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ATPR: ATP receptor

BBG: Brilliant blue G

B-PFT: B-pore-forming toxin

CBX: Carbenoxolone

CF: 5-Carboxyfluorescein diacetate

Chol: Cholesterol

DCF: 2', 7'-dichlorofluorescein

DMSO: Dimethyl sulfoxide

DOPC: 1, 2-Dioleoyl-sn-glycero-3-phospho-choline

Fura 2-AM: Fura 2-asetoxymethyl ester

GM2: Monosialotetrahexosyl ganglioside2

GST: Glutathione S-transferase

HRP: Horseradish peroxidase

IBD: Inflammatory bowel disease

JNK: c-Jun N-terminal kinase

LPS: Lipopolysaccharide

MAPK: Mitogen-activated Protein Kinase

MTS: 3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfop

henyl)-2H-tetrazolium

NAC: N-acetyl cysteine

Panx1: Pannexinl

Pb: Probenecid

PPADS: Pyridoxalphosphate-6-azophenyl-2’, 4’-disulfonic acid
P2R: P2 receptor

P2XR: P2X receptor



P2X7R: P2X7receptor
PVDF: PolyVinylidene DiFluoride

ROS: Reactive oxygen species

A Ala Alanine M Met Methionine
C Cys Cysteine N Asp Asparagine
D Asp Aspartic acid P Pro Proline

E Glu Glutamic acid Q Gln Glutamine
F Phe Phenylalanine R Arg Arginine
G Gly Glycine S Ser Serine

H His Histidine T Thr Threonine
I Ile Isoleucine \Y Val Valine

K Lys Lysine W Trp Tryptophan
L Leu Leucine Y Tyr Tyrosine




A

v )V 2B (Clostridium perfringens) 1%, THESCEMWOGENSE. BRFICA
ML TND, RKEIZZ 7R NI U0 LJEOH TR E R E OIRW RS
PR CTUHKUE D R < RVWETHE TS S D2 FREOHFEN FRETH D, S HIT, AR,
OFFEMEZ B A R T ABOME &R | EALE S TEIMEA RS RN, U
TV 2 BIEEFRE R . B R HIR S 7o Rk 7255 (Duncan-Strong 2 AufE
FRERHE) TR K EFRA AT 243, WmE P CIRIE L A EFRETER L7220,
KREIE, HIERFICZ L O N7 FEREERIMIPEAET D, Table 117" T 4 FDE
THHRTHDHoFR, PBR, emn., \mRaEEL, TNENDOERITRLR D AEMIE
MaERT (104, VoA valil, b 4 FMOFEROEARKICLY ., A~E 0 5 Al
2B E AL (Table 1), TN R7e DR FEZ R T,

CHIY w )L 2 BT X D2 BYEMEN 3. 5 ki UORERT . Darmbrand & FFE7,
RAYRAT DT BT THRINCEHRE Sz, ZORYGYEIL, M LWERSY 3 >
7 EEV PRSP RANCHMEDBR A S & 2 T B & VIRE TH o 7,
Darmbrand 1%, EFIFOKS o7 BMEEBRL TW I AREF X7 BOR O
FEARKEICEBINT 5 2 & T, /NEOBEREB MK F L, L HIERLE C ME
D/NGTHIIE L CRIET 2 s s Sz, 20%, v ¥ (5,6), A—AZ U7
(N, TAVAERE 8), "TT=a—F=7 ), ¥4 (10) =&, #RAEKHT C
B TV 2 B KD BEMEIGR WG SN TE T, 1963 FiZiL, N T =a—F
=7 AL TR A Ls C RUERRYLIEIC X 5 Pig-bel &IREN D B ARARE Sz,
Pig-bel IZHB W TH, HE TEY V7 EOBY (/- aAE) 28BEL W ZA
B, ZOHITORY THRARZREDE A Y —Btt Y Ry B A REBIRLIZZ &N
IR, IFENT C BUESBIE L, W LIS R, HmrE T, WEMeHE PA SR 2
RLTz, £z, TR T D8R & 2 A ONFZEERIT. 1987 FIZHFTH A & R
CTEEANEDO 7 A=V v T TEA HIETHAZED C YLy aEmIZ K
LA R 2w Le (10), 20% b, BIERICAE TRERRGVENFED 5T
WD, BHEMERRR ORFEIL. BRI O RIEE, JOECHiM, £ LT, 35~40% 0D m W VEL
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RETTZETHD, ThbH, BHOMIZERALIEAKEIT/NG L THIE L, K&
DPFERZPEAE L, ZTORE, ABBROEEMEMTLY . N LEE (215 TRED
RIEZE D MG RBSIEEZ S, WL ZE D THRE . SR ENUIREEZ 2
LTHRICED EEZDBNT N D, > T, ARRGYEDIIEIC, 15 OIS )04 B
BRNES D> T s EEZLNTWD, HATIE, ZHETC HEICLDE F
DIEFNTHRE 2N 2o 1203, FrE T D08 TiX, 2007 F4biEE R & o S E b

72T, HEIRIR A RIE LT 50 B HEIC BT, CRIBEIC L ABEMR K 2 WmE LT
(11, — 4T, CHBEIIE NS THLT X, Uy, =T NV EOFESITBW TR

DFYSEZ R, ARIZBWTYH, FEO T X T C BIEIC L 2BHMEBR PN HE S
nNTnsd (12), £7z. 2016 FF, Z A TTHIAEZ L7 Z OFEEI 5 ZAIMHED =
Vv a EANEEE S, ARBEEYYEICH T 2B OEAELHERE I TWD
(13),

