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Photoamnity Labeling of PKC with a Phorbol Derivative:
Importance of the 13-Acyl Group in Phorbol Ester-PKC Interaction
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Abstract: We report the design and synthesis of a novel photoaffinity ligand, phorbol 12-(1•
pyrenehutyrate) l3-diazoacetale (PPOA. 6). This photolahile phorhol derivative labeled with tritiwn
was used for photocrosslinking experiments with a sample of PKC partially purified from ral brain, and
specific bmding of 6 to PKC was observed.

The phorbol esters such a~ phorbol l:2-myristate 13-acetate (PMA. 1) are known as powerful tumor
promoters and activators of protein kin~se C (PI<:C).I. First disco.vere~ by Nis~izuka et al,. ~KC is a
phospholipid- and calCium-dependent senne/threonme kmase.2 phySiologically activated by 1.2-dlacyl-sn•
glycerol (DAG). PKC. which has now been chara~terized as a family of closely related enzymes. plays a
central role in cellular Signal transduction. controlhng many cellular processes including proliferation and
differentiation.3 PKC is also known to be an important target for other structurally diverse tumor promoters
such as the ingenols. teleocldms. and aplysiatoxins. Structure-activity analyses on a variety of analogs of DAG
and these tumor promoters have been carried out. Although many pharmacophore models for PKC have been
proposed from molecular m~eling:~ n(~ inf~rmatlon alxmt specific amino acid residues that interact With these
ligands is available. Photoafflmty labehng IS thus expected to be a useful method for the charactenzation of the
ligand-binding site of PKC, and. mdeed. the syntheses of several photoafflmty ligands and their crosslinking
experiments have been reponed.;'; To our knowledge. however. no crosslinkmg to PKC ha~ been observed.
Here we report the deSign and syntheSIS of a novel photoaffmity ligand 6 and IL~ specific photocrosslinking to

PKC.

Figure 1.
(a) Trt.~1 (3 eq), pyridin~.21 ·C. 56%; (h) IBueXXlNlICII2COOII (5 eq), OCT
(2.5 eq). NEld I eq), T1IF, 0-23 ·C. 76%, (e) I-pyrenebutyricacid
(Clglll~OOH,2 eq). r:.IX'IoIICI (2 eq), OMAP (1 eq). TIIF, 0-21·C, 91%;
(d) TFA, 0 ·C. 9')%; (e) IAmOSO (30 eq), A""OH (I eq). 10%- IAmOH.Clla"
0-21 ·C, :'i3%; (0 Mn02• C112C12• 60 %; (,l ['H1SaBl~(13.6 Cl/mmol).
6.'i% based on the ['1I1NaB14
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The acyl groups of phorbol esters were initially thought to be important for a specific interaction with
PKC because of their structural similarity to DAO;6 however, the majority of recent molecular modeling
studies have concluded that these acyl groups are not crucial for specific interactions of the ligand with PKC.
Since binding of the ligand to PKC requires a phosphatidylserine-containing membrane, the hydrophobic acyl
groups contribute to a~sociation of the ligand with the membrane and thus to PKC in a non-specific manner.4

Most of these models concur that the C20-0H, C9-0H, and C3-C=O groups (and C4-0H group) in phorbol
esters are crucial sites for specific interactions. None of the three point (or four point) models, however, can
explain IlII of the experimentally observed structure-activity relationships. The dramatiC difference in binding
of the phorbol 12- and 13-monoesters to PKC illustrates this point. For example, Blumberg el al. have
rcportcd7 that phorbol 12-myristate (2) shows significantly weaker bIDding to PKC (K, for [3HlPDBu (4)
binding =J(X1 nM) than phorbol 13-myristate (3) (KI = 0.5 nM) indicating that removal of the acetyl group at
the CI3 position from I (KI =O.06nM) causes more than a thousand-fold drop in binding. We have also found
that optically active 13-dcacctoxy-ll-demethyl-PMA (5), a compound we recently synthesized, binds to PKC
with two orders of magnitude less affinity than 1.8 These facts suggest that the hydrophobic group at the C 12
pOSition is not sufficient for high affinity bmding to PKC, implicating an additional role for the B-O-acyl
group possibly via the carbonyl oxygen. Based on this hypothesis we have designed phorbol 12-(\•
pyrencbutyrate) 13-diazoacetatc (PPDA, 6) a'l a novel photoaffinity ligand with the photoreactive functional
group u to the carbonyl at C13.9

Synthesis of 6 wa'l achieved a'l shown in Figure I. After selective protection of the C20-0H of phorbol
(7) as a trityl ether, III the C l3-0H wa'l selectively acylated with N-Boc-glycine (DCC, NEt3, THF, 0 - 23 0c)

to give 9 m 76% yield. The C12-0H wa'l acylated with I-pyrenebutyric acid (DCC, DMAP, THF, 0 - 23 0c)

affording 10 (91 %), and removal of the trityl and Boc groups was then accomplished on treatment with TFA (0
·C, W%). Final conversIOn of the amino group to a diazo group wa'l achieved on reaction of II with isoamyl
nitrite·a~'Ctic acid (in 10% isoamyl a1cohol-CHCI3, 0 - 23 0c) giving the desired 6 in 53% yield. tl Tritiated
PPDA ([.1HJ6, 1.6 Ci/mmol) wa'l prepared from 6 by oxidation of the C20-0H to the corresponding aldehyde
12 with Mn02 (60%) and subsequent reduction with [3Hlsodium borohydride (65%).

Binding of photoaffinity ligand 6 to PKC wa~ mca~ured In the presence of CaCJ2 and phosphatidylserine
according to the reported procedure with minor modifications. 12.13 As shown in Table 1, PPDA (6) strongly
inhibits the specific binding of [3HlPDBu to PKC even at low concentrations indicating that the affinity of 6 to
PKC is ~'omparable to I.

