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Preventive Effect of Green Tea Extracts on the Inhibition
of Connexin Expression Induced by Carcinogen H,0,

Seong Jun Choi, MD and Yun-Hoon Choung, DDS, MD, PhD
Department of Otolaryngology, Ajou University School of Medicine, Suwon, Korea

ABSTRACT

Background and Objectives : Carcinogens result in the impairment of intercellular communication as well as intracellular
communication of normal cells. Connexin (Cx) is a main constituent protein of gap junctions that let messengers such as ions
communicate between cells. We evaluated the effect of carcinogen H,O, on the expression of Cxs and gap junction intercellular
communication (GJIC) in the human keratinocyte cell line (HaCaT) and analyzed the prevention effect of green tea extracts
against H,O,. Materials and Method : We performed neutral red dye uptake tests to determine the optimal concentrations of
H,0,, green tea extracts-epicatechin (EC) and epigallocatechin-3-gallate (EGCG) in this study. To analyze the expression
change of Cxs, we performed RT-PCR, Western blot, and immunocytochemistry after 24-hour culture of HaCaT cells treated
with agents. We also evaluated GJIC quantitatively using the ‘scrape loading dye transfer (SLDT) ’ technique. Results : Cx26,
Cx30, Cx31, Cx43, but not Cx29 were expressed in the HaCaT cells. H,O, (250 uM) down-regulated Cx26 and Cx43 proteins.
In HaCaT cells treated with H,O,, EC (175 uM) up-regulated Cx26 and Cx43 proteins, but EGCG (50 uM) up-regulated only
Cx43 protein. Immunocytochemistry showed the decreased expression and abnormal location of Cx26 and Cx43 under H,0,,
and EC and EGCG (5 uM) inhibited the effect of H,O,, showing similar staining in the control. In SLDT, H,0O, down-regulated
GJIC, while EC and EGCG significantly prevented HaCaT cells from the H,O,-induced, down-regulation of GJIC. Conclusion :

The carcinogen, H,0,, inhibits GJIC in the keratinocyte cell line. Green tea extracts, such as EC and EGCG, prevent GJIC
inhibition in the keratinocyte cell line treated with H,O,, suggesting they have a potential anti-cancer properties. (Korean J

Otorhinolaryngol-Head Neck Surg 2008351:355-62)
KEY WORDS : Tumor -

Connexin - Green tea - Gap junction - H,O; -

Carcinogen.

N2

=A% (gap junction) > AAE 7] 24491 A1
ﬂﬂﬂ TEEA YN O R nl5o|7, 5 Fbe] 9

9] o]0l o]FojA|&= roltt. EQEI 71l wet
H]ﬂ@ AEA o2 cAMP, inositol 1, 4, 5— trlphosphate
(IP3) ¢+ 2 1,000 Da ©]&ke] =2 2ot Na', KT,
Ca*" 59 Hlf7] o]&& A7) 1, whao| "’P“”X‘O]LP
ko] o5 e sk oldt e Fr 24

L :T
second messengers?] o]F°] &3 AXE AT éEﬂ?}
=AY 120079 10€ 304 / AR 12008 1€ 15Y
FAIAAL : HAE, 443-721 715 59X QBT A% A 5K

oty SJFfg onjQlealetw Al
A3} : (031) 219-5263 - A% : (031) 219-5264

E—mail : yhc@ajou.ac.kr

< s Har, olF Fl 7 71 9 240w, 23k Y
s Asla, 1 AN 7S e Bgt =
AgS FASR= 713 ©hilo] connexin (Cx) €™, connexin
6707F 234 connexon®]#H= hemi—channels &1,
1329 hemi—channel 2707} "hA =243 B2
AsiA k? A7 oF 2009 F o)) Cxo B
]% Z EolA 1 27 Eo|A S HojA 1 &
3} 240 wkah geFsit”

4 oV =ATY] & 9 Vs AelE ve
H=EATS B3 A 7 A5 (gap junc-
tional intercellular communication, GJIC) 2] efE %
oz o 7ix WANHE e Bu? & 4
ZA9] 3§k Agks xdlstal, W e 9 ol