ARIEGIE DO FRHEICIBNT, BERELEAET S CR U T LY 2 E 7)Y Pig-bel DI
TEMERBEN SRS N- 2 L. ZOBEOMIET OHBEEGAEN. T o)
DIEEYH DBFA L Wl T 5 L HEFITE N &, T LT, REEDE R, Hip
FEPUAMBOERN 10 L FOFEBIZEZ N2 LR ENE, BERN C R RYLEIC
PBOWTEERBFEKTFTHD Z Lt shic 14), IHic, BENPOHEELZ C
R 27 208 Ty MURREE S & AFYYERHE S (15), £72. 2007
FEOHWETIT, SHMEM R BE OIGE R AHMIE AR 28537 5 & | IE OBEART
CpEHEN/ R Sz (11), AKFH EHEBICE LT, 2006 41 Fisher (2, C AR
e BB, oafg®R, s, X—7 VI 0, BLO, B2 BENHFIEL, £
D iR~ RRBEIRNK G L L&, BEEOLANY T ADOHEIIZEE L TWD
ZlaHELE (16), £72. Sayeed HiE, CH T /L = B CN3675 £ D EHi sl
OB BiEn, v FEG CEEMER A EFHHE T L2 L aRmE L (17, 61
1T, FER CoamBE e =7 U T2 O OB 2B L2 B EE CFE
FROFFIEZ R DIt L, BRRB s 72 Wbk L7 Bk, BRSNS+ 5 2 &
AW L7 (7)., & 5IZ, 2007 4E1C Fernandez-Miyakawa 5%, B DR -
HaE~ U AOEIRNIZE G5 & C BUBERRYYE & FEROFEREZ =T 2 &, BROY
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BEARIIKTHE /) 7 u—F PR EEZ A X2 _X— 3 v LItk BRI

BHT 5 L BIERMHISND Z L, R LIETORERN~ U XD 57

HEERKR T THDL @A L (18), LLEOHENG, BERN. ANEIC L M
Wk DEZEERE 1L LTEZ BN TEL (19, 20), 2007 FiZ, BART, 74D

BUHVENG R D BB S iz CRIEIL, pEERLIAMNT. Bl A S vz Tpel &

SNT-HRELEITEA L, KEORREME RS BEEST2 2 LnwsEsn (12, 21),
TpeL TMilaEmEZ2 R~ L, K01 G XV EETNLav kT 5 ERHESR

(22, 23), 4. CRIFRYYEICIB T D TpeL OFEELCpHEHR L OMEME L ER ST

W5,

CHRIY TV 2 WIZ K DBHREMEGROTIHIZIE, N T T =a—F=7 7T, CHEE
#FEEOHBEELOBREE RV~ ) CTEREL LB VA FEERE LA
BWT, REGYEICHT 2 TR ERT 2 e n@mE Sz, LrLaens, Bhx
VA REARLETYH—RIEERBEONT. 2OV F 2 TEMICKRELRETHZ L
(XREECTH -7, 2006 4£12, Nijland 5%, #fs FRIEICL > T, pEED 1 HOT
R EBREEN UEEE R SR WERKER A B (Bacillus subtilis) THE I
T, PEIRDIAR L E THRIEDIEIMIE LA LD BN o 72 (24), T D%, Nijland
DIXIEIRMEZ A L, BEORW R Y A REHRILHEDH20, IRWEEALT K
NEHTHNLFat’ —FF 23 R B subtilis HRDEIRB, rpsF 70— 4 —%
FAZ, O TFHICERBEREE T2 AL T B subtilis TRERFHR DB 2K
Tntro ZFORER, A RF YA FIZEENICEREICERB S, BERMIZD TN
W ENT, REFIINEECH -7, £ 2 T, ZDOXY ¥ —% Lactococcus lactis,
F 72T, M ESHEREE (Streptococcus pneumoniae) (2 kT AT F— A L THRIE
B2 E, ZOERFERIT. B subtilis & L TR 10 fFEDPEAIMI WS D &
WA LI, REETH-T- (25), U ED X 912, B TFHIZB RV A RELE
L CREICHAS T 2 HIET, REMILIN T, REEGYE IR D72 DB RBHEHR DK
EEEAEDOMENLDMNEEE STV D,

BEERIT. HBWET, ¥ o U RERICIFRICH ALERFERLTHDH (26), 1€
> T, KEHFOBRIINEECTH - 7225, Sakurai & Duncan (%, CRIEO#RHEAIC

7



Rl 7 RPEAE A BER Lz, I5IC, CHIEE R O pH 2SEREICHE < &
HHEEAMETT5 2 L2 R L, 5o pH % TP T ICHER LR35 pH I
BERIEAREL L, S HIC, b, HEEABERKE, T LT, BUKT 74 =7 4 —
ru< N7 40— HWTRERDHIELZ BANCERE L @7, LLARns,
ZOFEITIERLERE ST, BREZESVE LG ONT, BFEEZBICHL L
IREETH -7, D%, Sakurai & Fujii 1Z, KEORKUEENSONHUEEL
W L7z (28), pH 5815 C C oK% pH 7.5 OFKMET, EWMETHEL, £
D¥;FE L% 50% WileT &= LA THE%, ZIn2-&R7T 7 4 =7 4 —7u~x 7
T4 —IIPEmREWEIE, E ATV UEK THEMN L, DM % Toyopearl HW
60 1 7 LE AW CPEE LR LT, Toyopearl HW60 |Z. 7 /LB T 7 L TH B0,
BEEAITZ DR LG HAMEH L., Koy FEMEPEL LeRICEL S, B—7%
HRIEMBEF DN, ZOHET, PERIIKHAT v 72 M X, HHITKEN
BURTFRE L 7o 7o, FERL L 7-BRERITRUERICRIET 528, Sakurai & Fujii 1X, 2@
ANEM TR IEM 2 SDS-PAGE T+ % &, SDS TRLH L THFHE L 22\ Bk
DEHEE (F) Iv—) BROOLNTZZ L 2RE LT 28), T72bbH, BmRRFRKED
BWMIRIEMEDWRIL, BREOFOA ) I~v—(IC k20D THD EfE Lz (28),

