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Abstract : To investigate the involvement of protein kinase C(PKC) isoenzyme in the testes
which control spermatogenesis and hormone secretion, we examined cellular distribution of four
types of PKC a, A1, 6 and & in the horse testes using PKC antisera by western blot analysis and
immunohistochemistry.

By the western blot analysis, PKC @ and £ 1 were detected at 82KD, while PKC 6 and & were
detected at 80KD in the testes of both juvenile and adult horses. In juvenile horse, PKC g, 6 and
6 except 1 were not detected in the cells of the testes, whereas PKC P11 was immunoreacted
with only in spermatocytes. In adult, PKC @, B, 6 and & isoenzymes were localized in
interstitial cells of the testes. In the seminiferous tubules, PKC 81 is localized in spermatocyte,
spermatid and spermatozoa, while PKC 6 is localized only in spermatids.

We suggest that this is a first report to localize PKC in the testes of horse and PKC
isoenzymes are upregulated in the cells of horse testes depending on ages. These findings also
suggest that certain PKC isoenzyme plays an important role in the signal transduction of

spermatogenic cells and interstitial cells in horse testes.
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Protein kinase C(PKC)+<- transmembrane signal transduc-
tiond] F83 A& st A2V2H o, A4, 9,
A% g, b R e F AY BE 29 £EAY
M Ze] E3lo} 34 Bofsli glok. PKCE domain 7
Ao u}e} conventional PKC(cPKC) ¢, 81, 1, y$} novel
PKC(PKC) 8, £, , 7, 9] 274X 2§ 2.2 thro] Aok,
¢PKC(q, pI, £1I, )& 37§¢] domain &, 91X, DAG/
phorbol ester 2§} C1 domain, Z+# 2§ C2 domain 12
3 Evj4 C3 domaing 353t &5, QA A, DAGY)
o8 A8t B’ whd nPKCE, ¢, {, )& F#AH C
2 domaino] gloB 2, Ca¥o #Aglol 423 @ + 3
0. o] 43} o] PKC obel ujet M2 b2 F2E
o g4 €@ PKCE AX 1#9 7l5s 998 5
QA A, v F PKCE 8438 AF 5 At At o
& 2702 FEHY PKCE o} dd mat Fy] E 23
Wel A Bde 43E o) S el Borolyg* v
g FAAFEAA FEHOR FAHE PKC olF & A
ELH PI¥EOE AoR dexn Qo

A28 ANAE 23 2 §A 3289 7 Yo
4% 7124 AAgt get HFARTH dEE s
FSH 59 328 ¥ttt 2HAA 2 A WEH = &
A BEE 5o o5 22 AAHY AL EE B
st} Aztg AAeA gk o] gk A T3 3A
ol PKCS 22 AzAGdals $83% 942¢ 9%
s e gelx glom™ aPKC O g Fe dR
PKC olgo] A&d A% $4 vde 2HVE T

LA G 4B PKC o}y o] 3 A7) AgelA &
AR o™, Aol A PKC o} ol 2 M ¥y 2
dofl daixe G v A ¥om oy sk A
AoAls RuE 8 AY gtk
2 AdFAe A ©g Fad PKCY 4T s
g218t7] sted Bo] FaxA oA PKC o}F 9] Id
A& Hgzagsty og v)al HA
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Bhafl W A2} AFEE 13} A= rabbit anti-PKC g,
rabbit anti-PKC BI, rabbit anti-PKC &, rabbit anti-PKC &
(Santa Cruz Biotechnology, Inc., CA, USA)E Al-4-3}4 0
w, WYz 2 382 avidin-biotin peroxidase complex Elite
kit(Vector Laboratories, Burlingame, CA)E A}-§-319it}. 1
7] 11 western blottingS ¢ %+ A] 22 Bio-Rad Laboratories
(Richmond, CA)olA F9J8te] A}£38}9] 1L, horseradish
peroxidase conjugated goat anti-rabbit IgG9} 3,3-diamino-
benzidine DAB)+<= SigmaZ ¥-¥] 7-9] 319t}

