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Abstrad

Human rhabdomyosarcoma RD cells express the
myogenic regulatory fadors MyoD and myogenin but
differentiate spontaneously very poorly. Prolonged
treatment of RD cells with the protein kinase C (PKC)
adivator 1 2-O-tetradecanoylphorbol-1 3-acetate (TPA)
induces growth arrest and myogenic differentiation as
shown by the accumulation of a-adin and myosin light
and heavy chains, without affeding the expression of
MyoD and myogenin. In this study, we show that short-
term phorbol ester treatment of the cultures is sufficient
to trigger myogenic differentiation but not growth
arrest. Furthermore, PKC inhibitors, such as
staurosporine or calphostin C, prevent TPA-induced
differentiation but not cell growth arrest. These data
suggest that the two events are mediated by different
pathways; a possible interpretation is that the adivation
of one or more PKC isoforms mediates the indudion of
differentiation, whereas the down-regulation of the same
or different isoforms mediates the growth arrest. To
address the mechanism whereby TPA affeds cell growth
and differentiation in RD cells, we first analyzed PKC
isoenzyme distribution. We found that RD cells express
the a, �i1, 7, and � PKC isoenzymes. Only the a isoform
is exclusively found in the soluble fradion, but it
translocates to the membrane fradion within 5 mm of
TPA treatment and is completely down-regulated after 6
h. The other isoenzymes are found associated to both
the soluble and the particulate fradions and are down-
regulated after long-term TPA treatment. By
immunofluorescence analysis, we show that the PKC a
down-regulation is specific for those cells that respond
to TPA by adivating the muscle phenotype. We propose
that TPA-induced differentiation in RD cells is mediated
by the transient adivation of PKC a, which adivates
some of the intracellular events that are necessary for
MyoD and myogenin transading adivity and for the

indudion of terminal differentiation of RD cells. By
contrast, the constitutively adive � and � are
responsible for the maintenance of cell growth, and
their down-regulation is responsible for long-term
TPA-induced cell growth arrest.

lntrodudion

Rhabdomyosancomas are a class of myoblast-denived soft
sarcomas that primarily affect children and young adults (1).
They undergo an abortive myogenic differentiation, al-
though they express some of the MRFs3 (2, 3). These factors
belong to the helix-loop-helix family oftranscniption factors
and are characterized by the ability, upon transfection, to
convert nonmyogenic cells to the muscle phenotype (4-8).
Because of these features, they are considered “master
genes,” and their expression in cells where no on very little
myogenic differentiation occurs, such as rhabdomyosanco-
mas, appears to be paradoxical. Similar to the in vivo
counterpart, the human rhabdomyosarcoma cell line RD
undergoes a limited and abortive myogenic differentiation,
although it expresses the MRFs, MyoD and myogenin
(9-1 2). Treatment of RD cells with phonbol esters, such as
TPA, induces growth arrest and myogenic differentiation
without modifying the pattern of expression of the negula-
tory genes (1 0, 1 1 ). The myogenic program is activated in
the RD nuclei when RD cells are fused with C3H1OT1h
mumine fibnoblasts (1 2). These data suggest that the suppres-
sion of differentiation in these cells is due to mechanisms

that interfere with the activity of the MRFs, downstream
from their expression. This suppression can be removed by
TPA, probably by activation of events that results in the
formation of an active transcriptional complex containing
MyoD and/or myogenin.

Since TPA is a potent activator of PKC (1 3), it is conceiv-
able that alterations in the activity of this enzyme can play
a major role in controlling the differentiation of RD cells.
The PKCs constitute a family of senine/threonine protein
kinases that appear to be involved in different cellular pro-
cesses, such as growth and differentiation (1 4). To date, 1 1
different isofonms have been identified and cloned. They
can be divided into two major groups: the conventional
calcium-, phospholipid-dependent PKCs (conventional
PKC a, � 1�2’ and y) and the novel calcium-independent
PKCs (novel PKC 8, #{128},�, �, 0, A, and p; reviewed in Refs. 14
and 1 5). Some of the novel PKC isoforms, such as the �, A,
and p isoforms, are TPA independent (1 4, 16, 1 7). These
different isoenzymes have been shown to exhibit differen-
tial tissue distribution and cellular localization; whereas the
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a, 13, & and � isoenzymes are widespread, others, such as y,
TJ, and 0, are restricted to one or few tissues (18), and
multiple isoenzymes are often found in a single cell type
(1 8, 1 9). To date, very little is known about substrate spec-
ificity among the different isoforms, but increasing data are
being collected about specific biological roles in different
systems (1 5). For example, it has been shown recently that
PKC a and 6 are involved in the TPA-induced myeloid
differentiation, whereas �2 is involved in the control of
proliferation in erythroleukemia cells (20, 21).