Inhlhilion (%) Table I Inhibilion of r311IPDBu Binding to PKC.
Variou.~ cOlICentration.~ of I or I» were incuhated with eHIPDBu (10 11M) and

C"ncentrallon PMA (I) rrDA (6l PKC (0.8 jlgimL) in 300 jlL of buffer containing Tris-IICI (50 roM, pH 7.51,
CaClz (... m.\f), phosphalidylscrine (100 jig/mL), bovme serum albumin (... mgl
mL), and DMSO (0.5 %) on ICC for 2 h. and then the PKC-bound eH1PDBu was
counled using a scintil1ation counter after separating the complex hy filtration
through a polyethyleneimine-treated glassfiher filter paper. Data are shown as
% inhihillon of the r311JPDBu hinding relative to that without cold competitor.

This photolabile phorbol derivative 6 wa'l used for photocrosslinklOg experiment'l with a sample of PKC
partially purified fmm rat brain according to the reported procedure. t4 Thus, [3Hl6 (200 nM) was incubated
with the crude PKC sample (- lCXl pmol) in 3(X) #L of buffer containing TrisoHCI (SO mM, pH 7.5), CaCI2 (I
mM), phosphatidylserine (100 #g/mL) and DMSO (1.5 %) at 30 °C for 30 mm and then irradiated at 254 nm
uSing a hand lamp at 0 ·C for 5 minl~. After concentr.ltion of this reaction mixture by lyophilization, the
protein fraction was separated from the organic fraction by repeated MeOH-CHCI3 extractions. An SOS•
PAGE gcl of the protem fraction is shown in Figure 2A. Quanlltation of the radioactivity bound to the proteins
was done by scmtillation counting of each gel slice (Figure 2B). The slice containing PKC (No.5) wa'l
observed to be labeled (lane a and b).ll.,t7 The major band in the slice No. 5 corresponding to ca. 82 kDa l8 was
immunostaincd with antibodies specific for PKC n, p, y, and b. The labeling wa~ suppressed by addition of a
50-fold excess of the competitive Iignd PMA (I) indicating that the photolabeling is specific (lane c). It is
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notewurthy that slice No. (; containing unknown proteins was also photoIabeled but that this labeling wa,t; nut
prevented by PMA showing that this is a non-specific labeling.

JI1IW'e %. Pblltocrllsslinki0J of (3ttIPPDA with A
PICe.
[3tI1PPDA (200 oM) was iAcubltcd with the
"..rude PKC sample (- 100 pmoI) iD 300}lL of
buffer cootaiDinJ Tri!l"HO (SO mM. pH 7.5).
C:aCl2 (1 mM). pbospbatidylserine (100 }I,/m!.)
and DM..'ID ( I.~ %) with (lanes b .nd c) or 95

without (lane a) irradiatioo of UV in the abseDee PKC

(lanes a and b) llr pre!lleDCC (lane c) of cold PMA 68

(10 I'M). After SDS-PAGE of tbe proteio
fraction (A). each Jane of tbe gel was sliced into
12 pieces (~nun). and the radil*--tivity was
quaotitated u.'ling a sciotillatioo couoter (B).
Positions of the molecular size marker and PKC
(ca. 82 tDa) aR: indicated 00 the left side.

To our knowledge, this is the first example of the specific photolabeling of PKC with a phorbol
derivative. The l.:russlinking of' to PKC indicates that the dill1.oacetyl group at CI3 is lucated In close
proximity to the protein in the Iigand-PKC-phospholipid complex. In addition to the three oxygen functional
groups at C20. C9 and eJ. the Cl3-acyl~p is strongly implicated at; important in PKC-Iigand interactions.
This information should be useful for making a better pharrnacophore model. The tertiary structure of a portion
of the relulatory domain of PKC was recently solved by NMR studies. t9 and the crystal structure of the small
fr.lgment of PKC 1I in complex with phorbol 13-acetate. a very low affinity ligand. was reponed after
completing this manus"..ripl.20 In the X-ray crystal structure having no lipid component. C l3-acyl group unly
makes intramolecular hydrogen bondinl with C9-0H group. However. it may be stili possible tlUll additional
hydrogen bonding of C13-acyl group with PKC is formed upon intenACtion with lipid membnUie and plays an
important nlle in high affin~ty binding, Identification of the cRlsslinked amino acid reSidues will pave the way
for clarifying inter.teuon.t; III the hgand-PKC-pbosphohpld complex. This photulabile ligand may a1!1() be a
Uo'ICful tuol for identifying novel unknown phorbol receptul"S.:n The resulLt; de.'lCnbed in this paper on the
photLx...rosslinking of a phorbol deriavtive to PKC are a step toward these goals. Funher studies along this line

are in progress.

o4cluIOWJedIaIeIlt. We tbaIIk Dr. T. C. Saido of the Departmc:Dt of Molecular Biolol)' at Tokyo Melltlpolitao Insutote of
Medical ScieDce for helpful discUS-'IillDll Oil the purification l~f PKC We .1,") tbank Dr ..... Hatauu of the Faculty of
PbarJ11llCCuticai Sciences at Toyama Medical" Pbarmaceuucal l:D1vel'llity fill' a discussion 00 photoafflnity lahellne
This work wall supported by the Grant-in Aid for Scie~tific Research on Priority Area.'I ~o. 062-W12 from the Ministry of
FAucation. ScieDce aDd CultuR:, Japan. aDd fellowship of the JapaD Society for the Promotion of ScICDCC for JapaDesc
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