H
& W) ok, MRS WA A%

i)
>

H~

}_

oL
011

BORD o S
-

{o
32
ogh H

é‘é
N

2

O
i
ik
e
(e}

x
ul
J‘J
W

o]

r1r

[

g A

rﬂ

O %
Tl_



H0.9| Connexin & X0l tiet =xto| o at

M AT #JEh ™ AA] in vitro, in vivo

o > o
-4
=
>
02
o
)
i}

fat i
>
0, 2
1o
:oé
O
>
1o
)
ﬁ
wi)
=)
N
N,
N
iih)
o
N
N,

ZF(tumor suppressor gene) & 8713111
olyst ShEZ 4 Cxo #EAS
éz‘ﬂ— r,]_uﬂ CXQJ l:ﬂ—ts:] z;H 0 /pﬂ:‘j_ AT
RO A= Mxe A 23ks 2288 + ok

=, FIAEE AR Qs B oy} kE A
s S oAl B ApdE 5 qlok o2t 1t
4 =d52s 9
1 F 3t =2k FEEo|U 4+ catechinolg}t &
2]+ polyphenols &Hat g9low, thz2 AJEo] epi-

A= 5

gallocatechin—3—gallate (EGCG) ©]", 71 £] epicatechin,

epicatechin gallate 5°] QItEY o]2|dt =2} A¥o] in vi-
tro % in vivo A% = Fote] WA 1A o
ﬂ1%&4443ﬁ§m§4ﬂmwbyj%ﬂmqwm

A GYolxe Tk FEE AT A e
Ao} At oo Fask AT e Cx267 Cx43
o2 A4 91, Kamibayashi 5°] 7|AAEY, HFA
A3l Cx26, Cx43& A9 Wd=A] a1, dF- Cx
go] B A 0= AlEZ el —%Zﬂs}‘“/hﬂ 1 gk uf gkt
SHA|NE o} AIMELE o] &5t wtEAe| ot o A
el Cxel Mgt 9 =A% Az Asdge] o)
& A 1AE EAE A gl Aolrh!?

AR T Tl v
9] QJRAFo] FQF Ze vHE u
A=) A AdE A Cxé] i 2 V) HiskE =
g Zloln o]g3t Cx WS A= 545 3l I
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W 5= 9 Ao 71

g % 9 Ao S e 2 a7 g
PP AEFE olglol WHEAS AFHAE W9 Cx
W WSS RAYESY BRS Tl dFeaL ol
A5 A A AR NS AT ol Qe
ALAE O B, ofgel HAFEES o8
sjo] ol thek PPEAE BHSH: Ul 21 B2o] Yk
EREE
QI AFY) A4 Zta) AT HaCaT Al

(spontaneously immortalized non—tumorigenic and hi-
ghly differentiating keratinocyte cell line) & O]%ﬂoﬂ
D MAESE A Aldste] B4 H.0.9 52

B9 4 FEg 291, 2) JAIEFTUSS Ft
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HaCaT A3E Dulbecco’s minimum essential medium
(DMEM) & o] &3} 37T 95% air9 5% CO,E E
S5t 7hs 71stellA wlekskeleh Al ZA
Al A weFstar 2dwtct WA S wAsk AL,
329 ¥3}% (confluence) 7F 80% o 7-5-of AAI5H3
o}, delx= E22 H,0,(Duksan, Seoul, Korea) & A}
23191, 2} FEEEE epicatechin (EC), epigalloca-
techin—3—gallate (EGCG) & AR5} 2™ Sigma (Stein-
heim, Germany) AtellA] F44 33t

35 mm
Age A

MZ=MZAANeutral red uptake assay)

Neutral red based in vitro toxicology assay kit (Sig-
ma—Aldrich, St. Louis, MO, USA) & o]&38}5] A|¥E54
S Ao BAsisith HaCaT AlEF| H,0, EC,
EGCGE 77 uerst sz HUistH, ool A7t
MNEFE il Ao 0.33% neutral red £93}
10% wjFa<]el ¥ar 2/\]7P b wjekslitt. Neutral red
assay 1Mol Y1 4|23t U5 neutral red solubiliza-
tion g-Mof] W11 lO—rﬂ Hokslit). Spectrometers ©|
£3t0] 540 nmollA] 4% (absorbance) & 74319tk &
I Ao wpEl FFH oz FAste] Hlwskl=d 38E
AAAeto] Fatstalet.

