Korean J. Zool. 34:131-141, 1991

Studies on the Differentiation of Skeletal Muscle Cells in vitro:
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Treating 12-0-tetradecanoylphorbol 13-acetate (TPA) or platelet-derived growth factor
(PDGF), the signal transduction of protein kinase C (PKC) is occurred by the phosphorylation.
However the targeting proteins phosphorylated by PKC were found to be different proteins in
molecular weights when TPA or PDGF was treated to the myoblast. In the TPA-treated
myoblast cells, the protein of Mr. 20 Kd was phosphorylated. In the PDGF-treated cells, the
protein of Mr. 40 Kd was phosphrylated, while the protein of Mr. 20 Kd which phosphorylated
in the TPA-treatment was dephosphorylated. These results indicate that not only TPA and
PDGEF are different in activating the signal transduction pathways, but also they may involve in
the down regulation of PKC during the long-term treatment. But PDGF gave rise more rapidly
down regulation than in the case of TPA.

Using immunocytochemical approach, two distinct PKC isozymes, PKC Il and PKC llI, have
been localized in cytoplasm and both cytoplasm and nucleolus, respectively. Therefore, the
expression of two types of PKC in the myoblast suggests that the isozymes of PKC may
involve in each different pathway of signal transduction or down-regulation.
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Protein kinase C is widely distributed in many
animals tissues (Jaken and Kiley, 1987; Nishizuka,
1986), as well as in the fibroblast cells (Fearon
and Tashijan, 1985; Skoglaund et al., 1985;
Girard et al., 1987). Protein kinase C is a mediator
of the transduction for extracellular signals that in-
duce phosphatidylinositol breakdown (Habenicht
et al.,, 1981). The activation of protein kinase C is
required Ca* ™, phospholipid and diacylglycerol.
PDGF (platelet-derived growth factor) that gener-
ates diacylglycerol leads to signal translocation of
cytoplasmic protein kinase C to membrane via
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PDGF-specific receptor. The translocated protein
kinase C is activated in the membrane. Nishizuka
(1983) demonstrated that the activation of protein
kinase C is prevented when phosphatidylinositol
breakdown was inhibited.

TPA (12-0-teradecanoylphorbol 13-acetate), a
well-known tumor promoter, has been revealed
to mimic the function of diacylglycerol to activate
the protein kinase C. TPA, however, activates
directly protein kinase C by-passing the agonist-
mediated increase of diacylglycerol. TPA give rises
the phosphorylation of protein kinase C associated
with the plasma membrane.

TPA or PDGF are thought to contribute to the
cell response, such as the onset of DNA replica-
tion via the phosphorylation of their targeting pro-
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teins by the phosphorylation of protein kinase C
(Berridge, 1984). Although alterations in the phos-
phorylation pattems by protein kinase C were in-
vestigated in many kinds of cells and tissues, it is
not quite evident in chick myoblasts. Therefore,
the present study deals with the signal transduc-
tion and signal translocation of protein kinase C
following treated with TPA or PDGF.

Materials and Methods

Primary Cell Culture

The 10th day chick embryos were purchased
from a local hatchery in Kim-hae city. The
embryos in egg shells were aseptically collected

and transferred into minimum essential medium
(MEM) in petri dishes and washed three times with
MEM. Under the dissecting microscope, the skin
and loose connective tissue of chick breast were
removed and pectoralis muscles were gently iso-
lated. The isolated muscles were minced with a
sharp knife and the minced muscle tissue was in-
cubated for 30 min at 36°C in MEM with trypsin
(1%). After incubation, the muscle fragments were
further loosened with repeated pipettings, washed
trypsin with MEM and finally cells were precipi-
tated by centrifugation. The myoblast cells were
filtered through Swany-Filter and transferred onto
the collagen treated culture flasks. After 10 min
incubation, the myoblast cells which were mainly
contained in the supernatant were collected and
cultured in 811 medium (100 ml of MEM, 12.5 ml
of horse serum, 12.5 ml of chick embryo extract,
and 1.25 ml of antibiotic-antimycotic) for 1 day.
And the next day, the culture medium was
changed from 811 medium to 8102 medium (110
ml of MEM, 125 ml of horse serum, 2.5 ml of
embryo extract, and 1.25 ml of antibiotic-anti-
mycotic).

