2004; 31 (5) v SEYhETE

Prog. Biochem. Biophys. * 393 -

NRTRW S 55 Hh Ji g i A% s 1 25 1 3 S AL 76l
HRE ARG

CPRERE R B R R B R, D 200031
REMER A REREEMEE SRR ER, S 230027)

M AR SEREN S E MR ZU T LS B TRER A AN EARE. CEETIL
ITETHEFRKETARS S TAMNARRKNEE.: o BREUEHE TBIE (ASICs) TR EETZNIAHE T8
E: b BUREZE (VRL) THEEREAL, R pH <6.0 BE&MIE, o P2X2 M P2X2/3 Z4EME R YRR b
P 4 TwIK AR ATERREHIEE (TASK) RWERS MATWIL A R B R, X EmiE R R R R4
REERE THETTAMNEYE. Bt E1ENS TERRCTB TR EZNEET AR EEFA.

IR END, HARERE, BTIEE
ZRaEsS 42, Q51

AR RA AR FF MEINE. ek
AE G, ERAAMEALR S, B T@RREAR
WEE, KA pH TR E pH 6.0 LT,
i, ARBRILTER P B EREH.
HHRFEH, ST EEFREEERT I EESEUE
TR IR BIERFE, FRENEER
@i 2 EA 3% (Reeh £ Steen, 1993 45,
A BIAKSFE RIRFR — P R T BRIEE R R P A 1E
H, B Eeie ] LB DA E MRS AT
NIV B A TR . BEBME, AA
FIRRILEL 22 5 B PR 88 T M TH42 T B0 ANl
W A, TS PR E R B BB K
b, AR ARERAG SR AT A B R R S
BRI T S AR PR Y BRI, S TN
BT REZIEVRSS TAEANBUITESHE
TEET Y, AGRREBEETERASENETE
B, MBmEE TEHE (ASICs). BB ERZE
(VR1>. P2X 46 TWIK AX {8 M EE
(TASK) BLE AR RETERRS S/ oo i EA.

1 ASICs HEZ 5 T ANRIL T HF R

ASICs /& —2E 40 i ) B B HiE AO FH 3 78
H, THEIEFE Na®, WK G BARGAMEE
P, CUEH ASICs TEASE. . BEWRGE DL 552
i EAEEMERM. ASICs 2 NaC (Na®
channel) /DEG (degenerin} HEZFH & 143 [F
FRE AR R2EBL ASICs TTAER 4 R4 A
BOUEGH S0 2 EER, KEREE 2R

KEBEEEK (TMD), —MKEE & LRERARANE
FHA N w5 C . JBIEA] 4 amiloride FA BT, B
1997 4F Lazdunski 2 H R HH5E L T ASICla L
% (Waldmann %, 1997 £, ASICs ZRIEC LTS
FT6 MR, EATR ASICla B H I ED T4k
ASIC1b, ASIC2a J HBT#HF R 4R ASIC2b, ASIC3
FIASICA. 3KV B n] 28 Al AN AR F] B IR 4
WS BAIEIE. W ASIC] X ER E e RE KRR IR
M ASIC2 5 R s M R E 53818, 1 ASIC3 Bf
iR ARG FIRR SN IR, ASICs TEER A
7, AEWMLT (DRG). MAERPHHE
, BEAFRTEATE SRR 10 ASIC1a
FOASIC2b TR/, H# M DRC T HH FIL, M
ASIC1L F1 ASIC3 HIFF R THR M AL .,
ASIC2a M F BAEFRME ZFEPHRIE >,
HTHASABGFUE T EE I E, ASICs
VR RZ S/ ERVIRBOA N TR SRR HEX. 5
ILAHH—E AT R, ASICs & DRG B1H S E2 % F
BEEENFET. HF, ASICla F1 ASICIb W%
BURMER, A4 FMRIES R A RIH A
SR, B 5 4 2R MR 40 11 B B HF AR N R A
. fEDRG MEP, BB SHEARER
TEDTAH R, 1 RIA A A SHA RS R 1A
KEFEREYH. B3, "B ASICY 1+ 5 HH
WEEWRMAS: TRRERSFRERS, A

T EBECR AL
Tel: 021-54921751, E-mail: tlxu@ ion. ac. en
Vs B EA: 2003-10-08, ¥ HH: 2003-11-28



* 394 - VML S YRR

Prog. Biochem. Biophys. 2004 31 (5)