HATAL ZEHFEZ(Reverse Transcriptase Polymerase Chain
Reaction, RT—PCR) A&

Abt oA e RaEshks A0 ® 4l Cx26, 29, 30,
31, 439 ¥ S #4318k th29 PCR primers ©]¢
st} PCR< 138313 3‘“/}

Cx26(725bp) Up : —-TGT-TTT-CCA-GAG—
CAA-ACC—GC-3’, Down : 5'-CTG-GGC—-AAT-
GAG-TTA-AAC-TGG-3", Cx29(700 bp) Up : 5’ —
GCC—TCC—-ACC—ACT-GAC—-AAT-3’, Down : 5" —
GCC-TAT-GTG-GCA-CAC—-CCT-3", Cx30(600
bp) Up : 5 —GCA-GCA-TCT-TTT-TCC-GAA-
TC-3’, Down : 5 —ATG-CTC-CTT-TGT-CAA-
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GCA-GT-3’, Cx31(660 bp) Up : 5 —~ATG-GAT-
TGG-AAG-AAG-CTT-CAG-3’, Down : 5’ —=TTA-
AAT-GGG-GGT-CAG-GCT-AGG-3", Cx43(294
bp) Up : 5’ —=TAC-CAT-GCG—-ACC-AGT-GGT-
GCG-CT-3’, Down : 5" —-GAA-TTC-TGG-TTA-
TCA-TCG-GGG—AA-3.

Z}7}e] primer 1 pl, template 1 z1, 10x PCR buffer 2
ul, ANTP 1 g, 10xTaq buffer 2 ul, 575 14 w2
A% reaction mixture®] Taq DNA polymerase (QIA-
GEN) 0.2 plE Y11 94T 1+ 58T 1%, 72T 1%
35 cycles Al&8lal 72T 8+ 94T 4% AlsSiT) o]
£ agarose gelol dojA W& HlwskSIth HaCaT Al
X5 24RF ok Fo 919 WMo ® RT-PCR=

=
Alakg e,

Western blot2 0|&5t Cx261} Cx439 & &4

Western blot=> YRFQI W o2 Cx267 Cx43°] tf
A Algslch AETE ofdd o]2o] 3 PBS(phos-
phate buffered saline) & 4123t ¥ 50 mM Tris—Cl(pH
7.4), 1% NP—40, 0.25% Na—deoxycholate, 1 mM EDTA,
1 mM PMSF, 1 mM sodium orthovanadate, 1 mM so-
dium fluoride®} R3] &4 A A (Complete, Boe-
hringer —Mannheim GmbH, Mannheim, Germany) & 3%
8+3l RIPA (radioimmunoprecipitation assay) bufferol
AEFE ¥al 587F 100CE H-SAJRATE A5aS A
=87 271 5 Bio—Rad protein assay s ARg-ako] thl
A WEES BFSAA 7F BES] 50~100 pgE 4x sam-
ple bufferE 23t & 10% sodium dodecyl sulfacte—
polyacrylamid gels ©]-43% 727|950z 4319}
M2-S poly—vinyl difluoride (PVDF) membrane 0% ©]
F*171 3 mouse anti—Cx43 monoclonal antibody (Zy-
med, CA, USA) %} rabbit anti—Cx26 polyclonal anti-
body (Zymed, CA, USA) 2 2]}tk ©]F horseradish
peroxidase—conjugated goat antimouse/antirabbit I1gG
antibody & AHE-ste] HOWREA w7t Yehtes Zs &
Ittt v ko] A HrhE 918kl Adobe Pho-
toshop 7.0 ZZ13& o]&3st] WA w9 densityES
=A4sk9t) o] SPSS® 12.02% Student t—test 57
A& 318lem, p<0.055 ot Aoz 33t

HAN ZSISHISAHAIE 0[&8H Cx261 Cx432| L FA
24X o AEet MAETY vjFdS AAS F 4%
paraformaldehyde® 2057t 1143}t PBSE 23] A

il
~

0
M
to

21 & (0.15% triton X—100(Sigma—Aldrich, St. Louis,
MO, USA) &2 1057k &6l Azlelel 7k Alzet
o FE B YNHOR FANES a3tk AXFE
PBSZ 3|43t 2% BSA (bovine serum albumin), 0.1%
tween 2002 oA 30& &<t A2t blockings
AAEta, PBSZ 23] MAskqict. A3EFE rabbit poly-
clonal anti—connexin 26 antibody (Zymed, CA, USA)
9} mouse monoclonal anti—connexin 43 antibody (Zy-
med, CA, USA) £ 375 HEAIFTh o]7lel 1.5 mg/ml
352 FITC (fluorescein isothiocynate) —conjugated goat
anti—rabbit IgG secondary antibody$} Texas red—
conjugated goat anti—mouse IgG secondary antibody
(Jackson Immunoresearch, Pennsylvania, USA)E Z}
7b 1120022 843t 50 mAE Cx 267 Cx 43
el Z4zt A o]Fd e AldeIith o T StellA 1
AlZE A4A17]130 PBSE 1084 33)5 AlFs §, ol
Confocal microscope (LSM510, Carl Zeiss Meditec,