Immunocytochemical Localization of Protein
Kinase C

Myoblast cells (1 x 10%) were seeded into wells
(1 cm? in collagen coated Lab-Tek chamber
slides, and were allowed to attach and grow for
24 hrs in the 811 medium. Then, the myoblasts
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were cultured for another 48 hours in the serum-
free 8102 medium. Upon the completion of cul-
ture, the serum-starved cells were washed three
times with serum-free MEM, and were further in-
cubated in MEM containing 200 nM of
12-0-tetradecanoylphorbol 13-acetate (TPA;
Pharmacia P-L Biochemicals) for 10 min, 20 min,
30 min, 1 hr, 6 hrs, 12 hrs, and 24 hrs or 5 ng/ml
of platelet-derived growth factor (PDGF, PDGF
Inc.) for 5 min, 10 min, 1 hr, 6 hrs, 12 hrs and 24
hrs. After incubation the cells were washed three
times with PBS-washing buffer for 5 min each.
The cells were then fixed with 2% formaldehyde
in PBS for 5 min at room temperature, were
washed three times for 15 min at room tempera-
ture, were washed three times for 15 min with
PBS and permeabilized with cold absolute metha-
nol for 5 min. They were washed three times with
PBS for 15 min and blocked with 2% bovine
serum albumin (BSA) in PBS for 1 hr. After com-
pletion of the above preparatory steps, the fixed
cells were immunoreated with the antibodies
against protein kinase C (185 or 186) in PBS con-
taining 2% normal goat serum and 0.5% Triton
X-100 for 24 hrs at 4°C. Following this reaction,
cells were washed four times with PBS for 20
min, and the bound antibodies were visualized fol-
lowing the protocols based on avidin-biotin-Texas
Red complex formation (Bayer and Wilchek,
1979; Guesdon et al., 1979).

Briefly, primary antibody treated cells were
reacted with biotinylated goat anti-rabbit IgG (2.5
mg/ml, BRL) in PBS containing 1% BSA and
0.05% Tween-20 for 2 hrs at room temperature.
They were then washed three times with PBS
three times for 15 min and reacted with 0.15%
streptoavidin-Texas Red in PBS containing 1%
BSA and 0.05% Tween-20, and washed twice
with PBS for 15 min, then washed finally with in
PBS containing 1% BSA. After the completion of
immunostaining, slides were mounted with 50%
glycerol in PBS, and viewed and photographed
with P800/1600 Kodak Ektachrome film under an
Olympus BH-2 microscope at x 400.

Autoradiography for Phosphorylation Study
The myoblast cells were initially cultured in
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MEM containing horse serum for 24 hrs. And w/
or w/o serum-treated cells were cultured for
another 48 hrs in phosphate-free MEM. Upon the
completion of culture, cell layer was washed with
serum- and phosphate-free (SPF) MEM and
scraped off the dish to harvest the cells. After brief
centrifugation, the pellet of cells was recovered
and incubated in SPF-MEM containing [**P]
orthophosphoric acid (200 z Ci/ml) for 2 hrs. The
32p_exposed cells were treated either with TPA
(200 nM) for 30 min, 1 hr, 6 hrs, 12 hrs, 24 hrs,
and 48 hrs or with PDGF (50 ng/ml) for 10 min,
6 hrs, 12 hrs, 24 hrs, and 48 hrs. After treatment
cells were breifly washed in PBS and homoge-
nized with Potter-Elvehjam homogenizer. The
homogenate was then centrifuged at 2,000 x g
for 20 min, and the nuclear pellet was discarded.
The recovered supernatant was sonicated in
homogenation buffer containing 50 mM Tris/HCI
(pH adjusted to 8.0}, 5 mM NaF, 2 mM sodium
vanadate, 2 mM phenylmethylsulfony! fluoride
(PMSF), 0.25 mg/ml aprotinin, 5 mM ethylenegly-
col bis (8 -aminoethyl ether)-N, N, N, N’'-tet-
raacetic acid (EGTA), 0.1 mM Dithiothreitol (DTT),
and 4 mM ethylenediaminotetraacetic acid
(EDTA). The part of sonicated homogenates
were taken as crude samples. And then the other
homogenates were centrifuged at 100,000 X g
for 1 hr. The supematants and pellets were taken
as cytosol and membrane fractions, respectively.
The membrane fractions were resonicated in
homogenation buffer containing 0.5% sodium
deoxycholate. After sonication, all samples were
subjected to SDS/polyacrylamide gel elec-
trophoresis. After the run, gels were stained with
coomassie brilliant blue R 250, destained, dried
and finally exposed to Kodak X-Omat AR film for
24 to 48 hrs. Molecular weight estimations were
made using the following markers: lysozyme (Mr.
14,300), B -lactoglobulin (Mr. 18,400), trypsi-
nogen (Mr. 24,000), bovine albumin (Mr. 66,000),
B -galactosidase (Mr. 116,000).

