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We investigated the activity and cellular distribution of protein kinase C during the dimethylsulfoxide
(DMSO) and hypoxanthine-induced differentiation of Friend murine erythroleukemia cells. Most of the
cellular protein kinase C activity was found in the soluble fraction of unstimulated Friend cells. Within 15
min of the addition of DMSO or hypoxanthine, protein kinase C underwent a dramatic and prolonged
reversal of this distribution which was accompanied by a gradual decline in total cellular protein kinase C
activity over the ensuing 5 days. The loss of total activity was found to be dose dependent although maximal
translocation from soluble to insoluble components occurred at even lower concentrations of the inducers
tested. Two clones of Friend cells, selected for their failure to differentiate in response to DMSO, showed
alterations in protein kinase C activity and/or distribution following DMSO addition when compared to
wild-type Friend cells. These data show that different inducers of Friend cell differentiation have similar
effects on cellular protein kinase C, that the protein kinase C changes accompanying this process are
immediate but prolonged, and that changes in protein kinase C activity and distribution are associated with
Friend cell differentiation.

tional tissues. It is known that some of the
processes of differentiation include a cessation of
cell division followed by de novo RNA transcrip-
tion, high rates of protein and lipid synthesis,
radical changes in membrane constituents, and
eventual alterations in cellular morphology (see
Refs. 1 and 2 foir a review). Each change requires

Introduction

Cellular differentiation involves the transfor-
mation of pluripotent stem cells into the basic
specialized cell types required for organized func-
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12-O-tetradecanoylphorbol 13-acetate.
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a highly complex series of reactions which are
tighly regulated with respect to the time of their
initiation and duration. Friend murine erythro-
leukemia cells are widely used as a model system
to study the cellular mechanism of erythroid dif-
ferentiation, since this process can be induced by
a variety of agents, including dimethylsulfoxide
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and hypoxanthine (5-hydroxypurine).

The phosphorylation of protein and lipid mole-
cules is now recognized as a common molecular
mechanism used to regulate important cellular
pathways. All animal cell types so far examined
contain a Ca?*-activated and phospholipid-depen-
dent protein kinase (protein kinase C) which is
currently thought to be one such cellular regulator
[3]. Protein kinase C is found primarily among the
soluble constituents of unstimulated cells such as
-neutrophils [4,5], platelets [6] and lymphocytes
[3,7]. Protein kinase C activity becomes associated
with insoluble cellular material, primarily the
plasma membrane [8], when cells are stimulated
by one of several different classes of agents, in-
cluding phorbol esters (for which it is a cellular
receptor, see Refs. 9 and 10), and chemotactic
peptides such as n-formylmethionylleucylphenyi-
alanine. This observation has been termed °trans-
location’ and may be necessary for the subsequent
specific phosphorylation of a defined subset of
proteins, such as the receptors for insulin and
epidermal growth factor [11], glycogen synthase
[12] and the 20 kDa light chain of myosin [13].
While there is no direct evidence that protein
kinase C activity is required for specific cellular
activities, there is a correlation between protein
kinase C activity and both degranulation and su-
peroxide anion production in some cases in the
neutrophil [14] and with the activation of inter-
leukin 2 receptors in the lymphocyte [15].

In this report, we present results which suggest
that translocation and activation of protein kinase
C from the soluble to the insoluble cellular frac-
tion is correlated with DMSO- and hypoxanthine-
induced Friend cell differentiation. In two
DMSO-resistant cloned lines of friend cells, neither
inducing agent caused differentiation (less than
2%) and protein kinase C activity was markedly
different than in DMSO-sensitive cells. Protein
kinase C activity in one clone was translocated
before any challenge with inducer, and in both
clones protein kinase C activity decreased
dramatically with time and inducer concentration.
These results suggest that protein kinase C trans-
location is correlated with the terminal differentia-
tion of Friend cells, but that it is not itself suffi-
cient to cause commitment.

Materials and Methods

Cells. Friend cells (clone 745, Ref. 16) were
grown at 37°C in 15X 100 mm petri plates in
Dulbecco’s modified Eagles medium (Gibco) sup-
plemented with 10% fetal calf serum, 2 mM
glutamine, 100 pg/ml streptomycin and 100
units/ml penicillin. Experiments were performed
in the log phase of growth and cells were used
only at a viability of greater than 95%. DMSO-re-
sistant clones were selected by first incubating 10°
Friend cells in 100 mm petri dishes with 1.5%
DMSO for three weeks, and replating the cells in
fresh medium as needed. After 3 weeks the cells
which were still proliferating were (by definition)
DMSO-resistant clones. Each petri plate was seri-
ally cloned into a single 96 well plate. Thus, each
clone was derived from an independently arising
DMSO-resistant cell. These cells were maintained
continuously in 1.5% DMSO and in all cases
demonstrated 0-5% spontaneously occurring ben-
zidine positive cells.