FTE T D78 Tld, PHRRRUEML O N RO 7 2/ BREI 2 DE L, fhoRF
I N—TLHET, TOT—ZIESE B HENORERIELR A HAEL, M
BLFNZRE LT, ZOBRFIE Y, BEROHEET I/ BRESIHNHIIL, Table 2 (TR
T X972 309 BEMN SR D )T H 34,681 DX LRI HFRTHDHZ ENHLMNITR-
7= (29), Steinthorsdottir &%, M X BHEHREHF L2, BEHAELE T4 pGEX-3X
R B —=DINVETFA-S- F T 27 2T —8 (GST) BT FHIFEA L, K
(Escherichia col) UT5600 k£ T GST-BrEHR 7 = —T a V¥ U RV BEEREBL S HT-
B, 7aTT—ET GST 28Ik, mHEETLRmBENGLNL -7 (30), &
512, Steinthorsdottir &%, BHERIBIE % E. coli-B. subtilis > v ~ V27 2 —(C
FEANL. B subtilis CHBLZ PR DRBAIT oM, ZOFIETHRERIIRLE
D=, FRTERo7 (30), £D%, BT HMFEETIE, pEREL 2 A
T, FRLOFIET, E. coli TIHEMEZA T DM X BREE ORI WO THkEh L7z (31),
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Hunter & O (24) 5 BEFREIR 7% BALE O PCRIATHIIE L, pGEX-4T-1
7 Z2—@ GST Blo+ TiICHA L, £D%. E. coli BL21FRIC T AT 4 —
AL, GSTREHHR T 2a—Va L XU RXIVEORTRISYE, IVFTFH 87 7u—
A AB 1T A THEORERL L2, RIZ, GST-REmE 72—V a XU U EE e b
VTR L, GST LRmEEUINIHR, INFT A7 70 —RAB I T L ENA R
RXTTREA NI T LAV, RRREREML A G, MR pERIT, VT
v a @B RER L 72 Native BRisR & U FHIPHERMIGEEHEH LA 2 ¥ u=—J5T
Fuse L. &bHiZ, [FRBEDO~ v ZEFEEME & MlamE2 < L, Native B & [AEE
OHWEEHTH LHE LT B,

Sakurai © (32, 33) %, BEE DOEIE & BRI, A OERLAIS> SH EAfiH D
RPIZEVERT D28, o, TN HEMANC LV HKL LcmREEIL, DIT 72
EORTABLETRIE T 52 &, EHIT, 5 FHNDO SH EZH~5 &, BRI FHNIZ
1 D 2T A (Cys) BENIFEL., ZORENFERIEMICEE THD LHREL
2o TD%, PEFEDEMETESIN D, Nagahama (31) 5%, AKEHED FHICHE—
FET % 265 AL Cys FRIEZ NI AFRIERIEICLI Y, SH E2f R0 HEL2 0T
JRFRFEICER LT, EORER, NSRRI EETHT 7= (Ala) U (Ser)
IZIEW LR REROGAIE. Wild-type & [FIRRE OESEIEENRBO bz, —H,
REBRMEE AT D2 AT VL His) F vy (Tyr) ~Eh LI2ERBROLE
X, ARERIEENFE LW Lz, 20 Cys FEHEIT. 7 7 BESI L0 BlIKMEHE
38 & B PETEIR OB FUTAFE L TV D ATREPE D HEZR S L7z, 16> T, 265 if. Cys 7%
E TEEFOITIIFE LR WD, ZOREICRERMEDOT I VB EAIND T &
T, IEMEALOANY AR5 S A4, SLIRRESE (Steric hindrance) 234U, 1EMEDNH
DB RIS, LLEL Y, Nagahama 5132 @ Cys #55(%, IHMERTUCEE
IRBEI DT EE RS D L& L7z (1), & 2T BERDOIEMINL A FrET 5720,
Nagahama 5%, BHEHRL T D 265 fif. Cys 7EIJED D 266 ir Tyr. 268 i 74
v (Lew., 275 i FUTZF b7 7 (Trp) BEOT I BE#HEZIT-o7- (Fig. 1)
(B1), ZORER, TN OERBRITHFERIEMENZF LK T L, Zh bR TEHIEL
WCHETHHZ ENHPH L, 51T, 275 ff Trp % Ala I[CEH#HL L 72 W275A
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(X, RHEGIC LV BEHE DO~ T ABBEIEME 2 M Lz, —J7C, 266 L Tyr & 2681
Leu 7% Ala [CEH#: L7225 8K (Y2664, L268A) 1%, WO bimIfEM 2R & 72
Mmolo, T, W275A 1%, Wild-type D L7 ¥ —~OfESZ T2 &
ZZBHiL, Y266A, L268A [IFEGEMINEML THHlZRERNEZEZBND, L
B BEFR D 275 L Trp 71T EFROEMIZ, 266 i Tyr & 268 /i Leu 7% 1%
L7 2 —~DORESICEE T DR e Lz (B1), 16~ T, AR FHNTHE—
F1ET % Cys FREAIOMEEIT, BROME. HDWIE, 1EMICEEET % araetEns
RIE ST,

Hunter 5%, BEROHEET X / BES| 2D &2 LRV E L Wigd 5 & FrIZ,
Staphylococcus aureus (S. aureus) PEAET D% EAHEMENE < (Table 3), S.
aureus o-toxin & 1% 28%, y-toxin ® A, B L, By & 1% 22 & 28%. Leukocidin
DS & Fs LT 17 & 28%DFFEMEEZ R LTz (29, EHIZ, Vv 2 EREA
T 5875 L 1% 43%. = LT, NetB & 1% 40%DFREMEZE RT 2 L A SR> 7
(34, 35), a-toxin 1%, FRIMEK7Z: & OFERILOMAIEICE / ~— T &%, MfalE -
T 7104 dv—,7a0 MR T 2B L ClllndEEz2 3 (86), X5
(2. y-toxin X° Leukocidin, = L C, 7T/l ¥ 2 FHd# &S NetB b [AlkE I B2 M
B ECTA Y I~—% kT D, ZnbDHEFET 72U — (B-pore-forming toxin:
B-PFT) OH T, atoxin RV T/l 2 HEdEHR NetB [IAREAY I~v—%TA L,
—7J7. ytoxin X° Leukocidin (I~7 v A4 U I~ —%JET 5, WThofAb A4 I
~—fbTHZLicky, BMEBERT 2R LT, MladEtz o7 (37, Walker &
Bayley I%. a-toxin @ 200 iz 7 /¥ =2 (Arg) OEHIL, WIMIEESRDT 5 & #H
& L (88). Steinthorsdottir (%, PR 41 H CTartoxin @ 200 fif Arg [ZfHY4 95 212
ff Arg ZE#T 5 &, BOEIEMERNAGEICED T2 @G L B9, £z, vy
2 H8H AR NetB IZEBW\TH, 200 ALY T 5 Arg I3R7F 41, NetB TiE 200
i Arg D7 V% 2 (Gln) ~OEHIZ LY | MlREESC, Mla~of& 2383 %
TENHEEINTWD (40), LLEX V., Z D Arg FRELIEB-PFT (4@ L CEHEE/R5%E
HTHDHZ LAHA LTz, Sakurai & Nagahama %, Fig. 1 I 7 X 912, BEH
& 8. aureus a-toxin OEIE & OREIME) G | a-toxin 77 FWNITAFET HIGTEICEE /2
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VA, FIAT TN, ZLT, A7 LEBICHY T 2 pERICLEEL,
NONEETHD EHELE LT, atoxin DU LA RAAL Y (BERES KA A V) ITHYST
LHRERD 193-212 FHAEOHIER, £ L T, astoxin DAT A KA A v (YR AR A A V)
[ZH YT 5BEHRD 139-150 FELHIFRT 5 &, W bIHMHENHEE, 612, M7
AT 7 NAED 165 A7 Gln & 167 hi 7 A8 XUk (Asp) DOEH, AT LR AA
D202 i XY v (Val) & 2087 ==L 7 =" (Phe) ® Ala ~D{&Haix, JEM:
DRE DT DREREST- 41, ZNETOREND, Tweten (X, PEEHRIL, &
WEER 2 r 4 ) I~—BlEE 7 7 IV —ICBT 5 L HER L (42),

