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Translocation of protein kinase C isoforms in rat muscle in response to
fasting and refeeding
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Weanling rats were offered fooad libitum, or fasted for 18 h, or fasted and refed for times
ranging from 5 to 30 min. Five protein kinase C (PKC) isoforaas( ¢, § andw) were detected in

the hindlimb muscles by Western immunoblotting. PKC foeasdf were abundant in plantaris,

but not in soleus muscle, and no difference in localization was detected between fed rats and
those fasted for 18 h. PKC formsand . were affected by fasting and refeeding. PikGwvas

found only in the cytosolic fraction of the plantaris muscle of the fasted animal, but in the fully-
fed animals it was also associated with the membrane fraction. The pattern of localization
observed in the fully-fed state was restored in the fasted rats by 20 min refeeding. In contrast,
PKC-« was not detected in the cytosolic fraction of the plantaris in fasted animals but rapidly
reappeared there on refeeding, being restored to 20 % and 80 % of the fed value within 5 and
30 min of refeeding respectively. The timing of these changes was correlated with the increase in
serum insulin concentration, which was significantly elevated above the fasted value by 5min
and at subsequent times. These data suggest a possible role for PKC isefands. in the
metabolic changes that occur in skeletal muscle on transition between the fasted and the fed state.

Fasting: Protein kinase C: Skeletal muscle

Phasic skeletal muscles of the rat, e.g. the plantaris andfraction of cell protein; treatment with agonists such as
gastrocnemius, are sensitive to an overnight fast, which hormones and neurotransmitters results in translocation of
results in a decrease in protein synthesis which is rapidly the enzymes to cellular membranes and subsequent activa-
restored by refeeding (Garliokt al. 1983; Millward et al. tion (Kraft & Anderson, 1983). Thus, their localization
1983). In contrast, protein metabolism in the tonic or ‘red’ within the cell can provide important clues as to their
skeletal muscles such as the soleus is less sensitive tdnvolvement in specific metabolic control mechanisms.
nutritional manipulation. Insulin is believed to be involved The fasted—refed rat model was used in the present study
in these changes in muscles such as the plantaris, becaus® test the physiological role of PKC by determining, first,
infusion of this hormone alone restores protein synthesis which isoforms are present in rat plantaris and soleus
rates to those observed in the fully fed animal within 20 min muscles and second, which of the isoforms present translo-
(Garlick et al. 1983). The signal transduction cascade cate in response to fasting and refeeding.

induced by occupancy of the insulin receptor initially
involves activation of phospholipase ,Aand cyclo-
oxygenase EC 1.14.99.1), leading to arachidonic acid
release and prostaglandin production (Reeds & Palmer,Male Rowett Hooded rats, 22d old, 3d post-weaning and
1983). How early events in the signal transduction cascadeweighing 51+ 1 g were divided into six groups of three.
subsequently lead to increases in translation has beenOne group was allowed food, a choice of stock pellets
investigatedin vitro (Thompsonet al. 1997). This work (CRM, Special Dietary Services, Witham, Essex, UK) or
has implicated the protein kinase C (PKC) family of PW3 diet (Pullar & Webster, 1977&d libitum; the remain-
enzymes. Six isoforms were detected §, ¢, {, « and ), ing five groups had food removed at 16.00 hours, but were
of which one or more of a group of three, PK€-6 and ¢ allowed free access to water. After 18 h the rats &
were implicated in the control of the rapid increases in libitum and one group of three fasted animals were killed
translation observed in L6 myoblasts. Inactive PKC forms and soleus and plantaris muscles were removed from both
appear to be present as soluble components of the cytosolicindlimbs. The remaining animals were given a choice of
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Fig. 1. Western immunoblot of rat plantaris muscle with an antibody to protein kinase C-w.. Cytosolic (C) and membrane (M) protein fractions from
plantaris muscle of rats that were fully fed (lanes 1, 2), fasted for 18 h (lanes 3, 4) or fasted and refed for 5 min (lanes 5, 6), 10 min (lanes 7, 8) or
20min (lanes 9, 10) are shown.

food as detailed earlier. Feeding began immediately and all cytosolic fraction contained 90 % less Pk€than in the
animals sampled both diets, the more familiar stock pellets fully-fed rat. Refeeding for only 5min significantly
being preferred. Precisely 5, 10, 20 or 30 min after refeeding increased R < 0[01) the cytosolic PKGx to 20% of the

was observed, animals were killed and their soleus andfed level. At 10, 20 and 30 min after consuming food, the
plantaris muscles removed. All muscles were immediately proportion in the cytosol had increased to 50, 65 and 80 % of
frozen in liquid N, and stored in liquid N until analysed. the value for fully-fed rats ¥ <0[001; Fig. 3). The anti-
Blood samples were also collected at slaughter and werecipated decrease on refeeding in the membrane-associated
stored on ice and centrifuged at 10 @Pfdr 30 min. Serum PKC-« was not quantifiable. The reason for this was the

insulin was measured by radioimmunoassay (Mao&tax large amount of PKGr present in the membrane of the
1991).
Muscle extraction procedure and Western immunoblotting 1 9 3 4 5 6 7 8

