
Biochhnica el Biophysica Acre. I lth311992) 17-22 17 
~c,, 1992 Elsevier Science Publishers B.V. All riglas reserved 1)0115-2736/92/$115.t11) 

Effects of GTP analogues and activation of endogenous protein 
kinases on photoaffinity labeling with [3H]( +)PN200-110 

of crude membranes from rat heart and brain 

Seiji Ichida,  A t u h i r o  M a s a d a ,  Takuya  Yosh ioka ,  Hi royuki  Kishino ,  T a k a f u m i  A k i m o t o  
and  Te tuyuki  W a d a  

Department of  Biok)gical Chemistry. Faculty of  Phammcy. Kinki Uniccrsity. Iligashi.Osaka. Osaka (Japa)t) 

(Received 19 November 1991) 

Key words: Pholoaffinity labeling; GTP ::nalog: Protein kinase; (Rat heart): (Rat brain) 

The effects of GTP analogues and conditions in which various endogenous protein kinases were activated on photoaffinity 
labeling with [3H](+)PN200-110 (PN) of crude membranes from rat cardiac muscle and whole brain were investigated, 
Photoaffinity labeling with 20 nM [3HI( + )PN of these crude membranes was decreased by 100 p,M GTP--y-S, but not by 100 pM 
GTP or 100 p.M GDP-/~-S. Similar results were obtained on the effects of GTP and its analogues on the specific binding of 20 
nM [3HI( + )PN to these crude membranes 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 directly or 
indirectly modulated by endogenous GTP-binding protein, but not by various endogenous protein kinases in these crude 
membranes. 

Introduction 

Voltage-dependent calcium channels play a funda- 
mental role in the regulation of various intracellular 
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 benzotbiazepines such as 
diltiazem (DiD 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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of crude membranes from rat skeletal, cardiac, ileal, 
and uterine muscles and whole brain, and showed that 
photoaffinity labeling with [3H](+)PN by UV irradia- 
tion is a useful method for investigating the character- 
istics of the voltage-dependent L-type calcium 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 (cAMP-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 regulatets) the function of DHP-sensitive, or 
L-type, calcium channel in these crude membranes, the 
photoaffinity labeling with [3HI( +)PN of these crude 
membranes should be affected by the binding of GTP 
analogues to GTP-binding proteins and/or  by phos- 
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 [3H](+)PN of crude membranes from rat 
cardiac muscle and whole brain. 



Materials and Methods 

Preparation of cn~de membranes. 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 analo.,?ues, the conditions used were as de- 
scribed previou.,.ly [7], with the following modifications: 
(a) The reaction medium for the binding of [3H]( + )PN 
contained 2 mM MgCI,. (b) 100 p.M guanosine 5 '-0-  
3-thiotriphosphate (G'I P-~,-S), 100 p.M guanosine 5'-O- 
2-thiodiphosphate (GDP-fl-S) or 100 /zM GTP was 
added to the reaction medium containing 2 mM MgCl,, 
unless otherwise indicated. Control medium contained 
water instead of GTP and GTP analogues. After the 
binding of [3H](+)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 membranes (final concentration, 1.25- 
1.65 mg protoin/ml) were first incubated for 10 min at 
30°C under modifications of the conditions described 
by Benovic et al. [20] as follows. (a) For activation of 
PK-A: standard medium (pH 7.4 at 30°C) (50 mM 
Tris-CI (pH 7.4 at 30°C) containing 0.5 mM phenyl- 
methylsulfonyl fluoride, 1.5 mM EDTA, 1 mM ethyl- 
ene glycol bis(fl-aminoethyl ethcr)-N,N'-tetraacetic 
acid, 5 p.M Na3VO 4, 20 mM NaCI, 5 mM MgCI 2, 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 
CaCI 2, 66.7 p.g/ml phosphatidylserine (PS), 20 /zM 
phorbol 12-myristate 13-acetate (PMA) or 20 p.M 4a-  
phorbol 12,13-dideeanoate (4aPDD). (c) For activation 
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Fig. I. Effects of GTP and GTP analogues on photoaffinity labeling with ['~H]( + )PN of crude membranes from rat cardiac muscle (H) and whole 
brain (B). The reactions for specific binding of [3HI(+ )PN in the absence tComrol) and presence 100 ,uM GTP-y-S0 100 p.M GTP and 100 p.M 
GDP-/]-S were carried out by addition of these crude membranes, and then samples in an icc-bath were irradiated with a mercury arc lamp. 
After UV-irradiation, samples were subjected to SDS-PAGE (10% acrylamide) and then to fiuorography, as deseribcd in Materials and Methods. 