BE#lL. Table 2 |T/RT L DI, AWiEMEL UTESE, BIE, £ LT, ME LA
WGP, 2 LT, MECRES M A g T 2 Mindtt 2 2/ LT b, TNETICP
R D n vivo BT HIERIZ O TIE, LLFTO#HENH 5, Sakurai & Fujii 1%, B
FROBIEIEMERBIL, B, EEE, BOOEIIKRT L, BEpERE~ U A EFIK
CEET DL —ERERN (G RICEKFET D) TiE SR EOZEITRD ST
ZDBRIFHERD D ORI EUSE L2 < 720 O FRE, £ LT, IRERDOZEHHE =
D, RBICKEAZEZ LCRICED L@t L (28), I BIT, BERIT L 25 KEHET
EMEZ. BELEY PORETHOREICK PG5 L, /&5 =X, 2 ng/site
TERZRTEHREL TS (28), BEEDOK FHREICL Y | HGEAITII RS
DFRBZVBMEZ, AL 2D Z EnD, HEOMATEE, +72bb, MENMENS &k

I, WRWVT, BB/~ DR, BAMG AR D7D, MfkOEENRFEI TV
ARBMEDHEZS S7c, Sakurai HIE, BEEL72T > MIBmFEEELGTHE. HE
EAFH 22T B & AB OB 25328, LT, FHRRZ, 7 v MNERHEE
FEMEI BT L, MEEREFEUCY A L a— A THIBIRSIUET 5 2 &b,

FAICLDME BT, RIEIAE GREIIR) OIS K 2 M HRGUEOH R )3 5IA
ThbEHEE LT (43), WIZ, Sakurai B, AFHEIC L DT _EFHMEZ B S0
T D7D, TRV T U o/ ERTHL 7 = /) F R I HDHWIE
JNT RV CEHRERTH 2 7 7 R F VU ik G 5 & R OF T
FflE N 44), =51, FRIUATF Yy RAAFEAITHLT b K hFoo,
2T, MRRETEREEE T D ~F A b =0 LT, AEHOFAEFEHITELL
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MHl S AL, 280 v EREEE) 7 v MBW T, ABEROFEEMIT, 1T A
ERD LN oT 45), ZHHOMENG, BERIL. £, AR HEREER
L. % ORI N RIFRRIARZE S L RGN DO T a— T I OlER R L,
ZF ORGSR, ME R SIE L. mES EFT 5 L L, kiZ, Sakurai &
Nagahama 1%, pE# 4~ v A TEEN K 5% WEALA I 2L 2Bl LT L 2 A,
WG DZE LW, 37205 IR & BRI O RN & RO b, KEHR
%, RO S ZEEL TTE L, BRI CaENTHRICHEELZ 5252 & 685
I L7z (45), IZ, Nagahama 5%, BERICL D~ 7 A L& FEiEM:OTTHENE
Huzmat L (Fig. 2), PERICE 2 IMEFZBEMETTEIL, e AX IV Hi LT ¥ —T
ZAZARNTHDHY 7z RTIV, FXFF= NKy LET X =T HZa=X |
T % [D-Pro4, D-Trp7, 9]-SP <X° Spantide, & HIZ, RO Y 7 2 & % P
(SP) kB XA T AL DI LY . Wb S, S5z, 2
TF RO NK, LB 7% —7 % F=2 | SR140333 O 5 THAEHRIC K
DEFRE IS S e, —J7, AE#FIL. ~ U AR EOSEZ M TH 5 P-815
BRI DD AKX I OB HE Uo7z (46), & B2, REROEMIT,

N 7 CaztF v FLVIHEHITH 5 o-conotoxin, MVIIA, 7I7VF =2 BoL &7 H—7T
4 I=Z s HOE140 CTIHFE &7z, D%, Nagahama HlE, & O ICFEMIC M AE
WIEDTLHE A B = X LIZOWTHRRITT 5720, ~ VAR FICpmELE KRG L, &5
NMCHERE SN DA A L OREEIT- T2, ZOREE, AERIL TNF-a IL-1
DIt RE L, 2oV A MU A ilEET. BER OTUARDRTH X SR140333 &
EhHICE vl s, £72. Ht TNF-oftlOFHE 512 L 0 | & FEE2 #l <
M= D%t U HLIL-1BHUR D R 5 Tl & B N il S Ze v o 7=, LB X v |

BERNEEICHAET DRRNA L 7 7 —ICkG L, BB, 7o, MEMICmE
MROTZ7VF= Be LETZ— BIO, N W CaztF v x/MZEA LT Cazrd
TMAZSI &I L, MR D O SP Ok Z (et S5, WElEL 7= SP X, 2o
DIEMR &7/, 1 DOEMIE, BHIME OF M Z T, & 510, EmHLZ R L,

T OREHR, WL 7o B 2 X I U BRIILE IZ/EH U o R I Z st o JudE s 51
TRZF, bH 1 oOERIE. PEEAIICL Y, SP NiFH S, NK L7 ¥ —
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RN 5 Z &1L - T INF-on izl S Uil Bt o iR ER S Tnd 2 &
niEg - (Fig. 2) (47),