Jena, Germany) & ©|-g3to] ¥asFIT)

7188 A7 : Scrape loading dye transfer(SLDT) assay

AT B3 A 7 AEHEe] 75S B4 4
34 1987 El-Fouly 5°] A|AI$ SLDT ¥WiS AME-sh
Ah? Wik ZE PBSZ 23] AHE F 0.5% Lucifer
vellowE ¥il #20 ++8& 22 ZA=& i, o]$ 10
E2r wjekr)o] Yol & Lucifer yellow €92 #1738k
PBSZ 13] Az ty. 4% paraformaldehyde® 11733t
% 338 n 4 (Axiovert 200, Carl Zeiss, Germany) 2%
lucifer yellowd] A 3t o5& #&sIAH. FFd A
AFRE TmageJ®(National Institutes of Health, Bethesda,
Maryland, USA) Z27#& 0|43l gray scale® W
et 7 YA (threshold) & 7t 29X T A== =
ato] AR &S BAIS F, o] o] T4l
Al de] oA ole AR eAdE 72 advio 14304
217gste] 7t A3} S 18] A-lE (inch X 100) ©H9l=
Z4slch A A 7 o] s AR E AmE SPSS® 12.0
O % Student t—test sAAE 2, p<0.055
og o7 BTk

E L

MEZ=A ZHAHNeutral red uptake assay)
Neutral red uptake AAR= Ao} Q= AJXETE vital dye

neutral red® 3 5 9= AL o) o] HEEA
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Fig. 1. Neutral red uptake assay. After 24-hour culture, the maxi-
mal noncytotoxic concentrations of H.Oz, EC, and EGCG were
found to be 10 ng/ml, 175 xM, and 50 ¢M, respectively.

gRIsh= Ago|th HaCaT Aol H0,9 54t
EGCG, ECE 47 o8] g2 Aest ¥ 243t
Hjoksl 5 neutral red dye uptake FEZ H7Fetict oF
HoldA Az 7b Aledd Ads Al
A #H2 95% o) BEANA F A
A sE2 2480 HO0.= 250 uM, ECE 175

M, EGCGE 50 uMZ A3t} (Fig. 1). & EGCGE

ol whet A A 3 9 APE =9 F 7 2
(dual action)©] FAlel o1& 4= gtk BVl wt |
AMEs AL} 753 ATelAdE 5 uMP 50 uME
A&l T

HereA AEs

Cx mMRNAQ| g
HaCaT AXFE o] &3t RT-PCReA Cx26, Cx30,
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HaCar

Cx26 (725bp)

Cx29 (700bp)

Cx30 (600bp)

Cx43 (294bp)

Cx31 (200bp)

B-actin (275bp)

Fig. 2. RT-PCR of Cxs. HaCaT cells showed Cx26, Cx30, Cx31,
Cx43 mRNAs, but not Cx29.

Cx31, Cx432] mRNA ¥3lo] #A&EA 1 C
AR 9t (Fig. 2).
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Western blot2 O|&5t Cx26, Cx43 THHO| gbsd H|W

&I A3 THEX*OJ =A% o Cx26¥ Cx43
AT H0,5 A 2lst HaCaT
A CX267} Cx439) =il ®kao] YA} oz
of ulal] #A3s] Fhastdrk ECuks AHejst 49+ 44
)zt vle] Cx263} Cx43 whijo] ukelo] Wo] 7}y
Yoy EGCGY 49+ Cx262 7Aasision, Cx43
gz FAREATE $HE, H,0.5 A2]3t Ao EC
5 o] A7kt A9 Cx26%} Cx43 whle] ulkgo) H2O2
5 o= AYst Aero $AXOE fosH SUtslaL
EGCGE #o] H7ist 73—%% Cx437t SAH0 =2 *7}6}
FdFig. 3). &, sA5=% ECY EGCG7F &4 H,0,

