
IndiJn JournJI of Biochemi stry & Biophysics 
Vol. 39. December 2002, pp. 377-38 1 

Activity of novel protein kinase C and di stribution of protein kinase ce in 
subcellular fractions of normal and Duchenne muscular dystrophic muscle 

o V N Kumar i
, J Shan mugasundaram i, C Sundaram2 and M P J S Anandara/ * 

i lnsti tute of Genetics, Begumpet, HyderabJd 5000 16, IndiJ 

2N izams Institute of M ed icJ I Sc iences, PunjaguttJ. Hyderabad 500082 

Received 5 May 2002; revised 16 October 2002 

Phospho lipid-dependent, CJ2
+ -independent isoenzymes termed novel protein ki nJse C or nPKC, include PKC 8, E, Tj , El 

and ~ . SWtus and role of nPKC and PKCEl in Duchenne musculJr dystrophic (DM D) condition is unknown. In the presen t 
study, we have shown th at most of the nPKC isoforms are translocJted to the membrane fraction of DM D ti ssue spec imen. It 
is well established that translocJtion plays a key ro le in signJI transduction by indiv idual PKC isoforms. In our experimen t, 
the increJsed association of nPKC isoform PKCEl to membrane WJS further confirmed by Western blot. Increased expression 
of PKCEl mRNA was identi fied by dot blot analysis. The Jbove results suggest that, the alterations in nPKC locati on and 
increased expression of PKCO observed is a result of mod i ficati on of PKC-med iated signal transduction and cell function. 

The mutant gene responsible fo r Ouchenne mu scular 
dystrophy (OMO) has been identi fied , as dystrophin . 
T he fu ncti on of dystrophin is not full y understood 
though it has been imp li cated in submembranal 
arch itecture, as we ll as in ca lc ium regulation. In the 
absence of dys trophi n, the patho logical events of 
OMO in respo nse to calc iu m and calc ium-dependent 
pro te in kinases sugges t a key ro le of prote in kinase C 
(PKC) in musc le ce ll death. Ac ti vati on o f PKC in 
U937 leukaemi c ce ll s was acco mpani ed by marked 
a lte ratio ns in the ex press io n of prote in governing 
apoptos is. These alte ratio ns were largely absent in the 
PKC-defic ient U937 subclone TU R I. This evidence 
sugges ts key ro le of PKC in cell signaling machinery. 

Molecul ar c lo ning has revealed that PKC is a 
mUl tigene fam ily encoding for c losely re lated 
serine/threoni ne spec if ic protei n kinases. A lig nment 
of the pred icted amino acid seq uence led to 
identi ficati on of 4 conserved (C I to C4) and 5 
va ri ab le regions (V I to VS). O n the b sis of structura l 
di ffere nce, 4 sub fa mili es o f isoforms have been 

identi f ied th at inc lude c lass ical isoforms (c) a, ~[ , ~Il 

and y; novel isoforms (n) E, 8, 8, and niL; atypi cal 

isofonns (a) (, and IA; and mu isoform, (m) /J./PKO. 
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Nove l and atypical subfa milies lack C2 region, which 
contains the Ca2+-sensiti ve site . The c lass ical PKC 
(cPKC) and novel PKC (nPKC) isoforms are 
ac ti vated by d iacy lglycero l, phospho lipid and phorbol 
esters. However, calcium acti vates cPKC also, whi le 
atypical PKC (aPKC) isoforms are acti vated by 
phospho lip ids only. The conventional mechani sm for 
ac ti vatio n of Ca2+ -dependent o r independent PKC 
enzy mes invo lves recepto r-med iated acti vatio n of 
phospho lipase C (PLC) and productio n of second 
messenger, diacy lg lycero l (OAG ); OAG binds to the 
cys te in ri ch C I region in the NHz-terminal regul atory 
do main o f the kinase. Thi s leads to recruitment o f the 
kinase to the membrane and initi ation o f its acti vation 
via complex mechani sms in vo lving Ca2+-binding (for 
Ci+-dependent PKCs) and regulatory phosphory l­
ation events2

.
3

. 

