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ABSTRACT. We investigated the expression, distribution, and activation parameters of protein kinase C 
(PKC) isozymes in isolated rat parotid acinar cells. By analyzing cellular extracts by western blot analysis and for 
isozyme-specific RNA, the Ca’+independent PKC-6, -E, and -5 were detected in the cytosolic, particulate 
(plasma membrane), and nuclear fractions of unstimulated cells, whereas the Ca’+-dependent PKC-rx was 
confined to the cytosolic and particulate fractions. The expressed isozymes showed distinct responses to phorbol 
12-myristate 13-acetate (PMA), thymeleatoxin, and cell surface receptor agonists with respect to translocation 
from cytosol to particulate fraction and nucleus, as well as sensitivity to down-regulation caused by prolonged 
exposure to PMA (3-20 hr). The marked susceptibility to down-regulation displayed by PKC-CY and -6 was 
accompanied by an enhanced secretory response to norepinephrine as compared with control cells. Further, the 
selective PKC inhibitors Ro 31-8220 and CGP 41 251 also produced a concentration-dependent enhancement 
of norepinephrine-induced amylase secretion. Our findings suggest that PKC-a or -6 plays a negative modulatory 
role, rather than an obligatory role, in amylase secretion. Also, the localization and redistribution of PKC-E and 
-6 to the nucleus by PKC activators imply that one or both of these isozymes may regulate such processes as 

cellular proliferation and/or differentiation. BIOCHEM PHARMACOL 52;4:569-577, 1996. 
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The rat parotid gland, like most other tissues, expresses 
PKCt activity [l, 21. PKC represents a family of serine/ 
threonine kinases that phosphorylates numerous proteins 
that modulate diverse cellular processes, including ion 
fluxes, differentiation, and secretion [3]. The Ca2’- 
dependent PKCs, designated as cPKCs (PKC-cq -p, and 
-y), are activated by Ca”, DAG, and phosphatidylserine. 
nPKC isozymes, which exhibit Ca”-independent activity, 
include PKC-6 and -E. The so-called atypical PKCs, such as 
PKC-5, display enzyme activity that is not regulated by 
DAG or phorbol esters [4]. PKC isozymes differ in their 
tissue and cellular distributions, substrate specificities, and 
responsiveness to various agonists [5-71. Differences in the 
properties of individual isozymes presumably reflect diver- 
sity in their respective functions [7]. 

We previously demonstrated that rat parotid acinar cells 
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express PKC-c~, but not PKC-P or -y [2]. We further 
showed that agonist stimulation is associated with the 
Ca”-dependent redistribution of PKC-a to the particulate 
fraction [2]. The present study extends this work by dem- 
onstrating the expression of the nPKCs -6 and -E and the 
atypical PKC-1; in parotid cells. The differential responsive- 
ness of these isozymes to activators of PKC is also com- 
pared. Heterogeneity exhibited by PKC isozymes in terms of 
their subcellular localization, regulation by agonists, and 
susceptibility to down-regulation may provide a basis for 
ultimately explaining their differential regulation of cellular 
processes, including amylase secretion, cell growth, and/or 
differentiation. 

MATERIALS AND METHODS 
Materials 

PMA, 4a-phorbol, and TX were from LC Services, 
Waltham, MA. Collagenase was obtained from Worthing- 
ton Biochemicals, Freehold, NJ. Chemiluminescence re- 
agents were purchased from either the Amersham Corp., 
Arlington Heights, IL, or DuPont-NEN, Boston, MA, and 
the supported nitrocellulose membranes were from Schlei- 
cher & Schuell, Keene, NH. The monoclonal antibodies 
for PKC-a, -E, and 8 were obtained from Transduction 
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Laboratories, Lexington, KY, and the polyclonal antibodies 
for PKC-6 and -5 were from either Gibco BRL, Grand 
Island, NY, or Oxford Biomedical Research, Oxford, MI, 
respectively. Sheep anti-mouse and goat anti-rabbit anti- 
sera were obtained from Amersham, and Kirkegaard & 
Perry, Gaithersburg, MD, respectively. Substance P was 
purchased from NovaBiochem, San Diego, CA. Other bio- 
chemicals and reagents were purchased from the Sigma 
Chemical Co., St. Louis, MO. CGP 4125 1 and Ro 3 l-8220 
were gifts from Drs. Thomas Meyer (Ciba-Geigy, Base1 
Switzerland) and G. Lawton (Roche Products Ltd., Wel- 
wyn, Garden City, Hertshire, U.K.), respectively. 