To address the mechanism whereby TPA affects differen-
tiation and growth of RD cells, we analyzed the involve-
ment of the individual PKC isoenzymes. We present evi-
dence that the transient activation of PKC a is responsible
for the induction of differentiation, probably mediating
posttranslational modifications necessary for the induction
of the myogenic program. By contrast, the down-regulation
of PKC f3� and � may be relevant to the TPA-induced growth
arrest.

Results

Phorbol Ester-induced Differentiation Requires a Short-
term Treatment and Activation of Protein Kinase C. Myo-
genic differentiation of RD cells was induced by a short
exposure to the phorbol ester PDBu. PDBu has similar
biological effects on cultured cells but is more hydrophilic
than TPA and, therefore, it is easier to remove from the cells
(22). RD cells were treated with 100 nM PDBu for 2 h and
then washed and cultured for an additional 6 days without
PDBu. The cells were then fixed and analyzed for myosin

expression by using the anti-skeletal myosin heavy chain
mAb MF2O in an immunoperoxidase assay (Fig. 1). Total
number of nuclei and the number of nuclei in myosin-
positive cells were evaluated in each condition from differ-
ent experiments, and the data are summarized in Table 1.
The phonbol ester-induced decrease in number of total
nuclei is due to inhibition of cell growth since [3Hlthymi-
dine incorporation is inhibited and cell death rate is not
affected in this condition (10). Moreover, the induction of
myogenic differentiation is likely to be at the transcriptional
level since, by Northern blot analysis, accumulation of
muscle-specific transcripts is observed as early as after 24 h
of TPA treatment (1 1 ). As shown in Table 1 , a short-term
(2-h) PDBu treatment is sufficient to significantly increase
the number of myosin-positive cells when compared to
control cells (Fig. 1 , a and b; Table 1 ). By contrast, this
short-term PDBu treatment does not inhibit cell prolifera-
tion, while long-term (6-day) treatment does (Fig. 1 , b and
C; Table 1 ). As a result, both short- and long-term PDBu
treatments result in the same number of myosin-positive
cells; however, these cells represent a small percentage of
the total cell population in the 2-h PDBu experiments and
a much larger proportion in long-term PDBu treatment
experiments. These data suggest that the early events in-
duced by PDBu are responsible for the expression of the
differentiated phenotype, whereas later events, induced by
prolonged PDBu treatment, are responsible for the inhibi-
tion of cell proliferation.

An important question is whether growth arrest alone will
result in an increased number of myosin-expressing cells.
To address this question, RD cells were treated for 2 h with
mitomycin C, a known inhibitor of cell proliferation, and
then the cells were analyzed for myosin expression after an
additional 6 days in culture, in the presence or absence of
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Fig. 1. Immunostaining of myosin heavy chain with the MF2O mAb in RD

cells cultured for 6 days. a, control cells; b, cells treated for 2 h with 100 ma
PDBu and then cultured for 6 days in the absence of PDBu; c, cells treated
for 6 days with 100 ma PDBu. Bar, 50 pm.

TPA. As shown in Table 1 , no increase of myosin-positive
cells in mitomycin-anrested cells on enhancement of the
TPA-induced differentiation was observed. The proportion
of myosin-positive cells, in the absence of TPA, appears
slightly higher than in control cells, since the entire cell
population is irreversibly growth arrested.

