Indlian Journal of Biochemistry & Biophysics
Vol. 39, December 2002, pp. 377-381

Activity of novel protein kinase C and distribution of protein Kinase C0 in
subcellular fractions of normal and Duchenne muscular dystrophic muscle

DV N Kumar', J Shanmugasundaram', C Sundaram” and M P J S Anandaraj'#
"nstitute of Genetics, Begumpet, Hyderabad S00 016, India

“Nizams Institute of Medical Sciences. Punjagutta, Hyderabad 500 082
Received 5 May 2002; revised 16 October 2002

Phospholipid-dependent, Ca” ™ -independent isoenzymes termed novel protein kinase C or nPKC, include PKC 8, ¢, 11, 0
and . Status and role of nPKC and PKCO in Duchenne muscular dystrophic (DMD) condition is unknown, In the present
study, we have shown that most of the nPKC isoforms are translocated 1o the membrane fraction of DMD tissue specimen. 11
is well established that translocation plays a key role in signal transduction by individual PKC isoforms. In our experiment,
the inereased association of nPKC isoform PKCO 1o membrane was lurther confirmed by Western blot. Increased expression
of PKCO mRNA was identified by dot blot analysis, The above results suggest that. the alterations in nPKC location and
increased expression of PKCO ohserved is a result of modification of PRC-mediated signal transduction and cell function.

The mutant gene responsible for Duchenne muscular
dystrophy (DMD) has been identified, as dystrophin.
The function of dystrophin is not fully understood
though it has been implicated in submembranal
architecture, as well as in calcium regulation. In the
absence of dystrophin, the pathological events of
DMD in response to calcium and calcium-dependent
protein kinases suggest a key role of protein kinase C
(PRC) in muscle cell death. Activation of PKC in
U937 leukaemic cells was accompanied by marked
alterations in the expression ol protein governing
apoptosis. These alterations were largely absent in the
PKC-deficient U937 subclone TUR'. This evidence
suggests key role of PKC in cell signaling machinery.

Molecular cloning has revealed that PKC is a
multigene  fumily encoding for closely related
serine/threonine specific protein kinases. Alignment
ol the predicted amino acid sequence led to
identification of 4 conserved (Cl to C4) and 5
variahle regions (V1 1o V5). On the basis of structural
difference. 4 sublamilies of isoforms have been
identified that include classical isoforms (c) o, BI, p1I
and y: novel isoforms (n) €, &, 0. and n/L: atypical
isoforms () € and /A; and mu isoform, (m) W/PKD.
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Novel and atypical subfamilies lack C2 region, which
contains the Ca**-sensitive site. The classical PKC
(cPKC) and novel PKC (nPKC) isoforms are
activated by diacylglycerol, phospholipid and phorbol
esters. However, calcium activates ¢PKC also, while
atypical PKC (aPKC) isoforms are activated by
phospholipids only. The conventional mechanism for
activation of Ca™'-dependent or independent PKC
enzymes involves receptor-mediated activation of
phospholipase C (PLC) and production of second
messenger, diacylglycerol (DAG); DAG binds to the
cystein rich C1 region in the NH-terminal regulatory
domain of the kinase. This leads to recruitment of the
kinase to the membrane and initiation of its activation
via complex mechanisms involving Ca™-binding (for
Ca**-dependent PKCs) and regulatory phosphoryl-
ation events™,

Individual PKC isoforms differ in their cofactor
requirements and tissue expression®. The specific
combination of 1soenzymes expressed in a given cell
may, therefore, determine the outcome of the PKC-
dependent response of that particular cell’. Protein
kinase C 0 (PKCO), a Ca*'-independent, phorbol ester

stimulated  and  phospholipid-dependent  nPKC
isoform.  which is  selectively expressed in
T-lymphocytes and skeletal muscle, has several

unique properties that attest to its important role in T-
cells and skeletal muscle”, The biological activity of
PKC enzymes is closely regulated by their subcellular
localization®, In the present study, the status of novel
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Kinuses, especially PKCO has been  assessed in
dystrophic muscle in order to know its importance in
the puthogenesis.