Preparation of Cell Suspensions 

Acinar cells were prepared from parotid glands excised from 
male Sprague-Dawley rats anesthetized with sodium pen- 
tobarbital as described previously [2]. The tissue was dis- 
persed by a 5-min incubation with trypsin, followed by a 
5-min incubation with soybean trypsin inhibitor, and then 
collagenase for 35 min at 37”. The incubation buffer (pH 
7.4) had the following composition (mM): NaCl, 137; KCl, 
5.4; MgSO,, 0.8; CaC12, 1.3; NaH,PO+ 0.96; NaHCO,, 3; 
glucose, 5.6; HEPES, 33; plus l-2% BSA. Acinar cells con- 
stitute more than 80% of the tissue mass in rat salivary 
glands, and the purity of the dispersed acinar cell prepara- 
tion exceeds 90% [8]. 

For the down-regulation experiments, parotid cells from 
two glands were resuspended in 100 mL of a 1:l mixture of 
sterile Ham’s F-12 and Dulbeco’s modified Eagle’s medium 
containing 10% fetal bovine serum, 5 mM glutamine, 50 
U/mL penicillin, and 50 p,g/mL streptomycin. The cell sus- 
pension was aliquoted into individual Petri dishes followed 
by treatment with either PMA or 4cy-phorbol in ethanol 
and incubated in a humidified atmosphere at 37” with 5% 
CO, for the specified time periods. The concentration of 
ethanol, which did not exceed O.Ol%, did not affect amy- 
lase secretion. Trypan blue exclusion was used to monitor 
for cell viability. 

Amy&e Secretion 

Amylase secretion was determined as described previously 
[9]. Cells were centrifuged through Nyosil oil, and amylase 
activity was expressed as a percentage of total amylase ac- 
tivity (buffer plus cellular amylase content) after subtrac- 
tion of basal activity. 

Subcellular Fractionation 

An aliquot of cells was mixed with ice-cold Solution A 
containing 0.3 M sucrose (pH 7.35). Solution A contained: 
20 mM Tris-HCl; 1 mM EDTA; 1 mM EGTA; 25 p_.g/mL 
leupeptin; 0.14 trypsin inhibitory units/mL aprotinin; 50 
mM 2-mercaptoethanol; 0.1 mg/mL phenylmethylsulfonyl 
fluoride. The cells were centrifuged at 4” for 4 min at 500 
g. The supernatant was removed, and 1 mL of Solution B 

[solution A containing 50 FM NaHCO, (pH 7.35)] was 
added to the pellet. The suspension was vortexed, soni- 
cated, and then centrifuged for 10 min at 500 g at 4” to 
obtain a supernatant and a crude nuclear pellet. The su- 
pernatant was diluted to 2 mL with Solution B and centri- 
fuged for 60 min at 100,000 g at 4”. This 100,000 g super- 
natant (cytosolic fraction) was removed and placed on ice. 
The pellet was resuspended in Solution A containing 0.5% 
Triton X-100 and placed on ice for 60 min with occasional 
vortexing. The sample was then centrifuged for 60 min at 
100,000 g, and the resulting supernatant was considered the 
particulate fraction. The crude nuclear pellet from the ini- 
tial centrifugation was washed once in Solution B (600 FL) 
and centrifuged again at 500 g for 5 min. The resulting 
pellet was resuspended in Solution B (600 FL), sonicated, 
and layered on a discontinuous sucrose gradient (15,25,35, 
45%) in Solution B. The gradient was centrifuged in a 
swinging bucket rotor at 1600 g for 45 min at 4”. The pellet 
(nuclear material) was resuspended in Solution A plus 0.5% 
Triton X-100. In assessing the purity of the subcellular frac- 
tions, we found that forskolin-stimulated adenylyl cyclase 
(an enzyme marker for plasma membrane) was 7-fold higher 
in the particulate fraction than in the cytosolic fraction, 
with no detectable activity in the nuclear fraction. The 
activity of lactate dehydrogenase, a cytosolic marker en- 
zyme, was 6-fold higher in the cytosolic fraction than in the 
particulate fraction, and below the limits of detection in the 
nuclear fraction. For down-regulation experiments, parotid 
cells treated with PMA or 4cw-phorbol for various time pe- 
riods were resuspended in Solution A containing 0.5% Tri- 
ton X-100, sonicated, placed on ice for 60 min with occa- 
sional vortexing, and then centrifuged for 60 min at 
100,000 g. The supernatant was utilized to determine total 
amount of cellular isozyme. 

