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oo 1AZ vl F 208714 63.3 %, 408714 882 %7b EH]E Ut EIFH
S FEske KCloll 9fsiA cl&d BuE o] nlgste Zrtskdlch 1
ZY ATPE 5% 9Edoz A&d BHE dArzen dd4 13 2 a7
(ICs; uM)E  BzATP (69) > ATP (204) > ap-MeATP (233) =
2-MeSATP (249) o= YeErstth. 19 ADP, AMP, ATPP, adenosine, UTP
2 UDP 52 &37F A9 At olef 22 Fd gdA 9 ded &4 94 =
= 7)Eo] BuyE P2X; &R et AT ATPY] o]d &

AR oxidized ATPS] A Ao oJato] Ao A=l om 038 ey #H=
ATP > aB-MeATP > 2-MeSATP o2 F71sttt. otdld 7R egH=Es
S ¥Ego 3 mM ¥ " 318 %9 d&Ed FHlE AASIT 15 mMY wE

437 %E GATATE Go/i A A pertussis toxin®] AA X = ATP oA &3}

ol @&el fAth ATPe} BzATP= AAIAR1 Al 2] Zas 7=
Zzhe] ECsoi= 4095, 1551 uMelth. ATPst BzATP= nl&4dste#] &= W@
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Hamster Insulinoma A XA ATPY <& EH| I

HEECE

AEWANA ATP (adenosine 5 -triphosphate)d] F#&ge £ £ @S =3}

=2ols 9 neA=d @4 T B2 T4 AAY duAder ogH=
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E
ol AEALAAAE Fag 9FES vt EauEdtt (Abbracchio
Burnstock, 1998; Ralevic % Burnstock, 1998; Burnstock, 1990). ¢ &A=
O FEAE AT 2dAE Tl wel A adenosinedll odke] &
315 = P1F&A9 ATPE HIES 7FHQE = oste] S4sss P2 784
= uyo] itk o] F P2 &A= ol v 545 YE =1 ionotropic &
A ¢l P2X ¢} metabotropic & A< P2YE UE 4 gow Zz2te g3 =] A
g FARESE 5AE g o® P2X g, P2Yy 2 4 6 1, 12 522 AEFE
o] dt} (Ralevic 2 Burnstock, 1998; von Kugelgen 2 Wetter, 2000; Burnstock
Williams, 2000). o]=& = dA#Ho] = P2X F8&Al= Folol g Md

A Faes S7HAA HHSS SETAIAL AE W ZasES ST o
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(Burnstock, 1997, Ralevic 2 Burnstock, 1998; von Kugelgen %
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Al el ATPE= P2 84S @4ststo] A pAEe] d&d #HE &
HHog A 4 Ju} (Hillaire-Buys 5, 1994). ATP+= o€ Zd 3 7lHZ
olql - vesicle?] F83 240 (Bertrand 5, 1986; Burnstock, 1994) |7
Aol wzk g Fuzk AAwEde] FHe FxE BHW ATPY d&d 21 249
AeH 7lsel sbestelet #5338 4 A (Gilon ¥ Henquin, 2001; Ahren,
2000). Alk7h l&do]l ¥ granulec]l ATPS] Fk=7F =& Z& Wol ATP=
olEd En)e Y d3S @ Aow Hltl (Detimary 5, 1996). # & BAIXE
oM AMES] ATP= ol S2° @43 Az Zaws 59 B Js d9
B4} FoAeS s (Li 5, 1991, Arkhammar 5, 1990; Geschwind 5, 1989;
Petit 5, 1989; Squires 5, 1994). A2 ATP7} P2 &A1& T3t F A A
I QAedF: AEXFAA Qdeds E¥Ive AL od AFH dEA god
(Loubatieres-Mariani %, 1979; Hillaire-Buys %, 1994) °] &A= ofzjx o=
P2Y F&Ae] 540] = Aoz R EAY (Bertrand &, 1987; Hillaire-Buys
s, 1994). o] &fol &= P2Xe] A sto] o3& Qled &4 F7kek P1 849 &4
stol o ded EH A= wmauE wk ok (Petit &, 1998; Verspohl 5,
2002). ol¢} tj&Eo] P2Y % P2X2] cDNA clone®] insulinoma cDNA libraryell A
A A}t (Tokuyama %, 1995 Wang %, 1996). ¥tdHo] A £ ATPE vl-$-2=
A pAZoA ded FHE JATH (Petit 5, 1989; Poulsen & 1999). o]#
A7 “Rb effluxet W712 &9 ael #EEo] g (Petit &, 1989), A%
W a8 Zge Z71e Karpd 84 Zid % B33 exocytosisE A4 oA s}
of o]

wHloll tgk ATPO] d&F2 ko] AfolE Heola glow 849 F



(HIT

ST
X

Al

1t} Hamster insulinoma

LHERU oL

el

B

-(:51_

1981) & F=&Alel o

L=
O,

HA Qo) (Santerre

W

R
RERRCEIRE

S

T

o
o

"

Ef

HIT-T15 MxFo|A ATPE H]E3E o

Ao M=

= h
A

£ HlH

e
il

17



A27 A5 9 b

2.1. Al v

st Al 25723 (KCLB, Seoul, Korea)oZHFH & ol wjgsta 2

rr

HIT-T15 AMXZE 10% heat-inactivated fetal bovine serum, antimycotic-
antibiotics7F 23t RPMI 1640 “d¢ui# (Gibco BRL, NY, USA)E 5% COs,
95% air, 37C “JHe] &2 FF7lA wFstdtt AAmA= 2~3dl U
Fo}Fa, 7~109 Aelol @A Avjuleke skl