BERNEIHMEGR OWRIRK 1 ThH Z EIX T TITHLNTH L, BEHMEGK %
ISR T AN =X, KEZDNMBIZENTH—7 > M ETHHIIIAHOE £
TH oz, 2009 4, Miclard %1% Piglet BUHTEIGF RIS\ T, BEERAFED /MG
P OMENBAIICRIEL TWD Z & Z2WE Lz (48), AEHRD Z ORTEITEN
PEIG 2% DRI BRSO B v, AEEF TGN NGREIRE A T IR A%, M8 R
MR H 2 5 2 MEEIFEZEZ U, SWHEERPSEIT T2 LRI, £,
[, [T v—73 e N OBIAEMERRICIHE W TS, Piglet & [FIERICIGE REIEE A
JE O IMAENEHIICBHERNRFEL TWD L8 L (49, 512, 2010 4,
Gurtner %%, 7 X D774~V —KENRNEZMIRICBERZEH IS &, Mg
WOT 7 FUNESI, 270 — A EFHET L EHE L (B0), 2011 FZ, &
~ O ILE P BGHIEIC 38U T b [RIER DORE RS AT S 4L, 41k DB EER DOIRIFNE % in vitro
TN 5ET VL L TMENBMIR A2y — v L b alaetendH o (61), %
D, 2013 i, T4~V —D7 X KRENRNEZMRICRESRZ/EH ST &, =
/a7 b=V AERITZEb@E SN (52), 2013 FEREAT, B EIERNCE L
TWAHIHE LM~ OREROBEEFIIME SN TEL T, AERNLEO LI
ERIEE A B OWNEAIZ/ERT 20003, AHOEETH D, —F, 2009 FI2I1E,
b MEBEAIEE TH D Caco-2 il e CRIT = Ly o WA LRI 5 & CRUEIC
K DREFEDELEDEINT 2 LlE Iz (VirR/VirS) (63), & 512, 2015 4 Roos
(T, BEERHAM TIE, BE LRI EE A R S R0, ULy a HORER LSO
TR 723 58 ERIRABE L, £ D%, BERANEGMIE~EEHT 5 LM L
7= (Fig. 3) (54),

Steinthorsdottir ©i%, b M EAR ERMiQICpEREZEH S5 & RERIL,
AN ECA Y I~—% kT b L@ Lz (55), LiLaens, KERIL., WK
HCRGICAY) T~—% BT 5D T, ZOMIETHRENICE ) ~—nbA4 Y I~—
DR S NTZINE D DNIARATH 72, —F5. Shatursky HliE, BEREF A7 7 F
vzl y (DOPC) &=z A7 a—/ (Chol) 705725 VmEE —EEREIC/EH S
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T5 &, AEHIE Nat® KO &9 22—l F4 @RI R A 12A0F v 11
AT D L EWME L (66), ZORRIT. AERPKELCRT 2BMT L2 L
IR AELTZA, ZOWMETIE, ALE ETREROA Y I~ —DIFEZ T R
TREN R oT, PEEOMIL L TOEMDOFERNY 245572, Nagahama
Sl pER L~ U ABIEMILIC/ER S5 &, KERSMIE DO KA 4 o OlEkk
RBEEL R TR AW L, 20%, MEKZRMTELT A Afuahiz e A
A fEPE B iR AR Bk o HL-60 fiflcAmR 2 EH S8, MlROBACIER % 53R
L. IO TARERIEZEOREMBER AL L (Fig. 4) (67), ZORE, BRI
(2 Z D MR b DT 7 KrolEfE, Ca2t, Na*t, ClOyEA, £ LT, BALAFED L
DR 1R > O LER K BER (LDH) OBt RO bz, —FH, AFRIZ K
LR OIAIL, BBEREMRY =F L 7Y a—1 (PEG) 600 (EA 1.6 nm)
&£ 1000 (B 1.8 nm) Tl &4, PEG 400 (B 1.36 nm) TIFMfil SN2 no
T, PEHEIE. HR 1.36~1.6 nm ORT T D EME Lz, I BT, REHZEMN,
HL-60 M EDOJEE 7 7 MAHET DR R L7 =Tk Ea L, 77 FET T
BROA Y I<— (Fig. 5, 6) Zpk L CHRA A 2 @i S, b & ffafo
MEA5IEE 232, &512, DOPC & Chol DU KRY —AIZBWTHBHEHENA
VIa<w—% Bl LIEET S Z oL BT, UL ENS Fig. 6 12733 XL 912,
BTt L TR MO MR W S4v, ARmHRiL, Ml 7 Ry L& 7%
—IIHEE, VI~ =2 LI Z &2 WO TH LI L, flix DA F DA
RV A MA Ol TR L, MR ERZS Sk 32 & 28 L,

ARBFFE T FHIIPER OB MEMIL TS 5 b NHEECRMIaM T 5 THP-1 Mz
HHL T, RERESNTOWRVBEHEED LT X —DEREITo12, RIT, AFHE
AV =LA TOMBEMEIZE D 5 0 FOXEIZH NI T 5720, LET X —0
IR Y TIRIT 21T - 72, £ LT, PEREMEMT 26 EoEbittic S
T 2501 &M Lic,
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Table 1 Major toxins produced by the five different
types of Clostridium perfringens.

Major toxin
Type Alpha Beta Epsilon lota
A + - - -
B + + + -
C + + - -
D + - + -
E + - - +

+: Produced by some strains of the type given
- Not produced by any strain of the type given
Sakurai J, et al., J. Toxicol. Toxin Rev. 16, 195-214 (1997)

Smedley JG, et al., Rev. Phys. Biochem. Pharmacol. 152, 183-204 (2004)
Nagahama M, et al., Toxins 7, 396-406 (2015)

Table 2 Properties of Clostridium perfringens beta-toxin.

Molecular weight 34,681(309 residues)
Isoelectric point 55
Biological activity Lethality, Dermonecrosis

Elevation of blood pressure
Inhibitor SH group modifying agent
Cytotoxicity Swelling of HL-60 cells

Sakurai J and Nagahama M, Toxin Rev. 25, 1-19 (2006)
Nagahama M, et al., Toxins 7, 396-406 (2015)
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Table 3 Sequence homology between beta-toxin
and Staphylococal toxins.