Indi vidual PKC isoforms d iffer in the ir cofactor 
requi rements and ti ssue express io n4

. The specific 
combination of isoenzy mes expressed in a g iven cell 
may, the refore, de te rmine the outco me of the PKC­
dependent respo nse of that parti cular ce llS. Prote in 

kinase C 8 (PKC8), a Ci+-independent , phorbol ester 
st imul ated and phospho lipid-dependent nP KC 
isoform, which is se lect ively expressed in 
T- Iymphocytes and ske letal musc le, has several 
unique properties that attest to its important ro le in T­
cells and ske leta l muscleo. The bi o logical acti vity of 
PKC enzymes is c losely regul ated by their subcell ular 
loca li zatio n2

. In the present study, the s tatus of novel 
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kinases, espec iall y PKCEl has been assessed in 
dystrophic muscle in order to know its importance in 
the pa thogenes is. 

Materials and Methods 

Tisslle sall/ple 
Educated consent from parents of pati ents under the 

scrutiny o f the ethical committee of Ni zam's Institute 
of Medical Sciences (NIMS ), Hyderabad was 
fo ll owed. Skeletal mu scle ti ssues from 6 DMD 
pati ents were obtained from di agnostic mu sc le 
bi opsies. Normal human contro l muscle biopsies were 
received from 6 patients undergoing orthopedic 
surgery not related to neuromuscul ar di sorders. 
Control and di sease patients were matched by age and 
gender. 

Prepa ra I iOIl of SlIbce! l lila r Facl iOlls 
Muscle biopsy sampl es (-200 mg wet wt) fro m 

control and DMD pat ients were homogeni zed in 5 
vol umes of co ld homogeni zing buller A [20 mM Tri s­
HCI bu ller, pH 7.5 containing 250 mM sucrose, I mM 
EGT A, 2 mM EDT A, 50 mM 2-mercapto ethano l, 2 
mM PMSF, 10 mM benzamidine, 10 /.1l/ml sodium 
orthovanadate (100 mM) and 5% glycero l] using a 
polyt ron homogen iser (Kinemati c, Leuzerne) setting 
at 5 to 15 sec burst (4x) . The supernatant was ultra 
centri fuged for 60 min at 1,00,000 x g and the 
res ulting supernatant (cy toso li c fraction) was removed 
and stored at 4°C. The pellet was res uspended in the 
homogeni zati on medium containing 1% NP-40, 
gent ly mixed for 45 min on ice and centrifuged at 
1,00,000 x g for 30 min. The res ulting supernatant 
was the so lu ble particulate fract ion. 

Nuclear fraction was iso lated from normal and 
dystrophic muscle bi opsy spec imens as described7

, 

with certain modifications. Musc le spec imens (200 
mg wet wt) were minced in 5 ml ice-cold 
homogeni za ti on buffer B ( 10 mM HEPES buffer, pH 
7.5 con taining 5 mM KCI, 10 mM MgCl 2, 5 mM 2-
mercaptoethano l and 0.32 mM sucrose) and 
homogeni zed by polytron homogeni zer (Kinematica, 
Luzerene) set at 5 to 30 sec burst homogeni zati on for 
3 times. The homogenate was passed through four 
layers of cheese-cloth and fi lt ered using a 100 mesh, 
ISO-m icron standard sieve (Fischer Scienti fic). The 
filt rate was centrifuged at 1000 x g fo r 10 min . The 
crude nuclear pe llet was resuspended by gently 
triturating with 3.5 ml of ice-co ld homogeni zation 
buller B contain ing 2.4 M sucrose and centrifuged at 

80,000 x g for 90 min in a sorval AH-650 rotor. 
Resultant nuclear pellet was gently rinsed with wash 
buffer and nuclei were re-pelleted by centrifugation at 
5000 x g for 10 min . Isolated nuclei were exam ined 
under phase contrast microscope (lOx). 