22. AAEARY S o] 8% ded

|\

%

oledl #H)= 37C KRBB (Krebs-Ringer bicarbonate buffer, NaCl 1185,
KCl1 4.74, CaCly 254, KH.PO, 1.19, MgSO, 1.19, NaHCO3; 25, HEPES 10 mM,
0.1% bovine serum albumin, pH 7.4)o A 1x10°/mle] HZE A n|ksle] =74

Stk 2B AG F oGRS AAFT BA 1AZHES FolA FE

EEGY ES Yol vt Mgl A FRde sty dEds S
Ask w7bx] -20 Ceoll skt dEde] 42 Hd JdEedS Q2= 3
o] o]F A AlA I (LINCO Research Inc, Missouri, US.A.)S o] &3}o] =4

stk A Bfdol A AR AFs #ad F Pl-Insulin (100 x0)<

uinea Pig anti-Rat Insulin Serum (100 w0)S 23tk & AH4& & 20

&
N
—_-
ol
2L
=
C)

A ZF o] Ak 4 CToll A v %A Zth. Goat anti-Guinea Pig IgG Serum (1 ml)S H7F
sha Bl Aol 2087 4 CellA wigFd F 2000 ~ 3000xg®E 20%3F
g Tk AT dE AAst #HebgkedH  (RIA-MA 280, Byk-Sangtec

o,
o>,

=

Diagnostics, Germany)® radioactivityS 1%t =439t & sampleS ¥ 7

2 el 248a 1 BTG ASSA



23. 98 wEALHE=ES dedEHd dHE IF =3

¥rgd 2 KCE AXE F d&de] EuHtss =AH3le] oz 4k
o} AIZEe] whE EH| S ol ] ] 108 Ao 1A3F Fok 2dEd EH
ZS =Ast9tt. ATP, BzATP, ap-MeATP, 2-MeSATP 59 o7 wZd <L

EE (3 ~ 100 pM)E 7}8le] o] So] o3 ol&el Hulek Wal2 7] 2adr). o
W Bulg ofe ylzito] Hlwsldon Hu &y 50%E wE A7y "oz
gl Z2dAY % (ICsh =+ ECs)E T3te] ol& A= vlustdth FdaF8A
AA ARl suramin, PPADS, oxidized ATPE 2413t A At F83 7w&
El=o g3E vustg o Go/i dAIAIQ pertussis toxin® 14 ~ 18 A|7F A A
T w2dercse ades wusddc =3, rEge] FEE 3 mM, 15
mMZ o] FEyoE e File] o] AW H Tt EWE oFo] gl @
o] 10 mMel Aejol A A &3ttt

24. AXW #3 ZasE 573

HIT-T15 A¥®7}F Atz Ade wFE7]o 025% trypsing ¢ 5E7F g3t
T AEES 948 400 x g, 5 min)std 3|FEkth e]o] NaCl 125,
KHoPO4 1.2, MgSO4 1.2, glucose 6, HEPES 25, CaCl: 2 mM (pH 74)%2 %A
¥ Krebs-Ringer Hanseleit (KRH) & o2 23] A& = 0.2% bovine serum
albuming 33 KRH &l AZE 5 X 10° cells/ml A FHA1 7k Al L5
Frefel Fura-2/AM< #HE 3 pMe =5 7fsto] @22 (370)AM &% 603
AR ELo] FHA 3087F %3} (loading) A At o)W Fura-2/AMS] &34
ol H3E Q& Hlo]>4 AWEBAMA| (non-ionic detergent)@! pluronic acidE
0.025%(w/v)s s H7tstdot. Fat7t & F Ax& A o] Fura-2/AM<S
ANAB7] Y8l bovine serum albumin-free KRH & o7 33 A3 5 2 X
10° cells/ml®] sE2 ATFFAS PEAT Fura2/AME AZ Wz 235447



A, AT wes= FFdRe FF (fluorescence dye leakage)s A 3}3}7]
98] 250 uMe] sulfinpyrazone®] ¥3t® KRH &S Al&33tc}.
Ax W f8 ZAEF TR HIe YAEF FE=A (fluorescence

spectrophotometer, Model F-2000, Hitachi Ltd., Tokyo, Japan)&] M EuU ko]

N\

AA2] (intracellular cation measurement system)Z ©]83te] 7]&34t}.
Fura-27} H3t9 T2 MEFF A= (400 p)S stirring bar’} 59 A&

quartz cuvetteo] =71 & WWFsFHEA 340 ¥ 380 nme] o wE (S

rlr

A 05 %) 7] (excitation)AlZ w W= (emission)¥ = #FFAEE 510 nme
e A A &Aoo wm FAHSAT AE FHAS 37T 2% oA o 57 A=
71t Hyge o] 2A 3 th, keSS cuvette ol 7Fete] oF 300 7F AU
frel Zae WstE #F g VIS8 A4F Eds 0.1% triton X-100 2 10
mM EGTAE 7tste] Fmax (fluorescence maximum)®t Fmin (fluorescence
minimum)< 2z ek, ol ME W f8 ZE TEE #3448 (fluorescence