Isolation of Nuclei

To determine the localization of PKC in the
nucleus, the myoblast cells were treated with TPA
(200 nM) for 1 hr and then centrifuged at 10,000
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X g for 3 min. The pellet was suspended and
stayed in swollen buffer (10 mM Tris/HCI, pH 7.4
containing 10 mM NaCl, and 1.5 mM
MgCl,-6H,0) for 20 min. The swollen cells were
homogenized in the swollen buffer with Potter-
Elvehjam homogenizer. And homogenates were
centrifuged at 1,000 X g for 20 min. The pellet
were suspended and washed in 0.25 M sucrose in
buffer A (10 mM Tris/HCI, pH 7.4 containing 3
mM CaCl,-2H,0) and centrifuged at 10,000 X g
for 10 min. The crude nuclear and cytosol were
obtained. And the curde nuclear pellet was
homogenized in 2.2 M sucrose, centrifuged at
40,000 x g for 1 hr and homogenized in 0.25 M
sucrose in buffer A containing 1% Triton X-100.
After centrifugation at 1,000 X g for 20 min, the
nuclear pellet was rinsed twice with 0.25 M suc-
rose in buffer A without Triton X-100. Then the
pellet was used as purified nuclei.

Immunoblotting

The primary cultured, then serum starved-
myoblasts were treated with TPA (200 nM) for 1
hr. The nucleus and cytosol fractions were isolated
as samples according to the above mentioned
methods. The samples were electrophoresed on
the polyacrylamide slab gel, and transferred to nit-
rocellulose paper in the electrode buffer (20 mM
Tris-HCI, 150 mM glycine and 20% methanol).
After transferring the nitrocellulose paper was
saturated with 2% BSA and was incubated over-
night at 4°C with primary antibody (15 xg/ml).
The paper was washed in TBS (0.05 M Tris/HClI,
pH 7.5, 0.2 M NaCl, 0.5% bovine serum albumin
(BSA), and 0.1% Tween-20) and incubated with
biotinylated secondary antibody (biotinylated goat-
-anti-rabbit 1gG) for 4 hrs at 4°C. The incubated
paper was washed three times for 15 min with
TBS. Finally, it was incubated with streptavidin
conjugate horseradish peroxidase, followed by
4-chloro-1-napthol and hydrogen peroxide treat-
ment. The nitrocellulose paper was washed, dried
and photographed.
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Results

To determine the effects of the PKC and other
proteins in the cellular signalling system, the anti-
bodies against PKC were immunoreacted onto the
myoblasts after TPA and PDGF treatment. In this
experiment, we used two kinds of antibodies: the
antibody (185) against PKC type I and the anti-
body (186) against PKC type IIl.

In the normal chick myoblasts, PKC type Il was
mainly detected in the cytoplasm (Fig. 1), while
PKC type Il was localized in both cytoplasm and
nucleolus (Fig. 2). Also the multinucleoli were
clearly immunoreacted with the antibody 186.

In the TPA-treated myoblast for 1 hr (Fig. 3),
any phenomenon of the translocation of protein
kinase C, type Il or type Ill, was not clearly
observed. The labeling of antibody 186 (type IlI)
was also found on the nucleoli within the nucleus
comparable to control. Especially, the high-level
immunoreactivity appeared in the nucleoli. How-
ever, the protein kinase C did not migrate into the
nucleus from the cytoplasm.