PDBu, as well as TPA, is known to act through PKC.
Phonbol esters initially stimulate PKC, whereas they down-
regulate the enzyme after prolonged exposure (23, 24). To
investigate whether the TPA-induced differentiation is de-
pendent upon PKC activation on down-regulation, we
treated RD cells with known PKC inhibitors. We used two
different PKC inhibitors (25). Staurosponine was used at a
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Fig. 2. Effect of PKC inhibitors on proliferation and differentiation of
RD cells. RD cells were cultured for 6 days in the absence (hatched bars)

or presence #{149}of 1 00 nsi TPA, with 1 nsi staurosporine or 100 ma cal-
phostin C as indicated. Total number of nuclei at the end of incubation was
evaluated for each condition (top panel). The percentage of nuclei in myo-
sin-positive cells was established by MF2O immunoperoxidase assay. Data
represent the average of at least three different experiments; bars, SD.
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Table 1 Effect of PDBu and Mitomycin C treatment on proliferation and
differentiation of RD cells

RD cells cultured for 6 days at the indicated conditions were evaluated for
total number of nuclei and the number of nuclei in myosin-positive cells. The
values represent the average of at least three different experiments (± SD).

. Nuclei in myosin-positive
Total nuclei

Treatment cells
Nuclei x i03/cm2 Nuclei x iO3/cm2 %

Control 1 36.0 ± 25.0 1 .2 ± 0.60 0.8
PDBu, 2h 1 38.0 ± 24.0 4.3 ± 0.70 3.1

PDBu,6days 13.0±3.0 4.2±0.80 33.0
Mitomycin C, 2 h 3.5 ± 0.3 0.1 ± 0.01 2.5

Mitomycin C, 2h, + 3.7 ± 0.5 0.8 ± 0.01 22.0

TPA

concentration where it preferentially inhibits PKC (1 nM).

Calphostin C (1 00 nM), a more specific PKC inhibitor, was
also used. The cellswere treated with these inhibitorsin the
presence or absence of TPA, and after 6 days in culture,
were analyzed for the expression of skeletal myosin by
immunocytochemistry. Total number of nuclei and the pro-
portion of nuclei in myosin-positive cells are summarized in
Fig. 2. The results demonstrate that both PKC inhibitors, by
themselves, partially induce growth arrest but prevent the
TPA-induced myogenic differentiation. Taken together
(Figs. 1 and 2), these data demonstrate that the induction of
differentiation and the growth arrest effects are independent
events, regulated by different pathways. TPA-induced dif-
ferentiation may require activation of PKC, whereas the
inhibition of cell proliferation may be mediated by its
down-regulation.

TPA Induces a Rapid Translocation of PKC a to the
Particulate Fradion. To determine which PKC isoform(s)
may mediate the differentiation response in RD cells, we
first determined which isoenzymes are expressed in these

cells. Western blot analysis revealed that the RD cells con-
tamed PKC a, � y, and � (Fig. 3, Lanes 1). The apparent
molecular weights of these immunoreactive bands were
similar to those of lysates from mouse brain (Fig. 3, Lanes 2).
The specificity of the bands was ensured by preincubating
the antisera with an excess ofthe specific antigenic peptides
(data not shown). These findings provide evidence that PKC
a, 13�, y, and � are expressed in the RD cells.

It is known that PKCs in their inactive form are found in
the soluble fraction, whereas the active forms are associated
with the particulate fraction (26, 27). We, therefore, treated
the cells with TPA for different periods oftime and analyzed
the distribution of each isoform in the soluble and particu-
late fractions. Fig. 4 shows that the a isoform is accumu-
lated in the soluble fraction in untreated cells but translo-
cates to the particulate fraction within 5 mm of TPA
treatment. In this particulate fraction, a lower molecular
weight band (Mr 72,000) is also evident in the 1-h treatment
sample. The appearance of this Mr 72,000 form is blocked
by preincubation of the antisera with the antigenic peptide
(data not shown), thus suggesting that this band represents
a proteolytic fragment. The presence of the a isoform in the
particulate fraction is maintained for up to 6 h, after which
it disappears from this compartment (Fig. 5). These results
were obtained by using two different anti-PKC ct-specific
antisera (see “Materials and Methods”).