Western Eliot Analysis 

Cellular fractions of equivalent protein concentrations 
were analyzed by SDS-PAGE as described previously [2, 
lo]. Following electrophoretic protein transfer from gel to 
nitrocellulose membranes, immunoblotting was carried out 
using isozyme specific antibodies (either monoclonal or af- 
finity-purified polyclonal). The immunoblots were then de- 
veloped with goat anti-rabbit or sheep anti-mouse IgG 
linked to horseradish peroxidase. Immunoreactivity was de- 
tected by chemiluminescence. The amount of each isozyme 
was quantified by densitometric scanning using an LKB 
Ultroscan XL. The density of the immunoreactive bands 
was a linear function of the amount of protein present. The 
identity of each parotid isozyme was confirmed in every 
experiment by western blot analysis of corresponding rat 
brain isozyme. 

mRNA Analysis 

Total RNA was isolated by ultracentrifugation as described 
previously [ll]. First-strand cDNA was synthesized using 



PKC Isozymes of Rat Parotid Cells 571 

TABLE 1. Specific primers for PKC isozymes 

Type Primer sequences 
Fragment 
size (bp) 

LY Forward 
Reverse 

P Forward 
Reverse 

6 Forward 
Reverse 

& Forward 
Reverse 

5 Forward 
Reverse 

5’ CATTCAAGCCCAAAGTGTGC 3’ 347 
5’ GGGAAGAAAGTTGATCACTT 3’ 
5’ TCCATCGCTGAGCCTGTGTGT 3’ 209 
5’ TTGTACCTCTATCAGTGGGC 3’ 
5’ ACCACGAGTTCATCGCCACCT 3’ 275 
5’ AAGTGCCACAGTGGTCACAG 3’ 
5’ CCATGGTAGGTTCAATGGCC 3’ 405 
5’ GATGATCCCGAGAGATCGATG 3’ 
5’ ATGCCTTGTCCTGGAGAAGAC 3’ 242 
5’ CCATATGCCTCCTGCAGGTCA 3’ 

oligo (dT) primers and reverse transcriptase using an RT- 
PCR kit (Perkin-Elmer, Norwalk, CT). PKC isozyme- 
specific primers based on reported sequences from GenBank 
were formulated as shown in Table 1. PCR was performed 
using a Perkin-Elmer thermocycler (model 2400) for 35 
cycles with 1 U of Taq DNA polymerase. The amplification 
program of denaturation (95”, 1 min), primer annealing 
(52”, 2 min), and primer extension (72”, 3 min) was uti- 
lized. PCR products were analyzed by electrophoresis on 3% 
agarose gels, and DNA was visualized by ethidium bromide 
staining. 

Statistical Analysis 

Paired comparisons were made from at least three indepen- 
dent experiments using the two-tailed Student’s t-test. The 
PKC distribution data were analyzed by one-way analysis of 
variance followed by Duncan’s test for multiple compari- 
sons. Data are expressed as means k SEM, and differences 
were considered significant at the P < 0.05 level. 

RESULTS 

Identification and Localization 
of nPKCs in Unstimulated Parotid Cells 

We previously observed by western blot analysis that rat 
parotid cells express PKC-ol as the sole Ca”-dependent 
PKC isozyme [2]. In the present study, the possibility that 
parotid cells also express Ca”-independent PKC isozymes 
was investigated in cellular extracts. Western blot analysis 
was performed using a monoclonal antibody recognizing 
PKC-• and polyclonal antibodies reactive with PKC-6 and 
-5 (Fig. 1). The expression of PKC-• and -6 in the cytosolic 
and particulate fractions of parotid cells was observed as 
protein bands at 93 and 72 kDa, respectively. The identity 
of each isozyme was confirmed by comparison with charac- 
terized immunoreactive proteins extracted from rat brain 
(data not shown). In addition, when antibodies for PKC-6 
and -5 were mixed with their corresponding peptide, the 
appearance of the appropriate band was blocked (data not 
shown). PKC-6 was generally detected as a doublet (Fig. 1). 
In addition to the nPKCs that were identified, the atypical 

isozyme PKC-5 was also detected by western blotting (Fig. 
1). Parotid cells did not express PKC-6 (data not shown). 

