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The effects of GTP analogues and conditions in which various endogenous protein Kinases were activated on photoaffinity
Iabeling with [*HJ +)PN200-110 (PN) of crude membranes from rat cardiac muscle and whole brain were investigated.
Photoaffinity labeling with 20 nM [*H}(+ PN of these crude membranes was decreased by 100 uM GTP-y-S, but not by 100 oM
GTP or 100 uM GDP-8-S. Similar results were obtained on the cffects of GTP and its analogues on the specific binding of 20
nM [*HK+)PN to these crude membrancs under the same conditions. Activation of endogenous protein kinases in these crude
membranes did not influence the photoaffinity labeling with [*H)+)PN. These results suggested the binding sites, or
DPH-sensitive, or L-type, calcium channels in curde membranes from rat cardiac muscle and whole brain are dircctly or
indircctly modulated by endogenous GTP-binding protein, but not by various endogenous protein kinases in these crude

membrancs,

Introduction

Volt: i d alei h Is play a funda-
mental rolc m the r of various intracellulz
processes in excitable cells [1-3). 1,4-Dihydropyridine
(DHP)-sensitive, or L-type, calcium channels mediate
long-lasting calcium currents that are inhibited by DHP
derivatives such as PN200-110 (PN), phenylalkylamines
such as verapamil (Ver), and benzothiazepines such as
diltiazem (Dil) through interaction with three different
receptor sites [3-5].

Recently, we reported the characteristics of photo-
affinity labeling by DHP derivatives, especially (+)PN,
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canoate: PKs, protein kinases: PK-A, cAMP- dupend»m prou.m k\-

of crude membranes from rat skeletal, cardiac, ileal,
and uterine muscles and whole brain, and showed that
photoaffinity labeling with [*H} +)PN by UV irradia-
tion is a useful method for investigating the character-
istics of the voltage-d d L-type calci chan-
nels, the function of which is affected by DHP deriva-
tives [6,7].

On the other hand, there is much suggestive evi-
dence that the functions of DHP-sensitive, or L-type,
calcium channels in skeletal, cardiac or neuronal cells
are directly or indirectly regulated by various protein
kinases (cCAMP-dependent protein kinase (PK-A), pro-
tein kinase C (PK-C), cGMP-dependent protein kinase
(PK-G) [8-15]) and GTP-binding proteins {16~19]. If
endogenous GTP-binding protein and/or protein ki-
nases regulate(s) the function of DHP-sensitive, or
L-type, calcium channel in these crude membranes, the
photoaffinity labeling with [*H](+)PN of these crude
membranes should be affected by the binding of GTP

I to GTP-binding proteins and/or by phos-

nase: PK-C, protein kinase C: calcium
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phorylations with various kinds of protein kinases in
these crude membranes.

In this work, we examined the effects of GTP ana-
logues and conditions in which various types of en-
dogenous PKs were activated on the photoaffinity la-
beling with [*HK +)PN of crude membranes from rat
cardiac muscle and whole brain.
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Materials and Methods

P b

oparation of crude Crude membranes
were prepared from cardiac muscle and whole brain of
male Wistar rats weighing 150-200 g as described
previously [6], and were used at final concentrations of
6-8 and 8-9 mg protein/ml, respectively.
Photoaffinity labeling. For experiments of the effects
of GTP analoeues, the conditions used were as de-
scribed previou:ly {7], with the following modifications:
(a) The reaction medium for the binding of [*HK + PN
contained 2 mM MgCl,. (b) 100 uM guanosire 5-0-
3-thiotriphosphate (GTP-y-S), 100 1M guanosine 5'-O-
2-thiodiphosphate (GDP-8-8) or 100 uM GTP was
added to the reaction medium containing 2 mM MgCI,,
unless otherwise indicated. Control
water instead of GTP and GTP analogues. After the
binding of [*HX+)PN, the procedures for photoaf-
finity labeling, SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and fluorography were carried out as

reported previously {7]. These crude membranes were
used at final protein concentration of 1.25-1.65 mg/ml.