Compared to PKC a, PKC � is located in both the soluble
and the particulate fraction of RD cells (Fig. 5). Within 24 h

of TPA treatment, the accumulation of the � isoform in the
particulate fraction is almost unaffected, while it slowly
decreases in the soluble fraction. By contrast, prolonged
treatment with TPA (72 h) induces a significant loss of PKC

13� in the particulate fraction, but, at this time of treatment,
it is still detectable in the soluble fraction (Fig. 5). In this
fraction, a lower molecular weight band is also detectable,
whose nature is still not understood. The y isoform is
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Fig. 3. Western blot analysis of PKC isoforms in total RD cell lysate. Equal
volumes of PKC-enriched DEAE-eluted sample (prepared as described in
“Materials and Methods”) were loaded on each lane. Lane 1, RD cells; Lane
2, total brain lysate (used as control). The specificity of the bands was
determined by electrophoretic mobility and competition using an excess of
the specific immunogen peptide (data not shown).

Fig. 4. Western blot analysis of fractionated lysates from RD cells cultured
for 5 mm to 1 h in the presence of TPA. The blots were incubated with the
anti-PKC a antiserum. Arrow, the M, 80,000 PKC a immunoreactive band.
5, soluble fraction; P. particulate fraction.

expressed at a very low level and is not affected by TPA
treatment (not shown). The � isoform, which is known to be
TPA insensitive, is also found to be present in both the
particulate and soluble fraction of control cells.TPA treat-
ment induces a loss of PKC � in the particulate and in the
soluble fraction by 24 and 72 h, respectively (Fig. 5). Den-
sitometnic analysis of these results is shown in Fig. 6. Only
the specific bands indicated by the arrows in Figs. 4 and 5
were included in this analysis. For each PKC isoform, the
densitometnic data of each time course (soluble on particu-
late) were normalized by assigning a value of 1 00% to the
densest band. The observed association of PKC f3� and � to
the particulate fraction in untreated cells suggests that these
isoforms may be constitutively active and may, therefore,
account for the high proliferation mate of these cells. The
slow and progressive loss of these isoenzymes in TPA-
treated cells (relative to PKC a) may represent the late event
responsible for the TPA-induced growth arrest.

Down-Regulation of PKC a Is Specific for the Differen-
tiated Rhabdomyoblasts. Since only a part of the RD cell
population differentiates after TPA treatment (1 0, 1 1 ), we
performed double immunofluorescence analysis to estab-
lish a possible correlation between the TPA-induced differ-
entiation and the effect on PKC a expression. RD cells were
cultured for 6 days in the presence or absence of TPA and
analyzed for the expression of PKC a and skeletal myosin by
double immunofluorescence. Fig. 7 shows that PKC a is

Discussion

PKC is known to be involved in a variety of pleiotropic
processes, such as cell proliferation and differentiation (14).
TPA represents one of the major activators of this family of
kinases, but long-term TPA treatment induces desensitiza-
tion and down-regulation of PKC (23). In many cell types,
including fibroblasts (23, 29), T lymphocytes (24) and myo-
blasts (30, 31), TPA induces cell proliferation. By contrast,
TPA has been shown to induce differentiation in leukaemia
cell lines, such as HL6O (32) or K562 (33), and in the human
rhabdomyosarcoma cell line RD (1 0). These opposite pro-
liferative and differentiative effects induced by TPA may
depend on the different cellular environment. Since TPA
acts via PKC and up to eleven different isoenzymes have
been described to date (1 4, 1 5, 18), it is conceivable that
the differenteffects induced by TPA in differentcell types
may depend on the PKC isoenzymes expressed. The acti-
vation or down-regulation of specific isoforms may selec-
tively mediate these proliferative or differentiative effects.

The human rhabdomyosarcoma RD cells undergo limited
and abortive myogenic differentiation, although they ex-
press correctly the MRFs MyoD and myogenin (9, 1 1, 12).
Furthermore, both MyoD (1 2) and myogenin4 are able to
bind their specific DNA consensus sequences, but their
transacting activity is abolished. TPA treatment induces
growth arrest and myogenic differentiation without modi-
fying the expression (1 1) and the DNA-binding activity” of
these factors. It is known that the transacting activity of
these factors depends on their interaction with other DNA-
binding factors, some of which have been identified and
others are still unknown, that enhances their transcriptional
activity (34-36). It can be postulated that posttranslation
modifications, induced by TPA via specific PKC isoen-
zymes, may trigger the formation of an active multicompo-
nent transcriptional complex.

