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Expression of protein kinase C subspecies in rai retina
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An ¢xtraet of rat refing was subjected to Mano Q followed by shromatography on hydroxyapatite, and the protein kinase C (PKC) subspecios

were ideatified by immunablet and biechemicul anuiyais. [t was found that, although the relative activities assayed with myelin basis pratein as

a common phosphate seceplar vary greatly with one anather, the g-, Sl-. Sl1-, p-, &, &, {+, and another structurally unknown PKC subspecics
are expressed in this tissue, Thus, the reting is 8 unique tissue which exprosses most of the PKC subspecies so fur identifled in mammals,

Protein kinase C; Retina

. INTRODUCTION

Protein kinase C (PKC) appears to play crucial roles
in cell surface signal transdustion foar the control of
various physiclagical processes (for a review see [1]).
Molecular cloning and biochemical analysis have re-
vealed that, in mammalian tissues, PKC exists asa large
family of at least sight subspecies (@, 81, 811, 7. 4. &. £,
und 1) with closely related structures (1-3]. In the
Drosaphila visual system, a photoreceptor-specific PKC
has been found, and its function in the light-dependen:
regulation of phototransduction has been postulated
[4]. In fact, activators of PKC have been shown to de-
crease the light response and reduce the resting level as
well as the light-induced decrease of cyclic GMP{5]. The
presence of PKC in the outer segment of bovine retina
[6] and its ability to phosphorylate rhodepsin [7) and
arrestin (8] have been implicated in the functional signif-
icanee of PKC in the visual transduction processes. fm-
munological analysis using specific antibedies against
the «- and f-subspesies has shown their differential lo-
calization in the retinal neurens [2,10].

It has been well documented that, by hydroxyapatite
column chromategraphy, the enzyme from brain tissues
is reselved into three distinct fractions [11], which corre-
spond to the enzyme subspecies encoded by ¥, SI/8I1
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and a PKC genes [12]. Recently, the enzyme subspecies
encoded by § and & PKC genes have been purified and
characterized from brain tissues [13,14]. To explore the
function of PKC in the visuul system, the subspecies of
this enzyme family have to be characterized. The pres-
ent studies were undertaken to identify the subspecies
of PKC expressed in rat retinal tissue.

2. MATERIALS AND METHODS

2.1, Materialt and chemicals

Bovine myelin basic protein (MBP) was purchased from Sigma,
[7-¥PIATP (3,000 Ci/m mol) was obtained from New England Nu-
clear, Phosphatidylserine (PtdSer) and diolein were from Serdary Re-
ssarch Laboratories,

2.2, Bartia! resolution of BKC subspecios

All procedures were carried out at 0-4*C. Rat retina (680 mg wet
weight) from thirty male Sprague-Dawley rals (4-week-old) was dis.
sected and homogenized by sonication four times, cach time for § 5,
in 4 ml 20 mM Tris.HCl pH 7.5, conaining 10 mM EGTA. 2 oM
EDTA, 20 mM 2-mercaptocthanol, 100 ug/m! leupeplin, 50 &M p-
APMSF (p-amidinophenyl-methanssulfony! Nuoride hydrochloride}
and 0.5% (v/v) Triton X-100. The homogenate was centrifuged for 60
min at 100,000 = g The supernatunt was adjusted 1o pH 5.0 by the
addition of 1 M Tris-HCl pH 9.5, and then applied 10 a Mono Q
column (5 = 5. Pharmacia HR 5/5) which was connested to an FRLC
xystem (Pharmacia) and equilibraled with 20 mM Tris-HCl pH 8.0,
containing 0.5 mM EGTA, 0.5 mM EDTA, 20 mM 2-mercaplociha-
nol. 20 up/ml leupspiin, 50 4M -APMSF, 10% (v/v) glycerol, and
0.02% (v/v) Triton X-100 (BufTer A). After washing with 10 ml of
Bufler A, PKC was cluted by application of a 50-m! linear coneentra-
tion gradient of NaCi (0-0.5 M) in BufTer A at a flow rate of 0.5
mbmin. Frastions of one ml cash were sellectad, and an aliqueot of
cach fraction was assayed for PKC aclivity. A single major peak of
PKC fractions (20 mi, fractions 21-45) was applied directly to a hy-
drozyapatile columan {078 x 15, KB-0515 type C), which was con-
nected 1o the FPLC system. The hydroxyapatite column was previ-
ously equilibrated with 20 mM potassium phosphalte, pH 7.5, contain-
ing G5 mid ECTA, 0.8 mM EDTA, 30 mM J-mereunioethanal, 20
sg/mlicupsptin, S0 uM g-APMSF, 10% (v/v) glyeerel, and 0.02% (v/v)
Triton X-100 (BufTer B). Afer washing with 20 ml of BufTer B, PKC
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was cluted by application of an 84-m! linear cancentration gradient
of powassium phesphate (20-215 mM) ia Bulier D al a flow rate of04
mUmin. Frastions of anc mi cach were collesied and assayed for
enzyme activity,

Rat brain cytosclic PKC uas resslved inlo three major peaks by
hydroxyapatite colunn chromatography as described [12].

