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Abstract. In previous studies, we showed that lacrimal pase C (Mauduit, Jammes & Rossignol, 1993), generat-
gland acini express three isoforms of protein kinase dng two second messenger molecules, inositol 1,4,5-
(PKC): PKGy,-3, and €. In the present study, we report triphosphate (IF) and diacyglycerol (DAG) (Berridge,
the identification of two other PKC isoforms, namely 1987). IR, interacts with specific receptors present on
PKCuw and +/\. Using immunofluorescence techniques, the endoplasmic reticulum to liberate Lanto the cy-

we showed that these isoforms are differentially locatedtosol (Berridge, 1987). The free €ain conjunction
PKCa and . showed the most prominent membranewith calmodulin will then activate G4 and calmodulin-
localization, whereas PKi&; - and +/A were mainly  dependent protein kinases. DAG interacts with and ac-
cytosolic. Using cell fractionation and western blotting tivates protein kinase C (PKC) (Newton, 1995; Niedel &
techniques, we showed that the phorbol ester, phorbag|ackshear, 1986; Nishizuka, 1986). Activation of these
12, 13-dibutyrate (PdBu, I8 m), translocated all PKC  kinases leads to the phosphorylation of specific sub-
isoforms, except PKG\, from the soluble fraction into  strates thought to trigger lacrimal gland protein secretion.
the particulate fraction. The effect was maximum at 5 pkc was originally described as a €and phos-
min and persisted at 10 min. Pk@as the most respon- pnolipid-dependent protein kinase activated by diacyl-
sive to PdBu reathng almost maximal translogatlon at Flycerol produced by the receptor-mediated breakdown
PdBu concentration as low as 0. The cholinergic  of phosphoinositides (Kishimoto et al., 1980). Molecu-
agonist, carbachol (Iband 10° v), induced transloca- |5, cloning and biochemical techniques have shown that
tion which was transient for PK&; and ., but persisted  py s a family of closely related enzymes consisting of
for 10 min for PKG. Carbachol did not translocate i |gast eleven different isozymes. The PKC family has

PKC<|x an’tlri,kf IPdBu, ?Idl n%t tprirgzslpc?te PKE. inf been divided into three categories (Newton, 1995; Nishi-
concluded that facrimal gian ISoforms are ditter- zuka, 1995). A first group, termed classical or conven-

entially localized and that they translocate differentiallytional PKCs (cPKC) including PK& -gl, Bll and -y

in response to phorbol esters and cholinergic agoniStS'isoforms, have a G4 and DAG-dependent kinase and
phorbol-ester-binding activities. A second group,
Key words: Exocrine gland — Muscarinic —e;;-  termed new or novel PKCs (nPKC) including PKGS3,
adrenergic — Translocation — Phorbol esters -9, -1, and . (the human homologue of the mouse pro-
tein kinase D) (Johannes et al., 1994) isoforms, aré-Ca
Introduction independent and DAG-stimulated kinases. A third group
termed atypical PKCs (aPKC) including PKGand +/A

. . L . isoforms, are C& and DAG-independent kinases.
Lacrimal gland protein secretion is mainly under the con- Structurally, PKC has been divided into two do-

trol of cholinergic muscarinic_receptors (Dartt, _1989; mains: a regulatory domain in the amino terminal half
Herman e]E a;:., 1978). The lacrimal Iglgmd rr?uiczrmllc ®and a catalytic domain in the carboxyl terminal half. The
g;aptﬁcr)sé, ohattic(ia 'l\iénzusﬁzpi';}g?sc?%zeh tto tbe 3;] ro f'ﬁ_regulatory domain of cPKC contains two conserved re-

phosp y ' phosphate by phospho gions C1 and C2. The C1 region contains two tandem

repeats of cysteine-rich motif responsible for DAG and
R phorbol-ester-binding (Ono et al., 1989). The aPKC iso-
Correspondence td. Zoukhri forms, unlike cPKC and nPKC isoforms, contain only
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ohe cysteine_rich motif and hence do not bind DAG/ding medium. Cryostat sections (8n) were placed on gelatin coated
phOI’bO| esters. The C2 region called CalB. interactsslides and air dried for 2 hr. Sections were incubated with the indicated