Homology with Formation of

Staphylococal toxin M.W. _ )
beta-toxin oligomer
Alpha-toxin 36,000 28 %% +
Gamma-toxin (A component) 32 000 22 % +
Gamma-toxin (B component) 34,000 28 % +
Leukocidin (S component) 31,000 17 % +
Leukocidin (F component) 32,000 28 % +

Hunter SE, et al., Infect. Immun. 61, 3958-3965 (1993)
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Fig. 1 Amino acid residue deletion and site-directed

mutagenesis of beta-toxin.

Triangle region Stem domain Triangle region

S. aureus

alpha-toxin 99 SDIYYPRNSIDTKEYMSTILTYGFNGNVTGDDTGKIGGLIGANNSIGHTLKYNVQPDFKTIILESP 160
C. perfringens | | | | | | | | ...... | | || | | | | |
betatoxin 115 VOISTPKNTISOKTVSNTMGYK 1 6GETE = [EKNKPKAS [ESEYAESSTIEYVOPDFSTIQTDH 175
139 150
: Deletion: A139:150;
Q165A D167A
Rim domain
S. aureus ﬂ * *
alpha-toxin 161 TDKKVGWKVIFNNMVNQNWGPYDRDSWNPVYGNQLFMKTRNGSMKAADNFLDPNKASSLLSS |222
e I e
etatoxn 176 STSKASWDTKFTETTRGNA-=YNLKSNNPVYGNENFNYGRYTNVPATENT IPDYQNSKLITG |234
193 | 212
..... s l
V202A F202A
Acidic amino acid. Perfect alignment. | sakurai J and Nagahama M, Recent Res. Devel. Infect. Immun. 1, 433-449 (2003)
Aromatic amino acid. . Strong similarity. Sakurai J and Nagahama M, Toxin Rev. 25, 89-108 (2006)
. Weak similarity.
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Fig. 2 Action of beta-toxin on mouse skin.

Afferent nerve ending

Vs

NK; receptor antagonist Histanine receptor antagonist

Bradykinin B, receptor antagonist —I L L

NK; receptor H, receptor

Beta-toxin

N-type Ca?* channel blocker

— SP/NKA —» —

Increased vascular permeability

A

Mast cells

L —» SsP —» —» Histamine —»)|
]

=

SP: Substance P SP antagonist

NKA: Neurokinin A

Arteriolar dilation

\ 4

Nagahama M, et al., Br. J. Pharmacol. 138, 23-30 (2003)

Sakurai J and Nagahama M, Recent Res. Devel. Infect. Immun. 1, 433-449 (2003)

18



4 Endothelial cells \‘I ',' ‘ C. perfringens \
H = +Erythrocyte i i
i O Beta-toxi : villus
! -
@ Neutrophil i eta-toxin i
I 1
i ) ' |
w Intestinal epithelial cells | - Other maéor and minor i
i i - toxins and enzymes i
i
Q Goblet cells I ]
A /

Fig. 3 Schematic model of C. perfringens type C infection.

Beta-toxin acts on intestinal endothelial cells.

First step Second step Third step Final step
= J 0ot
i -1=q l O"~ O
’ 2”02 0,
S~ =S~ 'O \ ’O
- - O\
i N ﬂ( &
ooooQo o.oio “ﬂ ﬂQ
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& &> 0 @_ "’
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eVe® @
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Roos S, et al., Toxins 7, 1235-1252 (2015)
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Fig. 4 Effect of beta-toxin on HL-60 cells.

Control Beta-toxin (2.5 pug/ml)

Nagahama M, et al., J. Biol. Chem. 278, 36934-36941 (2003)

Sakurai J and Nagahama M, Toxin Rev. 25, 1-19 (2006)

Fig. 5 Binding of beta-toxin to lipid raft of HL-60 cells.

(kDa) Oligomer
|<228 kDa
212 = <191 kDa
170 -
116
76 =
53 - ' Monomer
&~ 35 kDa
30 - '

Lipid raft
Nagahama M, et al., J. Biol. Chem. 278, 36934-36941 (2003)

Sakurai J and Nagahama M, Toxin Rev. 25, 1-19 (2006)
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Fig. 6 Action of beta-toxin on HL-60 cells.

Beta-toxin O
monomer

OLipid raft

1. Binding of beta-toxin
to specific receptor in lipid rafts.

HL-60 cells
K+
K+
K* K
K* K*
Befca-toxm
Lipid raft ollgomer

2. Oligomer formation in lipid rafts.

3. K* and various cytokines release from the cells.

SN

IL-1B TNF-aL IFN-y

4. Swelling of HL-60 cells.

Sakurai J and Nagahama M, Toxin Rev. 25, 1-19 (2006)
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Z

w2 T AYLBEERDO LS YRR

CHlyx /v (CRIE) X, /G EEOZERGIT I THYGE L C R EIK 7T
boREREEEEL, BE LEMRICHEEL 5 2, BOEROmOEBEMEG X %5 & i
29, BEE TIC, CHRIERYMEDTRFRIEIRIL, V7 F L LT R YA FOMERSE
DPBHERERT, THHIZIZHOBEANTH DN, PRERDLE LIRRMNE LU
ZEDLEABRETHD, S5HIC, CHRIEBRORBET, BEZ THIEINT
W, FFIE. BEROIERAA N =X L EH LT IR, BRIEOROBE LR
HEBEZ, £ T, RETIE, REHALNIZINTWRNVWAFEZO LT X — O
REATV ., REEGUE DR D FER N 2155 12 OMETE21T o7,

iR HIFEE Tk, BER A RMIIC/ER SE2E R, v MHEECRMRE T
&% THP-1 fifa<°b b AFEHILEE CTh 5 HL-60 Ak, £7=. T U /% MifuD
MOLT-4 #ifa=> B U > /%0 BALL-1 #ifld, £ LT, ~ v APligiifass &, 21260
RO ATERIIEEL R Lz, ZOMEEID | ERHIICZ S EHL TN D
TR, AEFOMBEBEEICES LT D aREES RSN, BERIT.
B-pore-forming toxin (B-PFT) 77 I VU —IiZ)@L., ML 7 7 IV —® S aureus
a-toxin (XA IE R w23 B L T\ 5 A-Disintegrin-and-metalloproteinase 10
(ADAM10) ALt 7H#—L LTaLNTWDHD (58-60), Dz P2X L7 4 —
(P2XR) #iEMEAL L CHEERBLT 28E 61D b, Znbomi kv, P2XR (X
FERMTHE LS EHEITDHZ L, RUBPFT 77 2 U—0D S aureus o-toxin 7%
P2XR /L CRtEa 3Bl 52 L. S5, P2XRIFGE FRICBWT, Bkx ek
SERONC w595 2 & (62, 63) 72 EARARITHIET L T, F&1L, P2XRIZEH L.
BEER DFEEITIIT DN & MEt LT,
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B PEROMKEMNEL P2X L ¥ —DRf%