Cytosolic and membrane-bound protein fractions of plan-
taris and soleus muscles were extracted and Western immuno-
blotting was performed as described previously (Palmer
et al 1998)' Protein content of the extracts was measured Fig. 2. Western immunoblot of rat soleus muscle with an antibody to
by the method of Bradford (1976). The same amount of protein kinase C-p.. Cytosolic proteins of soleus muscle from rats that
protein was loaded on to each lane of a single gel, betweenwere fully fed (lanes 1, 8) fasted (lanes 2, 7) or fasted and refed for 5,
gels the amount of protein loaded was 20480 The 10, 20 or 30 min (lanes 3-6) are shown.

nitrocellulose (PVDF) membrane used for immunoblotting
was from Millipore Corporation (Bedford, Beds., UK).
Monoclonal antibodies to nine PKC isoforma, (8, v, 6,

e, §, 0, v and ) were from Affiniti Research Laboratories
(Exeter, Devon, UK). PKC immunoreactivity was visua-
lized by chemiluminescence (ECL, Amersham Interna-
tional, Bucks., UK) on a Packard Instant Imager.
Duplicate or triplicate measurements were made of each
isoform. All other chemicals used were from BDH (Poole,
Dorset, UK) or Sigma (Poole, Dorset, UK).

Results

PKC-uw was present in both the cytosolic and membrane
protein fractions of the plantaris muscles from the fully-fed
animals (Fig. 1). Following an 18h fast, this isoform
appeared to be exclusively cytosolic and this localization
persisted on refeeding for 5 or 10 min (one of triplicate blots
is shown, Fig. 1). After 20 min refeeding the pattern in the
fully-fed muscle was restored, with PKg-distributed
between both cytosolic and membrane fractions (Fig. 1).
A similar translocation occurred in the soleus muscle where Time (min)
cytosolic PKC was.apparent in fasted rats _and in those Fig. 3. Quantification of Western immunoblot of plantaris muscle with
refed for 5 and 10 min, but was not detected in the groups an antibody to protein kinase C-a. The Fig. shows cytosolic protein
refed for 20 min or 30 min or the fully-fed group (Fig. 2) kinase C-« (arbitrary absorbance units/p.g protein loaded) in fasted
In contrast to the situation with PK@E; PKC« in the animals (time 0) or animals that had been refed for 5-30min. FF,

; ; ; ; .. value for fully-fed animals. Values are means for three animals with
plantaris appeared to translocate in the opposite dlrec'"on’their standard errors represented by vertical bars. All values for

Cyt(_)SO“C PKCe _disapll_)eared on fasting and reappeared refeq rats were significantly greater than the fasted (time 0) value;
rapidly on refeeding (Fig. 3). In the rats fasted for 18 h the 5min (P<01); 10, 20 and 30 min (P < 0001).

Absorbance (arbitrary units)
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1 2 3 4 5 6 7 8 Table 1. Serum insulin concentrations in fasted rats, fasted rats refed
for 5, 10, 20 or 30 min and fully-fed rats}

(Mean values with their standard errors for four estimations)

—— - .

Insulin (nU/ml)

Fig. 4. Western immunoblot of membrane proteins of rat soleus and Mean SE
plantaris muscles with an antibody to protein kinase C-¢. Lanes 1-4:

membrane proteins of soleus muscle from rats that were fasted, fed, Fasted oa 36
refed for 5min and refed for 30 min respectively; lanes 5-8 plantaris Refed 5min 7607** 149
muscle in the same order. No protein kinase C-e was detected in the 10min 64[3*** 42
cytosol. 20min 572* 212
30min 700** 148

Fully fed 383+ 7B

fasted animals and the correspondingly small change in — :

. Mean values were significantly different from those for fasted rats: *P < 0[05,
abundance. For example, in two Western blots of the ".p-on1 +p<0m01 (Student's ¢ test).
membrane-associated Pkg-values of 8 and 29 arbi- 1 For details of procedures, see p. 154.
trary absorbance units were obtained in the fasted state and