Novel protein killase C assays 
PKC was partially purifi ed from th~ cytoso lic and 

particulate fraction s of muscles. Prote in 
concentrations were determined by Folin-Lowry 
method. 

nPKC assays were carried out in cytoso li c and 
particulate fractions of DMD and co ntrol musc le9

. 

The reaction conditions for assay contained 20 mM 
Tris-HCI pH 7.5, 4 mM MgCb, 100 /.1M ATP, 20 
/.1Ci/ml of [y'2 pJ ATP, 160 Ilg/ml hi stone illS , 80 nM 
TPA, 50 /.1g/ml cardi olipin (CL) and I mM EGTA . 
Aliquots of each sample (50 /.11 ) were incubated with 
above reaction mixture (final volume, 250 /.11 ) and the 
reaction was initi ated by adding [y3::: P / ATP. Each 
fraction was incubated for 5 min at 30°C. The 
reaction as stopped by adding I ml of ice co ld TCA 
(20% v/v) and 10 mM potass ium monophosphate, 
followed by addition of BSA (500 /l g) as a carrier 
protein. The mi xture was centrifuged at 2500 x g for 
15 min. The resulting pell et was solu bil ised with I N 
NaOH followed by reprec ipitation with TCA. Finally, 
the pellet was di ssolved in I N NaOH and its 
radioac ti vity was counted by liquid sc inti llation. 

1lI//Ill/lloblOI analysis of P K C() 

Protein sampl es were prepared by so lubil isi ng the 
nuclear and particulate fracti ons "l ith SDS and 
reducing agents such as 2-mercaptoeth anol and 
e lec trophoreticall y separated on 8% SDS-PAGE II). 
Following size separation, proteins were transferred to 
nitroce llulose membrane by electroblotting ll

. The blot 
was probed with polyc lonal rabbit PKCEl antibody 
rai sed against carboxy l terminus of PKCH (Santa Cru z 
Biotechnol ogy, USA) followed by <Jn ti rabbi t IgG 
HRPO conjugate. Final detec tion was done by 
enhanced chemiluminescence (A mersham Pharmac ia 
Biotech, USA). The blot was subj ected to 
autoradiography and developed after bri ef ex posure. 

Dot blal analysis of PKC() expression 
Isolation of total RNA was carri ed Oll t from musc le 

biopsy spec imens of normal and DMD pat ients l2
, the 

amount of RN A isolated was 120 /.1g per 200 mg wet 
wt muscle. Northern blot analys is was carri ed out as 
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desc ribed U Serial ly diluted ( 10 to 0.3 12 j..lg) total 
RNA was spotted on nitrocellulose membrane and the 
amount of specific mRNA was determined by 
hybridi zi ng with radio labeled nPKCe gene specific 
DNA probe. The intensity of hybridization signal on 
autoradiogram of normal and dystrophic muscle was 
quantified by scanning densitometer. 

Results and Discussion 
Novel proteill kinase C assay 

The nPKC activity in cytoso lic fractions of normal 
and dystrophic muscles was 223±9 and 92±8 pico 
moles/min/mg of protein , respectively. There was 2.4 
fold decrease in nPKC activity in dystrophic musc le 
(Fig. I A). Decreased activity of PKC in group I, 2 
and 4 of DMD cytoso lic fraction in the absence of 
C}+ confirms decreased activity of nPKC. The nPKC 
activity 111 particulate fraction of control and 
dystrophic musc les was I 06± 12 and 307± I I pico 
moles/min/mg of protein , respectively. A 3-fold 
increase in nPKC activity has been observed in 
particulate fract ion of dystrophic muscle compared to 
control (Fig. I B). Increased activity of PKC in group 
1,2 and 4 of DMD part iculate fraction, in the absence 
of Ca2+ confirms increased acti vity of nPKC. 