In further experiments, the nuclear fraction was investi- 
gated as a possible locus for PKC in unstimulated parotid 
cells. Figure 1 shows that the nuclear fraction expressed 
PKC-e, -6, and -5, while deficient in PKC-o. To substan- 
tiate the presence of the respective isozymes, the presence 
of mRNA for individual isozymes was determined by RT- 
PCR. Analysis of DNA fragments generated by RT-PCR 
revealed the presence of transcripts for PKC-a, -6, -E, and 
-5 (Fig. 2). Transcripts for PKC-B (Fig. 2) and -y (data not 
shown) were not detected. 

Differential Regulation of PKCs by PKC Activation 

To determine whether Ca”-dependent and -independent 
isozymes are differentially responsive to PKC activators, the 
effects of PMA and TX on the cellular distribution of 
PKC-(-r and -e were evaluated. TX is a daphnane ester sec- 

PKC-a 
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PKC- 6 PKC- c 

80- 

PKC- E 

80- 
m 

w 80- _B - - 

FIG. 1. Western blot identification of PKC-(u, 4, -E, and -5 
immunoreactive proteins in subcelhdar fractions of parotid 
cells. The cytosolic, particulate (plasma membrane), and 
nuclear fractions were analyzed by SDS-PAGE and immu- 
noblotting. Equal amounts of protein were loaded in each 
lane (15 pg protein/lane). A molecular mass marker for each 
isozyme is shown at the left. 
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FIG. 2. RT-PCR analysis with specific primers showing the 
expression of PKC-o, -6, -E, and -5. Total RNA from isolated 
parotid cells was reverse transcribed into cDNA and ampli- 
fied by PCR using isozyme-specific primers as described in 
Materials and Methods. The PCR products were processed 
by electrophoresis and the DNA stained with ethidium bro- 
mide. Numbers on the right-hand side represent DNA size 
markers with base pairs indicated. 

ondary stage tumor promoter that also activates PKC [12]. 
Representative immunoblots of such experiments are de- 
picted in Fig. 3A, and a quantitative analysis is provided in 

modest (20%) loss of PKC-a in the cytosolic fraction, with 
larger reductions for PKC-6 and -E (70 and 80%, respec- 
tively) (N = 2). Only PKC-(-Y increased in the particulate 
fraction (58%) (a 1.6-fold increase) (Fig. 4). The most 
prominent feature of substance P action was its ability to 
mimic the effect of PMA in increasing PKC-6 and -E im- 
munoreactivity in the nuclear fraction (Fig. 4). PKC-8 and 
-E immunoreactivity increased in the nuclear fraction by an 
average of 158% (2.6-fold) and 150% (2.5-fold), respec- 
tively, following a l-mm incubation with substance P (N = 
2). However, unlike PMA, the peptide did not cause a 
detectable redistribution of PKC-(-w to the nucleus (Fig. 4). 
Even after 5 min, substance P failed to cause the migration 
of PKC-(-w to the nucleus (data not shown). Similar to 
PMA, substance P did not alter the cellular redistribution of 
PKC-5 (data not shown). In another experiment, a 1-min 
exposure to 10 PM CCh caused an increase in PKC-6 and 
-E immunoreactivity in the nuclear fraction of 1.8- and 
1.9-fold, respectively. No increase in PKC-a immunoreac- 
tivity could be detected in the nuclear fraction by densi- 
tometry after exposure to CCh for up to 5 min (data not 
shown). 

Fig. 3B. 
In addition to the decline in the level of cytosolic PKC-tx Differential Down-Regulation of PKC IsoTymes by PMA 

and the corresponding increase in the particulate fraction 
following phorbol ester stimulation [2] (Fig. 3, A and B), 
PMA induced the appearance of PKC-a in the nuclear 
fraction (Fig. 3, A and B). PMA also caused the level of 
cytosolic PKC-• to decline markedly, while a greater pro- 
portion of the isozyme was detected in the nuclear fraction 
(Fig. 3, A and B). PMA failed to induce a significant ac- 
cumulation of PKC-• in the particulate fraction (Fig. 3, A 
and B). PKC-8 behaved similarly to PKC-• in that this 
isozyme was translocated to the nuclear fraction but not to 
the particulate fraction by PMA treatment (data not 
shown). 

