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G292 NIZOIM KTE20| CHSt phorbol ester®l St

At e 2ZAEY EAE 71 e G292 Al LFE o] &3] ALt o] 25 2ol o] & phorbol ester] E3&
ZAF8t] protein kinase C (PKC)9] o] 2% 2o tigt 24714 & wrel 2k stArh Patch clamp 719 < ©]-§-5to]
G292 A A cell-attached configuration &% ©@lo] 222 9] gE-& #2353 Phorbol 12,13-dibutyrate (PDBu)2
wAE AFsgn.

oy de) G292 Al £ A cell-attached =2 Aol thol B2
o7 $ASAL FE AT dFo At A Z NG g
23t Aol GAaAge) 55mVeler ALl S AHLstE A
10nM o]’d9] FroM o] 2529 €4 FES S

A% B PDBuEs 45pSe) o) & 2o 283}
FUG rdgto A Hdol2ER AR AV|E

=

g5 #2e A3 4559 K527 &3 F
AF-Ate] FAE =AM A3 A& AL
£ = -27mVe| 2t} PDBut 45pSe] o &%=
712 PKC AAA ¢

% FA M AAAFE &9 WO E o] FAA
FEX A Th G2924) 2941 PDBuel &kl PRC7F 8434 &
western blote. 2 2913 A3} PDBu 0.1uM2 A Z& oA HxEute g PKC translocations f23tAl 7HA17]
A& s )

o] el AFbe= G292 Al Zol| A phorbol ester?] ¥ £<] PDBust Al W PKCE EA 3417 45 pSe] o] 2528
A7 olg @ #ee Az AEuzge Ny AR 7S 28T A0 ARRAG
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( ZQ SO : SHE, K'E2, MEB XS Protein kinase C )
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WPHE Xo} 9 FxAY Axde M okine, TGF(transforming growth factor) ¥ Z-&
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geoed olgodd B2 4T Aze 2 th & 23E AP Aok 9 24 cAMP %

PGE; 59 27171 dlen cAMPE 2473 Z A=
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AFE RN A ZHAGE G mc 0P,
gy 71AE AFo]l ZFAEY] SAYd vAE
B ek 7)1 He B A A Zot o] Y3 7| AA
AFel 9o cAMP, PGE;, hydrocortisone & calci-
tonin 5= ZEHNEY A EuRAYG FEgS v)H e
Aoz daA 15, Davidson £, Duncan, Misler
9} Yamaguchi 52 ZZA| LA A X A3 ¢
3 2gslee o FFY o282 E Husla 9l
SR

G292 A3+ osteoblastic phenotype® 7FA3 ¢l
oy pTHY, 1,25 dihydroxy-vitamin Ds *° 712]
31 PGE.™® 59 osteotropic factorSdl] #H2sle of
E A9 osteoblast-like cello]th. G292 A 3o 24
3t ol 2B R Tl Buse] gomd? 52 st
K'E2o|n 17} ol 349 Exz F&3n

Phorbol estere AlXu] @A S QAEA17 &
protein kinase C (PKC)E #4317+ &4 olt}
AER 3ol For AZU diacylglycerol
TLE &S AT A} HR] ol PKCE 84
A o) de] AbgE = FEolth PKC7F 843
A A ES 75 B2 F3E 713t 78 Fgo 8
L AE 2489 s Bh 24200 g prostag-
landin®] A4 271242 Zo] 9lt}. Phorbol ester
o] 932l phorbol 12-myristate 13-acetate(PMA)E
PGE:9] &4 S &8l d3H oz F 42 357}
MNA B g 3 2 83 ArH J5E
FPsle Ao A dg

2 dFolXE 7P tiE A9 osteoblast-like cell
¢l G292 M| Lol A Al E8o| &3t K'B2d) o
g PKCe] #g2 A7l 9fate] wiks G292 Al
FFo|x ©do]2F 2] &% g phorbol 12,13
~dibutyrate (PDBu)¢] &#E #Z3le] PKC/} =&
AZo At A e EHE gl nAl ot

o0 M= 3 8h
NIE HiZ (Cell Culture)

AA FFFNAM Fele G2R AETRE IF=ZAE
TP (KCLB)A A Fito}l AL&3t5 ) 37°ColA
Dulbecco’s Modified Eagle’s Medium (DMEM)l
10% fetal calf serums #H7}3ke] 5% COp Al Euj
71el A ekttt MZE 35mm petri dishell 27
8 mme 93 AwFe2E olgd T 5 x 10°
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cells/mlE B3 4 - 67t vjok = Ao A}&319
ot A8E A#e7] Aol petri dish W} whF &
AE Aoz mAstd AL4aATH ME A 24
2 (29) - mM) 140 NaCl, 5 KCl, 2 MgCly, 1 CaCly,
10 HEPES (pH 7.4) °]t}.