ratio, Fzi/Fsg) S ©]-83le] Grynkiewicz 5 (1985)2] ¥ o g A3t}

25 AETS I ol2AF

%

AN

o] & F = patch clamp amplifier (EPC7, Instrutech Corp., NY, USA)E A&
ate] whole-cell patch clamp WWo= 7585tk 34 A5 borosilicate
glass capillary (£]7; 1.65 mm, W74; 1.2 mm, Corning 7052, Garner Glass Co.,
Claremont, CA, USA)E P-97 Flaming-Brown micropipette puller (Sutter
Instrument Co., Novato, CA, US.A)E o} A|Z&ATt. A=+ Sylgard 184
(Dow Corning, Midland, MI, USA)Z Z¥3}lH, AjFd 92 A9 w A
o] 15~25 MRo] ¥ % microforge (MF-83, Narishige)E o] &3le] g =
=t AEZ7F Eo] dE culture dishE® =H3AWZA (inverted microscope;
IMT-2, Olympus, Tokyo, Japan) 9ol =&Fi, MELJHS FHol| 93] 1~2

m/min £E2 FFAAG. FEo] xFH &AL polyethylene} AZAH gas



chromatography 8 EAM &S F3 A X 7IEiX =S slH, oju] EA T Fol
A2l 100 pm o] Woll $1A &= sF AT

H el 3 ol B2 ZHS 3 A3y &9 (internal solution)o] ZA
(mM)2 135 CsCl, 1 MgCl,, 10 ethyleneglycol-bis—(Baminoethyl ether)
N,N, N’ N’-tetraacetic acid (EGTA), 10 HEPES, 5 MgATP, 05 Na.GTP, 25
Tris-phosphocreatine (pH 7.2 with Tris, 300 mosm/kg HO)o & 3t} A E <]
#F Y (external solution)9] ZA (MmM)2 140 CsCl, 1.8 CaCl,, 1 MgCl,, 5
HEPES, 5 glucose, (pH 7.4 with Tris, 300 mosm/kg H.0)& 3lo] 23& 3%t}
G2 AWM (voltage clamp) 715& 98X AxET9 capacitance®} series
resistance 80% o] ® A3, AD converter (Digidata 1200, Axon
Instruments)Ao] TIX €3} ¥ sampling rate™= 5-10 K, low-pass filter+= 2-5 Kk
(-3dB)Z 3tk A A= pClampb software (Axon Inc., Foster city, CA,
USA)E Sl AFHol Agate] 433t

2.6. %=

Adenosine, adenosine 5 -monophosphate (AMP), adenosine 5’'-diphosphate
(ADP), adenosine 5'-triphosphate (ATP), adenosine 5'-tetraphosphate (ATPP),
a, B-methylene adenosine 5'—triphosphate (a, B-MeATP), 2-methylthio—
adenosine triphosphate (2-MeSATP), uridine 5'-diphosphate (UDP), uridine
5'-triphosphate (UTP), Benzoyl-Benzoyl ATP (BzATP), oxidized ATP (0ATP),
sulfinpyrazone, pertussis toxin (PTX), suramin, PPADS, EGTA, triton X-100,
bovine serum albumin, % 0.25% trypsin< Sigma Chemical Co. (St. Louis, MO,
USA)o A FY3stdtt. Fetal bovine serum % antimycotic-antibiotice GIBCO
(Grand Island, NY, USA)Z%¥ fura-2/AM, pluronicse Molecular Probes
(Eugene, OR, USA)ZF¥ 77} F43A Tt Adenosine= DMSOo| =3, =1

2
g9 WE AE AR FREA o] Ag



RE AyE JiF + EFQAHSEM)Z UEUH, A o9E t-HA

(one-way ANOVA)& HAJste], pgtol 0.050]8td WE o g Ake]7}






Felld= 47 + 05 ng/mle] ZHFHALH (n = 6) HAWae] WS vehl=
ERd 5 (ECx) 102 £ 1.3 mM oAtk 28] Alta E8ld dad 4o

WA= 27 W& ZHsh QA ZHlE= Fol

Fste]l AW fFE ZES S/ e A k. ATPe & 3eb vl s}y

& KClol o&f En3 <eds =AU KCIE 15 mMolA 90 mM7HA &

= 7bete] 7bek & olgd B W3S a9 3o e Ed BEHle=
0

il
ol)l

KCl9 Fxof wet vldste] S/t e 90 mM KCI1& tizto H|sf 937 %
o Jd&d Y& F7FAALH

32. 98 wEULLEHEY ded £8d I I9F

Exel o] EnlE Ql&Edd g FwIFHEESY dFS dotry] 93
=% 10 mM% w ATP, ADP, AMP, ATPP, BzATP, 2-MeSATP, af
-MeATP, adenosine, UTP % UDP (100 uyM)E 7}3F & Eujd <oled 4L ¥
WskFer (29 4A, n = 8). ©] & ATP, BzATP, 2-MeSATP, ap-MeATPel A
olgdl FH|Zb 77k 287 + 79 %, 512 + 6.7 %, 216 + 80 %, 245 £ 7.0 %

