.

Kinetics of inhibition of the catalytic fragment of PKC
by N-myristyl-Lys-Arg-Thr-Leu-Arg

We recently observed that the cationic amphiphilic
PKC inhibitors tamoxifen [15] and W7 [17] inhibit
PKC by the dual mechanisms of interaction with
the phospholipid cofactor and competition with the
substrate ATP. Therefore, we tested whether the
cationic and amphiphilic myristylated peptide
inhibited the catalytic fragment of PKC by com-
petitive inhibition with respect to ATP. We first
determined that the myristylated peptide was a very
weak substrate of the catalytic fragment of the
enzyme. At a concentration of 300 uM, the myri-
stylated peptide was phosphorylated to 2.0 = 0.5%
of the extent that histone IIIS was phosphorylated
(38 = 2pmol 3?P/min) under identical conditions.
Thus, the incorporation of 3P into the myristylated
peptide was negligible in measurements of the incor-
poration of °P into histone IIIS. Figure 4 shows
that the myristylated peptide, unlike other cationic
amphiphilic PKC inhibitors that we have studied,
inhibited the catalytic fragment of PKC non-
competitively with respect to ATP, according to
Lineweaver-Burk analysis. Consistent with non-
competitive kinetics, the apparent V,,,, for histone
phosphorylation was altered significantly by the pep-
tide. In the absence of peptide, the apparent V,,,
was 48 pmol 32P/min, whereas it was 33 pmol 2P/
min in the presence of 150 uM peptide and 17 pmol
32P/min in the presence of 250 uM peptide. Non-
competitive mechanisms include cases where the
apparent K, is changed and cases where it is not
altered. In our study, the apparent K,,, for ATP was
14 uM in the absence of peptide, 12 uM with 150 uM
peptide, and 35 uM with 250 uM peptide. This kinetic
result was consistent with our observation that the
myristylated peptide could serve as a phospho-
acceptor substrate of PKC.

We next examined the kinetics of inhibition with
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Fig. 3. Inhibition of histone phosphorylation catalyzed by the catalytic fragment of PKC. The Ca’*- and

PS-independent incorporation of *?P into histone IIIS catalyzed by the catalytic fragment of PKC was

measured in the presence of indicated concentrations of N-myristyl-Lys-Arg-Thr-Leu-Arg, as described
in Materials and Methods. See the legend to Fig. 2 for further details.

respect to histone IIIS. Consistent with other studies
[27], we found that the kinetics observed when
histone concentrations were varied were complicated
and could not be subjected to Lineweaver-Burk
analysis. However, a simple comparison of the
inhibitory potency of the myristylated peptide with
the concentration of the substrate histone IIIS
reveals that the inhibition of the activity of the cata-
lytic fragment by the peptide was reduced and even
overcome as histone concentrations were increased
(Fig. 5). Taken together with the sequence specificity
of the phosphoacceptor substrate binding region of
PKC, the data presented here provide strong evi-
dence that the myristylated peptide inhibits the cata-
lytic fragment of the enzyme by binding to the
phosphoacceptor substrate binding region of the
active site of the enzyme.

Inhibition of PKA by N-myristyl-Lys-Arg-Thr-Leu-
Arg

To assess the selectivity of the myristylated peptide
in its inhibitory activity against PKC, we determined
its inhibitory potency against PKA, since the catalytic
domains of cyclic nucleotide-dependent protein
kinases bear the greatest homology to those of PKC
isozymes, when the established primary structures
of protein kinases are compared [28). We first tested

the myristylated peptide as a PKA substrate at pep-
tide concentrations from 100 to 400 uM, and we
found that the peptide was not phosphorylated by
the catalytic subunit PKA (data not shown). We then
examined the capacity of the myristylated peptide
to inhibit the phosphorylation of the heptapeptide
kemptide [29] catalyzed by the catalytic subunit of
PKA. We found that the myrisylated peptide
inhibited PKA with an ICsy greater than 400 uM
(Table 3).