The above results suggest that , in healthy condition, 
nPKC isoform s are mostly present in cytosol of 
mu sc le. As the muscular dystrophy progresses, most 
of the nPKC isoforms are located in the membrane 
fraction. It implies that muscular dystrophy is 
characteri zed by the increased presence of nPKC 
iso forms. Immuno-cytochemical staining of skeletal 
mu sc le demonstrated that a large fraction of the 
cellular PKCe is found in the cell membrane, while 
the ubiquitously expressed PKCa was found in the 
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cytosol (data not shown). Translocation plays a key 
ro le in signal transduction by individual PKC 
isoforms 14. Therefore, the alterations In nPKC 
location observed in our experiments could result in 
modification of PKC-mediated signal transduction 
and cell function. 

Densitometric analysis of PKCe ill/munoblot 
The increased association of novel isoforms to 

membrane in DMD was further confirmed by Western 
blot analysis. Novel protein kinase represented by 
PKCe, a predominant isoform from muscle was 
monitored in solubili sed muscle particu late or nuclear 
fraction electrophoresed on polyacrylamide ge l. The 
specificity of the primary antibodies used in 
quantification of PKCe was evident from the 
immunoblot showing a single 80 kD protein band 
(Fig. 2A, B). 

Densitometric analysis of immunoblot shows that 
PKCe (Fig. 3) was translocated hi ghly to the 
particulate fractions of dystrophic muscle (-62%) 
than in normal musc le. In contrast, protein levels of 
PKCa were high in cytosolic fractions of normal 
musc le (-60%) than the dystrophic muscle (data not 
shown). In case of nuclear fraction, PKCe content 
was high in dystrophic condition (-66%) than III 

normal muscle. Analys is of PKCe expression at 
protein level confirmed previous findings about its 
unique expression profile in skeletal musc l e6.1 ~-16 . 

Nuclear localization of PKCe in dystrophic musc le 
also indicates distinct role for it in regulation of gene 
expression , the transcription factors NF-KB and AP-I 
being the primary targets of PKce 17. It was also 
ev ident from denervated muscle cells when 
stimulated, that nuclear PKC is activated within 
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Fig. t- Effect of Ca2
+, phorbol ester and phospholipid on novel PKC act ivity of (A): cy tosol fraction; (B): particulate fraction of Control 

(0 ) and DMD (_) muscle lThe kinase activity was assayed as described in Materials and Methods. The concentration of the co factors was 
0.6 mM Ca2

+; 50 JLg/ml cardiolipin (CL); and 80 nM TPA. Data are from 6 DMD patients and corresponding 6 control sa mpl es and are 
expressed as mean ± SEM for the ex periments (n=6) done in duplicate. Stati stical signifi cance, p<0.05J 
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Fig. 2- lmmunoblot analysis of PKC0 (A): in the part icul ate fracti ons and (B): in the nuclear fracti ons of cont ro l and dystrophic muscle 
ti ssues ISo lu bili sed fractions were separated on SDS-PAG E (8% ge l), followed by electrphoreti c transfer to nitrocell ulose membrane. 
Each membrane was incubat ed with po lyclonal PKC0 antibodi es and immuno-reacti ve band was detected as descri bed in Materi als and 
ML: thods. The major imm uno- reacti ve band corresponds to 80 kD PKC0 isoform in the particulate and nuclear fracti ons. a, b, c, d 
represent the differem DMD and cont ro l samples subjected to immunoblot analysis] 
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Fi g. 3-Densitometri c scan of bands in Fig. 2A and B (0 ), DMD; 
(. ) control. [Parti culate and nuclear frac ti ons were separated by 
SDS-PAGE and transferred onto nitrocellulose membranes, which 
we re then probed with PKC0 antibodies as described in Material s 
and Methods. Maximal PKC0 ex pression in the membrane 
fracti ons of dystrophic musc le was observed and taken as 100% 
for the purpose of compari son. Error bars indicate SEM (n=4). 
Densitometri c analysis of the autoradiograms was performed 
uSing a (.;() mputcr-interfaced ultrasca n X LJser densitometer 
(LK\3. Sweden). 