- 10 -



AdAso] FAHoR FodAtt (p < 005). & Fu|dA] I FTe
BzATP > ATP > af-MeATP > 2-MeSATP <= ollth. wald o529 <&
g 2 9A a5 vastr] Y8 3 uM ~ 100 M) FEE AlEC 7}Eke
ICsoE T3kttt (28 4B). <d&d oAle] &¢ (ICsx)2 BzATP (69 + 3.7 uM)
> ATP (204 + 3.2) = ap-MeATP (233 + 33) > 2-MeSATP (249 + 4.0)
& ol old AxE A vpg-xo P2X; 8419 54 (Surprenant &, 1996;
Chessell %, 1998)3} -Abste] HIT-T15 Al EolA ATPol o) 243t F23
Fd FEAV P2Xy FEAYS HERT

11 -



([w/3u) urmsuy

Concentration (mM)

T T
v =
o

([ut/3u) urnsuy

T
\n
=

Time (min)

—_—

0

o

a
il

7F8kaL 14]

S
=

=3 (0 ~ 20 mM)

of &

:‘[E
€3 Fe ey (A, 4

HIT-T15 Al

EgS 6 mME

Ay
X

FaAoh (p < 0.0001).

fols

o=

s AlA

7=

o %

o
Clacy

]

jang
i
™
A

A

tel HEbY (B,

5|

242 GraphPad

3}o] non-linear regression #4102 17 %t}

Prisme ©|&
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6.0

T
v 2
< en

(ju/Su) urnsuy

1.5+

0.0

90

60

30

Concentration (mM)

o] 10 mM<% # Az KCI (0

a9 3. KClY] ¢l&d Hulo) nx:= ok

~ 90 mM)S 7}

A= Vel

= 0.74).

13 -



4
= T
£ =
on —
L —
£ —
E —
E —
2 8
R

4
=37
E
o0
g
£ 27
=
E H ATP
o
.| @ BzaTP
A 2-MeSATP
Y aB-MeATP
0 T T 1

-6.5 -6.0 -5.5 -5.0 -4.5 -4.0 -3.5
Concentration (log M)

a8 4. o8 FwEUALHE=EY ded o v 9% (A) ATP, ADP,
AMP, ATPP, BzATP, 2-MeSATP, ap-MeATP, adenosine, UTP 2 UDP (100
uM) o] ™ EHjel mAE ZaE wastdth (B) 3 ~ 100 uMe] ATP(HD,
BzATP(@), 2-MeSATP(A) % ap-MeATP (¥)E T3 F Huld <&d
*& Fxol wEk YehpdT Ay Hyy B2 Yehglen Add &
= 27 8 (A), 6 B)Y. *& p < 0.05, =+ p < 0.01, =2 p < 0.0001%.

- 14 -



T FEAL olFES Fety] el FY FEA A AAA o wE o
FS gAstAn. Py &A1Y v A kAl PPADS 9 suramin (200 pM)
< ATPO Sl&d &H Ao Ao FaFe] AA (A3 A=), vhd, P2X; &
Aol A AGEAQ oxidized ATP (200 uM) (Murgia 5, 1993)2] 2A17F A A
26l s BzATPS] Ql&d oA Ed= 146 + 84 %= A #FAHAL
ATP, 2-MeSATP, ap-MeATP (100 pM)= ¥rdlE Z}2F 474 + 104 %, 19.4
41 %, 332 £ 67 %% JA&d ZHE STU/HAVIE E3E BAY (29 5 n

= 6).

< 0.001). 3 mM XEgo|A ATP9 BzATP7F EAH o2 §9

p
3HA elEdS AAsg et 15 mM ZEFOAE 4 MY FEYSEHE BT7

-

EA4ow oot U ZAAE JEHew ¥rwol 3 mM o 9 318 +

o

8
18 %2, 15 mM ¢ wE 437 + 31 %2 JAsAU H = ATP/} 2=
3

o mAd Awglel Q& EuE gAY TR FE7F Eol d&d

A

M7k Frhslelge A9A ded Byl oA Zash o 20 debkh o)

ATP7} 2 2239 o8 2vd deds AATHE A e

rlo

- 15 -



4-
E
ER
=
=
g 27
= m ATP
|l @ BzATP
A 2-MeSATP
ol OB -MeATP

-6.5 -6.0 -5.5 -5.0 4.5 -4.0 -3.5
Concentration (log M)

g 5. FE FEA4 AdA A2 23 ATPY d&d ¥y oA Fape W
3} P2X; AEA xaA|¢l oATP (200 pM)E 2417 AA A3 & 3 ~ 100 p
o] ATP (W), BZATP (@), 2-MeSATP (A), ap-MeATP (W)o] <3t <%

wH S Alaskgit Aas Hvd 252 dEhvlien A3

1

4
c

(@)
jule

- 16 -



1.59

1.0+

Insulin (ng/ml)

0.5+

0.0

Insulin (ng/ml)

1

o

6. 2o nAd wE ATPY d=d
= 3 mM, A% %% (15 mM, B)E
MeSATP, ap-MeATP (100 pM)S Fof st
T3 FFEexE yeddd. Ad3dE =

<0.001

ke

24
off

2,

o

juiss

ko]