NIZ2XOF D12 (Patch Clamp Recording)

AL FATL A4 15 mme FE#HE ALE
slod AZAZ7] (Microelectrode Puller PB-7 ; Nar-
ishige, Japan)& ©]-&3te] o|Fo 2 Hol Ago] 5 -
10 MQ¢l RS AHEstTh. TV Fel AR 5o
e A8L7](Organ chamber)dl] A|EZE Hj$AI7]
2 AN SH2E Fu AFTIYE BFAA BH
B2 AY F g deor PPA|a 4F L A
st

AEZGAY 7128 Hamil 59 WEez &9k
vl 24 7] (micromanipulator) & o] &3] A=
9] €& Axgd 2421 F 5mV, 60 Hze +3
9 A3 E 7etd FeEldT9 Ade #ES AX
ghof) HZAIZIY R AT Aol FoeIH &
7¥ste] Z o] GQRolde] B W7iA 7Y AlE
ot felH ol 83 At GQolde] HWH
FeASH 4™HE AAstm A EZHREEH (cell
attached mode)oll Al HAFE 7|55} feElAdF
Wie gl AEod mE AXUd-S A8
o Aol 2L (F9 : mM) 140 KCl, 2 M
gCly, 1 EGTA, 10 HEPES (pH 7.4)°]t}.

oAt 31738 Axopatch 200 B (AXON, USA)E
o]-&3}] Bessel filter® 1 kHzol| 1 A5 E £4
Jor 715d AFe NAS AFHd Agste] &
A3t AFE WAE ohd2a-tiAg ¥y
£ Digidata 1200 B (AXON, USA)o|™ MZ 8 Fu}
FE 10 kHzZ 39th FHFE $EAZTEF Y
Axoscope 1.1 (AXON, USA)Z #F 2 7| &3t3 3t
zyx3d A58 A F A5 F4E LZE ]
9l pClamp 6.0 (AXON, USA)C.2 #4313t}

G292 M EZF A phorbol esterdl] 23t PKC7}
e Ag gAsr] Yt PKCe o AXEW
translocationg western blot2.2 #9189t} 25 cm’
Zeta3d 497 Wigd Al PDBu 01 ¢ME
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75% polyacrylamide gel (0.38 M Tris - HCl, pH
R3) Yol 45% polyacrylamide (0.13 M Tris - HCl,
pH 6.8)°] Fol& B % geld w50 oA 58
T2l & gel-loading #59 (50 mM Tris - HCI, pH
6.8 ; 5% mercaptoethanol ; 2% SDS ; 0.1% bromo-
phenol blue ; 10% glycerol)oll A zldle] 100 CeollA] 3
B e & FEAA A laned 50 pg¥ gelol #
AN AT o)A S Tris-glycine $E4 (0.025 M Tris
- HCJ, pH 83 ;190 mM glycine ; 1% SDS)-2 AH&
glo] 100VellA 241252t A7]d%& Aldelsint.

SDS-PAGE®| 2|3t #28d vl & nitrocellu-
lose membrane(Biorad) 2.2 718 Aol E 4To|A
100 V AE ARE3ke] 9083 Alggsict. Hol€
nitrocellulose membraned] ¥zt &4 (PKCa ; Sa-
nta Cruz Biotechnology, USA)E 1 : 2000°.2 34
atod H7RA71m 1A ZHERE BEEAIZ T PBSE 58
7t 53] A& & horse radish peroxidaseZ} Z%HH o]
2} 34 (anti-rabbit [gG)E thA 1A17F SQF A 2
A WrEAIZTh PBSE €3t @A) vk o Tl
Ho 2 AlH & ECL reagent (Amersham, USA)E 1
2} nitrocellulose membrane©l] ¥H-2-A171 3 wrap e
2 2ar Aol A1z kA wet FEo] #AAl
A A AEHAT

Alot 81 Ti2eA

DMEM, PDBu ¥ staurosporine2 SIGMA(USA)
Abe] AFS AHEE o™, 8 mm €E AR ZehiE
Warner(USA)ALS] A &S o] &3ttt 7|8 dyhA|
oF 2 western blot T A%k 19 Al AHE-31S]
o Addyte] A vliwe Student’s t—testE 3}
o p kol 0.05 vThe o3 Aoz FAstT
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G292 A ZoNA F21AsY Az e Yo M
AlA GigaOhme. & 2238 el x Cell attached