BERIL, ML R M7 < EoHTlEREO THP-1 <> HL-60 #f
FIEH LT, Mlaol b & MfE L 58T 2 2 &6, MEKCRMIIZBER DOFF
FIEDE WL 72— FET D L S D, AHEITIEH, BEEDOL T ¥ —%
A ONCT D700, S RMIICIHBL L, 72, B-PFT O@EMEICHEERER 2 R L
TWb ATP L7 % — (ATPR) & H L, BEROMBEEERIICEKIT S ATPR

W
T

P2X L 7% — (P2XR) 77 3IU—¢& P2Y L7 %— (P2YR) 77 3 VU —) O
Bl &R L,

[EBA kR L OEBRGE]

1) fifaksEE (THP-1 i)

<FEBRA >

iiEDOIEEL:  4°C THME L 7= Fetal Bovine Serum [Biowest] 500 ml % 56°C T
2 R S 30 0[] (MIENRE > T D) A U F a— 3 V&7V FEELZ1T

ST, MEIFIEEETIZ, 50 ml AV 7Ly T A NFa—7 PP-F=—7)
[Greiner bio-one, 210261] 12477 L, £RAFI1%-80°C TIT\ . AT H IZIKIR = CTHAF
L7z, fiHREC, KRS T %, 1,000 rpm, 10 fdmo L, EEZEH L,

10% Fetal bovine serum (FBS) - Roswell Park Memorial Institute medium 1640

(RPMI 1640) (FBS/RPMI 1640) @Fffl: RPMI 1640 with D-(+)-Glucose and

L-Glutamine and Phenol Red [Nacalai tesque, 30264-14] 500 ml (2, 7 U — X
F N TC. Penicillin-Streptomycin [Gibco, 15140-122] 5.6 ml., B X, FEEMLL =
Fetal Bovine Serum 60 ml Z#RM L., K <iBFL7Z, frfFiL. 4°C TITV, AT
[P O=IRIZE LT,

<EKERTTE>

PG R ORE X X -80°C T 2.0 ml &7 AT = — T ICHHEERTT S 7o Mfia & B
ML, BEHIC 37°C OEFEMEICAN LRV BTN o 2l Lz, 50%1 Y 7
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a/X )=V T T LT a2a—T7DFEEKE, 5.0 ml OWEE~X> ; [Greiner bio-one,
604181] Z AT, F& 4.0 ml ® FBS/RPMI 1640 £ #1743 A > 7= 15 ml PP-F = —
7" [Greiner bio-one, 188271] |Z&&%& L1z, #&EEIEM L, iR T 800 rpm,
5 mED L, WEEE B AIRE A Y — L ey hTERIEZBRZEL, 1.0 ml @
FBS/RPMI 1640 5 TIig#E#% . T 10 ml © FBS/RPMI 1640 £5#15 A - 7= 75 cm?2
DOVFERE#E 7 5 A2 2 (Cell Culture Flasks) [Greiner bio-one, 658-195] ([C &8 %
PR L7, HE2M0, BEML 37°C, 5% CO: DM T T CO A v FaX—H—
[Sanyo, MCO-20AIC] % W\ CHi#& L7z,

AN T b SR OMREREE: 75 em2 Rl EN T 7 A TR LIMiRE, 7

V= RUFNTEESL 50 ml PP-F 2 —7 2B L, =iE T 800 rpm. 5 /=l L
77 o WEENBR A 15 A IR /XA Y — L By T RiFAFRZE L, 1.0 ml @ FBS/RPMI 1640
B CRRE . T ORRIEIE 10 pl 2 990 pl OEE PBS (1) Ao 15 ml Fa—7
[Eppendorf, 131-715C] 12 L, 100 f5#4R L7z, & OMFRERERE 10 pl % 0.5% ~ Y
N T —10 ul TERE%, Burker-Turk MEKFHFBREZH LI DV R EITo T2,
H 5L 10 ml O FBS/RPMI 1640 H5iha A7z 75 em? {ilEs#e 7 7 A a2k
7o LA A & (MR 1~2X105cells/m]l F2E)  #&<JEFf1L . 37°C,
5% CO2 DL FTREFE Lz, LI, MRREEER1T. 75 em2 FRiliks s i 7 7 2 3 &
L7z,

<fEHLZ=T1L— 1>

- VFilERI A 12 well 7 L— b [Greiner bio-one, 665 102] — 1.0 ml "> #5f#

- FREAIE A 24 well 7L — | [Greiner bio-one, 662 102] — 0.6 ml 9> ffi

- PR 48 well 7L — I [Greiner bio-one, 677 102] — 0.3 ml "> #:ff

- VHiERII A 96 well 7 L— b [Greiner bio-one, 655 185] — 0.1 ml " ->#%f#
+3.5cm ¥+ —1 [Sumilon, MS-10350] — 3.0 ml 9" >ffi

*6cm V¥ —1 [Falcon, 725-28-41-22] — 6.0 ml "> #fE

HI DO BEARAE: Them2 DTRFIERERMN 7 7 A a TH% L= THP-1 fifaz ., 7 ) —

RUTFNTLEEZ 15 ml PP-F =2 —7I1ZF L, 2l T 800 rpm, 5 izl L7, ¥
BRI 3 IR N A Y — )L By BT R{EZRE L, MR RERE v T —1
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77% [AAREIKT 2, 804010] 1 X106 cells/ml & 725 X 5 MR 208 LT-, = ORREIK
1.0ml # 2.0 ml 7 £F =—7 [TPP, 89020] (2% L .-80°C [Sanyo, MDF-C8V] T
PRAF L7,