33 and 27 absorbance units respectively after 30min . )
refeeding. PKCx also appeared in the soleus muscle, with age (Richter & Nielsen, 1991). The present study was

where it was also largely membrane-associated. No designed, first, to identify which isoforms of PKC are
change in the location of PKG-with intake was detected ~ Present in muscles of different fibre proportions and phy-
in this muscle (results not shown). siological fungt!ons. A second aim was to investigate the
PKC- was found in the membrane of plantaris muscle, _effect of n_utnnonal status on the quallzanon of_ thes_e
but was not detected in the cytosol in fed, fasted or refed ratsiSoforms within the cell. One of the rationales behind this
(Fig. 4). PKCe appeared to be absent in the soleus and was@pPproach was the well established observation that a
not found even after prolonged (30 min) exposure of the reversible suppression of protein synthesis occurs in
Western blot. response to an overnight fast followed by refeeding for
PKC4 appeared to be similar to PKE4n that it was <30min (Garlicket al. 1983).
abundant in the membrane of plantaris, but absent from the
cytosolic fraction from rats on any dietary treatment. Also,
like PKC-¢, PKC4 was virtually undetectable in soleus,
although a trace was detected after prolonged exposure ofOf the nine PKC isoforms examined, five, (e, ¢, 6§ and )
the Western blot (Fig. 5). A trace of PKEwas detected in  were detected in plantaris muscle of the weanling rat. The
both muscles; again no translocation between the cytosolicsame isoforms were found in muscles of the fetal sheep
and membrane fractions was observed (results not shown)(Palmeret al. 1998), whilst a study by Thompscet al.
PKC isoformsg, v, 6 and . were not detected in either (1997), using the same antibodies, additionally found PKC
muscle. isoformsé and.. Surprisingly, that study failed to find PKC-
The concentration of insulin in serum was low in the 6, anisoform originally identified from muscle (Osaeizal.
fasted animals (Table 1) but rose rapidly on refeeding and 1992). Thus, there is some consensus as to the isoforms
was significantly greater than the fasted value at all times present in muscle and muscle-derived cell lines. Two other
after refeeding. isoforms which have been detected in previous studies,
PKC (Yamadaet al. 1995; Avignonet al. 1996) and
PKC-6 (Avignon et al. 1996; Thompsoret al. 1997), were
not detected in the present study, possibly because their
The various PKC isoforms are involved in a diverse range of expression was below the limits of detection. Of the iso-
processes within the cell, including differentiation, smooth- forms that were detected, threg  andf) did not appear to
muscle contraction and growth (for reviews see Liu, 1996 alter their location in response to dietary manipulation.
and Jaken, 1996). In both soleus and plantaris muscles of thdPKC- appeared to be exclusively membrane-bound in
rat, total PKC activity falls as the metabolic rate declines both the fasted and refed rat plantaris. Yamaataal.
(1995) reported PK@®@-to be present in both soleus and
gastrocnemius muscles, but in the present study, in sharp
contrast to plantaris, where PKCappeared to be present in

Isoforms present in muscle

Discussion

1 2 3 4 5 6 7 8 large amounts, this isoform initially appeared to be absent
; = - from the soleus after a 10min visualization. On more
prolonged (30 min) exposure of the Western blot, a trace

C M C M C M C M of PKC- was observed in the membrane. As the soleus

muscle of the rat is a slow-twitch muscle composed pre-

dominately of type | fibres with only 13 % type Il fibres,
Fig. 5. Western immunoblot of rat soleus and plantaris muscles with whilst the plantaris contains over 90 % type Il fibres (Kobzik
an antibody to protein kinase C-6. Cytosolic (C) and membrane-bound et al 1994) the presence of PK&-predominately in
(M) protein fractions of soleus from fasted rats (lanes 1, 2), soleus . oL . o

plantaris may indicate a type Il fibre-specific pattern for

from fed rats (lanes 3, 4), plantaris from fasted rats (lanes 5, 6), and N . A -
plantaris from fed rats (lanes 7, 8) are shown. this isoform. PKCe, which was also found in plantaris but
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not in soleus muscle, and also appeared to be predominatelys thought to be a limiting factor in the control of initiation
membrane associated, may have a similar fibre type (Pauseetal 1994), or by phosphorylation and a reduction in
specificity. tyrosine kinaseEC 2.7.1.112) activity of the insulin recep-
tor (Bollaget al. 1986). Regardless of any involvement with
aspects of protein metabolism, the current study has shown
that at least two PKC isoforms are nutrient-sensitive in
Translocation of PKC isoforms to the membrane is believed skeletal muscle, and their change in cellular distribution
to enhance their biological activity; thus the localization of may mediate some of the important metabolic events
PKC, particularly the C& -dependent isoformsy, 8 andy, associated with fasting and refeeding.

may provide important clues as to their activity (Kraft &

Anderson, 1983; Bell, 1986). However the precise biologi-

cal roles of the various isoforms and their natural substrates Acknowledgement
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