G292 HZEoM K E20] thet phorbol estere| 21t
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Fig. 1. Single channel currents of a G292 cell-attached
patch contalning at Isast one ion channel of same
amplitude. Outward currents are shown as down-
ward deflections, and the closed state (C) and the
opened state (O). Mean amplitudes were 2.7pA.
The patch was held at 60mV. and the pipette
contained a potassium-enriched solution. The cell
was from a 5-day culture. Time scale is 300ms per
ohe tracing.

mode® HAHFE 7128 475 19 1o AN
v} whAgte 9l YE-2 60 mVE 28R th Tl
oleERo 5L Jd&HoZ Ul R =17
o] BFAE 27pAcIUL) oF B & Hole v
oleERo| A7|H ArAg-L 45pSolgirh B A
AN BEe AlE 5 ol 2ER AFIF 2N o HAA
VeldE 499k oel A AxgE e ARt
#AI/ = skt 45pSe) AFVE SRAE B

o] viebT

O 2F 9ol %R AR AF-H dAE
g EE AN Aotk 43 7]
Z e ATyl 21 140 mM K'E A
43 Aoln A4 Yz Axede] 219 140
mM Na” 2 5 mM K'& AH8-& Zelth 7 204
Ao 27 9 AAAGe) th2A vegt fed
F e AZWdS AT S QAgel 55

mVelglew, Azeidel zAdqMe A3kl
-27 mVelgith. o2& ol Feld=S WH-8-He]
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Fig. 2. Conductance of the K™ channel. Current-voltage
relations for the channel with potassium-enriched
(filled circle) or extracellular saline (filled square)
in the pipette. Each data point represents the
mean amplitude. Lines represent the least-
squares fit to the data points, and reversal poten-
tial and conductance were obtained by extrapola—
tion of the fitted points.

K' % o]z vehte Aol 0s §48 2
Agtel A AFe Arle 2w AR 71
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FHAF e AZHYCZ 33 cell-attached
R=o)A PDBud 2H&& B33 23E 19 39 A
AT L2 60 mVE L8R Tdo]
Ei AFE 71 55X ’éf"{i 71 el &<l ‘iFi
< YA CE HUlsty ol2ER AR WEE
Feiitt. 19 32 PDBuiEﬂ] e ol 2= %

O‘:O H rolA

g5 1 EHJLE AA e Holw PDBug A7}t
A @& di&7ol Hlsted 10 nM ©] %«1 PDBug #
& 279 1 oleFRe d¥ o] YA F

_}Lﬂ_mﬂmﬂ‘

il

= AL #ZeAh

T9 4% PDBudl 9ste] o] 2527} BAsH e
Aol PKCE A3t vehvte Z2HRAAE F2ls}
7] $13te] PKC A A1 staurosporines AH&-3o]
PDBu®| 282 ##3t%th PDBu @50 o 2h-&
o] staurosporine 10 nM A 2ol ¢]3te] A =&
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Fig. 3. Effect of PDBu on the open probability of 46pS ion
channel (n = 4).
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Fig. 4. Effects of PDBu and staurosporine on the open pro-
bability of 46pS ion channel. St. staurosporine (n =
4).
* p(0.05

< e, staurosporine GEL2E 93 W3}
7} (ot

2% 5% PDBu 100 nMel 9J3 o] 2529 A
F-AY B4 WsE #E3 Aotk PDBuAE o 9
dto] AAAYGe] o WIgo o] F3P o A
2 AxAde Adr) gles HoErh

a8 62 (G292 A £l A PDBuel ¢ ste] PKC7}
gAslele AS Fdlr] Hsted PDBug A
A ZoX PKC o & western blot3 ZA#te]t}, 80kDa
ZA A PKC e 7} Ve PDBuE A8l & A £
A thZ7 B3l membrane EEo] F7HE A
A & it
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Fig. 5. Current-voltage relations for the 7 46 channsl
after PDBu 100nM addition to the bath (n = ©).

+PDBu

Control
o owm
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97.4 =
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43 =

Fig. 6. Photography of electrophoresis gel result. The mole-
cular weight of PKCa s about 80kDa. C1 and M1 are
the fraction of cytosol and membrane of control. C2
and M2 are the fraction of cell pretreated by PDBu
0.1 M for 10 minutes.