Induction of differentiation. Cells were plated
into fresh medium at a concentration of 10° cells/
ml. For dose-response experiments, an ap-
propriate concentration of inducer was added for
the specified time period. For time course studies,
inducer was added to an aliquot of cells for 5
days. Aliquots of cells from each plate were stained
for hemoglobin using the benzidine reaction [17].
DMSO-resistant clones were grown continuously
in 1.5% DMSO. To study the effect of DMSO or
hypoxanthine on protein kinase C, cells were pel-
leted by centrifugation, washed in DMSO-free
medium, and grown for 5-7 days in the absence
of DMSO.

Cell fractionation and protein kinase C assay.
Cells were harvested into 50 ml conical polypro-
pylene tubes (Corning), centrifuged at 1000 X g
for 6 min and the pellet resuspended at 5-10’
cells/ml in extraction buffer (50 mM Tris (pH
7.5), 2 mM EGTA, 02 mM phenylmethyl-
sulfonylfluoride, 50 mM 2-mercaptoethanol and
0.05% Triton X-100). Cells were disrupted by soni-
cation (30 s at setting 33 with a Fischer model
3000 dismembrator), centrifuged at 500 X g for 5
min to remove nuclei and unbroken cells, and
then centrifuged at 100000 X g for 60 min. The
supernatant material was decanted and is defined



as the soluble fraction; the pelleted material was
resuspended by sonication in an equal volume of
extraction buffer and is defined as the insoluble
fraction.

The activity of protein kinase C was monitored
in a cell-free assay as previously described [14,18]
using lysine-rich histone as a substrate. 50 ul of
either the soluble or insoluble fraction were added
to 180 pl of an assay mixture containing final
concentrations of 50 mM Tris (pH 7.5), 0.6 mM
Ca?*, 150 pg/ml histone (type I1Is), 50 uM [vy-
32pJATP (3 Ci/ mM; Amersham), 20 pg/ml phos-
phatidylserine and 0.01% Triton X-100. 100 ng / ml
phorbol 12-myristate 13-acetate (PMA) or 2 pg/
ml 1-oleoyl-2-acetylglycerol (OAG) served as
stimuli in the assay. OAG was prepared as a 1
mg/ ml stock solution in chloroform, an aliquot of
which was dried under nitrogen and resuspended
in water by sonication. The assay was allowed to
procede for 10 min at 30°C with constant agita-
tion, and then stopped by the rapid addition of
1.5 ml ice-cold 25% trichloroacetic acid plus 0.2
mg bovine serum albumin. Precipitates were col-
lected onto 0.45 pm membrane filters (HAWP,
Millipore), dried, and counted in 10 ml hydrofluor
(National Diagnostics, Somerville, NJ) in a Searle
Isocap model 300 scintillation counter. Each ex-
periment contained control conditions including
assays at 4°C using boiled sample, in the absence
of sample or in the absence of calcium, activator
and phosphatidylserine; background (nonspecific)
kinase activity was measured in the presence of
calcium, but without phosphatidylserine or activa-
tor. Results are expressed as the average of tri-
plicate samples + S.E., and the significance of the
data was assessed using the Student’s r-test (paired
samples). The specific activity of protein kinase C
is defined as pmol of histone phosphate produced
per 10° cell equivalents, and which was dependent
upon the presence of calcium and phospholipid.

All reagents were obtained from Sigma (St.
Louis, MO) unless otherwise specified.

Results

We have used both DMSO and hypoxanthine
to induce Friend cells to terminally differentiate.
The activity of protein kinase C as well as the
appearance of hemoglobin were monitored in these
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cells during a 5 day incubation period after the
addition of inducer. We also studied these activi-
ties in two cloned cell lines which do not differen-
tiate in the presence of either DMSO or hypo-
xanthine.