Westem blotting : W5 R #A(-70C)8 &g 10% phos-
phate buffered saline(PBS) €< 723} 3} 1, 12,000g0
A 1083 A48T 434S FH3te] Lowry(1951)
Wog A o, 30pg/mi = A 2 x SDS sample buffer
[10% SDS, 1% bromophenyl blue, glycerol, 0.5M tris-HC],
pH 8.0]12 #7138 ¥ 5559 boiling 3
decyl sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)
5 AAEH cHLaemmli, 1970). Separating gel 25 7.5%
linear gradient gel:2- A}-8-8}93 ©. 1, stacking gel2] acrylam-
ide FEE 45% Ut} W71 Eo] £¢ 8L coomassic
blue R-2502.2 @A F Tz s xAe}
k.

A71gE0) B F HolgF84Y(25mM Tris, 14.4g
glycine, 20%v/v methanol, pH 8.3)2- ©]-&8}4] 100mAd]| A
42 7H5e YERZMEZ 9~ uh(Bio-Rad Labortories, Rich-
mond, CA)ol Holatglet. Hol7k #1td HEZAER

» 2+ & blocking solution [5% BSA ; bovine serum albumin/
TBS ; tris-buffered saline(S0mM Tris, 20mM NaCl, pH 7.4)]
o A} 14135 < ¥HEATZ T 15 TBS-5% BSA &0l
3|48 rabbit anti-PKC a (1:1.000), PKC BI(1:1.000),
PKC £ (1 :1.000), PKC 6 (1: L.O00)E YL 4Tl A over-
night A]Z] 5 horseradish peroxidase conjugated goat anti-
rabbit IgG(1 : 1.000, TBS)E 1A|7+ vh-g-A)A TBS &40
2 5871 T4, TNT(0.1% Triton X-100/TBS) &4 ¢ 2
¥ A& diaminobenzidine(DAB)S 2 1 A& o) 4] Al
A F FHF2 st B AT

Hodx X35t A . 2L 10% buffered formalin &
o] X G A7) ¥ ethanol?} xylene o 2 ©9} g3}
44 & A panaffine] Evjet & Spm A2 HHE T
20tk g g AAG F 2AFHE FA o ¢HEA
7)7) Aol WA peroxidaseZ A A7) Y3l 3% H,0

} t}&, sodium do-
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743 methanol & Yol 2087 Wk EAF o, v E
A Hwqurge WAy 943te] 10% nomal goat
serum O 2 1A} 7} uk-gAJZ]t}. 12} 34| rabbit anti-PKC ¢
(1:100), PKC B1(1:100), PKC & (1 :100), PKC 6 (1 : 100)
E Ao A 1A]7HF e vk-g- A7) X biotinylated anti-rab-
bit IgG(1: 20008 A2 A] 4557 wbg A7), o]o)A
avidin-biotin peroxidase complex(Vector Laboratories, Bur-
lingame, CA)YE A2 A 4587 WA o, Z &4
d WhgFol = PBSE 53t 33 FE3 AHaA. ¥
dybgo] ¢ 2A L 33-diaminobenzidine tetrahydrochloride
(DAB, 0.5mg/ml) &0 H,0,7} 0.009% = A 3|4¢ &
Qo A AES JEhAAT FAEol e =

2)-& hematoxylin $ A0 2 thZ2Y Y& 351, ethanol, xy-
lened] &4 X Tt BAE AA FY3to FEdv]
7ol A f&adch

©

2

Western blotting analysis : @2] A Ao|A PKC «a,
PKC 81, PKC ¢ 18] 21 PKC £ isoenzyme] #&-& 3¢]
3}7] $38le] western blottingS- 4 A] 8}93}:} cPKC¢l PKC
a, PKC 1= g 82KDoj A HAWhe& H o (Fig
1), nPKCSl PKC 6 9} PKC 0 = o} 80KD°1}A1 o ok &
< HArHFig 1).