; P o ! ._primary antibody diluted in PBS for 1 hr at room temperature. The
Wlthl. phtozpholtlpldsl n ? Cﬁtdependbent manfnelrazgd. IS secondary antibody (1:50), conjugated to FITC, was applied for 1 hr at
Implicated In translocation o memboranes or ¢ . ISO'room temperature. Coverslips were mounted with a medium consisting
forms (Luo et aI.., 1993). The nPKC and aPKC 'SOf_OrmSof glycerol and paraphenylendiamine. Sections were viewed using a
lack the C2 region and hence do not need*Gar their  Nikon UFXII microscope equipped for epi-illumination. Negative
enzymatic activity. The catalytic domain of PKC con- controls included omission of the primary antibody and preabsorption
tains two additional conserved regions, C3 and C4 reof the primary antibody with the corresponding peptide (10-fold excess
sponsible for ATP and protein substrate binding, respec@nd overnight incubation at 4°C) used for immunization.
tively (Newton, 1995).

In previous studies, we showed that lacrimal glandPREPARATION OF RAT LACRIMAL GLAND ACINI
acini express three isoforms of PKC: PKG9, and € The lacrimal aland inced and incubated in Krebs.Ri bi
h . ) . e lacrimal glands were minced and incubated in Krebs-Ringer bi-

(Zhoulghlrl etal, 19%4)' Usmgl long-term treatrr1nent dWItI’? carbonate buffer (in m: 119 NaCl, 4.8 KCl, 1 CaGJ 1.2 MgSQ, 1.2
phorbol esters to downregulate PKC, we showed t akHZPQ,, and 25 NaHCGQ) supplemented with 10 mHepes, 5.5 m
PKCQL, and €, and to a lesser extent Plﬁmlay acentral  giucose (KRB-Hepes), and 0.5% BSA, pH 7.4 containing collagenase
role in phorbol-ester- as well as cholinergic-induced pro-(150 U/ml). Lacrimal gland lobules were subjected to gentle pipetting,
tein secretion in the lacrimal gland (Zoukhri etal., ]_994)_ten times at regular time intervals, through tips of decreasing diameter.
Those findings were recently confirmed using pseudo-The preparation was then filtered through nylon mesh (160 pore

substrate-derived inhibitory peptides to selectively in-Sz¢). and the acini pelleted wita 2 min centrifugation at 50 &.

hibit PKC isoforms (Zoukhri et al 1997) The pellet was washed tW|(_:e by centrifugation (50,2 mln) through .
! /° L a 4% BSA solution made in KRB-Hepes buffer. The dispersed acini

In the present StUdy’ we report the identification of were allowed to recover for 30 min in 5 ml fresh KRB-Hepes buffer

two other PKC isoforms, namely PKCand +/\. Using  containing 0.5% BSA.

immunofluorescence techniques, we show that PKC iso-

forms are dlfferentle_llly Iocate_d in the lacrimal gland. ELECTROPHORESIS ANDIMMUNOBLOTTING

Using western blotting techniques, we show that the

phorbol ester, phorbol 12, 13-dibutyrate (PdBuTB_IJO) Lacrimal gland acini were incubated for the indicated period in 1 ml of
stimulates the translocation of PI&C-3, -e and ., but KRB-Hepes buffer with or without agonists. Reactions were termi-
not PKG/\, from the soluble to the particulate fraction. nated bygbr.ief centrifug_ation at 5009>and addition of 1 ml ice-cold
The cholinergic agonist, carbachol (annd 103 M), homogenization buffer (in m: 30 Tris-HCI, pH 7.5, 10 EGTA, 5