For experiments on photoaffinity labeling of crude
membranes from rat cardiac muscle and whole brain in
conditions in which various endogenous PKs were acti-
vated, the crude t (final ration, 1.25-
1.65 mg protein/ml) were first incubated for 10 min at
30°C under modifications of the conditions described
by Benovic ct al. [20] as follows. (a) For activation of
PK-A: standard medium (pH 7.4 at 30°C) (50 mM
Tris-Cl (pH 7.4 at 30°C) containing 0.5 mM phenyl-
methylsulfonyl fluoride, 1.5 mM EDTA, 1 mM ecthyl-
enc glycol bis(B-aminoethyl cther)-N,N '-tetraacetic
acid, 5 M Na,VO,, 20 mM NaCl, 5 mM MgCl,, 5
mM NaF and 0.5 mM ATP) supplemented with 0.2
mM cAMP. (b) For activation of PK-C: standard
medium (pH 7.4 at 30°C) supplemented with 2 mM
CuCl,, 66.7 ug/ml phosphatidylscrine (PS), 20 uM
phorbol 12-myristate 13-acetate (PMA) or 20 uM 4a-
phorbol 12,13-didecanoate (4a PDD). (c) For activation
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Fig. 1. Effects of GTP and GTP analogues on photoaffinity labeling with [*HX + PN of crude membranes from rat cardiac muscle (H) and wholc
brain (B). The reactions for specific binding of ['HK + )PN in the absence (Control) and presence 100 1M GTP-y-S, 100 uM GTP and 100 uM
GDP-g-S were carried out by addition of these crude membranes, and then samples in an ice-bath wcrt irradiated with a mercury arc lamp,

After UV-irradiation, samples were subjected to SDS-PAGE (10%

and then to fl as in Materials and Methods.

In some cases. unlabeled (+)PN was added in 1000-fold excess of 20 aM {*HX +)PN; these cases are indicated with the symbol +.



of calcium/calmodulin-d protein Kinases
(PK-CaM): standard mcdlum (pH 7.4 at 30°C) supple-
mented with 2 mM CaCl, and 40 pg/ml calmodulin
(CaM). (d) For activation of PK-G: standard medium
(pH 7.4 at 30°C) supplemented with 0.2 mM cGMP.
Control medie contained standard medium with water
or vehicle insiead of above supplements. Then, the
binding of [*HK+)PN to crude membranes from rat
cardiac muscie and whole brain was assayed. For this,
the crude membranes were incubated with 20 nM
[*HI(+)PN with or without unlabeled 20 uM (+)PN
for S0 min at 30°C. The mixtures were placed in an
ice-bath for about 10 min and irradiated for 20 in with
UV-light from a 500 W mercury arc lamp (Eikow), as
reported previously [7]. Subsequent procedures, such
as irradiation, SDS-PAGE and fluorography, were car-
ried out as reported previously {7}, unless otherwise
indicated.

Assay of binding of [ "H]( +)PN. The specific binding
of [*HJ(+)PN to crude membranes from rat cardiac
muscle and whole brain was assayed by a modification
of the method reported previously [6). For comparison
with results on the effects of GTP analogues on the
photoaffinity labeling with [*HY+)PN, the following
conditions were different from those in a previous
study [6}: (a) The final concentration of [*H)(+)PN
used was 20 nM, not 5 nM. (b) The reaction medium
for the binding of [*HK +)PN was suppiemented with 2
mM MgCl,. Control medium contained water instead
of GTP or GTP analogues. The specific binding of
[*HK +)PN was defined as the difference between the
radioactivities bound in the presence and absence of
unlabeled 20 pM (+)PN. The crude b were
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used at a final concentration of 0.35-0.50 mg pro-
tein/ml.

Other methods. Proiein was measured by the method
of Lowry et al. [21] with bovine serum albumin as a
standard.