Table 1. Cellular distribution of PKC a, PKC BI, PKC &
and fin juvenile(below 1 year) and adult(over 3
years) horse testes

Age PKC ¢ PKC I PKC 6 PKC B ccll/nssue
7 Lcydlg cell
Sertoli cell
) spermatogonium
Juvenile
+ - - spermatocyte
spermatid
spermatozoa
+4 + 4+ ++  Leydig cell
Sertoli cell
Adult spermatogonium
+ - - spermatocyte
+ - ++  spermatid
++ - - spermatozoa
Al;brcviations : -, negative ; +, weak ; ++, intense. -

XX AM v =g Do Fad HAAE,
Sertoli cell 18] 3 A # o]= A XA E PKCY
PKC a (Fig 2A) 1] 11 nPKC?] PKC 4 (Fig 2E), PKC ¢
(Fig 26)v ¢Auh&o] BEHA &gto} PKC BI(Fig
200 A2 AAFY ARZAMENA g FAukgo]
HAH Y

Asd T FrqNe FAATAN Fxy Aol
9l o1} PKC a (Fig 2B), PKC f£1(Fig 2D), PKC & (Fig 2F)
18] 1 PKC 6 (Fig 2H) 2% #& =9l ch A a oA =
A2 94 AEAE, FAA LA PKC ﬂI(Fig 2D), A&
M E 4 PKC 0 (Fig 2A)7} 22t W ouhg-& 1ol v

& PKC o} & FJA X7} g5 A ¢Fskei(Table 1).

o &

= AZoA To HA4u PKCY HHARE 2ALE
v} cPKCQ! PKC @, PKe B1 z12]1 nPKCSl PKC &,
PKC 0 & ZALeH 4% 9] PKC7}F 9] Aol 2dse
AEo2 gQstgod, o] 2ot moused HiolA
PKC mRNA®| ¥3-& 2A}8 Mischak et al 2] northern
blot 279} AR ZFo|Urh 12y mouses] 4
Yol M= PKCe| wd o] th& PKC o} 3ol u]& o] it
#Ecta § northern blot 2 39} 3}o]= g 2.} PKCE
¥ 22 %o A ek opg Aay NEAGAANAE
FTRY 4T L 93E Aoz JzhHr

s g 29 A4 PKCY @dE western
blotting%t AT vjuwdt A FAA X7 HAHA ¢
< 134 olst T Azt AR ATl M FAE = A4
AEg 2o A9 ZAG 459 PKC(e, B1,6,0) o}d
FoM HEd & g3 v B

Aol M= AFH E4o] o] FojAA ol HHYLE
AR wet vl Edetg ot PKCS ol

mouse A F o} A5V By
o AT YA 5o el dEE

Aa) o] Z PKC o].fﬂg_ o}
z78 Aoz 4

2+l ofgjghe] B Ao] W& PKCY @& Aol
HzAME B9 Yehdria d.

¥ A3 o)A 439 PKC o} o] BF 21H western
blot A7t} de] WAz 354 LA w5 T
Hao e FEMEAAN PKC fivte] FAd i

PKCa,d,0& FaW ol AL §A54] &g
o} o] shgko] PKC o} ol whet vjs g o] Hafd
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1 HAFHANEE T3] g A& A Ax
o4 53] 3L PKCE ZagozH HYxzssts
Ao A E AR GHE Aoz A4d.

i A EYo] weh PKC o} Fo] $d S wusy
mouse A4 A EA PKCa' g PKCH" co]
dHMog geld vl glov} 2 A 2y H S
Abet 4% 9] PKC(a, £1,0, )71 5 EQlso] o]g&
2ol A4 AT A Fad 48 ¥ oz 47
g} o]} g & AAL PKC 67} AN E Eojye 2
ed'e V&9 A% ga dEPoEN FEENY
atol 2 AZtE ), o] 92 PKC 3ol @3k £k A
ol T E FAUHo] THFAAE At Yty
muller cellf| 4} 228} n FHooAy duhy g5 2%
AAFAN AGFAH S L Bl o)

Sertoli cello A} PKCo] &£ v|iws] 28 PKC a7}
Sertoli cell lineol A1 ‘28 on WaEhg 3, Wetsel ef
al’e Yro) AAZ HAdxA38 GAZATG Sertoli cell
o PKC plo] & ?8‘3} Haustgo. ey & 49
oA 2o FAzAg WAz dAs A A
& PKC a, PKC BI, PKC 6 —18] 3 PKC 0 B.5 }Ajut
€& e A o} & Ao]E BoH o9 A
B Aol & x| ALY Ee FE w2 Afojet
al

k.