TX, like PMA, decreased cytosolic PKC-u and produced 
a modest but statistically significant rise in PKC-(-w immu- 
noreactivity in both the particulate and nuclear fractions 
(Fig. 3, A and B). The increase in the nuclear fraction was 
almost equivalent to that caused by PMA (Fig. 3B). Despite 
its ability to translocate PKC-or, TX failed to decrease 
PKC-• immunoreactivity in the cytosol (Fig. 3, A and B) 
and did not augment the amount of immunoreactive iso- 
zyme in either the particular or nuclear fraction (Fig. 3, A 
and B). TX also failed to alter the amount of PKC-6 and -5 
immunoreactivity in either the particular or nuclear frac- 
tion (data not shown). 

The extent and kinetics of PMA-induced down-regulation 
of isozymes expressed in parotid cells were characterized. 
Representative immunoblots depicting a complete time- 
course of PMA treatment are shown in Fig. 5, and a quan- 
titative assessment after a 20-hr exposure to PMA is pro- 
vided in Fig. 6A. A prolonged exposure to PMA (3-20 hr) 
resulted in a progressive decrease in total cellular PKC-a 
levels (Fig. 5). Immunoreactivity decreased to 60% of con- 
trol levels by 6 hr and to approximately 25% by 20 hr (Figs. 
5 and 6A). Down-regulation of PKC-6 initially proceeded 
at a slower rate in that after 6 hr immunoreactivity fell to 
75% of control values (Fig. 5); by 20 hr the total levels of 
this isozyme decreased to 26% of control values (Figs. 5 and 
6A). PKC-E was unaffected by PMA treatment after 6 hr 
(Fig. 5); however, after 20 hr immunoreactivity fell to 62% 
of control values (Figs. 5 and 6A). PKC-1; immunoreactiv- 
ity remained relatively constant over the 20-hr exposure to 
PMA (115% of control) (Figs. 5 and 6A), indicating that 
this isozyme is resistant to down-regulation. No detectable 
decrease in the levels of the expressed isozymes was ob- 
served following a 20shr exposure to the inactive 4a- 
phorbol; in fact an increase in PKC-(r and -6 immunore- 
activity was observed (Fig. 5). 

Experiments were also carried out using substance P, 
which is a natural ligand for the neurokinin 1 (NK,) re- 
ceptor 1131. The cellular mechanism underlying the action 

Effects of Prolonged PMA Pretreatment 
and PKC Inhibitors cm Amyluse Secretion 

_ 
of this agonist, like that of muscarinic and a-adrenergic 
agonists, involves a phosphoinositide-linked receptor to 
generate DAG and inositol trisphosphate [14, 151. Densi- 
tometric analysis of the representative data depicted in Fig. 
4 revealed that a 1-min exposure to substance P produced a 

To determine whether down-regulation of PKCs leads to an 
altered expression of cellular function, evoked amylase re- 
lease was measured in cells following prolonged exposure to 
PMA. Cells that had been exposed to 1 PM PMA for 20 hr 
exhibited an almost 2-fold greater capacity to respond to 10 
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FIG. 3. Western blot analysis of PKC isozymes in subcellular fractions from parotid cells treated with either PMA 
or TX. Subcelh.&r fractions were processed for western blot analysis using PKC isozyme.specific antibodies. (A) 
Representative immunoblots of each subcellular fraction derived from cells exposed to vehicle, 100 nM PMA, or 
100 nM TX for 10 min. (B) Results (means * SEM) obtained after densitometric analysis of autoradiograms of 
3-4 independent experiments. Results are expressed as a percentage of the total amount of isozyme present in 
all fractions. Key: (*) significantly different from control as assessed by one-way analysis of variance plus 
Duncan’s test for multiple comparisons (P < 0.05). 

FM NE than cells treated for the same time period with the 
inactive 4a-phorbol (14.6 vs 8.2%) (Fig. 6B). In contrast, 
the secretory response to NE following a 20-hr exposure to 
4a-phorbol was not significantly different (8.2 + 0.8%) 
compared with the secretory response of freshly prepared 

cells incubated in serum-enriched medium (9.9 f 0.5%) (N 
= 3). 