. | h | . f d b EDTA, 1 dithiothreitol, and 250 sucrose). The cells were then dis-
stimulates the translocation of PRC-e and ., but not rupted by sonication. Soluble and particulate fractions were prepared

PKCa and +/\. by centrifugation of the homogenate at 100,000 for 1 hr. Proteins

in both fractions were separated by SDS-PAGE (7.5 or 12% acrylamide

gels) and transferred to nitrocellulose membranes as previously de-
Materials and Methods scribed (Zoukhri et al., 1994). After blocking nonspecific sites over-

night at 4°C in 5% dried milk in buffer containing 10mTris-HCI pH

8.0, 150 nm NacCl, and 0.05% Tween-20 (TBST), the membranes were
MATERIALS incubated for 1 hr at room temperature with the primary antibody (1

o ) wrg/ml) diluted in TBST. The membranes were washed three times in

Polyclonal antibodies to PK& -5, -¢, -p, and +/A and their corre-  1BST and incubated with the secondary antibody conjugated to horse-
sponding control peptides were obtained from Santa Cruz (Santa Cruzgish peroxidase (1:2000 in TBST). Immunoreactive bands were vi-
CA); a monoclonal antibody to PKO\ was used for western blotting  g,5jized using the enhanced chemiluminescence method according to
and was from Transduction Laboratories (Lexington, KY). Phorbol yanfacturer's protocol. The films were digitally scanned using BDS-
esters were from LC Laboratories (Waltham, MA); collagenase CLS Ill Image (Biological Detection System, Pittsburgh, PA) and analyzed

from Worthington Biochemical (Freehold, NJ); enhanced chemilumi- i National Institutes of Health Image software (version 1.58).
nescence detection system from Amersham (Arlington Heights, IL) or

Pierce (Rockford, IL). All other chemicals were from Sigma (St.
Louis, MO). Results

IMMUNOHISTOCHEMISTRY CELLULAR LocATIoN oF PKC IsozYMES

All experiments were in accordance with the USDA Animal Welfare Using immunofluorescence microscopy, we determined
Act (1985) and were approved by the Schepens Eye Research Instituthie cellular location of the PKC isoforms present in the
Animal Care and Use Committee. Male Wistar rats were anesthetizedgcrimal gland. Using an antibody to PKCimmuno-

for 1 min in CO,, decapitated, and both exorbital lacrimal glands were fluorescence was seen on the basolateral and apical

removed. o i T
Lacrimal glands were fixed in 4% formaldehyde in phosphate membranes of all acini clearly outlining the individual

buffered saline (PBS, containing inim145 NaCl, 7.3 NgHPO,, and aciniar cells _m_ the acinus (Fig.A}. ImmgnOfluores'
2.7 NaHPO, at pH 7.2) fo 4 h at4°C. After cryopreservation over- Ce€Nce was visible (arrows) near the apical membrane

night in 30% sucrose in PBS, the tissue was frozen in O.C.T. embedsuggesting that PK& might be associated with the
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Fig. 1. Immunofluorescence micrographs showing
the cellular distribution of: £) PKCq; arrows
indicate labeling of apical membranes and possibly
secretory granules of lacrimal gland acini
(antibody was diluted 1:200 in PBSB) PKCg;
arrow indicates labeling of apical membranes and
possibly secretory granules and/or trans-golgi
network (antibody was diluted 1:100)C) and O)
PKG3; arrow onD indicates labeling of a
myoepithelial cell (antibody was diluted 1:50[)(
PKCu\ (antibody was diluted 1:400). The blot
below shows the amount of PKG
immunoreactivity in the soluble (S) and particulate
(P) fractions from unstimulated lacrimal gland
acini homogenate ) PKCy.; arrow indicates
labeling of apical membranes and possibly
secretory granules, arrowheads indicate an
intracellular filamentous network (antibody was
diluted 1:400). The blot below shows the amount
of PKCp immunoreactivity in the soluble (S) and
particulate (P) fractions from unstimulated lacrimal
gland acini homogenate. Similar results were
obtained in 2 other experiments. Magnification,