Time course of differentiation and protein kinase C
activity in DMSO-sensitive cells

DMSO-sensitive 745 Friend cells were
incubated for varying times with either 1.5%
DMSO or 5 mM hypoxanthine. These inducer
concentrations have been shown by previous stud-
ies to be optimal to induce Friend cells to dif-
ferentiate into benzidine-positive mature erythroid
progenitors. Cells were homogenized and soluble
and insoluble fractions were prepared by centrifu-
gation and then tested for protein kinase C activ-
ity. The results of this study are presented in Fig.
1. Under these conditions, benzidine-positive cells
were not detected until 36-48 h after the addition
of inducer; 50% of the cells had differentiated by
approx. 2.5 days, and more than 80% of the cells
by 5 days in the presence or either inducing agent.

Total cellular protein kinase C activity (e.g., the
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Fig. 1. The effect of DMSO and hypoxanthine on total cellular
protein kinase C activity in Friend cells. Cells were incubated
in culture with either 1.5% DMSO (®) or 5 mM hypoxanthine
(m). Cells were periodically withdrawn from culture, and as-
sayed for protein kinase C activity using a cell-free assay
system as detailed in Materials and Methods. Cells were also
stained for hemoglobin using the benzidine test (O, DMSO, O,
hypoxanthine). Values are expressed as the mean of three
experiments (+ S.E.). Total cellular protein kinase C activity is
defined as the sum of soluble and insoluble activities at a given
time.
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summation of soluble and insoluble activities) in
untreated cells averaged 1006 + 46 pmol/10 min
per 10° cells (n=19). 8 h after the addition of
DMSO or hypoxanthine total cellular protein
kinase C activity had decreased by 20% ( P < 0.03)
and 38% (P < 0.01), respectively (Fig. 1). After 5
days in culture, total cellular protein kinase C
activity had decreased by 45% and 57%, respec-
tively (P < 0.01).

Cells were also tested for the distribution of
protein kinase activity in soluble and insoluble
fractions at various times during the incubation
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Fig. 2. The effect of DMSO and hypoxanthine on the distribu-
tion of cellular protein kinase C during clone 745 Friend cell
differentiation. Cells were incubated with either 1.5% DMSO
(A) or 5 mM hypoxanthine (B). Cells were withdrawn from
culture after intervals of up to 5 days and assayed for protein
kinase C activity in the soluble (®) and insoluble (M) cellular
fractions. Results are the means of at least three experiments +
S.E.

period (Fig. 2). Untreated cells had an average of
70% of their total cellular protein kinase C activity
associated with the soluble material, with the re-
maining activity associated with the insoluble
fraction. Within 15 min after the addition of in-
ducer, we observed a rapid and dramatic transio-
cation of protein kinase C activity to the insoluble
fraction, which accounted for 62% of the total
activity with DMSO and 79% with hypoxanthine.
Protein kinase C activity in the insoluble fraction
increased significantly over control (time = 0)
levels by 8 h in culture with DMSO (from 30% to
75%, P <0.01; Fig. 2a), and displayed similar
kinetics with hypoxanthine (Fig. 2b). The relative
amount of insoluble protein kinase C activity de-
creased after 8 h in culture with DMSO but re-
mained relatively constant over this time with
hypoxanthine (Fig. 2). However, both inducers
caused a similar and large decrease in the spec.
act. of insoluble protein kinase C (decreasing from
589 to 311 pmol/10 min per 10° cells for DMSO
and from 381 to 195 pmol/10 min per 10° cells
for hypoxanthine from 8 h to 5 days). With either
inducer, both the spec. act. and the relative per-
centage of protein kinase C activity in the soluble
fraction immediately and dramatically decreased
and remained relatively constant over the entire
5-day period; soluble activity typically was below
50% of control levels (Fig. 2). Therefore, the de-
crease in total protein kinase C activity (Fig. 1)
can be explained completely on the basis of a
decrease in insoluble activity over time. These
data indicate that both DMSO and hypoxanthine
cause a rapid and prolonged translocation of pro-
tein kinase C activity followed by a decrease in
total activity over the 5-day culture.

The effect of inducer concentration on differentiation
and protein kinase C activity in DMSOQO-sensitive
cells

Cells were incubated with various concentra-
tions of each inducing agent for 5 days, the time
required to obtain maximal differentiation (Fig.
1). Under these conditions, as little as 0.6% DMSO
or 0.07 mM hypoxanthine stimulated a significant
population of cells to differentiate (Fig. 3).