We show in this study that short-term treatment with
phorbol esters is sufficient to activate myogenic differenti-
ation, but not growth arrest, in the RD cell population. We
do not know whether the entire cell population or only
those cells that are not committed to differentiate continue
to proliferate after removal of the phorbol esters. Although
the percentage of differentiated cells (relativeto the total
cell population) is different as the result of short- versus
long-term phorbol ester treatment, their absolute number is
equivalent. It is possible that only those cells that are in a
particular status (i.e., cell cycle stage) respond to the phor-
bol esters activating the differentiation program. However,
we can exclude that it may be a consequence of previous
exit from the cell cycle since mitomycin-amrested RD cells
do not spontaneously differentiate or respond more effi-
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Fig. 5. Western blot analysis of

fractionated lysates from RD cells
treated for different periods of

time with TPA and incubated with

the specific anti-PKC antisera as
indicated. Arrows, the specific - � .
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ciently to TPA treatment. The possibility of heterogeneity of
the cell population seems to be ruled out by the observation
that repeated subcloning of RD cells yields constant num-
bers of cells differentiating in response to TPA (1 0). Further-
more, the PKC inhibitors staunosponine on calphostin C
prevent TPA-induced differentiation but not the inhibition
of cell proliferation. These data suggest that activation of
PKCs (an early TPA-induced event) is involved in the TPA-
induced differentiation of RD cells, whereas their down-
regulation (a late TPA-induced event) may be responsible
for the growth arrest. Uncoupling of growth arrest and
differentiation in dexamethasone-treated RD cells has also

been reported (37). Two possibilities can be hypothesized:
(a) specific PKC isofonms are responsible for the two types
of response; and (b) the activation of the same PKC iso-
form(s) is involved in the regulation of the differentiation
pathway, whereas its down-regulation is responsible for the
inhibition of cell proliferation observed as a result of long-

term phonbol ester treatment. We show that RD cells ex-
press four (a, � , y, and �) of the eight PKC isoforms that we
have screened. Among these, the a isoenzyme is localized
in the soluble fraction of the nuclei of control RD cells,
indicating that it is probably in its inactive form (26, 27). By

comparison, we find that the � and � isoenzymes are
present in both soluble and particulate fraction. In particu-

Ian, these two isofonms are prominent in the particulate
fraction, indicating that they are probably constitutively
active in nonstimulated cells in our culture conditions.
However, both these isoenzymes are down regulated after
long-term TPA treatment, although with different kinetics,

with no evidence of any TPA-induced membrane translo-
cation. In contrast to PKC f3� and �, translocation of PKC a
is very rapid, and it occurs within 5 mm of TPA exposure.
The PKCa translocation is maintained for up to 6 h; then the
isoenzyme is no longer detectable in either the soluble or
the particulate fraction. These data suggest that TPA treat-
ment induces transient activation of this isofonm, which is
controlled at the protein level since the PKC a mRNA
accumulation is not affected by prolonged TPA treatment
(1 0). Since myogenic differentiation of RD cells is activated

by early events induced by TPA, we propose that the
transient activation of PKC a mediates the diffenentiative
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S � � Wetsel, unpublished observations.

Fig. 7. Double immunofluores-
cence analysis of RD cells cultured

for 6 days in the absence (a and b) or
presence (c and d( of TPA and

stained with the anti-PKC a-specific

antiserum (a and c( and the myosin

heavy chain MF2O mAb (b and d).
Arrow (c and d(, one cell that is PKC
a positive and myosin negative in
the TPA-treated cell population.