The possible involvement of PKC in the regulation of 
evoked amylase secretion was also investigated using two 
selective inhibitors of PKC, Ro 31-8220 and CGP 41 251 
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FIG. 4. Western blot analysis of PKC isozymes in subcellular 
fractions of parotid cells treated with substance P. Parotid 
cells were incubated under control conditions or with 1 pM 
substance P for 0.5 or 1 min. Immunoblot analysis was then 
carried out on subcellular fractions. The data arc represen- 
tative of those from two independent experiments. 
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FIG. 5. Differential effects of PMA on the down-regulation 
of PKC isozymes. Cells were exposed to 1 pM PMA for 3-20 
hr. Samples of the Triton X-100 soluble cell fraction were 
analyzed by SDS-PAGE and immunoblotting. Representa- 
tive immunoblots of the total amount of each isozyme pre- 
sent in cells incubated in the presence of PMA or 4o- 
phorbol are shown. 
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FIG. 6. Comparison of the effects of prolonged exposure to 
PMA on the down-regulation of PKC isozymes and NE- 
evoked amylase secretion. (A) Quantitative representation 
of the results shown in Fig. 5 after densitometric analysis of 
the immunoblots (means * SEM of 3-4 separate experi- 
ments). Data are expressed in arbitrary units as a percentage 
of the amount of isozyme present in cells treated with 4o- 
phorbol. Key: (*) significantly different from control values, 
as assessed by one-way analysis of variance (I’ c 0.05). (B) 
Representation of NE-induced amylase secretion (means * 
SEM of 4-5 separate experiments). Cells incubated in serum- 
enriched medium and treated for 20 hr with either 1 pM 
PMA or 4o-phorbol were washed, exposed to 10 pM NE for 
30 min, and analyzed for amylase release. Secretion is exd 
pressed as a percentage of total cellular amylase activity. 
Key: (*) significantly different from control values, as as* 
sessed by the paired Student’s t-test (I’ < 0.05). 
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FIG. 7. Stimulatory effect of PKC inhibitors on evoked amy 
lase release. Cells were exposed to 10 pM NE for 15 min 
after being pretreated for 5 mitt with various concentrations 
of Ro 3 1.8220, CGP 41 25 1, or with vehicle (dimethyl sulfe 
oxide). Each value for amylase secretion represents the 
mean * SEM from 3-5 independent experiments. Secretion 
was normalized as a percentage of the corresponding 
evoked output from cells incubated in the absence of in- 
hibitor. Neither Ro 31-8220 nor CGP 41 251 had any disc 
cemible effect on basal amylase secretion. 

[16-191. The staurosporine analog Ro 31-8220 in the con- 
centration range of 0.5 to 6 PM potentiated amylase secre- 
tion elicited by NE (Fig. 7). Potentiation was maximal with 
2 FM Ro 31-8220 where NE-induced secretion increased 
more than 3-fold. CGP 41 251 also produced a graded 
enhancement of the secretory response to NE (Fig. 7). CGP 
41 25 1 was less efficacious than Ro 3 l-8220, although both 
agents appeared comparable in potency (Fig. 7). 

DISCUSSION 

The present study has combined immunochemical and mo- 
lecular biological techniques to identify three Ca2’- 
independent PKC isozymes in rat parotid acinar cells, 
namely PKC-•, -6, and -5. The identification of PKC-6 and 
-5 in parotid cells is consistent with their relatively wide 
distribution in peripheral rat tissues [4]. On the other hand, 
expression of PKC-• may signify a role for this isozyme in a 
specialized function since there is limited distribution of 
this isozyme in rat tissues [4]. Our inability to detect PKC-8 
in parotid cells is consistent with previous findings that 
confine this isozyme to skeletal muscle [4]. 

This study has also shown that the PKC isozymes ex- 
pressed in parotid cells exhibit a differential ability to re- 
spond to various agents. The ability of PMA to translocate 
PKC-a, but not PKC-e, to the plasma membrane, consti- 
tutes evidence supporting differential effects of putative 
PKC activators on PKC isozymes in parotid cells. The ad- 
ditional findings that TX translocated PKC-a to the plasma 

membrane and nuclear fractions but failed to redistribute 
PKC-• further documents agonist specificity. The differen- 

tial sensitivity exhibited by PKC isozymes in response to 
agonists and the translocation of PKC-c~, -6, and -E to the 
nucleus which has been demonstrated in parotid cells are in 
accord with findings in other cell systems [7, 20-231. 