We observed a biphasic response in total cellu-
lar protein kinase C activity with respect to DMSO
concentration (Fig. 3). Concentrations less than
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Fig. 3. The effect of inducer concentration on total cellular
protein kinase C activity in Friend cells. Cells were incubated
in culture with various doses of either DMSO (A) or hypo-
xanthine (B) for 5 days. At the end of the incubation period
cells were assayed for total cell protein kinase C activity (H).
As an indication of cellular differentiation aliquots of cells
were monitored for the presence of heme proteins using the
benzidine reaction (®); the extent of differentiation is ex-
pressed as the percentage of the total population of cells which
were benzidine positive. Protein kinase C activity is expressed
as the mean+ S.E. of at least three experiments. *, indicates
data significantly different from the control value (P < 0.04).

0.6% stimulated little total cellular protein kinase
C activity; with 0.6% to 0.8% there was an in-
crease in protein kinase activity over control levels
(P <0.04), eventually achieving 1072 pmol/10
min per 108 cells (130% of control; Fig. 3a). Higher
concentrations of DMSO caused a dose-depen-
dent decrease in activity, reaching a low of 531
pmol /10 min per 10 cells at 1.4% (P <0.02 for
1.4% and 1.6% DMSO). 0.2-0.4% DMSO con-
centrations actually inhibited total cellular protein
kinase C activity (31% less than control values,
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Fig. 4. The effect of DMSO and hypoxanthine on the distribu-
tion of total cellular protein kinase C activity in differentiating
Friend cells. Cells were incubated with increasing concentra-
tions of either DMSO (A) or hypoxanthine (B) for 5 days. At
the end of the incubation period, the cells were removed from
culture and assayed for protein kinase C activity in the soluble
(®) and insoluble (W) fractions. Results are expressed as the
means (+ S.E) of at least three experiments.

data not shown). In contrast, we observed a con-
tinual dose-dependent decrease in protein kinase
C activity from 0.15 mM to 2.5 mM hypoxanthine
(Fig. 3b). Higher concentrations of the inducer
were toxic to the cells.

We next observed the distribution of protein
kinase C activity as a function of inducer con-
centration (Fig. 4). Even the lowest tested con-
centrations of DMSO (0.2%) and hypoxanthine
(0.07 mM) caused the translocation of most of the
protein kinase C activity to the insoluble fraction
(data not shown). The relative percentage of total
cellular protein kinase C activity which was asso-
ciated with the insoluble fraction decreased over
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the entire concentration range for DMSO (Fig.
4a), and decreased by 23% for hypoxanthine (Fig.
4b). Soluble protein kinase C activity also re-
mained constant and less than 50% of control (no
inducer) levels over the entire concentration range
for both inducers.

Protein kinase C activity in DMSO-resistant cell
lines

Several DMSO-resistant clones of Friend cells
were derived from the parental 745 cell line. These
clones grew well in the continuous presence of
1.5% DMSO but did not differentiate with this
inducer or with 5 mM hypoxanthine (less than 2%
differentiated cells). The activity and distribution
of protein kinase C was assessed in two of these
lines, designated clones 1 and 7, after exposure to
1.5% DMSQ. Prior to DMSO addition, each clone
was first grown in its absence for 5-7 days. The
results of total cellular protein kinase C measure-
ments on these cells are summarized in Fig. 5.
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Fig. 5. Effect of DMSO on total cellular protein kinase C
activity in 745 DMSO-sensitive and two DMSO-resistant
clones. Cells were incubated in 1.5% DMSO for intervals of up
to 5 days, and assayed for total cellular protein kinase C
activity. Total cellular activity is defined as the sum of the
soluble plus insoluble activities at a given time point. Activity
is expressed as the mean values (£S.E.) of at least three
experiments. DMSO-resistant clones 1 and 7 were cultured in
the absence of DMSO for at least 5-7 days before incubation
with inducer. In every experiment less than 2% of the DMSO-
resistant cells differentiated in the presence of inducer.
DMSO-sensitive 745 cells (a); DMSO-resistant clone 1 (®);
DMSO-sensitive clone 7 ().

Compared to DMSO-sensitive 745 cells, clone 1
total cellular protein kinase C activity decreased
immediately and dramatically, such that within 4
h it was only 39% of the pre-treatment value
(P < 0.01). Activity continued to decrease until 24
h, where it remained low and stable at about
15-20% of 745 cell values (Fig. 6a). In contrast,
total cellular protein kinase C activity in clone 7
was generally equivalent to DMSO-sensitive cells
in response to DMSO before dropping below 745
cell values after 3 days. As expected, less than 2%
of the cells from both clone 1 and 7 had differenti-
ated in response to DMSO treatment (data not
shown).