PEC/). @ PECi —a
S P s P x430.
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Fig. 2. Effect of phorbol esters and cholinergic agonists on translocation ofeRK& and €.(A) Proteins from lacrimal gland acini homogenate
were separated by SDS-PAGE, transferred to nitrocellulose membranes, and probed with the indicated anti-PKC antibodies. The numbers on
left indicate the weight in kiloDaltons and the position of the molecular weight markers. This figure was computer-generated from 5 separate blot
(B) Lacrimal gland acini were stimulated with either the phorbol esters, PMA or PdB® (L@ach for 5 min) or carbachol (I®m for 1 min).

Proteins in the soluble and particulate fractions were separated by SDS-PAGE and transferred to nitrocellulose membranes and probed with
indicated anti-PKC antibodies. Similar results were obtained in at least 2 other experiments.

membranes of the secretory granules. RK@munore- was in the soluble fraction while 75% of PKCwas

activity was more cytoplasmic than PlkGand binding  detected in the particulate fractiom € 5). PK® and ¢

was seen on the basolateral and apical membranes efere not detected by either immunofluorescence or

acinar cells (Fig. B). In addition, immunofluorescence Western blotting techniquesidta not showh

was also seen near the apical membrane (arrow, Big. 1 The antibodies used for the immunohistochemistry

Double-labeling experiments are needed to identify thesstudies were tested by western blotting to show that they

structures. PK€ immunoreactivity was also occasion- recognized only the isoform of PKC they were raised

ally detected on myoepithelial cellslfta not showp  against and did not cross react with the other proteins

PKC3 also had a cytoplasmic distribution (FigC)L and  present in the lacrimal gland (FigA2 Other controls

binding was also seen on some myoepithelial cells (arfor immunohistochemistry included the omission of the

row, Fig 1D). The immunofluorescence points on Fig. primary antibody or the use of preabsorbed antibody us-

1C and D are nonspecific as they were also obtained ining a tenfold excess of the immunizing antigen peptide.

the negative controls. The lacrimal gland myoepithelialln both cases, immunofluorescence was negligidbed

cells were characterized in our laboratory (Hodges et al.not showi).

1997) and by others (Lemullois, Rossignol & Mauduit, These results show that five isoforms of PKC, three

1996) using an antibody againstsmooth muscle actin. previously identified and two newly identified ones, are
We have identified two additional PKC isoforms present in the lacrimal gland each with a different dis-

present in lacrimal gland: PKO. and PKGv. PKG/N tribution.

had a cytoplasmic distribution and was present on intra-

cellular membranes, possibly the endoplasmic reticulum

or golgi apparatus (Fig.H). The finding that PK@\ is  pyoreoL ESTER AND CHOLINERGIC-INDUCED

present mostly in cytoplasm was confirmed by WesternrgansiocaTion oF PKC ISOFORMS

blotting (Fig. IE). Western blotting showed that 68% of

PKCJ/\ was in the soluble fraction while 32% of PK&

was detected in the particulate fraction€ 5). PKG.  Classical (&) and novel (8, -e and ), but not atypical

localization was similar to that of PKCin that immu-  (-u/\) PKC isoforms, translocate from the soluble to the

nofluorescence is clearly membranous, on the basolaterglarticulate fraction in response to phorbol esters or other

and apical membranes (arrow, FigF)1 outlining the  agonists (Kraft et al., 1982; Kraft & Anderson, 1983).

individual acinar cells in an acinus and an intracellularTranslocation of PKC has been often used as a marker of

filamentous network (arrowheads, Fig-)1l The distri- PKC activation. To determine if lacrimal gland PKC

bution of PKG. was also confirmed by Western blotting isoforms translocate in response to phorbol esters we