17 -

ksk ok

Control

1 Nl 2-MeSATP
EaB-MeATP

2] oA Eatel Aol TEFE

Jolg Fa A7

o, sk

T deds 34
6 °l3d

ATP, BzATP,

stk At

p<0.01, **x<



3.5. Pertussis toxin A X &3}

kst 7o ddad #HE 9AlstE Go/i (Sharp, 1996)°] @& o F-&
a7 &l G @A a subunits F Go/iE AEHOZ AA|SE pertussis
toxing XA st 1 EHE LolH AT Pertussis toxin (500 nM)& 14 ~184]
B AAA g F o] FHFEA ZAAES AA st EHE dEd e A
skttt ATP, BzATP, 2-MeSATP, ap-MeATP (100 pM) EFolA JA| vk-$-
< AeEA gokow. el HEiA dad FHI7F ofE A
o2 FostAE &t (19 7, n = 6). WA ATPY P2X; 849 &4 3}

n
i AR wee & & Aok

& dad oA v

1o,

o
rlo
)

/

(0)

O

—1Control
X
4_
= 37
g
o)
=
E 27
E
=
—
1_
0

Control ATP BzATP 2-MeSATP ap-MeATP

1% 7. Pertussis toxin (PTX) A x]<2] Ql&d #Hlet ATPY JI&Ed &H 94
atol] 3k G Go/i JAAS pertussis toxing 14 ~18A17F AR x 3 3
g Fd F8A 284 (100 pM)E A A3k 1 JgS gz vlustd)

s P B4R Uil A9d 5 69,

- 18 -



3.6. ATPq 93 MEY F3 Zxe A3

ATPel o8 A3 H P2X; 84 AXYW #8 ZuS S7HA7]a vAd
A ol F2E T THAYES gAY (Ferrari 5, 1996; Brater &, 1999;
Ralevic ¥ Burnstock, 1998). B3+ #7 p AlXoA AEZejde] ATPE ZH9
gyl 2dxE A Qo] (Geschwind &, 1989) HIT-T15 Al XA ATP
g HEe oy wEUE =] AXY Zge did S3E Ayugith ZEvzt
A @4 gAEAQ Fura-22 o] &ske]l 2 x 10%/mlel AZolA AT He 2
#ole FR([Ca’)E A3 98 FwFu e =% ATPS BzATP3 &4 3]
[Ca®T7F &7bst9da (29 8Aa, b) ADP, AMP, ATPP, UTP, UDP, oATP %
adenosineel ¢3 [Ca™], ¥W3lE wH|Pom 2-MeSATP 9 ap-MeATP (100
IM)E A (A3 AEh. 349 +dA [Ca¥liE 1200 + 283 nMo| o,
ATPE 718l dAH o [Ca® 17t Z7hetdetzt Ak 8. 2% o 20%
ojulel Huxlo] =g F HAH3F fgaFATh 2y A7l AubEE =S
FE FHA Aol HAA [Ca’l TER HBEHAE ekon], wu
AatA FAE AT (29 8Aa, b). ATPS BzATPel <3 [Ca’' 9] F7He= sx=7t
=942 AFon ECyp: ZH7F 4095 + 1.2 pM¥} 1551 + 15 pM (n = 6)°
2 BzATP7F tf & &35 Yehlidth =3 ATPS ol v-&2 BzATPe| 287
+ 1.2 %ol Ay kh (L9 8Ac). BzATP7} P2X; ¥ &40 Eo|Z o]

i ATPS BzATP7F 1AM A 2-2#57F #715 YeEh 22 HIT-T15 Al X
WAz FdE Fd FEAE dad By 283 27 P2Xie
gttt P2X F&A9 olds wWE] 7] flste] 5ol AIdAE AMESFIATH
ATPS} BzATPel 93 [Ca™ 9] F7H= w7k 2 P2X; 23A$1 oATP (300 u
M) 2417 A2 247 51 %9 84 % A AAadAT (n = 5) (ZH 8B).
BzATP| °|g 7= ATPl 9§t F7HET oS Wol Astdonz ATP
3z ZThE P2Xpol9le]l v Fd FEAld oM E dojues 5%
At

|

)
1A

e
Y,
o
ll
4
o2l

o

+
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Ba Bb

300+

1007 o Are ® BzATP
A pre oATP + ATP A pre oATP + BzATP
754
=) S 200
z J
+': +:
~ 504 %
g s ok i
g L]
e 3 1004
254 o
ors S *% *%
0 T T 1 0 T T 1
-5 4 3 22 -6 -5 -4 -3

Concentration of Agonist (logM) Concentration of Agonist (logM)

a9 8 ATPO AxW #32 Z+% 7k ATPSt BzATPE Foid & (343%)
[Ca® 19l W32 JEtiATt (Aa, b). Fura-2/AMe] ¥3kg AE (2 x 10%ml, 3
7C)E cuvetteoll A 523t HALHE FA st ATP % BzZATPE 3 5:=4 F
oAetr [Ca’ & FFEF F=AZ A [Ca¥le v5 whg FHL Acol
Vet ATP 2 BzATPel 9% [Ca”]i9] ZF71e H%o wet Z7pglon,
ECse Z+2b 4095 ¢ 1551 pMel itk HIT-TI5 Al2E oATP (300 uM)ol 24
ZHEek 37°Cel A AMYAIZl 3 ATP 2 BzATPY [Ca™] F7HE Rt (B).
oATPE ATP % BzATPe [Ca’li £71e] HUAE 77t 514 %, 84.2% <] A|8}