of &3t Cx26, Cx43 T 7HAE WAk a7t 3l
o, 53] EC7F 9 av#o]qlth

HAN| ESEHHM (Immunocytochemistry)
Cx267} Cx43¢] tigt WM xS
3tk Cx& AlE

8Le3 M9 Confocal mi-

A A A A

croscopel.® Tz
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2ok opjet AEAYAE & BREUY H0,S A2 ® Polglon), EGCG 50 uMg o] A7kt 494 Cx
& o= Cxo] wlo] 7hashual sime] WAEE o o] EGCG 5 uMuRE &b B2 ok H,0, X7
7O RO 7] o]Fo] AslEE e BITh HO0, 3 Al R fAkekSith(Fig. 4).
+H202 200 —
180 [ c c
Control H202 EC EGCG EC EGCG 160 I- f
o[ 2 ¢ d
Cx26 — o 120 - b € b b
- ——
2 80r
& 60|
Cx43 -v—-“ﬂﬁ e 40
20 -
0
B-actin Control H.0, EC EGCG EC EGCG
—— R C— R — —
[Jcxee [ cx43 +HiOn

Fig. 3. Western blot of Cx26 and Cx43. H.O2 down-regulated Cx26 and Cx43 proteins. But, EC and EGCG (50 uM) prevented HaCaT
cells from H202 induced down-regulation of Cx26 and Cx43. Lower graph shows the quantitative analysis of Cx26 and Cx43 proteins.
‘a-f" in lower graph means that protein volumes are significantly different among the different characters (Student’s t-test, p<0.05)
but not different among the same characters (p>0.05).

Fig. 4. Immunocytochemistry of Cx
26 and Cx43 (Confocal image, x
400). Immunocytochemistry of Ha
CaT cells showed decreased ex-
pression and abnormal location
(around nucleus) of Cx26 and Cx
43 under H202 compared with con-
trol. EC and EGCG 5 uM prevent-
ed the effect of H.O2 on HaCaT
cells, showing very similar appear-
ance as that in control. While EGCG
50 uM showed the weak preven-
tive effect against H20..

Control

H202

H202+EC

H2O2+
EGCG
(5 uM)

H202 +
EGCG
(50 uM)

Cx 26 Cx 43 DAPI

Merge

359



H,0,2| Connexin &4 AX|0f| CHSE =Xx}o| ofgt= 1}

Fig. 5. Scrape Loading Dye Trans-
fer (SLDT). A : Control. B: EC. C:
EGCG5Um. D : EGCG 50 uM. E :
H202. F : H2O2+EC. G : H202+ EG-
CG 5 uM. H ! H202+EGCG 50 uM.
Upper figures show the dye transfer

Compared with control

200 -

175
150

125

100 ~ *

40

= e -

75

50 -

25 -

through gap junctions under se-
veral conditions (X 200). Low figu-
*T res showed statistical analysis. H202

T down-regulated intercellular com-
e o munication (Lucifer Yellow transfer),
FT T while EC and EGCG (5 uM) up-
| | regulated it on HaCarT cells. And
—— both EC and EGCG (5 uM, 50 uM)

inhibited the down-regulation eff-
ect of H202. *student’s t-test, p<
0.05 comparing with control, Tp<
0.05 comparing with H202. The me-
asure of Y-axis=inch X 100, Box with
midiine means a standard devia-

10 10 10 10 tion with average. Upper and Lo-
wer bars means the range of the

data.

M=zt MSHME 20IS /et 7|S& AL : Scrape load-
ing dye transfer(SLDT)

SLDT A 83]e] AA A&, 2 W& 19
< ol & A 7 FHA 2070 o] ¢4 dye transfer
3
Zaro| M= lucifer yellow dyeZ} URFA 02 3~5
N ARAER ALDFHATE vbA EC2 control®th 7
oA QHAME 4~8717HA] dye transfer”} o]

v A% Uizt Akl HoOo

AFEF AZTALS BAHOR FolatA BaAF L, HO,
£ A2st M| 535%E EC, EGCGE 47 2ol A
23t AelMs 7k &2 ARt AE 7F A do]
Ao oy AS FAF = 9otk 19 EGCG
5 1FE(50 uM) Bt HyOpl tf

o A% AFEG uM)7}
stol | EAel oY A BYTHFig 5).
i

sRg0] BeAo, A AFALE 1AL o)
of F= oo, F TRl Cx9] T U 7)5H3

360

Cx26 Wolo w& A4 o=, ol organ of Corti

oA K Ajeghel dF4el 12480 Vedgor A

A EY] £ 2l WS wAsY 8 7

A (psoriasis), 7% (papilloma) 5 3283} ou]ql%

I AAZR] AFFL Fu| M E7F I AEE oA TE ]