The distribution of protein kinase C activity in
DMSO-resistant cells was monitored over the 5-
day time course. Clone 7 cells (Fig. 6a), much like
DMSO-sensitive 745 cells (Fig. 2), had most of
their protein kinase C activity associated with the
soluble fraction before challenge with inducer
(more than 57%). Protein kinase C activity trans-
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Fig. 6. The distribution of protein kinase C activity in two
DMSO-resistant Friend clones after exposure to DMSO. Cells
were incubated in the presence of 1.5% DMSO, removed at
intervals up to 5 days and assayed for protein kinase C activity
in the soluble and insoluble cell fractions. Activity is expressed
as the means (+S.E.) of at least three experiments. Soluble
fraction (O); insoluble fraction (®); A, clone 7; B, clone 1.



located to the insoluble fraction within 30 min
after the addition of DMSQ, and activity values
for both fractions were roughly comparable for
clone 7 and DMSO sensitive 745 cells over the
5-day time course. Clone 1 cells, however, had a
very different protein kinase C activity profile
(Fig. 6b). Protein kinase C activity before DMSO
addition was found primarily in the insoluble frac-
tion (72% of the total), and retained essentially the
same distribution over the entire experimental time
course. Both fractions showed a decrease in pro-
tein kinase C activity over time, which again was
different than that observed for the parental cell
line. Therefore, although DMSO exerted a pro-
found effect on the total protein kinase C activity
in clone 1 cells, it failed to affect protein kinase C
distribution, presumably because translocation had
already occurred prior to the addition of DMSO.
These data indicate that DMSO-resistant clones
may display different protein kinase C distribu-
tions and activities when compared to DMSO-sen-
sitive cells.

Discussioin

The transformation of hematopoietic stem cells
into fully differentiated and circulating erythro-
cytes is a highly complex and little understood
process. We have shown that in Friend cells this
process was accompanied by a rapid and pro-
longed translocation of protein kinase C activity
from the soluble to the insoluble fraction. Translo-
cation was associated with an initial increase in
total cellular protein kinase C activity and with a
rise in protein kinase C activity associated with
the insoluble fraction. The total activity then grad-
ually decreased over time to near control levels.

As little as 0.2% DMSO or 0.07 mM hypo-
xanthine caused a translocation of protein kinase
C activity from the soluble to the insoluble frac-
tion (Fig. 4) even though these inducer concentra-
tions were not sufficient to stimulate a significant
number of cells to differentiate. However, high
concentrations of both inducers (more than 0.4%
DMSO or 0.62 mM hypoxanthine) had similar
effects on differentiation and on both protein
kinase C activity and translocation. Similar results
were obtained using N, N-dimethylacetamide as
an inducer (data not shown). Low concentrations
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of DMSO (less than 0.5%) were inhibitory to total
cellular protein kinase C activity, an effect not
seen with hypoxanthine (Fig. 3). This phenom-
enon probably reflects a condition of the entire
population of cells at the 5-day time point, since
cells tested after 4 h of incubation showed no such
inhibition at these concentrations, and in fact a
slight increase in activity was observed (unpub-
lished observation). The biphasic nature of the
effect of DMSO on protein kinase C activity has
been observed with other activators, namely the
non-phorbol mezerein. This agent activates pro-
tein kinase C at very low concentrations, and is a
very potent inhibitor of the enzyme at higher
concentrations (see Ref. 14). What is more, both
mezerein and PMA stimulate neutrophil degranu-
lation and superoxide anion production. Two con-
clusions can be drawn from these data. First, the
threshold concentration of inducer needed to com-
mit cells toward differentiation is higher than that
which stimulates protein kinase C activity. This
implies that protein kinase C translocation and
high protein kinase C activity in the insoluble
fraction are associated with differentiation but are
probably involved in many other cellular processes
not directly related to differentiation as well. Sec-
ond, that structurally unrelated inducers of Friend
cell differentiation demonstrated the same effects
on protein kinase C indicates that protein kinase
C may be part of a common pathway through
which these agents act.