Atk A3 = 242 6 (A), 5 (B)ollar, =2 p<0.059.
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P2X F&Ae] Frex EALS Yol 222 T WFHAFS oA 4
S 2B Al7]E= Aolt) (Ralevic ¥ Burnstock, 1998). ATP¢} BZATP7} 13k
UWGARE SAHsIe] Fol TR 5A4S #FsGh HIT-T15 Axe] whxst
S 80 mVZ g3 AeeA ATPS} BzATP: WIdFAFE dozt (19
9A). BZzZATP7} ©f @34 eldem ATP (300 pM)el Hdl dFE 504 + 27.0
pA/pF (n = 5) °]3x BzATP (100 uM)+= -1353 + 494 pA/pF (n = 5) °|%d
Tk BzATPel 9|3 W3ddF{7E ATPol| o3k ARt o] w=3 AEe =3

rr

o HSE MEZ (ramp)ell A BAE AF-HAE BAE AHEY dzdedA
-1207 +40 mVAtelel Al Al HF7E 24 skort ATP % BzATPS A A&
e FAddAME WFAFIE FHdeAM = AFAF7E ERv (2" 9Ba, b).
=t ko] Aol o) AAE AF-AY #AE Y A4 2SS YEla o

A AGS AY 0 mV oo oule rectifications AT (¥ 9Bc, n =

10). ol8 @ Anbs P2X, $8A) Fol Bo} uAE Fole FRAS e

W= Aol
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Hoh BE A Z(-120~40 mV, 400 msec)oll olaiA Fw AF-AL
HAE veERdh Baet Bb tiET dFe ATPS BzATPol 9&] #2
A5 ekl Zelal Bewe A4 dixza Awet adAol o8
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qu

£

2
N
2
k1

Non-adrenergic, non—cholinergic (NANC) A7 A=Al ATP+& nitric oxide
(NO) ¥ neuropeptide 72 AAAGEAN A fFolHo] 9P Fxd 2 FH
o vsk 7ol dR, B 2 JEIs5S 53 22 Vles 2EIHL B
¥ vl Atk (Burnstock, 1972). T3 @49 Sl EAlSt= vesicleol= ATP7}F
600 mM ©o]/e] anFER EAjstal glomR ol5o] Ao o) MER
4 45 e AgA A8Ss dedrle FE3 sk o& Aol a4
t} (Boeynaems % Pearson, 1990; Gordon, 1986). 12y ATP2] Zg&2 Z A0}
o geFat FE&A B mgetel A olsiE oA A Kt vk 538 =
gl #HF pAEeA =% HIT-TI5 AXdAE 74 F8A4 9 ATPY Q&
g Bl m A= gl g A AS7kA Bard vk glelvh

Aol ATPe] #7 B Aol 3k FaF2 oA Fo p Alxet Adad &

olo] #&E Fd F&A ofdol Wi Fwkd AArE glo] =] oAA7F A
Aoy ATP= FolA P2Y 818 @Astel o8 deds EHjdtal B
HRxou (Bertrand 5, 1987) P2X FE&AE FlAME daeds F7HAIHL

Petit 5 (1998) R gt o]s} H&=of P2X7F obd P2Y &A1& FaiMxt <
sdo] F7tstal ATP7F 7k Ho] A ¥ adenosineo] P1 845 €7 3tst
o ed HHE AT E dFE FHto FaEAT (Verspohl &, 2002). F
oAel olgl dTehs Ao wheroAE A ATPF P2YE 243
3lo] exocytosisE GAAA ded FHE AAAYRL RIHAT (Petit T,
1989; Poulsen & 1999). ¥4, ol&l Ao} t&o] A% p Al TdH ] =
T FEA g AT = APFHo] Ao AF 4 2 insulinoma cDNA library
oA P2Y:¢t P2Xy FE8AIE YEWE= cDNA clones #este sttt
(Tokuyama 5, 1995; Wang %, 1996). 184 FA% 7|5 2 EAL AGHA
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o] T wEtHE g2 JdFS YeERdTh wEkA] B A= HIT-T15 Al
A A=Y AT Fod 2H QazA9 MY ATPe 98kS AH Rk
o 7)€ -2 o] Aol FASHA ATPE 9l&d Eujo tidh g g3
zr3 Tk oA ofdld wEELEIE F P2Xqol AEFel gdEAR & A

o
fol
K
ME,
fol
B ol
5
gﬁ
o
=

i

BZATPS) <&@l #u] o4 age] 74 7

%o

o

2 43 BzATP > ATP > af-MeATP > 2-MeSATP +o2 gy o
ol 7IEel #, whg-29] P2Xy; FE& A g P2 A EEuan Axe
3taks o = At} (Surprenant %, 1996; Chessell %, 1998). @3k ATPY ¢l
AE &letr] AAste], oAy FE&A AdAE
FastA dAstE = FE8AE et stk Suramint
SA4 vdE A AdA g & AddA= & o ATPl 93 Q&
d 1 AgA 29E AdEshA] Ed oy P2Xgel AeA AAAR deE ]l oATP+=
ATPO ol¥l g3E st o9 o] l&d o gk P2 FdAAS A
dAle] g5 ues) B W ATPel <3 <l&d
g Sl o]Folx Zlolth. mdl oATPel o3& P2X; +&#7F Ahe el A=
ATP, ap-MeATP % 2-MeSATPol 2|4 A<&d ®EH|7F x| Wt 20
~ 50 % S7FHAT ol g A= HIT-TIS AlZel P2Xr 484 ol ¢le] v&
FU FEA EAE o5 FgstE dEd EHE FT/MAE & e A

otk ME T2 Y FEAT Q&Y BulE FANAE ATP AATI A

o & & &

ry
12
2
rlI
oo
o
=
=
ol
ol
r
_l
ofo
N

=R A Z82 P2X7 84

_\

£ A e AL nobA olE9 g Fu 37} SEHe BYRE P2XO
oA sl ws) griHer Artn 23 & At
2% z

st P2X7 FE&Al= OE P2X FEAAY dol T2E T WFAF
=

Wl

A 71 MY 8 ZES T7HA1ZE (Ralevic ¥ Burnstock, 1998, —1
8, 9). o] Aol ATP7F AlEW A4 24 #
TEE T3 Az ZEd FYeE Axy Fy ZeEs TG B

