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Indolocarbazoles have been identified as novel inhib-
itors of protein kinase C (PKC), with G6 6976 as one
of its most potent and selective representatives. Re-
combinant PKC isozymes «, 81, §, ¢, and { were used in
in vitro kinase assays to investigate G6 6976 with
respect to isozyme-specific PKC inhibition. Go 6850,
identical with GF 109203X, another PKC-specific ki-
nase inhibitor, was included in this study as a reference
compound. Nanomolar concentrations of the indolocar-
bazole G6 6976 inhibited the CaZ*-dependent isozymes
a and 81, whereas even micromolar concentration of
Go6 6976 had no effect on the kinase activity of the
Ca?*-independent PKC subtypes j, ¢, and {. In contrast,
the bisindolymaleimide G6 6850 inhibited all PKC iso-
zymes, however, with a ranked order of potency (« >
B1 > ¢ > 6 > {). Kinetic analysis revealed that PKC
inhibition by Go6 6976 was competitive with respect to
ATP, non-competitive with respect to the protein sub-
strate, and mixed type with respect to phosphatidyl-
serine. Further experiments in the presence of differ-
ent amounts of free Ca’?* indicated that interference
with Ca2* or its binding site is not responsible for the
differential inhibition of PKC isozymes by G6 6976.

Protein kinase C (PKC)' was originally described as an
ubiquitous Ca®*- and phospholipid-dependent protein kinase
(1) that plays an important role in signal transduction related
to cellular growth and differentiation, as well as to tumor
promotion (2-5). One major argument for this view was the
observation that phorbol ester tumor promoters bind to and
activate PKC (6-8). This binding occurs at the regulatory
domain of PKC, which also carries binding sites for phospho-
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lipids and Ca®* and which contains the pseudosubstrate region
9).

Since the discovery of PKC, several PKC isoforms have
been identified, differing in their requirements for Ca?* and
lipids. Due to the presence of a Ca**-binding domain in the
C2 region, PKC o, 81, 82, and v are synergistically stimulated
by diacylglycerol, phosphatidylserine, and Ca®* (2, 10, 11). In
contrast, the activity of the PKC isoforms 4, ¢, {, and 7 is
dependent solely on the presence of lipids (12-16). Although
purified PKC isozymes have been characterized in vitro (2,
17-20), little information is available about their physiological
function; however, tissue-specific distribution has been re-
ported, and different substrate specificities have been sug-
gested. For example, PKC v seems to be restricted to the
central nervous system (21, 22), but all tissues tested so far
contained more than one PKC isotype.

The pivotal role of PKC in cellular signaling and tumor
promotion instigated the search for potent and selective PKC
inhibitors, i.e. compounds that preferentially inhibit PKC
relative to other kinases or, ideally, that discriminate among
PKC isozymes. The association between PKC inhibition and
antiproliferative and anti-tumor activity (23-26) emphasizes
the need for specific PKC inhibitors. Both the regulatory and
the catalytic domain can be considered as pharmacological
targets, and compounds interfering with one or the other
domain have already been described. For example, sphingo-
sine and calphostine C interact with the regulatory moiety of
PKC (23, 27), peptide inhibitors related to the pseudosub-
strate site compete with the substrate binding (9), and stau-
rosporine and H7 are competitive inhibitors with respect to
ATP (28, 29). However, all inhibitors listed above display a
rather poor potency and/or selectivity (24, 26, 30). For ex-
ample, staurosporine, which is the most potent PKC inhibitor
described so far (Ref. 28; IC5, = 6 nM), also inhibits S6 kinase,
phosphorylase kinase, cAMP-dependent protein kinase, and
src kinase with similar efficiency. In a search for more specific
inhibitors, staurosporine-related compounds have been syn-
thesized and found to inhibit PKC preferentially with ICs,
values in the nanomolar range (24, 26, 31, 32). These com-
pounds have been evaluated using a mixed isozyme PKC
preparation from rat brain. Recombinant DNA techniques,
however, now offer the possibility to search for isozyme-
specific inhibitors. Here we report on the inhibition of five
recombinant PKC isozymes expressed in the baculovirus sys-
tem (33) by the recently described PKC inhibitor Gé 6976
(32, 34). Our data demonstrate that the indolocarbazole Go
6976 clearly discriminates between Ca®*-dependent and Ca**-
independent PKC isoforms in vitro. To our knowledge this is
the first compound that inhibits only one of the two PKC
subgroups, thus providing a useful tool for studying PKC
isoforms in vivo.

MATERIALS AND METHODS

Preparations of PKC Isozymes—For expression of PKC isozymes
either full-length human ¢cDNAs for PKC « (35) and PKC 31 (36) or
mouse ¢cDNAs for PKC 6 (37), PKC ¢ (38) and PKC ¢ (39) were
inserted into the baculovirus expression vector pVL1393 as described
(40, 41). Sf9 insect cells were cotransfected with both the plasmids
and wild type baculovirus DNA, and recombinant plagques were se-
lected using standard protocols (33). For protein production, Sf9 cells
at an initial density of 2-3 X 10° cells/ml in a 250-ml spinner flask
were infected at a multiplicity of infection of 10 with different
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