2.3, Standard of PKC subspecies and assay

The @, f=, 7=, &, and e-subspecies were purificd from the rat brain
as described [L1-14]. The {-subspecies was partially purified from
Chinese hamster avacy (CHQ) cxils over-<cxpressing the recombinant
enryme (Wawanabe et al., in preparation). The PKC subspecics were
asaycd by measuring the incarporation of PP, into MBP from [~
MPIATP. The standard reaction misiure (50 ul) conained 20 mM
Teis-HCl (pH 7.5), 10 mM MgCl., 10 4M ["PJATP. MBP (100
ag/mi), PdSer (16 4g/mi), dialein {1.6 g/ml) and 10 2M CaCl,. Aficr
incubation for 30 minat 20*C, the reackion was terminated by spotting
2 40-41 aliquot of Lhe reaction mixture onto P31 pruper (Whatman).
The paper was washed five timez, cach time for 3 min by immersion
in 10 ml of 75 mM M,FO,, The radivactivity of the paper wus quantis
{ated wing a scintillation spectrometer by Cherenkov counting.

24, Immaneblot analysiz

The fractions [rom hydroxyapatiic column chiromatggraphy were
subjected to SDS-PAGE. followed by chectrotransior onto Immabilon
{Millipore) membranss for Western blotting. The manbranes were
reacted with subspecics-specilic antibodics, and stained by the avidin-
bintin peroxidase complex method. The antibedics against PKC sub-
spocics designated CKpYia-a, CKpYifa, CKpYira, CKpVisa,
CKpV5e-8, and CKpVH-a were empleyed [13-16]. The crude lysates
frem CHO eofls over-eapressing the recombinant &, &-, and {-subspe-
cits were employed as authentic enzymne samples.

3. RESULTS AND DISCUSSION

3.1. Specificity of antiboedies

To confirm the specificity of the subspecies-specific
antibodics employed, immunoblot analysis of authentic
PKC subspecies was carried out {(Fig. 1). The antibod-
ics, CKpY5az-a, CKpYif-a, CKp¥iy-a, CKpYid-a,
CE.pY3ig-a, and CRpVY5{-a could specifically recognize
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2PKC (81 kDa), SPKC (80 kDa), yPKC (81 kDa),
SPKC (doublet of 76 and 78 kDa; sce [13]), PKC (dou-
blet of 90 and 93 kDa; sce [14]), and ZPKC (76 kDa),
respectively, No cross-reaction was observed. CKpVSg-
a frequently reacted with a small protein of 48 kD,
which is probably a proteolytic fragment of JPKC pro-
duced during enzyme preparation (Fig. 1F).

3.2. Partial resolution of PKC subspecies

PKC from the rat retina was resolved into scveral
major and minor fractions by hydroxyapatite column
chromatography (Fig. 2A), cluting at approx. 75 mM
(peak I), at 94 mM (peak II}, at 137 mM (peak I}, and
at 170 mM (peak 1V) potassium phosphate concentra-
tion. The pcak | enzyme was very small, but exactly
coincided with the clution position of the y-subspecies
from brain tissues (Fig. 2B). The small peak 1 enzyme
showed wypical characteristics of PKC that required
Ca®, diacylglycerol, and PidSer (Fig. 2A). Although
ather enzyme peaks required Ca® for their full activa-
tion, part of the peak Il enzyme (fractions 32-40) was
apparently independent of Ca?*. Indeed, the prak Il
enzyme contained several PKC snbspmn which were
independent of Ca® for enzymatic activity (see below).
The Ca**-dependent PKC subspecics from the rat brain
are normally resolved into three distinet fractions (peak
1, 11 and 11} by hydroxyapatite column chromatogra-
phy, which are corresponding to the -, §- (mixture of
Bl and fSII), and a-subspecics, respectively (Fig. 2B).
The &- and s-subspecics from the rat bruin, both of
which are Ca*-indcpendent, have becn shown to be
cluted in fractions 32-40, just after the f-subspecics
[13,14).