3ttt (Arkhammar 5, 1990; Geschwind 5, 1989; Blachier % Malaisse, 1988;

9 % G B EE Gl

o
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Poulsen &, 1999). ATP¢} BzATPe| ost Mxdl F& Z+&e] WstE 9o 22
ARE dojualgl F3th BZATPS &7t ATPel vls]l ¥ 7199 oATPA
o8 ZAEsrhe 2 JAFHAEE olE dEd SH AP Aot dA g

7] AEd AgS Fsle] ATPo 98 f2d WIFAF7E o
© 2 Ho} jonotropic P2X &A1 EA<Q A8 A ol FEAS & 4 9l
o™ (Ralevic ¥ Burnstock, 1998) H|&A 317} gl 54 HAUTh

FEge AlZW ATP/ADPO HlE S7HAA Kare §2E Aste] 58S
FHstal oA A TRE SAFEt AXUR ZES FANA LE 9EX
exocytosis7} dojum ol efo] oy thatE S & Kare &

2% dojdtin &d#A 9tk (Lang, 1999). 1&de] Euls ¥29 (~20 mM)
o o8 Fx ogEHow F7hEelal Santerre & (1981)2  HIT-T15 A<}
hamster islet®] <l&d EH|7} Lxdo] 10 ~ 20 mMY v Hoj=z EuEcs
frabgt AdE Baskgvh wgh, whe-2o A pAEESFE Fd [ASE b
TC-6 AlE9 L=
(Poitout &, 1995) HIT-T15 Alx2] ZAz}el| vs] ¢ @& &
g BEuzE H el 23 39, ATPe &3 ¥299 HE7F ve o ®my
=5 W 9 =ZA JdeiEdt (29 6). ol A= ATP7F
A& BuE FasA dASTE 2 sl oj9f tE] Petit 5(1998)%

H:l
01
o
Lo
ol
Jo
)
it}

o= =Fol7} 9t} ATPO| <93 Z
oy X} (Brater %, 1999; Ralevic
2 Burnstock, 1998) KCI&}t ¥ =do o3t AL AHERE TdxoZ o|FoIn

jus)
S~
)
N
o
offt
it
o
N
o
of
i
i
ol
:oé
%

(Lang 1999). ©] 2 & ATP7} f@ UAZQ G@Iat ALY 78 24 F7he
LRG3} KClol o3 23 e 7heR o Foark: A2 tehn oj3le] <
&3 Bl WAL GFe] Aol UHd FE k. EF, o9 WE ¥ EE E
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= I~
EIE SR

a=

il
e
oo
tlo
Ho
e
o
£
S
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e
Me
=
Ll
12
2,
i
pak
o
iy
R
x
5\

e

Al

1l

fol

ATPO] 3ol #¥ 2 AgS ¥al7] 98l Go/iel #HARE Z
Abstgith HIT-T15 Aol o2 Go/i subtypee]l A&dl ©]EE PTXe 93
A A =M epinephrine¥} somatostatine] <1&d #H] A Fosvtu B uEHS
o} (Seaquist &, 1992). & 4] JA= Go/is A5t Kared 4, L 3
ZH B2 94, adenylyl cyclase A, exocytosis G# 5 o8 <& HH] o
Al 716l oste] o] FojXithar W H AT (Sharp, 1996). & A olA = PTX
oA e &8 A &BI7E ATHA Gk (2" 7). wEkA ATPo] 9|3k
ded Y A AL Go/ivh HEE YA & oE ded #H oA 71
=

i
N

HH A E 7FsetAl st AU7E? & AFeAE Go/igt #E fltke s WEl
A 2 Qo= vt 22 e 5 5 vk (Sharp, 1996). A A, Kare %
# exocytosis®t WA HAZE A= G AUA 49 A
Fol T& St wE QdEd EHld Fod 7leS ZEETh (Asheroft ¥
Rorsman, 1989; Li 5, 1991; Arkhammar %, 1990; Poulsen %, 1999). 4, Z<
T2 Adom Ao F9o] FolEW Jded HulE A= & Ak ATP7F A
2okl A EAA ZasE HHd AR A8stH SA A AFolA L-F Zw