Bar, 10 pm.
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effect. Its long-term down-regulation should be a conse-
quence of the induction of the differentiation pathway,
since loss of PKC a immunoreactivity is specific for those
cells that differentiate upon TPA treatment. The j3� isoform
is normally activated in RD cells, and long-term TPA treat-
ment induces its down-regulation. This event may be re-
sponsible for the TPA inhibition of proliferation, and its
constitutive activation in control cells may be necessary for
continuous growth. It is also conceivable that the long-term
down-regulation of the � isoform may be the result of pleio-
tropic effects induced by TPA, probably related to the sup-
pression of cell growth, since this isoenzyme is known to
be TPA insensitive (16). Similar differential involvement
of PKC a and �3 isoforms has been described in leukemic
cells (20, 21).

Expression of activated Ras in RD cells has been reported
(38). This oncogene is known to negatively affect myogenic
differentiation, probably inhibiting the expression of the
MRFs, through a PKC-mediated mechanism (39-41). Since
RD cells express MyoD and myogenin, it is unlikely that the
expression of activated Ras is responsible for the suppres-
sion ofdifferentiation. However, it has been recently shown
that the modulation of gene expression by TPA is mediated
by specific PKC isoenzyme(s) in a Ras-dependent manner
(42). Surprisingly, ovenexpression of PKC a suppresses this
pathway (42). The TPA-induced PKC a transient activation
may play an equivalent role in RD cells by suppressing Ras
activity and, thereby, permitting differentiation to occur.

Our results indicate that the transient activation of PKC a
may represent a possible molecular mechanism by which
TPA induces myogenic differentiation. It has been shown
that PKC-mediated phosphorylation of MyoD and myoge-
nm abolishes their binding activity (43). Since we found no
evidence that MyoD or myogenin binding activity was af-
fected by phorbol ester treatment,4 it is unlikely that PKC
phosphorylation of the MRFs is the regulatory event in this
process. It has also been shown that the active hypophos-
phorylated Rb protein directly interacts with the MRFs and
mediates muscle cell cycle withdrawal and activation of
myogenic differentiation; furthermore, Rb is expressed in

RD cells and interacts with the MRFs (44). Our preliminary
results indicate that TPA does not modify the expression of
Rb.4 However, ovenexpnession of p107, a similar protein
of the pocket family, induces cell cycle withdrawal and

myogenic differentiation in RD cells (45). We suggest that
the activity of these or other factors may be controlled,

directly on indirectly, by PKC a-mediated phosphonylation
events, thus inducing the transcriptional activity of the
MRFs.

Materials and Methods

Cell Culture. RD human embnyonal rhabdomyosancoma
cells, obtained from the American Type Culture Collection
(Rockville, MD), were cultured as described (10, 11). The
cells were periodically cloned and used between the 4th

and the 1 8th passage. Cells were grown (5 x 1 o� cells/cm2)
in DMEM (Hyclone) supplemented with 4 m�s glutammne,
40 pg/mI gentamicin, and 1 0% FCS in a humidified atmo-
sphere of 5% CO2 at 37#{176}C.TPA on PDBu, dissolved in
ethanol at 0.1 mM, was added to the cells 24 h after plating
(final concentration, 1 00 nM); ethanol alone was added to
companion cells used as control.

Antisera and Antibodies. Several different primary anti-
sera were used in this study. The PKC a antiserum
(Boehninger-Mannheim) was raised against amino acids
31 3-326 ofthe human isoenzyme. A different PKC a and y
antisera were raised against synthetic peptides.5 The PKC a
peptide included amino acids 305-326 (FEKAKLGPAG-
NKVISEDRRQ) from bovine sequence, whereas the PKC y

peptide included amino acids 302-322 (FEACNYPLELY-
EVSRTGPSSS) from the human sequence (46). The peptides
were coupled to bovine thyroglobulin by carbidiimide, and
antisera to these two isoforms were raised in rabbits as
described (18). Separation of proteins from platelet lysates
by a series of chromatographic steps ending with hydroxyl-
apatite chromatography revealed that the PKC a bound
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only material that eluted in the position of human PKC a,
and the PKC y antiserum recognized only material that
eluted in the position of human PKC y. These respective
antisera did not appear to bind any other isoforms. On a
Western blot, these immunoreactive species were approx-
imately Mr 80,000 in size, and the immunostaining could
be blocked with the appropriate antigenic peptide. Antisera
to 13�, I�2’ �, #{128},and � were raised in rabbits against unique
amino acid sequences located in the extreme canboxy ten-
minals of the different enzymes (1 8). A monoclonal anti-
body to the myosin heavy chain (MF2O antibody), which
recognizes all sarcomenic myosins, was used to determine
the differentiation state ofthe human RD. This antibody was
kindly provided by Dr. D. A. Fischman (Cornell University
Medical College, New York, NY, Ref. 47).