In the TPA-treated cells for 12 hrs, the im-
munoreactivity of antibody (186) in the cytoplasm
was lower than that of 1 hr-TPA treated-cells (Fig.
3) because the cytoplasmic protein kinase C level
began to decrease (Fig. 4). Also, the level of type
Il protein kinase C, in the cytoplasm began to
decrease as well as type IlI. Those results suggest
that TPA treatment causes the down-regulation of
protein kinase C between 1 hr and 12 hrs. On the
contrary, the immunolabeling of nucleoli, was
even more distinct and the pattern maintained
continuously. In the TPA treated-cells for 24 hrs
(Fig. 5), the antibody 186 was weakly labeled
cytoplasmic protein kinase C. The immunolabeling
was not changed to decrease or increase in the
nucleoli. In the TPA treated-cells for 48 hrs (Fig.
6), the protein kinase C was severely decreased in
the cytoplasm. The cytoplasmic protein kinase C
in this time had maintained the lowest level in the
immunoreaction than that in other treated times.
But no nucleolar changes in the immunoreactivity
were observed.
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In order to clarify in which kinds of proteins
show the phosphorylation or dephosphorylation
according to the time course, myoblast cells were
labeled with *?P. In the 20 min-TPA-treatment
(Fig. 7), only the protein kinase C, 80,000 dalton,
was phosphorylated although most other proteins
were not phosphorylated at this time.

In the 6 hrs-TPA-treated cells, the protein of
20,000 dalton was phosphorylated as shown in
Fig. 8.

In the myoblast cells treating with PDGF for 10
min (Fig. 9), there were two kinds of phosphory--
lated protein patterns, Mrs. 80,000 and 40,000 in
the cytosol fraction. The protein pattern of Mr.
20,000 showed dephosphorylation.

In the PDGF-treatment cells for 6 hrs (Fig. 10),
the dephosphorylation was revealed not only in
the protein kinase C of Mr. 80,000, but also in the
proteins of Mrs. 35,000 and 40,000 which showed
the phosphorylation in the 10 min treated-cells.
The most proteins were degraded. This phe-
nomenon of degradation may be the down-regu-
lation.

Fig. 11 shows the bands of protein kinase C,
type Ill, by immunoblotting. The band of the en-
zyme was occurred in the cytoplasm (Lane 1), and
in the nucleus fraction of control group (Lane 2).
The enzyme of protein kinase C in the nucleus
was revealed smaller quantity than that of cyto-
plasm. In the TPA-treated cells for 1 hr, the band
of cytoplasmic enzyme (Lane 3) was similar to that
shown in control group. At this time, the band of
the nuclear enzyme was more increased than that
of the nucleus of control group.

The protein kinase C, type IlI, was not clearly
detected the migration from cytoplasm to nucleus
by using immunofluorescent method although the
protein kinase C was immunolabeled in the nuc-
leolus in control group. In the immunoblotting,
however, the protein kinase C in the nucleus frac-
tion was slightly increased when myoblast cells
were treated with TPA for 1 hr although the in-
creasing of nucleolar PKC was apart from the
reason.
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Figs. 1 and 2. Inmunofluorescent photomicrographs. Fig. 1. Normal myoblasts reacted with antibody
against PKC type II. The enzyme is located in cytoplasm. Fig. 2. antibody against PKC type Il was
reacted in normal myoblasts. The enzyme is detected both in the nucleoli and cytoplasm.
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Figs. 3-6. Immunofluorescent photomicrographs of the TPA-treated myoblasts. Fig. 3. TPA-treated cells
for 1 hr. These is no evidence that the type Il enzyme is not migrated into the nucleus. But the
immunolabeling is investigated only in the nucleolus. Fig. 4. TPA-treatment for 12 hrs. Note the clearly
labeled nuclei with antibody 186. Fig. 5. TPA-treated cells for 24 hrs. The immunoreaction is distinctively
present in the nucleolus, but the enzyme is degraded in the cytoplasm. Fig. 6. TPA-treated cells for 48
hrs. The enzyme was almostly degraded in the cytoplasm, but the immunoreactivity of nucleoli existed.
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Fig. 7. The cytosolic fractions of the myoblast cells
were treated with and without TPA for 20 min. A is
the control group without TPA treatment. B is
TPA-treated group for 20 min. The protein kinase C
of Mr. 80,000 took place phosphorylation, but there
was not occurred any phosphorylation of other pro-
teins in B lane.