In some cases, unlabeled ( + )PN was added in 1000-fold excess of 20 nM ['~H]( + )PN; these cases are indicated with the symbol +. 



of calcium/calmodulln-dependent protein kinases 
(PK-CaM): standard medium (pH 7.4 at 30°C) supple- 
mented with 2 mM CaCI 2 and 40/zg/ml  calmodulin 
(CAM). (d) For activalion of PK-G: standard medium 
(pH 7.4 at 30°C) supplemented with 0.2 mM cGMP. 
Control media contained standard medium w~th water 
or vehicle ins,earl of above supplements. Then, the 
binding of [3H](+)PN to crude membr,nes from rat 
cardiac muscle and whole brain was assayed. For this, 
th: crude membranes were incubated with 20 nM 
[3H](+)PN with or without unlabeled 20/zM (+)PN 
for 50 min at 30°(2. The mixtures were placed in an 
ice-bath for about 10 min and irradiatcd for 20 in with 
UV-light from a 500 W mercury arc lamp (Eikow), as 
reported previously [7]. Subsequent procedmes, such 
as irradiation, SDS-PAGE and fltiorograph~,, were car- 
ried out as reported previously [7], unless otherwise 
indicated. 

Assay of binding of / 3H]( + )PN. The specific binding 
of [3H](+)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 [3H](+)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 
foz the binding of [3HI( + )PN was supplemented with 2 
mM MgCI 2. Control medium contained water instead 
of GTP or GTP analogues. The specific binding of 
[3H](+)PN was defined as the difference between the 
radioactivities bound in the presence and absence of 
unlabeled 20 #M (+)PN. The crude membranes were 

used at a final concentration of 0.35-0.50 mg pro- 
tein/ml. 

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

Materials. ( + )[5-Methyl-'aH]PN200-110 (70-87 Ci /m 
tool) were purchased from Amecsham or New England 
Nuclear. 4aPDD, phenylmethylsulfonyl fluoride, PMA 
and PS were from Sigma Chemicals (St. Louis, MO). 
cAMP, cGMP and GTP were from Yamasa (Tokyo). 
GDP-,8-S and GTP-3,-S were from Boehringer Mann- 
helm (Germany). CaM 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 effects of GTP-y-S, GDP-/3-S and GTP on the 
photoaffinity labeling with [3H](+)PN of crude mem- 
branes from rat cardiac muscle and whole brain are 
shown in Fig. 1. In these crude membranes, 100 ~M 
GTP-~,-S decreased the photoaffinity labeling to the 
various bands in tile absence of a large amount of 
unlabeled (+)PN, but 100 p,M GDP-/3-S and I00 0,M 
GTP had no affect in the absence or presence of a 
large 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 tLM GTP-~,-S, Under conditions in 
which GTP was not hydrolyzed during the [3HI( + )PN 
binding reaction, but even then we also found that 100 
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Fig. 2. Effects of GTP and GTP analogues on specific binding of [3HI( + )PN to crude membranes from rat cardiac muscle and whole brain. The 
specific binding of 20 nM ['aH](+)PN in tb : absence (Control) and presence of 100/zM GTP-y-S, 100 0.M GTP and 100 ttM GDP-/3-S were 
determined as de~ribed in Materials and .'.4ethods. For determination of nonspecific binding of ['~HI(+)PN, unlabeled (+)PN was added in 
1000-fold excess of 20 nM [~H](+)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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pM GTP did not affect the photoaffinity labeling with 
[3H](+)PN of these crude membranes (data not 
shown). Therefore, we next examined whether these 
GTP analogues had similar effects on the specific 
binding of [3H](+)PN to crude membranes from rat 
cardiac muscle and whole brain under the same condi- 
tions as for photei,;finity labeling with [3HI( + )PN. As 
shown in Fig. 2, the specific binding of [3HI( + )PN to 
crude membranes from rat cardiac muscle and whole 
brain were decreased by 100/zM GTP-7-S but not by 
100 ,u.M GDP-/3-S or 100 p.M GTP. 

To determine the effects of endogenous PKs on the 
photoaffinity labeling with [3H](+)PN of crude mem- 
branes from rat cardiac muscle and whole 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 undt:r conditions in which PK-C 
was activated (Fig. 4). However, as shown in Fig. 4, the 
photoaffinity labeling of these crude membranes was 
also reduced by treatme;ff with 4aPDD or PS alone. 

Moreover, treatment with PMA and 4a'PDD with a 
lower concentration (1/+g/ml) of PS (at which concen- 
tration of PS alone did not influence the photoaffinity 
labeling with [3H](+)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 Pigs affects the photoaffinity labeling by radiola- 
beled DHP derivatives of crude membranes from ex- 
citable organs. Therefore, to examine the relationships 
between DHP-seneit+~ve, or L-type, calcium channels 
and GTP-binding proteins a n d / o r  various endogenous 
PKs, in this work, we investigated the ellects of GTP 
analogues and activations of various PKs on the photo- 