(Fig. IF). Western blotting showed that 25% of PKC used cell fractionation and SDS-PAGE/Western blotting
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PdBu10fy O S soluble and the particulate fractions. After a 1-min
@ Membrane . N . .
stimulation, approximately 25% of each isoform was
10 PKCa PKCS present in the soluble fraction and 75% was in the par-

ticulate fraction. At the maximum time (5 min) approxi-
mately 15% of each isoform was present in the soluble
fraction while 85% was present in the particulate frac-
tion. Translocation persisted for at least 10 min when
approximately 30% of the isoforms were present in the
soluble fraction and 70% were in the particulate fraction.
Translocation of PK@ was not as dramatic as the other
isoforms. Under basal conditions, only a small amount
(25%) of PKGr was detected in the soluble fraction
while the majority of PKGQ. (75%) was in the particulate
fraction. After a 1-min stimulation with PdBu (IBwm),
10% of the isoform was detected in the soluble fraction
and 90% in the particulate. Translocation persisted at 10
min when 14% of PK@. was detected in soluble fraction
and 86% in the particulate fraction. The nonreversibility
0 2 4 6 8 100 2 4 6 8 10 of phorbol-ester-induced translocation is consistent with
Time (min) the slow cellular metabolism of phorbol esters compared
to the natural agonist of PKC, DAG. PK@, an atypi-
Fig. 3. Effect of time on PdBu-induced translocation of PGS, -« c3| jsoform, did not translocate in response to PdBu, as
and . Lacrimal gland acini were stimulated for the indicated time in expecteddata not showp These results indicate that all

the presence of PdBu (1Dm). Proteins in the soluble and particulate PKC isof . he | . | aland
fractions were separated by SDS-PAGE and transferred to nitrocellu: Isoforms present In the lacrimal gland except

lose membranes and probed with the indicated anti-PKC antibodies” KCUA translocated in response to PdBu.
Data are average of 2 experiments.

PKC Immunoreactivity ( % of total )

EFFeCT oF CONCENTRATION ON PHORBOL
EsTERINDUCED TRANSLOCATION OF PKC IsOFORMS

techniques using antisera specific to PKC isoforms. AsThe concentration-dependency of translocation with
shown in Fig. B, both phorbol 12-myristate 13-acetate PdBu is shown in Fig. 4. PK€&was the most responsive
(PMA, 10°® m) and phorbol 12, 13 dibutyrate (PdBu, to PdBu (5 min incubation) as translocation was almost
10°° m) promoted the translocation of all three PKC iso- maximal (20% in soluble fraction; 80% in the particulate
forms from the soluble to the particulate fraction after afraction) at a concentration of I9m. PKCa was the
5-min incubation. least responsive with little translocation occurring until
Lacrimal gland cholinergic muscarinic receptors arethe PdBu concentration was increased t6’20. PKC
coupled to the hydrolysis of phosphoinositides by PLChad an intermediate sensitivity to PdBu translocating a
and hence produce DAG, the endogenous activator afmaximum at a PdBu concentration of fou. We did
PKC (Mauduit et al., 1993). Previously, we showed thatnot test the concentration-dependency of translocation of
PKC is involved in cholinergic-induced lacrimal gland PKCu with PdBu because translocation with a maximal
protein secretion by using long-term treatment withconcentration of PdBu (I8 m) was subtle §eeFig. 3).
phorbol esters to downregulate PKC (Zoukhri et al., These results show that PK@ the most responsive
1994). Thus, we tested the effect of carbachol, a cholinto PdBu, PKG was less responsive and PKQvas the
ergic agonist, on the cellular distribution of PKC iso- least responsive.
forms. Carbachol (1T m) translocated PKE and e,

but not «, after a 1-min stimulation (Fig.B. EFFECT OFTIME ON CHOLINERGIC-INDUCED
TRANSLOCATION OF PKC IsoFORMS