2L B TR DRG RIE. {H ASIC3 /S 18
I RS (pH 3.5) 1Lk DRC &P K
%% (pHS5. 82, X ASIC3 HIREE NG T
DRG FERE T (RSB, 4 ASIC2b +3 R EE
(IRTFERIN, ASIC2b B IEH A ASIC3 fIHFi R
A, EHNAT ASIC3 BB S FEEE, HiE
AR E Na* MK NS, XEEIL DRC
ETEE SRS R AR, FiRRR AR
WA BE5 45 T DRC WA T ERES HAUR R
W (Lingueglia %, 1997 <),

% ASIC3 B FE BN R — B3R T
ASICs TEFSE PRI AT BEA/E Y %) a ASICS HEEA
Bpfa. (RS2 S VLIRS, PR RO BR 8 A
C#4E (C-HM A4 3t pH 5. 0 IR HERKHE
1% b, HEEM R T BRSSOV EEIT S
S, B ERENSH4ANIREAREE
R o ASIC3 MU TERE ST ETERER,
WM T HoAh 2 M AR . S LR
SR g G, (B ASIQR BEFEFRFAEEE A
PR — A R A e, R ASIC3 2 K B/
AL AR S AR — 3Ry, TERL LB % AR R A
R, ASIC3 TROE0E, MM T pil s B2 1E
UYL BRTT, X ASIC2 BEEEERR D RATFRFE W,
ASIC2 HFAS SN, RIEHNHREH, Kk
Al Ll 3]k DRG F ASICs ( ASICla. ASIC2b AN
ASIC3) RIZEMEEHEIN, e KPR R
25000 =] JTARSE AT LA 4L ASICs RIA S . [F
B, JRLEdn 4 254 A L) HEAN S| ASICs i F () H,
Wi IXEegEEPUR, ASICs B T AR NN, I
R T M AT 4 B =) DS bR 2K 2 ) n] 50 AR ) AR 7Y
U JA, ASICs FIHREFLT Amiloride T LT 3L
I8 (pH>6.0> FEAKMK LI RMFHM, 2
STRIZIEE AL C4n pH 5.0 FHE 890 1 H A9
2. FEik, ASICs ATRERFHBEA TREEPFOTE
TR AS, TR ZUERAGAS S e AT A8 AR LA 32 i
VR1 A/ S0,

2 VRI AJEEZMES: HIER, PR

20 ZAELLAT AT O R I EM R T LR S 5
SH@IE A, (BRI E BEREE R R IEE
THRE—HEHNESZE (VR HEELENSE
ZEIETE 1997 A Julivs & HFFE L mEHR
(Caterina Z£, 1997 #£), v NI EEBEHHE THE
H, B3 FEEMLE N =, FE, 5HAH

KEFHERRCOT BB T 54, wiEFEHERT
TRP &R TRPY Z %, TRPV Z KAk & BE 41T
Z 5 RIBOETS, . BB, BR. FLBUE DRIESE
% VRI A REA4 T TREAN, SIMTEREE
838 MEEMMEEF BT 6 IKBETF (TML ~
TM6) . 7E TM3 A TM6 2 A —EHEKR, ¥
MEFL. E N5 Cmf TR, f£N&SF 3
HEA, I CmE#R TRP L4 HE. vR1 &
BRIETE DRC MI=Z XML (TG) MBI METT
i, fI7EKE DRG T, 409% M4 BIFERE VR, H
hEE RSB

VRl B2 5 HEHBREERN—MHER
BRI, BB E M RRNECR e A2 B A
FEhF. BRS AT R AN R T DU T %52 44,
FIOTEEME ZARBOE AR 2 A TH: o 7B
BT (22°C), pH <6.0 [IERA] LLE #85E VR,
PSS B I R BRI R, B AT
DRG 1470 LR S i ffaAs RS, b S 4t
pH 6 ~8 B, BE R DAMREEAHOM I 55 VR1 X HHL
FRIARE A . B AF VR BE U AL B 1
H AR ARN WREMHE, VR1 & LK
Clu64® 7 & /v F [ B X VR SZARFBGE, 1
Glu600 A7 BN+ G TEER) VRI AR ST, B
ATLAMEAE VR1 MR RN, RiLRE, BN
VR1 SZARFNEGESZ IR F W, A= T VR B
EC, B pH #9% 5.4, Ti7E £ M\ F 37C B,
pH 6.4 Fi Al B R U 40 VR1. 3. Eik,
VR M rT R R AR S EMN A B
(pH 6.1 ~6.9> P — M EEMHD.