Materials. (+)S-Methyl-*HIPN200-110 (70-87 Ci/m
mol) were [ d from A ham or New England
Nuciear. 4aPDD, phenylmethylsulfonyl fluoride, PMA
and PS were from Sigma Chemicals (St. Louis, MO).
cAMP, ¢cGMP and GTP were from Yamasa (Tokyo).
GDP-3-S and GTP-y-S were from Boehringer Mann-
heim (Germany). CcM was from Calbiochem (San
Diego, CA). (+)PN was a gift from Sandoz AG (Basel,
through Drs. D. Romer and H. Weber). All assays
using DHP derivatives were performed under a safety
light.

Results

The cifects of GTP-y-S, GDP-8-S and GTP on the
photoaffinity labeling with {*HK+)PN of crude mem-
branes from rat cardiac muscle and whole brain are
shown in Fig. 1. In these crude mcmbranes, 100 M
GTP-y-S decreased the photoaffinity labeling to the
various bands in the absence of a large amount of
unlabeled (+)PN, but 100 pM GDP-8-S and 100 uM
GTP had no affect in the absence or presence of a
targe amount of unlabeled (+)PN. The photoaffinity
labeling of these crude membranes in the presence of a
large amount of unlabeled (+)PN was barely de-
creased by 100 uM GTP-y-S. Under conditions in
which GTP was not hydrolyzed during the [*HK +)PN
bindi ion, but even then we also found that 100
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Fig. 2. Effects of GTP and GTP analogues on specific binding of [*'HK +)PN to crude membranes from rat cardiac muscle and whole brain. The
spemrc binding of 20 nM l‘H](+)PV in th: absence (Control) and presence of 100 M GTP-y-S, 100 uM GTP and 100 xM GDP-8-S were

Is and dethods. For determination of nonspecific binding of [*HK +)PN, ualabeled (+)PN was added in

as
1000-fold excess of 20 nM l‘HK+)PN Columns are means for four or five separate experiments, Bars indicate standard errors. * P < 0.05:
significantly different from the control value.
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Fig. 3. Photoaffinity labeling with [*HX + PN of crude membranes from ml cal muscle (H) and whole brain (B) under conditions in which
PK-A, -G and -CaM. i were activated. Conditions were as in ials and Methods. In some cases. unlabeled (+)PN was
added in 1000-fold excess of 20 nM [*HK + PN; these cases are indicated with the symbol +.
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Fig. 4. Photoaffinity labeling with [*HK + )PN of crude membranes from rat cardiac muscle (H) and whole brain (B) under conditions in which
PK-C were activated and in which 4ePDD plus PS or PS alone was presented. Experiments were carried out as described in Materials and
Methods. In some cases, unlabeled (+ PN was added in 1000-fold excess of 20 nM [*HK + )PN; thesc cases are indicated with the symbol +.



uM GTP did not affect the photoaffinity labeling with
[*HK+)PN of these crude membranes (data not
shown). Therefore, we next examined whether these
GTP analogues had similar effects on the specific
binding of [*HK+)PN to crude membranes from rat
cardiac muscie and whole brain under the same condi-
tions as for photca:finity labeling with [*H](+)PN. As
shown in Fig. 2, the specific binding of [*HK +)PN to
crude membranes from rat cardiac muscle and whole
brain were decreased by 100 uM GTP-y-S but not by
100 @M GDP-8-S or 100 uM GTP.

To determine the effects of endogenous PKs on the
photoaffinity labeling with [*HK +)PN of crude mem-
branes from rat cardiac muscle and wholie brain, we
measured the photoaffinity labeling under conditions
in which PK-A, -G, -C or -CaM in these crude mem-
branes were activated. The photoaffinity labeling was
not affected by activations of PK-A, -G and -CaM (Fig.
3), but was reduced undcr conditions in which PK-C
was activated (Fig. 4). However, as shown in Fig. 4, the
photoaffinity labeling of these crude membranes was
zlso reduced by treatment with 4aPDD or PS alone.
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Moreover, treatment with PMA and 4aPDD with a
lower concentration (1 pg/ml) of PS (at which concen-
tration of PS alone did not influence the photoaffinity
labeling with [*HX +)PN) did not reduce the photo-
affinity labeling (Fig. 5).