EFFECT OF TIME ON PHORBOL ESTERINDUCED Figure 5 shows the time dependency of carbachol{10
TRANSLOCATION OF PKC IsoFORMS Mm)-induced translocation of PKC isoforms. As shown,
maximal translocation of PK&and < occurred by 30
The time-dependency of translocation stimulated bysec after addition of carbachol (28% of P&@n the
PdBu (10° m) for PKCa, -3, -€, and 1 is shown in Fig.  cytosol down from 54%; 29% of PK&down from 54%,
3. Translocation was detected at 1 min, maximal at 5-ig. 5). Translocation was reversible for P&€turning
min and still apparent at 10 min for all four isoforms. almost to control level by 5 min. In contrast, transloca-
Prior to addition of agonists, PKG -8, and € immuno-  tion of PKCe persisted for as long as measured (10 min)
reactivity was almost equally divided between the(Fig. 5). PKG. was also translocated by carbachol
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Fig. 4. Effect of PdBu concentration on translocation of RKGS, and €. Lacrimal gland acini were stimulated for 5 min in the presence of
increasing concentrations of PdBu. Protein in the soluble and particulate fractions were separated by SDS-PAGE and transferred to nitrocellulc
membranes and probed with the indicated anti-PKC antibodies. Data are average of 2 experiments.

100 form, PKCx; three novel isoforms, PK&; -e and 1; and
PKCo QO Cytosol PKCS . . . .
80 1 @ Membrane | one atypical isoform, PKG\. Using immunofluores-

cence techniques, we showed that, under basal (unstimu-

60 Ie lated) conditions, these isoforms were targeted to differ-
m ent loci. PKGx and 4 immunoreactivity was associated
with the plasma membrane and with structures at the

apical side of the acinar cells that resemble secretory
) — ——T granules. PK@ is a calcium- and phospholipid-
B PKCH dependent isoform, and it is known that calcium, through
80 the C2 domain, facilitates the interaction of classical
PKC isoforms with the acidic phospholipids of mem-
branes (Luo et al., 1993). PKCpossesses a long N-
0 terminal sequence with a potential transmembrane do-
main (Johannes et al.,, 1994). Furthermore, a recent
study (Dieterich et al., 1996) showed that PiK€an be
) — T — T 7T activated, in vitro, by phosphatidylinositol 4,5-
o 2 4 6 8 100 2 4 6 8 10 bisphosphate (PI 4,55 Pl 4,5-B was shown to bind to
Time (min) the pleckstrin homology domains of several signal trans-
ducer molecules, and might thus anchor RK@ia its
-e and . Lacrimal gland acini were stimulated for the indicated time pleckstrin hqmolpgy domaln,. to -a membrane as sug-
in the presence of carbachol (£0m). Proteins in the soluble and gested by Dieterich et al. (Dieterich et al., 1996). The

particulate fractions were separated by SDS-PAGE and transferred nique |OPat'°” of PK@ and Lot tolthe aplcal membran?
nitrocellulose membranes and probed with the indicated anti-PKC anOf the acinar cells suggests a pivotal role for these iso-
tibodies. Data are average of 2—3 experiments. forms in controlling exocytosis in the lacrimal gland.

) . PKC3, -€, and +/\ immunoreactivity was detected
though to a lesser extent than the other isoforms. Maximainly in the cytosol. PK& and occasionallyeimmu-

mum translocation occurred by 1 min (16% in soluble horeactivity was also localized on myoepithelial cells.
fraction, down from 30%; 84% in the particulate frac- The role of myoepithelial cells in the lacrimal gland is
tion, up from 70%). Translocation was reversible, re-iq; yet understood. However, due to their resemblance
turning by 10 min. Surprisingly, PK&did not translo- {5 smooth muscle cells, it is suggested that they might
cate significantly in response to carbachol (Fig.contract in response to stimuli to help the acinar cells
5). Similarly to PdBu, carbachol did not translocate gject their secretory products into the lumen. It is worth
PKCuJ/\ (data not shpwp ] ] _noting that lacrimal gland myoepithelial cells express the

These results indicate that cholinergic agonistsy, muscarinic receptor (Lemullois et al., 1996) and thus
translocate PKE, -, and 1 in the lacrimal gland. stimulation of these receptors may lead to activation of
PKC3 and <. Interestingly, calcium-independent iso-
forms of PKC were shown to play a major role in con-
The results of the present study show that the lacrimatraction of smooth muscle cells (Khalil & Morgan, 1992;
gland expresses five isoforms of PKC: a classical isolee & Severson, 1994).