A o 7 s Agko A =A% Cxol whd
5 )

ek
4

Of

mor suppressor gene) & 4iA o1 Cx43% LAY
oA ZRlAtstE o] 525 Atole] A Al dd

o] SAlFhaL Jch' 3k QRAIES] o) T, sy

o, ™

X

olefet e EF ofe] Aol MFATY WAL %
A2 5 grkd 1 715S PR 288 4 A
Zole). Z, 7% B Cx9 WA 2Ae AL 1A
A9 AN Z02 AT AT 4P 2AE 2
AT 5 ok SPHFYR e 4FAT 22E Falol
werE el o PAZE HYS AT 5 9 Holet
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=AU A 9 AR T AEHES £3 (up-re-
gulation) 3h= A2 & vitamin D, 3%, =4}, retinoic
acid, phobol ester, epidermal growth factor, lycopene,
high Ca”™ o] QIth"” ot 7+=rA3te] Al 7k A
< oA (down—regulation) 3F= EA2E low Ca’,
roid, zinc 5°] 3 H,0,, 12—0—tetradecanoylphorbol—
13—acetate(TPA), 1,1—bis(p—cholropheny)—2,2,2—
tricholorethane (DDT) % wrEAo] gle} 10

I 3EA S 2 dTeAE HO.E ARSI,
OFAZHA] H0,00 o3t A Ao Mzl Ae] =A% &
ol et a2 B ¥ nprt gtk HyOui= reactive oxy-
gen species (ROS)E AJdsro 24 kAl 271 214 (pro-
motion phase) ol Tejsk= Ao 7 oA gk YA w
ROS7} Al o Azdgy} =43 1t Asdde] 9%
= VXEE A HEYe 7P, olEsh L 7t
A2 5= glo] xwto] Fpsaih!” B3] TR gl AF
AEske] Rl F shrt v, = 52 AU
#Hgk o], ROS Aol & Al 7

ste-

s, ks AAlsHAY "ﬂ‘ﬂo“‘aL T e AAEAL HA
of HZ #ilo]l ok I F it A CE v 5
Zpo|t}, == EGCG, EC, epicatechin gallate & cate-
chinolg} E£2]+= polyphenol& g-F38ta glow, it}
A4 Faspl Qe Aow nugy e 1 F
EGCGE =aMdw2 oF 50%E AAgh= Ao= uroki-
nase—type plasminogen activator (UPA) *2]¥4&

AAA A FEAA = MMP-2, MMP-9 59] ma-
trix metalloproteinase S JAA7)= Aoz okgjA gk ¥
E*Wﬂ oshd EGCG7F A 3ol A, EC7) 7HA| 3£l A
A=) oJste] =A% AE FAlsHEe] dAEE
AL WA g S

Z ol Cxo] e oy Al 2dd
alt}h. AAF(transcription), RNA 28] (processing), RNA
o] (transport and localization), A% (translation), mRNA
e, 2831 ©EE (protein activity) 5 DNA©A RNA
2 AAE 34 694 BN dod 4 gk

2 ATelA HyOpm =A% ol Ao #pgelx] o
Weke] ZAE BHANE ol dAS AfolE HolA= &
ko, WAl = Cxe Az e 29 o)
(trafficking) ©] ¢Hd Apche]= Qs HolX|= Qi) o]
T OE EAY diels tE AoE, # ATeAe
7&3@?& 7IsHAE flete] Al AAet AES FAst
7] 9] Hi0,9 55 A AAsHA &2 o<} HO,

A 71AE 71 A Qs =
2 03_ 4 SLDT 7154 ddelr= Al
o7 oA A rﬂ& of H]
F dargEs Bl ]% H,0,7F A 2 A3 ol A
9] &Afo] mlkid e Y & oA (posttranslational
inhibition) & Hol& A& M3Eue)4 9] hemi—channel
Aol e 9480 7154 Aol & ks 7t
=xo] 9}

2 Aol olgg Hy0,9 Cx o 7ha 9 Al 1H

A AAE sAFEE0] st e I

BER .
9191e). 531, BCOl EGCGRT aohaolsiie] Axlehr
P A ool Bk AR 15 Yo
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