Materials and Methods

Tissie scomple

Educated consent from parents of patients under the
scrutiny ol the ethical committee of Nizam’'s Institute
o Medical  Sciences  (NIMS)., Hyderabad  was
[ollowed.  Skeletal musele tissues from 6 DMD
patients  were  obtained  from  diagnostic  muscle
biopsies. Normal human control muscle biopsies were
received  from 6 patients  undergoing  orthopedic
surgery  not related  to neuromuscular  disorders.
Control and disease patients were matched by age and

gender.,

Preparation of subeellular fractions

Muscle biopsy samples (=200 mg wet wi) from
control and DMD patients were homogenized in 5
volumes ol cold homogenizing bulfer A [20 mM Tris-
HCI buffer. pH 7.5 containing 250 mM sucrose, 1| mM
EGTA, 2 mM EDTA, 50 mM 2-mercapto ethanol, 2
mM PMSFE, 10 mM benzamidine, 10 pl/ml sodium
orthovanadate (100 mM) and 5% glycerol| using a
polytron homogeniser (Kinematic, Leuzemne) setting
at 5 to 15 sec burst (4x). The supernatant was ultra
centrifuged Tor 60 min at 100,000 x g and the
resulting supernatant (eytosolic fraction) was removed
andl stored at 4°C. The pellet was resuspended in the
homogenization  medium - containing 1% NP-40,
gently mixed for 45 min on ice and centrifuged at
LOO000 x g for 30 min. The resulting supernatant
wis the soluble particulate fraction.

Nuclear fraction was isolated from normal and
dystrophic muscle biopsy specimens as described’,
with certain modifications, Muscle specimens (200
mg  wet wi) were minced in 5 ml o ice-cold
homogenization buffer B (10 mM HEPES buffer, pH
7.5 containing 5 mM KCL, 10 mM MgCl,, 5 mM 2-
mercaptocthanol  and  0.32 mM  sucrose)  and
hiomogenized by polytron homogenizer (Kinematica,
l.uzerene) set at 5 to 30 see burst homogenization for
3 times. The homogenate was passed through four
lavers of cheese-cloth and liliered vsing a 100 mesh,
[50-micron standard sieve (Fischer Scientific). The
filtrate was centrifuged at 1000 % g for 10 min. The
crude  nuelear pellet was  resuspended by gently
triturating with 3.5 ml ol ice-cold homogenization
buller B contaming 2.4 M sucrose and centrifuged al

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 examined
under phase contrast microscope (10x)

Novel protein kinase C assays
PKC was partially purified from thz cytosolic and

particulate fractions  of  muscle™. Protein
concentrations  were  determined by Folin-Lowry
method.

nPKC assays were carried out in eytosolic and
particulate fractions of DMD and control muscle’.
The reaction conditions for assay contained 20 mM
Tris-HCl pH 7.5, 4 mM MgCl,, 100 uM ATP, 20
uCi/ml of [y“P] ATP, 160 pg/ml histone 1S, 80 nM
TPA, 50 pg/ml cardiolipin (CL) and | mM EGTA.
Aliquots of each sample (50 pl) were incubated with
above reaction mixture (final volume, 250 pl) and the
reaction was initiated by adding [y“P] ATP. Each
fraction was incubated for 5 min ar 30°C. The
reaction as stopped by adding 1 ml of ice cold TCA
(20% v/v) and 10 mM potassium monophosphate,
followed by addition of BSA (500 ug) as a carrier
protein. The mixture was centrifuged at 2500 % g tor
I5 min. The resulting pellet was solubilised with 1T N
NaOH followed by reprecipitation with TCA, Finally,
the pellet was dissolved in I N NaOH and its
radioactivity was counted by liquid scintillation,