PKC Immunoreactivity ( % of total )

Fig. 5. Effect of time on carbachol-induced translocation of RKE3,

Discussion
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In another series of experiments, using cell fraction-Dartt, D.A. 1989. Signal transduction and control of lacrimal gland
ation and western blotting techniques we determined the Protein secretion: a revievCurr. Eye Res8:619-636
effect of phorbol esters and cholinergic agonists on théieterich, S., Herget, T., Link, G., Bottinger, H., Pfizenmaier, K., Jo-
cellular distribution of PKC isoforms. All PKC iso- hannes,_ F.-J. 1996. In vitro actl\{atlon and substrates of recombinant,
forms, except PK@\ translocated from the soluble to bacwoé"u; eXpresssd gl\itma"htmfaﬁl\fEBséensm:_l%_lm; 1078
. . . erman, G., busson, S>., racnt, L., Maurs, C., RossIgnol, bB. .
g:g E)I%rg?(l:rzaettlecgrc?fc'::ggsllgcer:liﬂoc?lzen(g? Sﬁzevrg%; %?ft_ Regulation of protein discharge in two exocrine glangs: rat parotid
' X o A - and exorbital lacrimal gland®iol. Cell 31:255-264
ferences in the ablllty of PKC |S(_)f0rms to respond t_O theHodges, R., Zoukhri, D., Sergheraert, C., Zieske, J., Dartt, D. 1997. Iden-
phorbol ester PdBu. Translocation occurred at 1 min and tification of VIP receptor subtypes in the lacrimal gland and their
was still measurable at 10 min in agreement with the signal transducing componentivest. Ophthalmol. Vis. Sci.
slow metabolism of phorbol esters. However, a differ- 38:610-619
ence was noticed when the concentration dependency thannes, F.-J., Prestle, J., Eis, S., Oberhagemann, P., Pfitzenmaier, K.
phorbol esters was studied. We found that RK«@s the 1994. PKGu is a novel, atypical member of the protein kinase C
most responsive to PdBu and PKhe least responsive.  family. J. Biol. Chem2696140-6148
In a recent study, using pseudosubstrate-derived inhibi"el: Fo Kae o A es ofvascutar oolls of
tory peptides, we found that PkOplays the major role . )
in PdBu-induced protein secretion in the lacrimal gIandKis;?;;e:eAt'J'ngis'cj L&z:ﬁs“r’z:;:\iz U. Nishizuka. Y. 1980
(Zoukhri et al., 1997). In another study, we found that i P . o o '

o . Activation of calcium and phospholipid -dependent protein kinase
PKCa was the most sensitive to downregulation by  py diacyglycerol, its possible relation to phosphatidylinositol turn-

PdBu as 31% of the immunoreactivity of Pk@vas lost over.J. Biol. Chem2552273-2276
20 min after addition of PdBu (I6 m) (Zoukhri et al.,  Kraft, A.S., Anderson, W.B. 1983. Phorbol esters increase the amount
1994). PKG and € immunoreactivity was only de- of C&*, phospholipid-dependent protein kinase associated with

creased by 11% and 7%, respectively (Zoukhri et al., Plasma membrandature301:621-623
1994). Thus, as often stated by Nishizuka (Nishizuka,Kraft, A.S., Anderson, W.B., Cooper, H.L., Sando, J.J. 1982. Decrease
1995), association of PKC with membranes would not in cytqsolic calcium phospholipid-dependent protein kinase_activity
necessarily reflect the state of activation of the enzyme. fcor':g"n‘:'g%ﬁ;‘g;gg_ﬁfégeatme”t of EL4 thymona cels.Biol.