X VR HFE R R R R — P iEET
VR1 JES A MR 0 o B R R B B
MR AV Z RS A B O R N AR, (ESTAL
MR S AR TEFAE RN R B &R, &
FARRARE T, ERE S R AR IS A B
2, BRSNS ER S RATESR. B,
Atbsrag sE BB ROR T VR Tl RES 5 A ARk
SEAFEEES. 0 VR EFE RN R DRG W&
TP EE BRI N R EAR R, B
SREE IR Be /N B A ALY P AR BN 2%, (B
AN E G IR PR AR IR, xR
N, ARE R MR R, SRk, Eg
EER 0T VRIZ25AEGERAEZEEH. &
BULRFRE, A0 0] LIRS0 MR SRR 105
AR, I AR R 1 A B o AL SR T AR



2004; 31 (5) v SEYhETE

Prog. Biochem. Biophys. * 395

A LA S SRR E R B1F VR Biek
( Cesare 1 MeNaughton. 1996 ). 2542 (1) 3CI8
M, VRI TERIZIER 4L (pH 5.00 B 5 RE R
FTEAERMER, BN mgeE S 0w Do
VR SARRET A4 K. VRI AT RS G
HHREAZHIGEHES, EREEAABGES
FIER Rl RS — M BIRI7E . BIER{L4E VR1
SRIBFRES ERmK. B b, REARIEL
R AT VR BOEBE B IRTT S 2R EE R
T VRI B0T R MIEER TROOE — 2 2T
i@z EtET e,

3 P2X SZARE AR 0 B 8 ) A AN )

P2X SRR —R B ATP EEE SRR
HEHAEFEE £ X ZEERETT 1994 F
WimFE (Brake %, 1994 &3, B BERIANIE, BK
LT P2X SR 7 AMEE (P2X1 ~7), IXEEHEE
FTEmto a0 5 8 300 ~400 T EERA M, H N i
5comfy THAN, TEHHETE 2 N IERKEE
X (TMD F—AE&F 10 RS E BRI
. pX fRARAGmT i, BARTERE T
A W eex1 FE2E45ATFEENG,. P2X4 F
P2X6 TR P RIAEE, P2X3 TERIEAEBEMS
JTH, 1 P2X7 M EERREREMBAF. P2X 32
PR LA BT BB FIR R B R R i, Hah
HEMFIRAKE R, 0 P2X1 A P2X3 KiERE,
T P2X2 F p2X4 WRiE &g, P2x2/3 # P2X1/5
RVHBEEN X RREE. SM#H AT K2
(ah o S k.

e P2X SR TkE 280, AT AR AN
SF ATP BEUEIER. TG REEAN D, 4
Wit S 3R R R H A ATP U E 28 JL 1
FE/R, FEATP OB ANNERARDH. &
DRG T, P2X1 ~6 BH £k, FaE p2X3 1
DRG /BT MRS TENE, PRX ZHEENS
ATP 3UEERT EAEZENH. REXHIFEA
YRT X I ERTRERT, RN
AMZEER R, DRC PRI P2X RiE LIheEE
A Az, 1t BAFERE AR B P2X SRR
P57 PPADS TTUABHMT ATP FELAD ¢ F0 A5 £F 41
MNEEH, W P2X ARG 5 — RS 4 5 AT B
SRR SRS S 5 R P2X3 AR AR R
WHFEEFERMERAT HZR. #H—EW 5 EHN
DRG 22 7t R 5T A/ B0, ATP 7] LIS 5 H 2 3l

HEARFHF, F DRC ML TRIEAF P2X
AR, BRI CWHAHTE DRG MG EL K P2X3
FEFE, ARNARREN P2X2/3.

Xf P2X SZARRFFUR I, B4k pH {EREAER P2X
ZHTREER, T HBS AR P2X T 51 H
EEMR. ERX P2X1. P2X3 f P2X4 FEAG
HIER, TR FF A p2X2 Ll R B R P2X2/3
A9 2508 5RER. AN TAEER pH 7.3 1 pH
6.3 AT A 10 wmol /L ATP % T 1) P2X2 1 P2X2/3
HEISERIT 3 5. MW REITENEIEH, 48
AR P2X AN SRR, KRBT
AR ATP B AP, A0S g B
TG b MR B ] LU R ATP % SRS ER R
FAC R, 1Z RN ATEER P2X2/3 B P2X2 AT Ar
T (Li %%, 1996 %), TRAAEA NS, ATP K]
W, AR P2X ZARE RS T H A
&4, P2X2/3 DAHIERHTE DRG f3RiL. BR A
REESMEEREN S —4&AHRE. Amh TR
MR P2X WEKERA AR, £ AEX p2X3
SARRIRIERR R, B8 BEA — 28
ek
4 TASK JZ #7R 5< H ) RFLIX PR il T8