Several cultured cell lines have been shown to
differentiate and/or cease to proliferate upon
treatment with protein kinase C-stimulating
agents, such as 1-oleoyl-2-acetylglycerol and
phorbol 12-O-tetradecanoylphorbol 13-acetate
(TPA). For example, TPA stimulates the differ-
entiation of HL-60 cells into macrophages and
also stimulates protein kinase C activity and cellu-
lar protein phosphorylation [19-21]. In addition,
sn-1,2-dioctanoylglycerol, an agent which com-
petes with [*Hjphorbol 12,13-dibutyrate for par-
tially purified protein kinase C from HL-60 cells,
also caused activation of protein kinase C and
differentiation of HL-60 cells [21]. PMA and OAG
also induce differentiation in 70Z /3 murine pre-B
lymphocytes [22,23]. The hypothesis that prolifer-
ation is dependent upon protein kinase C activity
is strengthened by data which show that a de-
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crease in extracellular calcium was associated with
a decrease in protein kinase C activity in the
particulate fraction of Balb/c 3T3 cells, and that
changes in calcium concentration parallel similar
changes in protein kinase C activity and DNA
synthesis [24]. However, DMSO-induced Friend
cells were reported to have no apparent change in
intracellular calcium concentration after at least
40 h of incubation with the inducer [25]. While
these data appear to argue against protein kinase
C activity being a requirement in differentiation,
local and relatively small changes in calcium con-
centration within the cell may be enough to
stimulate sufficient protein kinase C translocation
and activity such that certain necessary regulatory
functions are accomplished. However, it must first
be demonstrated directly that protein kinase C
activity is a necessary function in the differentia-
tion process.

The conclusion from previous studies of several
cell types, and from the present work, is that
protein kinase C activation and translocation are
correlated with cell differentiation. Instrumental
in drawing this conclusion from the present study
was the use of DMSO-resistant clones of Friend
cells. First, low doses of all inducers were able to
stimulate the activity and translocation of protein
kinase C in 745 cells, but were not sufficient to
cause the appearance of hemoglobin or the cessa-
tion of cell division that accompanies Friend cell
differentiation (Figs. 3 and 4). Second, DMSO-re-
sistant clone 1, incubated with 1.5% DMSO,
showed both an immediate decrease in protein
kinase C activity and less than 2% differentiation
(Fig. 5). Clone 7 cells showed protein kinase C
distribution characteristics which closely paral-
leled the parental line although the total cellular
protein kinase C activity was not affected until
late in the experimental time course. Clone 1
displayed unusual responses to DMSO compared
to the other cell lines tested, in that the transloca-
tion of protein kinase C activity was observed
before challenge with inducer. These observations
probably indicate a cellular defect in this clone
reflected by an initial stimulation of protein kinase
C activity during the clonal selection process, but
an inability to carry out subsequent steps in dif-
ferentiation both at that time and after a second
challenge with inducer. Although there is no direct

evidence, the fact that two independently derived
DMSO-resistant clones demonstrated abnormali-
ties in the behavior of protein kinase C argues in
favor of a role for protein kinase C in the differ-
entiation of Friend cells. In addition, other work
in our laboratory has demonstrated that H-7, an
inhibitor of protein kinase C [26], also inhibits
DMSO-induced friend cell differentiation (un-
published observation).

Phorbol esters have been shown to inhibit the
DMSO-induced differentiation of Friend -cells
[27-29], an effect presumably mediated by the
ability of these agents to stimulate protein kinase
C [3]. However, all three agents (e.g., phorbol,
DMSO and hypoxanthine) independently cause
protein kinase C translocation. The recent ob-
servation that DMSO or hypoxanthine treatment
reduces the levels of diacylglycerol in Friend cells
[30] is consistent with our results, since di-
acylglycerol has widely been shown to stimulate
protein kinase C. The apparent inconsistency be-
tween the effects of phorbol and either DMSO or
hypoxanthine on differentiation may be resolved
by considering each agent’s specific effect in the
mechanism for inducing this event. For example,
all three agents cause protein kinase C transloca-
tion but phorbol esters may activate other physio-
logical pathways than do the other agents, such as
stimulating the phosphorylation of different sub-
strates by protein kinase C. Thus, the antagonistic
effects of Friend inducers and phorbol esters may
be related to their opposite effects on total cellular
protein kinase C activity.

Our results suggest that after 5 days in culture,
which is the time period necessary to cause a
differentiation of more than 75% of the cells with
an optimal dose of inducer, Friend 745 cells show
a dose-dependent decrease in protein kinase C
activity. We interpret these data to indicate that
there is an early and continual requirement for
protein kinase C activity once a particular cell has
committed toward differentiation, and that the
need for protein kinase C in the associated
processes falls off about halfway into the differ-
entiation period. Of course, the observed decrease
in protein kinase C activity may possibly reflect
only the decrease in total cellular protein which
accompanies Friend cell differentiation. However,
this interpretation is strengthened by the finding



that protein kinase C translocation is immediate
but prolonged over the entire 5-day period. The
commitment to differentiate into specific cell types
must necessarily be followed by high metabolic
activity in which protein kinase C may play some
role.
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