Immunocytochemistry. The RD cells were immuno-
stained with the PKC a antisera and the myosin heavy chain
antibody by a double immunofluorescence procedure as
described (1 1). After 6 days in culture, the RD cells were
fixed and permeabilized in ethanol:acetone (1 :1) at -20#{176}C
for 20 mm. The cells were incubated for 30 mm in Dul-
becco’s PBS containing 1 % BSA. Afterwards, the cells were
coincubated for 1 h with one of the different PKC a antisera
and the MF2O antibody against the skeletal myosin heavy
chain. Finally, the cells were incubated with fluorescein-
conjugated goat anti-rabbit lgG antisera and a rhodamine-
conjugated goat anti-mouse IgG (both from Cappel). Cells
were mounted in 75% glycerol in Iris (pH 9.0) and
evaluated under an epifluorescence Zeiss microscope.

The differentiation status of the RD cells was determined
by immunostaining with the MF2O antibody. In this case, a
biotin-conjugated goat anti-mouse IgG antiserum (Cappel)
was used as the secondary antiserum. After incubation with
this antiserum and washing, the cells were incubated
with horseradish peroxidase-conjugated streptavidin
(Zymed). Diaminobenzidine (0.4 mg/mI; Sigma Chemical
Co.) was used as the substrate for peroxidase to visualize
the immunostained cells.

Preparation of Cellular Extrads. The cell pellet were
resuspended in ice-cold homogen ization buffer (H-buffer)
containing 20 mM Tnis (pH 7.5), 2 m�i EDTA, 2 mt�i EGTA,
250 mt�.i sucrose, 5 mM DII, 200 pg/mI leupeptin, 1 0 mg/mI
trasylol, and 3.5 mg/mI phenylmethylsulfonyl fluoride and
sonicated. By this procedure, approximately 97% of the
nuclei were disrupted, as shown by microscopic analysis.

When total cell extracts were required, cells were ho-
mogenized in the H-buffer containing 0.1% Triton X-100;
then the homogenate was incubated for 30 mm on ice with
repeated vortexing and centrifuged at 15,000 X g for 15
mm. An aliquot of the supernatant was used for protein
determination by the Comassie plus protein assay reagent
(Pierce) according to the manufacturer’s instructions, while
the remainder was subjected to DEAE Sepharose Fast-Flow
(Pharmacia) chromatography as described (48). The eluted
material is referred to as total lysate.For subcellular frac-
tionation, cell homogenates (without Triton X-1 00) were
centrifuged at 100,000 X g for 30 mm at 4#{176}Cin a Beckman
TL-1 00 centrifuge. The supernatant constitutes the soluble
fraction. The pellet was resuspended in H-buffer containing
0.1 % Triton X-1 00, extracted as described above, and cen-
trifuged at 15,000 X g for 15 mm. This supernatant is
referred to as particulate fraction.

Western Blot Analysis. Total lysates or soluble and par-
ticulate fractions were mixed with Laemmli sample buffer,
boiled for 5 mm, and loaded onto 10% SDS-polyacryl-

amide gels (49). The gels were blotted onto nylon filter
(Hybond C; Amersham) and probed with the appropriate
specific antisera (1 8). Peroxidase-conjugated goat anti-nab-
bit lgG (Cappel) was used as secondary antibody, and de-
tection was performed by the ECL method (Amersham)
according to the manufacturer’s instructions. Scanning den-
sitometry was performed on fluorograms of the Western
blot with a laser densitometer (Ultroscan XL; Pharmacia
LKB). Data were analyzed using the GSXL program
(Pharmacia LKB).
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