Dmenaoblor analvsis of PKCO

Protein samples were prepared by solubilising the
nuclear and particulate fractions with SDS  und
reducing agents such as 2-mercaptoethanol  and
electrophoretically separated on 8% SDS-PAGE"
Following size separation, proteins were transferred 1o
nitrocellulose membrane by electroblotting''. The blot
was probed with polyclonal rabbit PKCO antibody
raised against carboxyl terminus of PRCO (Sunta Cruz
Biotechnology, USA) followed by anti rabbit 1gG
HRPO conjugate. Final detection was done by
enhanced chemiluminescence (Amersham Pharmacia
Biotech, USA), The blot was subjected 1o
autoradiography and developed after brief exposure.

Dot blor analvsis of PKCO expression

Isolation of total RNA was carried oul [fom muscle
hiopsy specimens of normal and DMD patients', the
amount of RNA isolated was 120 g per 200 mg welt
wt muscle. Northern blot analysis was carried out as
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described"’, Seriully diluted (10 to 0312 pg) total
RNA wus spotted on nitrocellulose membrane and the
amount of specific mRNA  was  determined by
hybridizing with radio labeled nPKCO gene specific
DNA probe. The intensity of hybridization signal on
awtoradiogram of normal and dystrophic muscle was
quantified by scanning densitometer.

Results and Discussion
Novel protein kinase C assay

The nPKC activity in eytosolic fractions of normal
und dystrophic muscles was 22349 and 9248 pico
moles/min/mg of protein, respectively. There was 2.4
fold decrease in nPKC activity in dystrophic muscle
(Fig. 1A). Decreased activity of PKC in group 1, 2

and 4 of DMD cytosolic fraction in the absence of

Ca™* confirms decreased activity of nPKC. The nPKC
activity in particulate  fraction  of  control  and
dystrophic muscles was 106212 and 30711 pico
moles/min/mg  of  protein, respectively. A 3-fold
increase in nPKC activity  has been observed in
particulate fraction of dystrophic muscle compared to
control (Fig. 1B). Increased activity of PKC in group
I. 2 and 4 of DMD particulate fraction, in the absence
of Ca™ confirms increased activity of nPKC.

The above results suggest that, in healthy condition,
nPKC isoforms are mostly present in cytosol of
muscle. As the muscular dystrophy progresses. most
ol the nPKC isoforms are located in the membrane
fraction. 1t implies that muscular dystrophy is
Characterized by the increased presence of nPKC
isoforms. Immuno-cytochemical staining of skeletal
muscle demonstrated that a large fraction of the

cytosol (data not shown). Translocation plays a key
role in signal transduction by individual PKC
isoforms'*.  Therefore, the ualterations in nPKC
location observed in our experiments could result in
modification of PKC-mediated signal transduction
and cell function.

Densitometric analysis of PKCO immunoblot

The increased association of novel isoforms to
membrane in DMD was further confirmed by Western
blot analysis. Novel protein Kinase represented by
PKCO, a predominant isoform from muscle was
monitored in solubilised muscle particulate or nuclear
fraction electrophoresed on polyacrylamide gel. The
specificity of the primary antibodies used in
quantification of PKC6O was evident from the
immunoblot showing a single 80 kD protein band
(Fig. 2A, B).

Densitometric analysis ol immunoblot shows that
PKCO (Fig. 3) was wanslocated highly to the
particulate fractions of dystrophic muscle (~629%)
than in normal muscle. In contrast, protein levels of
PKCo were high in cytosolic fractions of normal
muscle (~60%) than the dystrophic muscle (data not
shown). In case of nuclear fraction, PKCO content
wis high in dystrophic condition (~66%) than in
normal muscle. Analysis of PKCO expression at
protein level confirmed previous findings about its
unique expression profile in skeletal musele™™ .
Nuclear localization of PKCO in dystrophic muscle
also indicates distinet role for it in regulation of gene
expression, the transcription factors NF-kB and AP-1
being the primary targets of PKCO'". It was also