The redistribution of PKC-e and -6 to the nuclear region 
produced by substance P or CCh was not accompanied by 
a similar translocation of PKC-a. Thus, another key feature 
distinguishing PKC-(w from the nPKCs is the observed ab- 
sence of this Ca” -dependent isozyme from the nuclear re- 
gion of cells exposed to agonists that cause phosphoinosi- 
tide breakdown. This finding may be viewed as another 
example of the diverse mode of activation of the nPKCs 
compared to the Ca”-dependent (conventional) PKCs 
[24]. However, in light of the ability of PMA and TX to 
cause the redistribution of PKC-a to the nucleus, one must 
also consider the possibility that PKC-ol is present in the 
nuclei of quiescent and receptor agonist-stimulated parotid 
cells at levels that are below the limits of detection with the 
present methodology. Thus, additional experiments are 
planned to firmly establish whether parotid cell activation 
by cell surface receptor agonists that promote phospho- 
inositide hydrolysis is associated with the redistribution of 
PKC-o to the cell nucleus. 

Another property of specific PKC isozymes which has 
functional implications is susceptibility to down-regulation 
[7]. The observations that in parotid acinar cells PKC-ok was 
highly susceptible to PMA-induced down-regulation, 
whereas PKC-6 was somewhat less responsive in terms of 
time-course, and PKC-E somewhat resistant, are compat- 
ible with findings in certain other cell types [25-271. The 
demonstrated down-regulation of both Ca”-dependent 
and Ca”-independent PKC isozymes in parotid cells sug- 
gests that this process does not involve altered Ca” levels. 
Our observations that PKC-E is not translocated signifi- 
cantly to the plasma membrane and is down-regulated only 
modestly by PMA support the concept that redistribution 
to the plasma membrane is a prelude to proteolytic degra- 
dation leading to down-regulation [7]. Our inability to de- 
tect down-regulation of PKC-2; is also in accord with pre- 
vious work [27] and is presumably due to the absence of one 
zinc finger that renders this isozyme incapable of binding 
phorbol esters [28]. 

The marked down-regulation of PKC-Ed elicited by a 20- 
hr exposure to PMA permits a comparison of diminished 
isozyme activity and altered secretory function, despite the 
varied depletion of Ca”-independent isozymes. The fact 
that marked down-regulation of PKC-a was accompanied 
by an enhanced secretory response to NE suggests that this 
isozyme serves to negatively modulate secretion. This line 
of reasoning may extend to PKC-6 which also exhibited 
only 25% of normal immunoreactivity after a 20-hr expo- 
sure to PMA. The additional fact that the secretory re- 
sponse was amplified by concentrations of the highly selec- 
tive PKC inhibitors CGP 41 251 and Ro 3 l-8220, which 
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maximally reduce protein phosphorylation in other test sys- 
tems [ 16-191, substantiates the notion that PKC (more spe- 
cifically PKC-a and/or -8) serves as a negative modulator of 
salivary amylase secretion. The observed amplification of 
the secretory response to NE after PKC inhibition may be 
attributed to the well-documented negative feedback regu- 
lation by PKC of phospholipase C-mediated Ca” signaling 
which has been observed in acinar exocrine cells [29-311. 
The observed inhibition of evoked amylase secretion elic- 
ited by the putative PKC inhibitor H-7 in a previous study 
[l] may be ascribed to the lack of selectivity of this agent. 
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One cannot exclude the possibility that PKC+, which 
was only partially down-regulated, and PKC-5, which was 
unaffected by prolonged PMA treatment, may also serve 
some role in regulating exocytotic amylase secretion. In this 
connection, our previous study which demonstrated that 
diacylglycerol decreases the Ca” requirement for amylase 
release from permeabilized parotid cells also implicates PKC 
as a positive modulator at a distal step in the secretory 
process [32]. 

12. 

13. 

In conclusion, our findings reveal that parotid cells con- 
tain PKC-a and three Ca”-independent isozymes that dis- 
play varied time-courses and sensitivities to translocation 
and down-regulation in response to various putative acti- 
vators of PKC. Utilizing these distinct properties, we have 
demonstrated that PKC-CY and possibly PKC-6 may serve as 
negative modulators of amylase release. Another major out- 
come of this study derives from the finding that the nucleus 
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