Discussior:

Many investigators have suggested that GTP-bind-
ing protein and phosphorylation by various kinds of
endogenous PKs may regulate the function of L-type
calcium channels in skeletal, cardiac and neural cells
[8-19]. However, nothing is known about whether GTP
analogues and /or phosphorylation by various endoge-
nous PKs affects the photoaffinity labeling by radiola-
beled DHP derivatives of crude membranes from ex-
citable organs. Therefore, to examine the relationships
between DHP-sensitive, or L-type, calcium channels
and GTP-binding proteins and /or various endogenous
PKs, in this work, we investigated the etfects of GTP
analogues and activations of various PKs on the photo-
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Fig. 5. Photoaffinity labeling with [*HK + )PN of crude membranes from rat cardiac muscle (H) and whole brain (B) under conditions in which
PMA or 4aPDD with a lower concentration (1 pg/ml} of PS was presented. The experiments were carried out as described in Materials and
Methads. In some cases, unlabeled ( + )PN was added in 1000-fold excess of 20 nM [*H}( +)PN: these cases are indicated with the symbot +.
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affinity labeling with [*H}(+ PN of crude membranes
from rat cardiac muscle and whole brain.

Results showed that the photoaffinity labcling of
these crude membrznes was inhibited by GTP-y-S, but
not by GTP. This finding does not support with the
assumpiion that a GTP-binding protein pariieipates in
the function of DHP-sensitive, ot L-type calcium chan-
nels. The concentration of {[*HJ{ - )PN usea for studies
on photoaffinity labeling was much higher than thzt for
those on spccific binding of [*HI(+)PN. So, we also
investigated the cffects of GTP analogues on the spe-
cific binding of [*HK +)PN to crude membranes from
rat cardiac muscle and whole brain. We found that the
effects of GTP, GTP-y-§ and GDP-B-S on the specific
binding of 20 nM {*H)(+)PN were similar those on
photoaffinity labeling of these crude membranes. It is
unknown why GTP-y-S inhibited the specific binding
and the photoaffinity labeling with [*H) + PN of these
crude membranes, whereas GTP did not. The possibil-
ity that GTP was hydrolyzed by endogenous enzymes in
these crude memboranes was excluded by our finding
that GTP also did not inhibit the photoaffinity labeling
of these crudc membranes under conditions in which
the reaction medium contained 500 pM ATP or a
system for recycling GTP (daia not shown).

We also found that photoaffinity labeling with [*H]-
(+)PN of crude membranes from rat cardiac muscle
and whole brain was not influcnced under conditions
in which various endogenous PKs in these crude mem-
branes werc activated (Figs. 3-5). However, these find-
ings do not cxclude the possibility that the direct or
indirect phosphorylation of DHP-sensitive, or L-type,
calcium channels in these crude membranes by various
endogenous PKs does not contribute to modulation of
their function for the following reasons: (a) Photo-
affinity labeling with [*H +)PN of these crude mem-
branes was not affected by conditions in which various
endogenous PKs in these crudc membranes were acti-
vated, but some function(s) oi L-type calcium channels
in the crude membrancs other than that related to
binding sites of DHP dcrivatives may have been af-
fected by phosphorylatio.s with various endogenous
PKs. (b) The possibility that conditions in which vari-

ous endogenous PKs were activated may not be the
best for moduration of photoaffinity labcling with
[*H}(+)PN cannot be excluded.

In this study, we found that the GTP analoguc
GTP-y-§ decreased photoaffinity labeling with [*H]-
(+)PN of erude membranes from rat cardiac musclc
and whole brain. Therefore, this finding suggested that
DHP-sensitive. or L-tvpe, calcium channels in these
crude membranes are directly or indirectly regulated
by GTP binding proteins, as proposcd previously from
electrophysiological studies [16-19].
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