LK RIE R RS FEEPRIEA &
A — A, XL A R 2 SR T
MBI —RREE, BEY K EAREEEE X
FLIX HEE W E ) ER S MR RET 4 MRS IEX F
2 LR aTM2P) . HEM N mS5KM ¢ mibfa
THA. 35 mERENILHEE 1 Ctandem of P
domains in weak inward rectifier K* channel 1, TWIK-
1) #1996 5 HA Lesage SF7EMH FLah40 P B2 15
—XLFLAEIE (Lesage 2, 1996 ). WL OEM
FLEM PRI T AR TWIK-1 £ 89 16 Al 7.
EREFESGED, CNSEA DRI KB
T8, {RIXLLf IR IE B E A TR T AR S, Ak
WHR—EERTE SERAEE, Mg
MR A EEFER. L EE Z B2 Rl
B, WNUEUE . BB BRI MTRE
W, CATAEZ IR L, R A A e X A M A P
BRFEE, B ATEATREAT ENEYET
R

EXFLEREEZRE D, 7 LH KX Rt
pH AR A& F B, RN TWIK KR
NGRS ATIEIE (TASK), EIEHEEECH 5 TR



* 396 - VML S YRR

Prog. Biochem. Biophys.

2004 31 (5>

i (TASKI ~5). B TASK-5 #), TASKI1 ~4 ¥57]
T RSCAF T 18] 70 B s AR 5850 45 £ OF R A0 T e R 4R
L BATL SRR LRI L E . B
b AL R TE 2 A A 00 TWIK-1 St 0
ESRURG, (H R T A R B AR pH AR
A2, TASK i T A B B Ak BB A HE B SR,
pH6. 0EAET2MEZEHE. AT TASK £
FREEH IR BN TE, MRS RSN n] g2 R A SR AL
S R AR EENLE, B HE R
BIESE BT S SAEBRNE,
E R A W5 08 TASK B & 77 T it M4t
g, BAREF FELEN A0 TASKL M3 ERFHEE
BREY. REEWNILMEEFRELE BT
HEYRRE, CRREETERETD, FURZAE
B8 TWIK HHCHHIE (TWIK-related spinal cord K*
channel, TRESK). TRESK 7] DA H A F0 B A1 85 4y,
PAAAEAVETRR YT, RaHRIEFERTG DM
(=R

5 4 1B

o

TEANRME RS, BIBA] LT H A SR
MRBZARMETFIEE, MHETENEE. 558
SR, AR TR A RS [FEERIE T A A
FHRE A E R A NLiE k. BT REAMAF
. o XUSE R RIEE R E D E R AT R
SESHMESLMRNEREE. 5 FE, 56
FRIEEN IR TMRBLERE (B
Ak pH 5.6, FEbEEAfLISEEF, FHRER
ERNNEN. B2 FEEMEERTELE pH
6.4 (Miesenbock 2§, 1998 ). [, B AN
ShEmE RGP EREAER, TR P
BZRGNEIRB A RSP ERIEEW. BX R, E
AR B SR ASICs. VR1. P2X LA TWSK 25
75 Fik.

Z %5 X W

1 Carpenter K J, Nandi M, Dickenson A H. Peripheral administration
of low pH solutions causes activation and sensitization of convergent
dorsal horn neurones in the anaesthetized rat. Neurosci Lett, 2001,
298 (3): 179 ~182

2 Reeh P'W, Kress M. Molecular physiology of proton transduction in
nociceptors. Curr Opin Pharmacol, 2001, 1 (1): 45 ~51

3 Julius D, Bashaum A I. Molecular mechanisms of nociception.
Nature, 2001, 413 (6852): 203 ~210

4 Bianchi L, Driscoll M. Protons at the gate: DEG/ENaC ion
channels help us feel and remember. Newron, 2002, 34 (3): 337
~340

5 MEE, GRS BEEETHEHRFERE. TWLE5LY

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

WEHMERE. 2002, 29 (2): 197 ~201

Wu LJ, XuT L. Prog Biochem Biophys. 2002, 29 023 197 ~
201

AT, %A S BRES TERENHREEANRE £9
W5 5 EYIYEE R, 2003, 30 (3): 339 ~ 343

Wu LJ, XuT L. Prog Biochem Biophys. 2003, 30 37, 330 -
343

Alvarez de la Rosa D. Zhang P, Shao D, et al
implications of the localization and activity of acid-sensitive channels
in rat peripheral. Proc Natl Acad Sci USA, 2002, 99 (4): 2326 ~
2631