K Da 

200 

I00 

14 69 
46 

F r o n t ~ 3 0  
Unlabeled 

(+) PN 

~,i,~ ̧ •~ . . . . .  :~ 

. + + + - + + 

control O.2pM Oo2pM 20pM 20pM 
P~ ,aPDD PHA qaPDD 

l~g/ml PS 

K Da 

200 

lOO 

69 
B 

46 

Front--~30 
Unlabeled 

(+) PN 

t jl [[ 
4- + + . + + 

.,. 

contro, 0.% 0.~:,,,0D 2% 2~00 
l.ug/ml PS 

Fig. 5. Photoaffinity labeling with ['~H](+ )PN of crude membranes from rat cardiac muscle (H) and whole brain (B) under conditions in which 
PMA or 4aPDD with a lower concentration (I p.g/ml) of P5 was presented. The experiments were carried out as described in Materials and 

Methods. In some eases, unlabeled ( + )PN was added in 1000.fold excess of 20 nM ['~H]( + )PN: these cases arc indicated with the symbol +. 



affinity label ing with [ 3 H ] ( + ) P N  of  c rude  m e m b r a n e s  
f rom ra t  ca rd iac  muscle and  whole brain.  

Resul ts  showed tha t  the photoaff ini ty  label ing of  
these  c rude  m e m b r a n e s  was  inhibi ted by GTP-y-S ,  but  
not  by GTP.  This  f inding does  not  suppor t  with the 
ass , :mpt lon tha t  a GTP-b ind ing  prote in  par t ic ipa tes  in 
the funct ion  o f  DHP-sensi t ive,  of L-type calcium chan-  
nels. The  concen t ra t ion  o f  [~H] ( + )PN useo for s tudies  
on photoaff in i ty  label ing was much  h igher  than  the.t for  
those on  specific b inding o f  [ 3 H ] ( + ) P N .  So, we also 
invest igated the effects o f  G T P  ana logues  on the spe- 
cific b inding of  [ 3 H ] ( + ) P N  to c rude  m e m b r a n e s  f rom 
ra t  ca rd iac  muscle and  whole  bra in .  We found tha t  the  
effects o f  GTP ,  GTP- 'y-S a n d  GDP-,8-S on  the specific 
b inding of  20 nl~ [ a H ] ( +  )PN were  similar those on  
photoaff in i ty  label ing o f  these c rude  membranes ,  it  is 
unknown  why GTP-y -S  inhibited the specific b inding 
and  the photoaff in i ty  label ing with [3HI( + )PN of  these 
c rude  membranes ,  whereas  G T P  did not. The  possibil- 
ity that  G T P  was hydrolyzed by endogenous  enzymes it) 
these c rude  m e m b r a n e s  was  excluded by ou r  f inding 
that  G T P  also did not inhibit the photoaff in i ty  label ing 
of  these c rude  m e m b r a n e s  u n d e r  condi t ions  in which 
the reac t ion  med ium conta ined  500 .uM A T P  or  a 
system for  recycling G T P  (da ta  not shown).  

We also found that  photoaff in i ty  label ing with [aH]- 
( + ) P N  of  c rude  m e m b r a n e s  f rom rat  ca rd iac  muscle 
and  whole bra in  was  not  inf luenced u n d e r  condi t ions  
in which var ious  endogenous  PKs in these c rude  mem-  
branes  were  act ivated (Figs. 3 -5 ) .  However ,  these find- 
ings do  not  exclude the possibility tha t  the direct  or  
indirect  phosphory la t ion  o f  DHP-sensi t ive,  o r  L-type, 
ca lc ium channe l s  in these c rude  m e m b r a n e s  by var ious  
endogenous  PKs does  not  con t r ibu te  to modula t ion  o f  
the i r  funct ion for  the following reasons:  Ca) Photo-  
affinity label ing with [ 3 H ] ( + ) P N  of  these c rude  mem-  
b ranes  was  not  af fected by condi t ions  in which var ious  
endogenous  PKs in these c rude  m e m b r a n e s  were  acti- 
vated,  but  some function(s)  of  L-type calc ium channels  
in the c rude  m e m b r a n e s  o lhe r  than  tha t  re la ted  to 
b ind ing  sites of  D H P  derivatives may have been  af- 
fected by phosphorylatio..~s with var ious  endogenous  
PKs. (b) The  possibility that  condi t ions  in which vari- 

ous  endogenous  PKs were  act ivated may not  be the 
best  for  modura t i on  o f  photoaff ini ty  labeling with 
[3HI( + ) P N  canno t  be  excluded.  

In this study, we found  tha t  the G T P  ana logue  
GTP-y -S  decreased  photoaff in i ty  label ing with [3HI- 
( + ) P N  of  c rude  m e m b r a n e s  f rom ra t  ca rd iac  muscle 
and  whole brain.  There fore ,  this f inding sugges ted  tha t  
DHP-sensi t ive.  o r  L-t.vpe, ca lc ium channels  in these 
c rude  m e m b r a n e s  are  directly or  indirectly regula ted  
by G T P  binding proteins,  as p roposed  previously f rom 
electrophysiological  s tudies [16-19] .  
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