minutes th rough phosphory lation of myogeni n prote in 
and shuts do wn myogenin dependent genes including 
those cod ing fo r AchR subunits and for myogenin 
itse lf 's. S imil arly, in cultured musc le ce ll s activation 
leads to trans locati on o f PKC to nucle i, which 
ul timate ly decreases myogenin 0 and myogeni n 
mRN As 1

') Both the express io n Icvcls and di stributio n 

of PKC8 undergo changes along the process of 
neuronal differentiation 20. Th is increased association 

of PKC8 in membrane and nuclear fracti ons could 
have implicati ons in specific modificati o n o f 
physiology in dystro phic muscle. 

Dot blo! analysis of PKC() expression 
Whether increased presence of PKC8 in membrane 

frac tions , was due to increased new sy nthes is, was 
pro bed by dot blot analys is of total RNA using 

nPKC8 gene probe. From dens itometric signal w ith 
respec t to seria lly di luted total RNA (Fig. 4) from 
control and dys trophic muscles it ha:; been observed 

that PKC8 is expressed 2.25-fold more in dystrophic 

muscle. The increased ex press io n of PKC8 has been 
linear within the spec ific concentration range (2.5 to 

0.625 /lg) of to ta l RNA . This uniq ue express ion o f 

PKC8 in dystrophic musc le suggests that it may play 
specialized ro le in dystrophic mu scle death through 
unrevealed s ignaling pathways . Prev ious studi es have 

reported the physio logical role of PKC8 in normal 
skeleta l muscle 13, whi Ie there have bee n no reports on 

PKC8 in dystrophic conditi on. In vo lvement of PKC 
in differentiation of skeleta l musc le. especia ll y in 
myob last fusion, was sugges ted from studi es w i th 

' . ~ J 27 
chI cken and mouse myoblast- · -. Invo lvement o f 



KUMAR et al. ACTIVITY OF NOVEL PROTEIN KINASE C IN DUCHENNE MUSCULAR DYSTROPHIC MUSCLE 381 

.:.:: 40 '" m 
c. 35 
Q; 
"0 30 c 
::s 

'" 25 
e 
'" 20 
'-' 

a; 15 
E 10 g 
if) 5 c 
w 
0 0 

10 5 2.5 1.25 0.625 0.31 

RNA (flog) 

Fig. 4-RNA dot blot of control (D) and dystrophic (_ ) muscle 
IThe nitroce llu lose membrane contained serially diluted mRNA 
from control and DMD muscle biopsy and hybridized with 

radiolabelled nPKCEl probe. Densitometric scan was made 
through each dot. The graphical representation shows the 
relationship between the amount of RNA in eaeh dot and the area 
under densitometric peak o f eaeh dot. This is a representative of 
one experimen t with DMD and normal muscle] 

PKC in insu lin-stimulated glucose transport of BC3H­
I myocytes was also reported23

. In our experiment, 
most of the nove l PKC isoforms are translocated to 
the membrane fraction. The increased association of 
PKC8 in particulate and nuclear fractions and 

increased express ion of PKC8 gene suggest that the 
alteration in PKC location observed in our experiment 
would result in modification of PKC mediated signal 
transduction and cell function. 

A Ca2+-independentlcardiolipin stimulated activity 
of PKC in partially purified enzyme is observed in 
cy tosolic and particulate fractions of normal and 
DMD muscles. A significant difference observed in 
the cytosolic and membrane associated activities 
between DMD and normal , suggests an enhanced 
association of thi s novel protein kinase C to 
membrane in disease. Quantitation by Western blot 

analysis of the nPKC8 showed that both membrane 
and nuclear fraction s recorded about 60% more of this 

isoform in DMD muscle. Quantitation of PKC8 
mRNA using dot blot analysis of total muscle RNA , 
revealed that the dystrophic muscle expressed 2.25-
fold more of this RNA , suggestive of de-novo 
synthesi s of this kinase. 
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