G202 MZOAM KTE20]| tst phorbol ester?| =1}

o Bz AAe] e FH o] ofe] $FoE A%
S3 glovt T AAT §5IEE BRI &
Aapz) dolei AL T BAME ofF

B

B A& phorbol ester?] 4Z&<! PDBuvl G292
A EA o] B2 E B AL FsTh
PDBuE 23 %% oo ol 5 re 48 &
B89 ZyAE e (¥ 3), PKC JAAQ stauro-
sporine AA x|} 2l&te] PDBugl ZH&ol dAH=
AL #AFaisirt o]y 3 Aate G202 A EA o] &
220 thg PDBugl #&o] AZU PKC &A45E
Eslo] Uehte 23S YeplH A XU PKC 2

REZ A7) g2 kB MR o]eER] &
As}7}1 o239t PDBuel €38 PKC &4 she A2
gto] K E#o] that aAdehe o WFo g olF
A=Y (Y 5) o83 Ae K52 e v
Ego ZAgdle] o] 28R o|& AP dgFE

ulx Aoz FvHE)
G292 M XA PDBu’t PKCE #4371 A
xﬂ

< western bloto. 2 Eelg A1 PDBucl ¢8ho]
AN Axute g PKC/ ol F3ste A& &3t
Arhag 6). o|#g A3vtoz PKC7F G292 A x
A o] LEZd JFL v G 5= §IA
ot PDBu®l #&°] staurosporinedl] |3t J3rt
A= e BEAL nels PKC7F G292 Al ZolA 45
pSel o] LER A& USE G F U B 4
Hola ddoleERe HF 7EL EF cell-
attached B=2 8T PDBuy: A4 £2oH
Axe =29zt =opg AxAWz Eiste 7t
HRoZ AXY AZALNA L Folo] LA E
Ho|th.

PKCE Az tiiEdEg 2438e 480 Us
o gelA ot AH ol 2F R g UA of
U A3 2 73S 5] o] 2B R VS
e AE 39 F Ak

= T
glom o]#d gL dE 5o F FF 3
parathyroid  hormone(PTH)S  #H&3x}  AA|gd,
PTHE 2Z2AZAA Axe e, collagen 34
D calcium WAYY $& sk, AZT Aol o
g n A 7 o] Be EH9 osteotropic ag-
ent=<! cAMP, PGEq, hydrocortisone, ZL&] L calci-
tonin o] ZF ZFA|ZAA AET Ao G
me % 2gA 2o ALuee T ol 28R
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#H2 Swarthout 57 ZZAME AEF9 UMR
106-01914] PTH7} adenylate cyclase %+ o}z
phospholipase C& &4 8A]171H PKCE @4 3A1AH
AZW DNA F48 L 771 Ag Busisinh A
59 PTHel 9% Axe] F4d extracellular
single-regulated kinases(ERKs)7} #ojs ™ o] &
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10 nM ©] 49l =M 45 pSe o] EE2E A3
AAoH PKC IAIAIQ staurosporine 10 nMel] <]
3lo] 2lerEE EAS B9l PDBue 45 pSel ol &
E20) gt AF-AL FANM dHALE
2] Wgo g olgAF o FUF HAYAA A
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3t} PKC7F &4 39 & A2 western bloto 2 Q1
g A7 PDBu 01 uMe A XA AEZHo=
PKC9] translocationg Z71A171& A& &<lsloh
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BAIA 45 pSe o] 2EEE M TIE AE AAY
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- ABSTRACT -

Effect of phorbol ester on K™ channel in an G292 osteoblast-like cell

Mi-Kyung Kim, Su-Byung Park

Department of Orthodontics, College of Dentistry, Pusan National University

In order to investigate the action mechanism of protein kinase C on K~ channel in osteoblastic cell, effects of phorbol
12,13-dibutyrate on human osteoblast-like cells (G292) were studied by patch clamp technique with cell-attached

configuration.

In this experiment, 45pS ion channel was dominant in G292 cell line according to their approximate conductances in
symmetrical 140mM KCl saline at holding potential of 60mV. In current-voltage relationship, reversal potential was 5.5mV
at the condition of potassium enriched saline in the pipette and -27 mV at the condition of standard extracellular saline
in the pipette. Phorbol 12, 13-dibutyrate 10 nM increased the open probahility of 45 pS channel and staurosporine, an
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inhibitor of protein kinase C, suppressed this effect. Phorbol 12,13-dibutyrate moved the reversal potential of 45pS channel
to more negative potential and increased the single channel current at the same membrame potential. In order to check
the activation of protein kinase C in G292 cell by phorbol 12,13-dibutyrate, western blot of protein kinase C was performed. '
Phorbol 12,13-dibutyrate 0.1 #M translocated protein kinase C from cellular compartment to membrane compartment of
the cell. »

These findings suggest that phorbol 12,13-dibutyrate, one of phorbol esters, activate 45pS channel in G292 cell and affect
cell membrane potential, that regulate cellular function.
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