cellular PKCO is found in the cell membrane. while evident from denervated muscle cells when
the ubiquitously expressed PKCo was found in the  stimulated, that nuclear PKC is activated within
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Fig 1—Effect of Ca™*, phorbol ester and phospholipid on novel PKC activity of (A): cytosol fraction: (B): particulate fraction of Control
() and DMD (m) muscle [The kinase activity was assayed as deseribed in Materials and Methads, The concentration of the colactors was
0.6 mM Ca™: 50 pe/ml cardiolipin (CLY: and 80 uM TPA. Data are from 6 DMD patients and corresponding 6 control samples and are
expressed as miean £ SEM for the experiments (n=6) done in duplicate. Statistical significance, p<0.03]|
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2—hmmunoblol analysis of PRCO (A): in the particulate fractions and (B): in the nuclear fractions of control and dystrophic muscle

tissues [Solubilised fractions were separited on SDS-PAGE (8% gel), followed by electrphoretic transler to nitrocellulose membrane.
Euch membrane was incubated with polyelonal PKCO antibodies and immuno-reactive band was detected as described in Materials and
Methods, The mujor immungo-reactive bund corresponds 1o 80 kD PKCO isoform in the particulate and nuclear fractions. o, b, ¢, d
represent the different DMD and control samples subjected (o immunoblot analysis]

120
100 A
80 -
60 A
40 -
20 -
0 -

%Expression of PKC theta

Particulate fraction  Nuclear fraction

Fig. 3—Densitometrie scan ol bands in Fig. 2A and B (0), DMD;
(m) control. [Particulate and nuclear frachions were separated by
SDS-PAGE and transferred onto nitrocellulose membranes, which
were then probed with PRKCO antibodies as described in Materials
adl Methods. Maximal PRKCO  expression in the membrine
fractions ol dystrophic muscle was observed and taken as 100%
lor the purpose of comparison. Error bars indicate SEM (n=4).
Densitometric analysis of the autoradiograms was  performed
tsiny a4 computer-interfaced  ulirascan X Laser  densitometer
(LB, Sweden),

minutes through phosphorylation of myogenin protein
and shuts down myogenin dependent genes including
those coding Tor AchR subunits und for myogenin
itself'™. Similarly, in cultured muscle cells activation
leads 1o translocation of PKC to nuclei, which
ultimately decreases myogenin D and myogenin
mRNAs", Both the expression levels and distribution

of PKCO undergo changes along the process of
neuronal differentiation®. This increased association
of PKCO in membrane and nuclear [ractions could
have implications in  specific  modification of
physiology in dystrophic muscle.

Dot blot analysis of PKCO expression

Whether increased presence of PKCH in membrane
fractions, was due to increased new synthesis, was
probed by dot blot analysis of total RNA using
nPKCO gene probe. From densitometric signal with
respect to serially diluted total RNA (Fig. 4) from
control and dystrophic muscles it has been observed
that PKCO is expressed 2.25-fold more in dystrophic
muscle. The increased expression of PKCO has been
linear within the specific concentration range (2.5 o
0.625 wug) of total RNA. This unique expression of
PKCO in dystrophic muscle suggests that it may play
specialized role in dystrophic muscle death through
unrevealed signaling pathways. Previous studies have
reported the physiological role of PKCO in normal
skeletal muscle", while there have been no reports on
PKCO in dystrophic condition. Involvement of PKC
in diflferentiation of skeletal muscle. especially in
myoblast fusion, was suggested from studies with
chicken and mouse myoblast™ . Involvement ol
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Fig. 4—RNA dot blot of control (o) and dystrophic (m) muscle
[The nitrocellulose membriane contained serially diluted mRNA
from control and DMD muscle biopsy and hybridized with
radiolabelled nPKCO probe. Densitometric  scan was  made
through each dot. The graphical representation  shows  the
relationship between the amount of RNA in each dot and the area
under densttometrie peak of each dot This is o representative of
one experiment with DMD and normal muscle|