Discussion

The involvement of PDGF as agonist on the
PDGF-specific receptor induces the phospholi-
pase C (PLC) that catalyses the hydrolysis of
phosphatidylinositol 4,5-bisphosphate
(PIPs)(Berridge, 1984} to form the potential
second messengers inositol 1,4,5-triphosphate
(IP3) and diacylglycerol (DAG)(Berridge, 1987,
Rozengurt, 1986). Blumberg and co-workers
(1984} have shown that DAGs, natural activators
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Fig. 8. The cytosolic fractions of the myoblast cells
treated with and without TPA for 6 hrs. A is the
control group, and B is the TPA-treatment group.
The protein of Mr. 20,000 was phosphorylated only.

of protein kinase C, competitively inhibit phorbol
ester binding, which is consistent with their being
the postulated endogenous phorbol ester analogs.
The phorbol esters are tumor promotors (Ander-
son et al, 1985; Frantz et al., 1979; Sivak and
Van Duuren, 1967). The hydrolysis of polyphos-
phoinositides, Ca™* mobilization and the increase
of DAG induced the activation of PKC. Kishimoto
and co-workers (1980) have postulated that PKC
is a mediator of signal transmission.

The signal transduction system of raf in which
effects of TPA or PDGF can be observed in
NIH3T3 cells has been previousely demonstrated
by us from the cytoplasm to nucleus in the raf-
transformed NIH3T3 fibroblast (Rapp et al., 1988).
The protein kinase C has been shown a serine/
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Fig. 9. The cytosolic fractions of the myoblast cells
treated with and without PDGF for 10 min. A is the
control group without PDGF treatment. B is the
PDGF-treated group for 10 min. The proteins of
Mrs. 40,000 and 80,000 daltons were phosphory-
lated, but the protein of Mr. 20,000 was dephos-
phorylated in the B lane.

threonine-specific protein kinase (Gilmore and
Martin, 1983; Schwantke et al.,, 1985) and con-
tained a characteristic cystein-rich sequence in
regulatory domain similar to those of raf protein
kinase (Bonner et al., 1986; Parker et al., 1986;
Tahira et al., 1987).

During the differentiation of the myoblast of
chick embryo, PKC is generally distributed in the
cytoplasm. But in the results of this study, a kind
of the isozymes of the protein kinase C was distri-
buted both in the cytoplasm and the nucleolus:
the immunoreactivity of the antibody 186 was
occurred in the nucleolus and the cytoplasm,
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Fig. 10. The crude fractions of the myoblast cells
treated with and without PDGF. A is the control
group without PDGF treatment with for 10 min. B is
the PDGF-treated group for 10 min, and C is
PDGF-treated group for 6 hrs. After 10 min-
PDGF-treatment, the proteins of Mrs. 35,000 and
40,000 were mainly phosphorylated in the B lane,
while most proteins were dephosphorylated in the
C lane atter 6 hr-PDGF-treatment.

while the antibody 185 did not immunoreact with
the nucleclus. The antibody 185 was occurred
only the cytoplasm of the myoblast. During the
differentiation of myoblast, the phenomenon of
translocation of the PKC type II from cytoplasm
into nucleus was very difficult to detect by treating
with TPA or PDGF by using immunofluorescent
method. It seems to indicate that the PKC type I
may not be involved in the translocation of itself
into the nucleus by TPA or PDGF. However, the
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Fig. 11. Immunoblotting of PKC type III in the myob-
lasts treated w/ and w/0 TPA for 1 hr. Lane 1 is the
cytosolic fraction of the control group. The immuno-
labeled enzyme is occurred in this cytosolic fraction.
Lane 2 is the nucleus fraction of the control group. The
immunolabeled enzyme is also revealed, but the quantity
of the enzyme is less than that of the cytosolic fraction.
Lane 3 is the cytosolic fraction of TPA-treatment for 1
hr. Lane 4 is the nucleus fraction of TPA-treatment for 1
hr. The immunoreacted enzyme in the nucleus fraction
existed much more than that in the nucleus fraction of
the control group.

antibody 186 against the PKC type Il was very
intensely immunolabeled by PDGF-treatment in a
time-dependent manner. It may suggest that a
same region of amino acids sequences of PKC
type Il may locate in the nucleolar protein, or
precursors of the enzyme may be produced from
nucleolus.

