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Abstract: Designed bryostatin analogues are assayed for binding affinity to individual cysteine rich domains
of several protein kinase C (PKC) isozymes. These analogues exhibit significant selectivity for the PKCS3-
C1B peptide in terms of absolute affinity and the PKC3-C1A peptide: in terms of relative affinity when
compared to phorbol-12,13-dibutyrate. © 1999 Elsevier Science Ltd. All rights reserved.

The bryostatins are a family of structurally novel, macrocyclic lactones isolated from marine bryozoa on the
basis of their potent activity in the murine P388 in vitro cell line.! Currently, bryostatin 1 is in over 25 human
clinical trials for the treatment of various types of cancer.” While their molecular mode of action remains
unknown, the bryostatins are found to bind with high affinity to the C1.A and C1B regions of the regulatory
domain of protein kinase C (PKC) isozymes and to stimulate comparable kinase activity in vitro.?
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Molecular mode of action studies on the bryostatins have been severely limited, in part because they are
isolated in low yields after arduous separations from ecologically sensitive sources and in part because the
limited material so obtained is needed for clinical evaluation. Recently, we reported the synthesis of first and

second generation, simplified bryostatin analogues designed on the basis of computational, spectroscopic, and

0960-894X/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PiI: S0960-894X(99)00263-2



1688 P. A. Wender et al. / Bioorg. & Med. Chem. Len. 9 (1999) 16871690

structure activity data.* These analogues have been found to exhibit activity on par or better than the natural
bryostatins in both in vitro human cancer cell line studies and PKC hinding assays.

An important starting point for elucidating the mode of action of these analogues is to understand their role
in the activation of PKC isozymes, established receptors for the bryostatins. These enzymes are individually
implicated in a variety of cellular responses and could be of consequznce in the activity of the bryostatins. For
instance, although all PKC isozymes are upregulated immediately after administration of bryostatins or tumor
promoting phorbol esters followed by an extended down-regulation, several studies suggest that PKC3 is
protected against down regulation at high concentrations of bryostatin 1, even when phorbol myristate acetate
is co-applied.” Significantly, independent studies have shown that over expression of PKCS3 inhibits tumor
cell growth and induces cellular apoptosis, whereas depleting cells of PKCS can cause tumor promotion.***
Translocation assays of selectively mutated C1A or C1B domains of PKC3 have shown that tumor promoters
depend on only the C1B domain of PKCJ to cause enzyme translccation to the cellular membrane, whereas

non tumor promoters depend on both C1A and C1B domains being unaltered for full translocation.’

Table 1 K, values for inhibition of the specific binding of ["H]-PDBu by the bryostatin analogues (1-3)

PKC bryostatin analogues Kj (nM) Kd (nM)
C1 peptides 1 2 3 PDBu
o-C1B 125.8 (29.9)° >500 >500 46.7
B-C1B 13.4 (3.5) 280.0 (37.9) 36.4 (5.9) 1.3
v-C1A >500 >500 >500 65.8
y-C1B >500 >500 >500 16.9
8-Cl1A 65.9 (10.5) 494.4 (114.0) 85.4 (15.0) 272.6°
8-CIB 2.5 (0.0 64.2 (3.5) 6.3 (1.8) 1.0
¢-C1B 17.9 (0.3) 489.6 (52.9) 55.0 (0.3) 1.5
n-C1B 23.5 (3.5) >500 70.2 (4.9) 0.9
6-CIB 6.6 (0.0) 147.5 (17.0) 24.1 (2.8) 34

* Standard deviation of at least two separate experiments.
® K, value calculated from K, of PDBu (300 nM). The standard deviation of this value is 70.7 nM.

We have recently reported the solid-phase synthesis, folding and b:nding properties of individual C1A and
CI1B domains of all PKC isozymes.® Among other significant advantages, these readily available and highly
pure PKC surrogates provide a facile and effective method to screen compounds for independent binding to
either the C1A or C1B domains of all conventional and novel PKCs.

To date there has been no reported study based directly on the binding properties of bryostatin or its
analogues to the individual C1A and C1B domains of the various PKC isozymes. The availability of synthetic
bryostatin analogues and these C1 peptide surrogates provides an ijeal opportunity to obtain this crucial
mechanistic information. Toward this end, we conducted binding assays on our analogues in competition
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with [*H]-phorbol-12,13-dibutyrate (PDBu) using the individual C1 domains and a procedure reported
previously.® The magnitude of binding affinity for all C1 domains was found to be greatest for analogue 1,
followed by the tertiary-butyl analogue 3; the lowest affinity analogue in all cases was the C3-epi analogue 2
(Table 1). These relative affinities are in agreement with previous assays employing a PKC isozyme mix
isolated from rat brain.* Surprisingly, each analogue showed similar isozyme and C1 domain selectivity
despite the wide variation in their structures. All analogues displayed the highest affinity for the §-C1B
peptide fragment and slightly lower affinity for 6-C1B, B-C1B, €-C1B and 8-C1A peptide fragments. Low
affinity was observed between the analogues and both y-C1 peptide fragments. The selectivity observed in
this assay is similar in kind, although considerably greater in magnitude than that observed in whole isozyme
assays conducted with bryostatin 1.° The observed 5-C1B binding sclectivity might explain bryostatin’s
unique ability to protect this isozyme from down regulation and is of possible significance to the molecular
mode of action of this exciting family of compounds.

Figure 1 Relative binding affinities of bryostatin analogues expressed a a percentage of PDBu binding
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In comparison with PDBu binding, the affinities of these analogues for the 8-C1A fragment are noteworthy
(Figure 1). In the case of analogue 1, the binding affinity to this fragment is over four times greater than that
of PDBu. Binding of the further simplified analogue 3 is only slightly weaker (319% of PDBu binding). The
binding affinity of analogues to all other peptide fragments was below 50% of relative PDBu binding due
mainly to PDBu’s high affinity for those fragments. Importantly, this relative affinity could be significant
given the correlation of -C1A dependence on PKCJ translocation for ncn-tumor promoters and the putative
role of PKCS3 in apoptosis.
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In conclusion, the binding affinity data obtained in this study reveals a strong PKC3 selectivity in absolute
binding for all synthetic bryostatin analogues and a very strong relative 8-C1A binding affinity when
compared to PDBu. It is noteworthy that the binding selectivity observed for these analogues coincides with
an isozyme which when over expressed is known to suppress tumor growth, and that the highest relative
binding coincides with a C1 domain that has been shown empiricaly to be important in a lack of a tumor
promoting response. Current efforts are underway to further understand the mode of action of bryostatin and
its analogues and to synthesize bryostatin analogues with enhanced PKCS$ affinity and selectivity.
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