PKC in insulin-stimulated glucose transport of BC3H-
I myocytes was also reported™. In our experiment,
most of the novel PKC isoforms are translocated to
the membrane fraction. The increased association of
PKCO in particulate and nuclear fractions and
increased expression of PKCO 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 Cu™*-independent/cardiolipin stimulated activity
of PKC in partially purified enzyme is observed in
cylosolic and  particulate  fractions ol normal and
DMD muscles. A significant difference observed in
the cytosolic and membrane associated activities
between DMD and normal, suggests an enhanced
association of this novel protein kinase C to
membrune in disease. Quantitation by Western blot
analysis of the nPKCO showed that both membrane
and nuclear fractions recorded about 60% more of this
isoform in DMD muscle. Quantitation of PKCO
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-nove
synthesis of this kinase.

Acknowledgement

We acknowledge the gift of cDNA probe for PKCO
by S 1 Osada, Yokohama School of Medicine, Japan.
DV Narayan Kumar was a recipient of SRF from
CSIR.

References
I Meinhardt G, Roth J & Gabrila T (2000) Exre J Cell Binl 79,
824-833
Newton A C (1997) Cell Biol 9,161-167
Parckh D B, Ziegler W & Parker P 1 (2000) EMBO J 19,
496-503
Nishizuka Y (1995) FASEB J 9, 484-496
5 Meller N, Elitzur & Isakov N (199%) Cell lmmunol 193, 185-
193
6 Baier G, Telford D, Giampa L. Coggeshall K M, Bajer-
Bilterlich G, Isakov N & Altman A (1993) J Biol Chem 268.
4997-5004
7 Zahradka P, Larson E D & Sells B H (1989) Exp Cell Res
185, 8-20
8 Asada A, Zhao Y, Kondo S & lwata M (1998) J Biol Chem
273, 28392-28398
9 Huang K P, Chan K F J. Singh T ], Nakabayashi H & Huang
F L (1986) J Biol Chent 261, 12134-12140
10 Laesmmli U K (1970) Nature (London) 227, 680-685
11 Towbin H, Stachelin T & Gordon | (1979) Proc Nar Acid
Sei USA 76, 4350-4353
12 Chomezynik P & Succhi N (1987) Anal Biochem 162,
156-159
13 Osada § 1, Mizuno K, Saido T C, Sumki K, Kuzoki T &
Ohno 5 (1992) Mol Cell Biol 12, 3930-3938
14 Hauon J P, Gaubert F, Lewis M L, Darsel Y, Ohlmann P.
Cazenave J P & Schmitt D (1999) FASES J 13, §23-533
15 Chang J D. Raychowdary M K & Ware | A (1993) J Biol
Chem 268, 14208-14214
16" Mischak H, Bodenteich A & Kloch W (1991) Biochemistry
30, 7925-7931
17 Isakov N & Altman A (2002) Annw Rev lmmunal 200, 761-
794
I8 Li L, Zohou J, James G, Heller-Harrison R, Czech M P &
Olson N (1992) Cell 71, 1I81-1194
19 Laufer R, Klarsfeld & Chaeeux | P (1991) Enr J Biochem
202, 813-818
20 Sparatore B, Patrone M, Passalacqua M, Pedrazzi M,
Pontremoli § & Melloni E (2000) Biochem Biophys Res
Commun 279, 389-594
21 David J D. Faser C R & Perrat G P (1990) Dey Biol 139, 8Y-
0y
22 Vaidya T B, Weyman C W, Tecgarden D, Ashendel C L &
Tapsowsky E T (1991) 7 Cell Biol 114, 809-520)
23 Standaert M L, Farese R V, Pollet R J & Cooper D R (1988)
J Binl Chem 273, 8696-8705

fad 1