28 oA 488

ﬂJO
o
o
flr
s
by
~

Attt (Currie ¥ Fox, 1996; Qi ¥ Kwan,

w
o

1996). Ql&d FHe AEERe S 83 JFS wouz ATPY <d&d

AP 71do® dojd & Utk AlAl, adenylyl cyclase® A=

d BHE 9AAZ 7 v P2 &A1 &43171 adenylyl cyclaseE Al

gtth= B3 (Ralevic # Burnstock, 1998)7F 1=t o= cAMP %5 HAA7
-

3 protein kinase A % exocytosisE AT = Attt YA, exocytosisE 2

H AAste] Aded EvE JAT = k. ATPY exocytosis GAE vf-$-29|
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#HA p AEANA BawEdl At (Poulsen 5, 1999). Poulsen <& ATPY <&
g EH oA B2 AEW fE Zae] Skl vl AP o R Fukie] Yo
U, G-a4WE-S 53] phosphatase?] ZA3tE & Z4 &4 exocytosis
o] A2 dojdrta st} o] Fo] Karp®t Ca” channel @ adenylyl cyclase
o] &4 Wste P2Xy &A1Y 435 3 lEd Al oA ThsAdel A
t}. P2X; &4+ ionotropic F&A o] WFHAFE Q3 2 L A EW
g Z49 Z7HE 927X 9 metabotrophic F&A7F ofyolA G ©@w AN #H
o] 7] wiFolt} walA v HA Y exocytosise] AHAA =, A ETU F
o] W3l o]Fo] Aol exocytosis9 TEFE AHol Ao FolsiE el o =3t
T ATk B3 Qled FHE AAste o] AFAGEAEY S FEHAE
ATPS] &4 Aol 542 ionotrophic &A1& &A3ste] 1 a3& U
Epdt = Aotk A g7hA] dEA dE Jded EHYAAQ]  norepinephrine,
somatostatin, galanin, PGEs, neuropeptide Y5< E¥ G wdy ##HA
metabotrophic =& A& &Aststt 183 o5 U2 Go/i oF d#H 3
o} (Sharp, 1996). L&y} ATPe] Ql<&d FH| A
£ @Astste] dolum Go/igt ol gl
ATPe] A7 pAlxEe]l digh oJrjE AHEWE AEA ATPE= led EHE

i

#4354 ionotrophic =& A

Ao mA ded ZH HHY Ves & F dvs Zdoinh deddt A 2
HE ATPO ses 2% A= ¢ ASH= ded ZHE gAsts I &

3 slel FRE Aolh oA wWaste BulATdl dal WY pAE m

7b P2X; FEAE ZAgiste] dEed E8lE A= RS A,
ATPel ©J& <l&d u] o4AZE oAwt 7|de Fste] fEHE A 59,
protein kinase A, protein kinase C, M¥¢ Ca”, phosphatase ¢ #HAARE
Hol= Aol o]Fo o]Fojxol sttt HE EHA H AdkAe] oA FH
T&A o] ofgo] 7 E O} hamster®] P2X; FHA= oF2 Bre A A e ATk
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A

stol obelst 2o 2

rf
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L EET KO a4 gde 55 oEHor pulmsic

3. ¢l=d EH)Y A EFHE BzATP > ATP > ap-MeATP > 2-MeSATP <
=

UEl o, FE oJEA ot

4. ATPO] A Z = oATPO olafr = Ad= vt

5. ATPe| A& x=9e w27 ¥ W o 3k

6. ATPS A& 3= Go/i AAARJ PTXol &sto] FaFs WA okt

7. ATP= AW #e Zge QAHSRE S7RA7]a v d Fol T25 &

U

g5 e AL 24 F7heh B dEd P oAlas Adow AnHch
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ABSTRACT

Effect of ATP on Insulin Secretion in Hamster

Insulinoma Cells

Lee, Keon 11
Dept. of Medicine
The Graduate School

Yonsei University

It has been known that extracellular nucleotides play significant roles in the
various physiological regulations as signaling molecules. Although purinergic
agonists have influence on insulin secretion, there 1is controversy about
different effect and type of purinergic receptors involved in insulin release
among several species. This study was investigated the effect of purinergic
nucleotides on HIT-T15 cells, hamster insulinoma tumor, by means of
measuring insulin concentration, intracellular free Ca® and ionic currents.

Glucose increased insulin secretion in a concentration-dependent manner
with ECsy 10.2 mM during 1 hour incubation, that were secreted 63.3 % at 20
min and 88.2 % at 40 min. Also KCIl, depolarizing membrane potential, induced
insulin release concentration-dependently. ATP, however, reduced insulin
secretion in a dose-dependent manner and relative efficacy and potency order
(ICsp; uM) was BzATP (69 > ATP (204) > afMeATP (23.3) =>
2-MeSATP (24.9). Other nucleotides such as ADP, AMP, ATPP, adenosine,

UTP, and UDP were not effective on insulin secretion at all. This purinergic
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agonist profile in reducing insulin secretion was similar to that of P2Xjy
receptor reported previously. This effect of ATP was nearly abolished by
preincubation with oxidized ATP (200 uM), antagonist of P2X; and
unexpectedly insulin secretion was concomitantly increased with the following
order ATP > aofMeATP > 2-MeSATP. These purinergic nucleotides
inhibited the insulin secretion of 31.8 % at glucose 3 mM and 43.7 % at 15
mM. Preincubation with PTX, a blocking agent of Go/i, had no effect on
inhibitory action of ATP. ATP and BzATP induced transient increase in
intracellular free Ca®>  with ECs of 4095 and 155.1 uM. Both evoked
non-inactivating inward currents were reversed at nearly 0 mV.

Based on these results, purinergic stimulation induces the inhibitory action in
insulin secretion, the increase in intracellular free Ca” level, and the increment
of inward currents via the activation of P2X7-like purinergic receptors

endogenously expressed in HIT-T15 cells.

Key words : Adenosine 5'-triphosphate (ATP), HIT-T15, Insulin, P2X;
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