In 32P-labeled myoblast cells of chick embryo,
PKC of Mr. 80,000 is constitutively autophos-
phorylated in TPA-treated for 20 min. The PKC
type Il requires much more quantity of Ca*t*
ions than other types of PKC for the activation.
Subsequently, PKC give rises phosphorylation to
the targeting protein. Such being the case, the
phosphorylation of the targeting protein (Mr.
20,000) which was induced by the influence of
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the phosphorylation of PKC taken place at least 6
hrs later in TPA-treatment. In the PDGF treated-
myoblast, the targeting proteins (Mrs. 35,000 and
40,000) were already phosphorylate at 10 min.
The reaction pathway of PDGF runs complicately
via receptor of PLC to produce IP; and DAG
{(Nishizuka, 1986; Smith and Stiles, 1981). The re-
sponse of the phosphorylation by PDGF-treat-
ment was more rapidly proceeded than that of
TPA-treatment although TPA reacts directly to the
PKC (Castagna et al., 1982; Nishizuka, 1984,
Takai et al., 1985). It may suggest that in
PDGF-treatment, I[P, makes the relasing of Ca* '
from endoplasmic reticulum, and Ca* * then may
directly effect to PKC. While TPA may not directly
and rapidly stimulate to produce Ca* * in order to
activate PKC. But in the normal condition of cell,
the Ca** may be contained enough quantity in
the cytoplasm for the activation of PKC.

The phosphorylation of the protein of the Mr.
20,000 was decreased 10 min later in the
PDGF -treatment. It is indicated that protein phos-
phatase may give to dephosphorylation of Mr.
20,000 because the activation of protein phospha-
tase was induced by Ca*™" ions (Burnham et al.,
1986). But the most proteins are also dephos-
phorylated 6 hours later. The dephosphorylation
has been shown a down-regulation. In general,
down-regulation (Young et al., 1987) is caused by
long-term over-expressed cell condition of effec-
tors (TPA or PDGF). The protein kinase C which
existed in the cytoplasm is bound with phospha-
tidylserine of the membrane, Ca**, DAG, and
then activated (Fearon and Tashjian, 1985; Hirota
et al., 1985; Kraft and Anderson, 1983). At this
time, the regulatory- and catalytic-domains are di-
vided from the PKC by a specific protease that
preferentially proteolyses the membrane-bound
enzyme (Kishimoto et al., 1980) which was acti-
vated by Ca* *. The antibody recognizing the reg-
ulatory-domain fragment of PKC was not obser-
ved in the cytoplasm except the membrane, while
the catalytic domain fragments were detected in
the cytoplasm (Parker et al., 1986). It may happen
that the activated catalytic domain goes to the
cytoplasm and may give a certain signal into the
nucleus via a mechanism of other enzyme path-
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way or activates a certain targeting protein for cell
responses. For this above reason, the intact pro-
tein kinase C in the cytoplasm showed the de-
gradation phenomenon. Thus, the down-regulat-
ion is effected through the degradation of the
cytoplasmic intact protein kinase C. It appears
then that the presence of TPA as tumor promotor
or PDGF as growth factor leads to an increased
rate of degradation of the intact PKC in the im-
munofluorescent experiment. Thus, down regula-
tion of PKC may be due to increase degradation
of the polypeptide.

In conclusion, the results of the present study
suggest that the proteins which were phosphory-
lated under the influence of the active PKC may
inhibit or block the over-expressed role of a cer-
tain mechanism in order to turn to the normal
condition of cell, that TPA and PDGF activate
largely separated phosphorylation pathway in this
myoblast. Also, in this result the PKC may be not
directly migrate into the nucleus, but the signal
transduction of PKC may take place through other
complicated pathways from the cytoplasm to the
nucleus.
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