sk

l-

AW A Fo A PKC isoenzyme] AU A EFefd &
¥R g G747 E g HEFLE PKC I
o]l Mjdsd To] H4 HHAENA E¥da Y&
Belstg ). o= o] isoenzymeo] AAE A 317 ¢ 8
Q) ARAEY B FoF 48S & A
oz A7 53 444 2o} Ha AT A
ALY FA= PKC A1 & LEIT v HOZ Hof
HEAEZRY HAo o]2717tA] ARHd HA avi-
din-biotin complex ol ¢& &9ld + U= L
PKCo}@ o2 Azter},

AN EA A PKC O = ZAA ] &3] 23 <
Az gl e’ 18 PKC isoenzyme$l PKC a,
PKC I 2282 PKC O 9] P ¥ o i AdFE B
® ke 9ok ¥ AYIME PKC & o] Qb4 o) A
FIUES HAPOE nol B HE FAFH 38
d AL & A0 A7

Aol A PKCO) H@L Hzpe] MA@ HE g

% #ojsln, 29 AAE Bsto PKCE HAIS
A3 PKC q, PKC f1o] H@80 n nasigo} 2
o Had AR A= PKC a o] FANkee #EH
okiL, PKC B1& 2 e Mg} o] Aurg S BT
0|97 AL PKC B19] H$ A& gA e HRA
R MFE Yz o]& hriA] ol HEANAN F&
3 A 933l 1 9 PKC o}8 & zix}aﬂ}d/q]g
AA7E FARE AT QoA dEdAd uhe
mRNAE A&7 FAld G55 Naddd g49
T 9l proteing AAEE Aoz A

ol d9] A7E FTHANE | weo HrdAlE cPKCY
PKC ¢, BI 7181 nPKCQl PKC 6 9} 7} wrdl 3 g
on, PKC o}gof et ZAL4 9 §4 522 #i
of 2% 4%E & Aoz AL, F4 4 PKC
o EA47EE U B AR NaAGA A9
olsfdl =& & F Ao Aztdn.

& A8 western blotting®} W Z2]5}stA Wyow
Fast gt Wstemn blot 23} o4& D Y58 L
A oA ZALE 42 ¢] PKC ¢, PKC BI, PKC § 18] 3
PKC 0 o Zdo] gelsict WAHA A ng&3
AR oldh)e] AadAe FRA XA PKC pIFE
o] Aukg-& Bl uhd PKCa,PKC O % PKC O = 01
L AEAME FueE VERA &gk A5
3P4 o)Al Axo M PKC IS ARAE 2 7‘41}
of o|27|7tA Y& B ¥ PKC ¢ &= HAA
E o4& yeuglen, HAAXM e A3 4F
© PKCa, 1,0 % 0 BF AAFHUY. o3 Ade
ol A MEANGEAL PKCa, p1,0,09 23L&
ZAHgE 3 Barolr 53] PKC 12 AAHA A EA |
A, PKC 0 &= AAAE Eol*é% MR AZAGELR
AzkEr, AiyelA THEHE PKC o} o] 57
2z gdg A7 =& & AR ygd
ZAate] 2 e ngzA S AF T HIY 2

d3 @A HAFEEA Zo] A=y
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Fig 1. Westem blot analysis of PKC ¢, PKC 81, PKC & and PKC £ in the testes of adult(lane 1) and juvenile(lane 2) horses.
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Fig 2. Immunostaining of PKC a, PKC g1, PKC B1, PKC & and PKC 8in juvenile and adult horse testes by avidin-biotin complex
method. In juvenile testes, immunoreactivity of PKC a (A), PKC 6 (E) and PKC 8 (G) is not detected in any cells, and PKC B1(B) is
seen in the spermatocyte(arrow head). In adult testes, immunoreactivity of PKC a (B), PKC p1(D), PKC & (F) and PKC & (H) is lo-
calized in interstitial cells(arrow). In the seminiferous tubules, PKC B 1(D) is localized in spermatocytes, spermatids and spermatozoa
(star), while PKC & (F) is localized only in spermatids(star).
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