DISCUSSION

In this report, we show that myristylation of the
synthetic pentapeptide PKC substrate Lys-Arg-Thr-
Leu-Arg at its N terminus greatly enhances the affin-
ity of the peptide for an activated PKC complex.
Myristylation endowed the peptide with an inhibitory
activity against Ca*- and PS-activated PKC (IC5y =
75 uM) that the nonmyristylated peptide lacked, and
muyristylation greatly enhanced the capacity of the
peptide to bind to the phosphoacceptor substrate
binding region of a catalytic fragment of PKC, as
evidenced by its apparent competition at this site
with the substrate histone IIIS (1C5q = 200 uM). Our
results suggest that myristylation may facilitate the
recognition of certain endogenous PKC substrates by
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Fig. 4. Inhibition of the catalytic fragment of PKC by N-myristyl-Lys-Arg-Thr-Leu-Arg in the presence
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Table 3. Inhibition of PKA-catalyzed kemptide phospho-
rylation by N-myristyl-Lys-Arg-Thr-Leu-Arg

MyrKRTLR
conen 3zp
(uM) (pmol/min) % Activity
0 146 + 8 100 x5
100 177 £ 4 1213
200 129 = 11 88+ 8
400 96 = 12 66 8

MyrKRTLR represents N-myristyl-Lys-Arg-Thr-Leu-
Arg; pmol *?P/min represents the picomoles of *’P trans-
ferred to kemptide (Leu-Arg-Arg-Ala-Ser-Leu-Gly) [29]
by PKA catalysis per minute. PKA activity was measured
by the procedure employed in the assay of PKC with the
following modifications: 40 uM kemptide was used in place
of histone IIIS; Ca?* and PS were omitted; 4 mg/ml dithio-
threitol (DTT) was used in place of 2-mercaptoethanol;
0.1 mg/ml BSA was present in all reaction mixtures; and
4 units of the catalytic subunit of bovine heart PKA was
employed to catalyze the phosphotransferase reaction. In
control experiments, we determined that PKA did not
catalyze the phosphorylation of N-myristyl-Lys-Arg-Thr-
Leu-Arg. Values are means = SD of triplicate deter-
minations.

the enzyme in vivo. Infact, at least three endogenous
PKC substrates are modified by lipids. pp60"* is
myristylated at glycine 2 [30] and phosphorylated by
PKC at a residue nearby, serine 12 [31]. cKi-ras p21
protein is phosphorylated by PKC, apparently at
serine 181 [32], and the site of palmitylation of v-
Ha-ras p21 protein has been tentatively mapped at
cysteine 186, very near the putative PKC-catalyzed
phosphorylation site of cKi-ras p21 protein [33].
Finally, vinculin is also a PKC substrate [34] that
contains covalently attached lipid {35].

The peptide N-myristyl-Lys-Arg-Thr-Leu-Arg is
a novel PKC inhibitor, insofar as it functions by
interacting with the PS cofactor of PKC and by
competing with the phosphoacceptor substrate at the
active site of the enzyme. The myristylated peptide
is a cationic and amphiphilic compound, and it clearly
interacts with the lipid cofactor of the enzyme, as do
several cationic amphiphilic PKC inhibitors
[8,12,13,16,25,36]. In this study, we show that
the cofactor PS reduces the potency of a cationic
amphiphilic inhibitor against both PS-dependent and
PS-independent activities of the enzyme, providing
evidence that reduced potencies of at least some
cationic amphiphilic inhibitors in the presence of
elevated PS concentrations involve sequestration of
the inhibitor by PS. A number of cationic amphiphilic
PKC inhibitors also compete with ATP at the active
site of PKC [15, 17]. The muyristylated peptide is
unique as a cationic amphiphilic PKC inhibitor that
competes with the phosphoacceptor substrate of
PKC. The myristylated peptide is much more potent
as an active site inhibitor of PKC than as a PKC
substrate, suggesting that myristylation of the pep-
tide causes it to bind to the active site of PKC in a
nonproductive position, i.e. in a position that does
not allow the threonine residue of the peptide to
be readily phosphorylated. Thus, its half-life as an
inhibitor is prolonged by its inefficiency as a PKC
substrate.

The critical role of PKC in proliferation suggests
that selective antagonists of PKC or particular PKC
isozymes may be useful as antiproliferative agents
[8]. However, established PKC inhibitors lack speci-
ficity [8]. We consider N-myristyl-Lys-Arg-Thr-Leu-
Arg to be an important model in the search for more
selective PKC inhibitors, since it represents a new
class of PKC inhibitors that exploits not only the
remarkable discrimination of the phosphoacceptor
binding sites of protein kinases but also the dif-
ferences in the lipid cofactor requirements of PKC
isozymes [2, 3].
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