3.3. Hdentification of PKC subspecies
To identify the PKC subspecices expressed in rat ret-

A B C
117kDa s 117kDa - 11TRDa~
T5k0a- 75k 75xDaw -
43%k0a» 48xThe 48kDay
123 4156 1234 5¢ 123456
D E F
117kDa~ 117kDas - 117kDar
Z5kDne - 75kDar T6kDa~ -
48kDar
P A8kDas —
12 345¢6 12345686 125456

Fig. 1. Specificity of antibodies. Authentic PRC subspecics were subjected to immunebiot analysis. (A-F). Immunoblot with the subs
antibodics, CKpYa-a, CKpY jb-a, CKpV,r-a, CEpV,S-a. CKpY,£-a, and CKpV,{-a, respectively. Lane 1, aPKC; lane 2, JPKC; lanc 3, rPKC:
lane 4, JFKC; lane 5, ePKC; and lanc 6, JPKC.
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Fig. 2. Partial resolution of PKC subspecies in rat retina be hydrox-
yapatite column chromutography. (A} *KC subspecies fram rat ret.
ina: (B) PRC xubspecies Irom rut brain cytosol. PRC nctivity was
assayed with MDBP 4s subsirate under the conditions described in
seclion 2 {@). ussuyed in the presence af PudSer 018 ug/mi}, diolein (1.6
seg/mi), und Caly (10 M) (0), assayed in the presence of PidSer and
CuCl,: (m), assuyed in the presence of PidSer. diolein, snd EGTA (0.5
mM} and {8), assuysd in the presence of EGTA alone. (ssses) potuse
sium phosphate concentration.

ind. immunoblot analysis of the hydrexyapatite eclumn
fractions described above wus made with subspecies-
specific antibodies (Fig. 3). The results showed that
peak I contained not only the S-subspecies (fractions
30-34) hut also the &- (fractions 30-348), &- (fractions
34-42), and {-subspecies (fructions 34-32). Peak III
contains mainly the a-subspecies (fractions 46-68) and
a little quantity of the §-subspecies. Peak I corre-
sponded to the y-subspecies. indicating that the retina
expresses a very little, il’ any, of this subspecies. This
atount of the peak I enzyme was not sufficient enough
for the immunoblot detection. Recent reports from sev-

Fraction Number
28 30 32 34 36 38 404244 46 48 50 52 56 60 64 68
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Fig. 3. Immunoblet analysis of PKC subspeeics from rat retina, Each

fraction eluted from hydrexyapalite column was subjected Lo im-

munablot anilysis using the subspecies-specifie antibadies, CKp¥ fea

for BPKC, CKpV,e-u for ePKC, CKpV,é-a for SPKC, CKpYf-a for

¢PKC, and CKpVYia-a for aPKC, respeetively, The detailed proce-
dures are deseribed in sectjon 2.
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¢rat laboratories {9,10) deseribe conflicting results for
the exis- tence of the »-subspecies in retinal tissue. This
conflict is probably due to an extremely small amount
of this PKC subspecies in this tissue, and also the result
of the detection limit by the immunological procedures
employed. It is possible that this subspecies is only ex-
pressed fii specitic neuronal cells with limited intracellu-
lar localization in the retina,

Peuk IV appeared to be contaminated by the a-sub-
species, but contained o structurally unknown member
of the PKC family.

3.4. Kinetic praperties of PKC subspecies

The PK.C family has been conventionally divided into
two subgroups, Cu**-dependent (a, £ and ») and Ca**-
independent (4, €, { and i) enzymes [1-3], Some of the
kinetics of these subspecies are given iu Fig. 4A~E. On
hydroxyapatite column chromatography the 3., &-, &-,
and {-subspecies were overlapping and not sharply re-
solved. For example, enzyme fraction 30 predominantly
contained the G-subspecies together with a small
amount of the e-subspecies. Thus, this fraction showed
properties resembling the G-subspecies (Fig. 4F). The
enzyic fraction 34 predominantly contained the £-sub-
species and small quantities of the 8-, £- and f-subspe-
cies. Thus, this fruction showed properties of a mixture
of the Ca**-dependent and independent enzymes (Fig.
4G). Thus far we have not been able ta sharply separate
the 2-, -, &- and 4-subspecies frae of one another by
chromatopgraphy on a hydroxyapatite column. The en-
zyme in peak 1V has not been identified. Althiough the
existence of the 7-subspecies has not yet been identified
in this tissue, the results briefly described above indicate
that the retinal tissue expresses most of the PKC subspe-
cies so far found in mammals. The precise cellular and
intracellular localization of these subspecies will be clar-
ifled by subsequent studies,
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Fig. 4. Kinetic propertics of PKC subspecies, PKC aclivity was as-
sayed ut various concentrations of CaCly. (A-E) Authentic enzyme
samples of @PRC, APKC, dPKC, sRKC, and {PKC. respestively.
(FG) Rat retina PRC (frastion 30} and rat reting PKC (fraction 34),
réspoctively, Wiere indkaial wlili @ amrow, 68 mM EGTA was
added instead of CaCly. (9). ussayed in the pressnce of PidSer (16
lp/mi) and diolein (1.6 ggrml); (0), assayed in the presence of PidSe:
along; and (a), assayed in the absence of PtdSer and diolein,
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