Price M P, Mcllwrath S L. Xie J. et af. The DRASIC cation
channel contributes to the detection of cutaneous touch and acid
stirmuli in mice. Neuron, 2001, 32 (6): 1071 ~ 1083

Chen € C, Zimmer A, Sun W H, et al. A role for ASIC3 in the
modulation of high-intensity pain stimuli. Proc Natl Acad Sci USA,
2002, 99 (13): 8992 ~8997

Sutherland 3 P, Benson C J, Adelman J P» et al. Acid-sensing ion
channel 3 matches the acid-gated current in cardiac ischemia-sensing
neurons. Proc Natl Acad Sci USA, 2001, 98 (2): 711 ~716
Voilley N, De Weille J, Mamet ],
inflammatory drugs inhibit both the activity and the inflammation-

Functional

et al. Nonsteroid anti-
induced expression of acid-sensing ion channels in nociceptors. J
Neurosci, 2001, 21 (20): 8026 ~ 8033

Ugawa 5, Ueda T, Ishida Y., & af. Amiloride-blockable acid-
sensing ion chamnels are leading acid sensors expressed in human
nociceptors. J Clin Invest, 2002, 110 (8): 1185 ~ 1190
Gunthorpe M J, Benham € D, Randall A, &t al. The diversity in the
vanilloid ( TRPV ) receptor family of ion channels. Trends
Pharmacol Sci, 2002, 23 (4): 183 ~191

Jordt S E, Tominaga M. Julius D. Acid potentiation of the capsaicin
receptor determined by a key extracellular site. Proc Natl Acad Sci
USA, 2000, 97 (14): 3134 ~8139

Caterina M J, Leffler A, Malmberg A B, et al. Impaired nociception
and pain sensation in mice lacking the capsaicin receptor. Science,
2000, 288 (5464): 306 ~ 313

Davis | B, Gray J. Gunthorpe M J. et al. Vanilloid receptor-1 is
essential for inflammatory thermal hyperalgesia. Nature, 2000, 405
(6783): 183 ~ 187

North R A. Molecular physiclogy of P2X receptors. Physiol Rev,
2002, 82 (4): 1013 ~1067

Xu G Y, Huang L Y. Peripheral inflammation sensitizes P2X
receptor-mediated responses in rat dorsal root ganglion neurons. J
Neurosei, 2002, 22 (1): 93 ~102

Cockayne D A, Hamilton 3 G, Zhu Q M, & al. Urinary bladder
hyporeflexia and reduced pain-related behaviour in P2X3-deficient
mice. Nature, 2000, 407 (6807): 1011 ~ 1015

Souslova V, Cesare P, Ding Y, et al. Warm-coding deficits and
aberrant inflammatery pain in mice lacking P2X3 receptors. Nature,
2000, 407 (6807): 1015 ~1017

Stoop R, Surprenant A, North R A, Different sensitivities o pH of
ATP-induced currents at four cloned P2X receptors. J Neurophysiol,
1997, 78 (4): 1837 ~ 1840

Lesage F, Lazdunski M. Molecular and functional properties of two-
pore-domain potassium channels. Am J Physiol, 2000, 279 (5):
F793 ~ F801

Kim D, Gnatenco €. TASK-5, a new member of the tandem-pore
K~ channel family. Biochem Biophys Res Commun, 2001, 284
(47: 923 ~930

Kim Y, Bang H, Kim D. TASK-3, a new member of the tandem
pore K ¥ channel family. J Biol Chem, 2000, 275 (13): 9340 ~
9347

Sano Y, Inamura K, Miyake A, et al. A novel two-pore domain K*
channel, TRESK, is localized in the spinal cord. ] Biol Chem,
2003, 278 (30): 27406 ~ 27412



2004; 31 ¢5) 5L YRR Prog. Biochem. Biophys. =397«

Ion Channels Mediate Proton Transduction in Peripheral Pain Perception
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Abstract Tissue acidosis can directly induce pain sensation which is mediated by ion channels in peripheral
sensory neurons. To date, several ion channel superfamilies are identified to be involved in the pain from tissue
acidosis. (1) ASICs can be gated by proton and directly mediate the acidesis pain; (22 VRI can be sensitized by
acidosis as well as activated by pH <6. 0; (3) P2X2 receptor is up-modulated whereas P2X3 is down-modulated by
acidosis; (4) TASK is one of the tandem pore and the inwardly rectifying K channel which can be closed by

acidosis.
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