Translocation in response to carbachol was subtle ang P . o

. ee, M\W., Severson, D.L. 1994. Signal transduction in vascular
tranSIe_nt for PK@ and 1_‘“' whereas that of PK'fONaS more smooth muscle: diacylglycerol second messenger and PKC action.
extensive and was still apparent at 10 min. In contrast, am. J. Physiol267:C659-C678
carbachol did not stimulate the translocation of RK&t Lemullois, M., Rossignol, B., Mauduit, P. 1996. Immunolocalization of myo-
any of the times measured. This finding is intriguing since epithelial cells in isolated acini of rat exorbital lacrimal gland: Cellular
we found that this isoform plays a major role in cholinergic-  distribution of the muscarinic receptoBiol. Cell 86:175-181
induced protein secretion in the lacrimal gland. Indeed, iniuo, J.H., Kahn, S., O'Driscoll, K., Weinstein, I.B. 1993. The regula-
hibition of PKCx by its myristoylated pseudosubstrate-  tory domain of protein kinase @, contains phosphatidylserine-
derived peptide resulted in 70% inhibition of cholinergic- ~ and phorbol ester-dependent calcium binding activity.Biol.
induced protein secretion (Zoukhri et al., 1997). The first Chem2683715-3719 _ N
time measured in our translocation studies with carbachd!@udutt. P.. Jammes, H., Rossignol, B. 1993, Muscarinic acetyl-

. . . choline receptor coupling to PLC in rat exorbital lacrimal acinar

was SQ sec. It is possible that PK@night _hav_e translo- cells. Am. J. Physiol264.C1550-C1560
Cate(.j I.n. re.Sponse to Carba(.:hOI at an e.ar“er time. AnOth%ewton, A.C. 1995. Protein kinase C: structure, function, and regula-
possibility is that translocation of PKCis not necessary tion. J. Biol. Chem270:28495-28498

for it to stimulate protein secretion. . ~Niedel, J.E., Blackshear, P.J. 1986. Protein kinasénCPhosphoi-
In summary, we showed tha_‘t |acr|ma| gland contains  nositides and Receptor Mechanisms. J.W. Putney, editor. pp. 47—
two additional isoforms of PKC in addition to PKC-3, 88. Alan R. Liss, New York

and €. PKCu and +/A. We concluded that all these Nishizuka, Y. 1986. Studies and perspectives of protein kinascic.
isoforms are differentially localized and that they trans-  ence233:305-312
locate, except PK@\, differentially in response to phor- Nishizuka, Y. 1995. Protein kinase C and lipid signaling for sustained
bol esters and cholinergic agonists. The role of RKC responsesFASEB J.9:484-496
in the lacrimal gland remains to be studied. Ono, Y., Fujii, T., Igarashi, K., Kuno, T., Tanaka, C., Kikkawa, U.,
Nishizuka, Y. 1989. Phorbol ester binding to protein kinase C re-
The authors are grateful to Dr. James Zieske for his help with the immu-  quires a cysteine-rich zinc-fingerlike sequenBeoc. Natl. Acad.
nofluorescence technique and for his critical reading of the manuscript.  Sci. USA86:4868-4871
This work was supported by National Institutes of Health grant EY06177.Zoukhri, D., Hodges, R., Sergheraert, C., Toker, A., Dartt, D. 1997.
Lacrimal gland PKC isoforms are differentially involved in agonist-
Reference induced protein secretiom. J. PhysioR72:C263-C269
Zoukhri, D., Hodges, R.R., Dicker, D.M., Dartt, D.A. 1994. Role of
Berridge, M.J. 1987. Inositol trisphosphate and diacylglycerol: two  protein kinase C in cholinergic stimulation of lacrimal gland protein
interacting second messengeisin. Rev. Biochen®6:159-193 secretion FEBS Lett.351:67-72