2) ATP Lt 7" % —BHEHR| OB E O M i s k4 2 20 F
<FEBRAEE>
0-ATP D% [Sigma-Aldrich, A6779] M.W. 505.17: Adenosine 5’ -triphosphate,

periodate oxidized sodium salt 2.53 mg % J&& PBS (-) 50 pyl T&EME L, 100 mM &
L7z, MIRALERIRHICPRE PBS () C 10 {5 (10 mM) L. #ARIE A E5H 100 ul (<
RLTHu ML GRIEEE: 500 uM),

0-ADP Ol [Sigma-Aldrich, A6904] M.W. 425.19: Adenosine 5° -diphosphate,

periodate oxidized sodium salt 2.13 mg % & PBS (-) 50 pl T#EME L, 100 mM &
L7c, MIRRALERIEIZEE PBS () T 10 540 (10 mM) L. #ABRIE % 55 100 pl 12
STLTHu ML GRIEEE: 500 pM),

BBG O#i5d [Hikik, 6104-58-1] M.W. 854.02: Brilliant blue G 1.02 mg % %

PBS () 200 pl T#fiE L, 6 mM & L7, MFALBREZ 3 PBS () T 100 5478 (60
uM) U, AR 2 100 Wl 12k LT pl B L7z GRIREE: 3 uM),

Suramin OFH [Calbiochem, 574625] M.W. 1429.2: Suramin 7.146 mg % Ik

PBS (-) 500 pl THfEL, 10 mM & L7, MFAEEREZ 3 PBS () T 5 54 R (2
mM) L. #FRiEZE:H# 100 pl Fizkt LT pl B L7 (EIREE: 100 pM),
PPADS Oii#! [Sigma-Aldrich, P178] M.W. 599.31: Pyridoxal-phosphate-6-

azophenyl-2', 4'-disulfonic acid 3.0 mg % J&# PBS (-) 200 ul TH%fEL, 25 mM & L
7=, AMRALERIEIZ)AE PBS () THEAN (5 mM) L, AHUKZEH 100 pl H1ixt
LThuldshLe (BRE: 250 uM),
XOWEME LTEFREANL, 42 T-80°C TRAFE LT,
Cell Counting Kit-8 (MTS g&3£) [Dojindo, 343-07623]
<EBR B>

R X OF—EFH—Hi-1) LREEOFIET, 96 well 7' L— < THP-1 iz

25



1x105 cells/100 pl/well (FBS/RPMI 1640 55i) T#%fE L. Negative control (T %
PBS () iU, FLEA|IOKEEEE 500 uM o-ATP, 500 uM o-ADP. 3 uM BBG,
100 uM Suramin, 250 uM PPADS Tififid ZLBE L, 37°C, 5% COs DA T C 1 I
WA v Fax—rarlie, 20#%, BER (KRE: 0.5 pg/mD) ZHEINL, 1 FEH
A FaX— g % ENLEESE [Nikon, Eclipse TS100] THRERE & BIEL LT~
F7=. Cell Counting Kit-8 (MTS iA3K) % 10 ul F" > L. 37°C. 5% COs DA
FTT3HHA vFa—rvarliz,~f 27 a7l — kI —%— [Molecular Devices,

SPECTRA MAX 190] T 450 nm OWSERE A RJIE LT,

3) THP-1 Hifg ~DRHER DOFEA
<FEBMEF>
SDS-PAGE %'/t NextPagelll 10 % gel [GelleX, GLX-321M]

SDS-PAGE (Z v % el

SDS sample buffer ®FF#L: 0.5 M Tris-HCI buffer (pH 6.8) % 25 ml & SDS ¥y K

[Nacalai tesque, 31607-65] 2.0 g & Glycerol [Nacalai tesque, 17018-83] 10 ml % /&
AL, ZARAKT100ml IZART v 7 L, IEfiE L7z, HIF, 2-mercaptoethanol [Wako,
139-07525] #H&IRE 10% & 72D KO U HEH L7z, IR 0.125 M Tris-HCI,
2%8SDS, 10% 2-mercaptoethanol, 10% Glycerol)

SDS-PAGE running-buffer ®F#: Tris [Nacalai tesque, 35434-21] 6.0 g. Glycine

[Nacalai tesque, 17109-35] 28.8 g. SDS ¥3K 2.0 g %1 4 SO ZKE /KIZTAfE L, 7%
/KT 2,000 ml (2 L7z,

Western blotting (Z H V2% 73K

20% Methanol buffer OFH%L:  Tris 6.0 g. Glycine 28.8 g % i 24 £ D AL /KA

L. Methanol [Nacalai tesque, 21929-23] 400 ml % /i1 z. 7%84/K T 2,000 ml IZ L
7o

0.1% Tween 20-TBS ®OF#l: NaCl [Nacalai tesque, 31320-05] 45.0 g 2 0.2 M

Tris-buffer 500 ml [ZIEfEL AUAFL =FL 2 (Q0)/ILEZE )57 —k (Tween
20) [Wako, 166-21115] 5.0 ml Z¥hNt4 . 7KK L &% 5,000 ml LL7-,
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Bk Dafdl: 25% Methanol-7.5% Acetic acid solution ®##l: Methanol 250 ml

(2. Acetic acid [Nacalai tesque, 00212-43] 75 ml., ZZEE/KZHRML. 2& 1,000 ml
& L7,

Blocking One [Nacalai tesque, 03953-95]: PVDF ED 7 1 v % o VRHZILRIR &
R L7z, iz, —REUE, ZkHUEOmIRE & L THEH T 5E81%. 0.1% Tween
20-TBS T 20 &4 R & 72 5 L 5 12 Blocking One ¥/ L 7=,

1% CBB & DO#Fiil: Coomassie brillant blue R-250 [Nacalai tesque, 09408-52]

10 mg % 7587/K 1.0 ml (&R L 7=,
i A IR
MAE L EER MG HIRHEHR VY FHiA) OFRL:  0.1% Tween 20-TBS 19 ml % K3

B IZ N2, Anti-beta-toxin rabbit polyclonal IgG 10 ul & Blocking One 1.0 ml %
WML, BE%, 4°C TIRIE LT, EHFHZ. COREZDEET T AF v VKRS
ML, #RE 5 L, EHZIZ. Z0E R L, 4°C TRAFE L7z, [3 @M OREH]
[T, HEEEHATE %, |

Pip-actin HFLADOFHEL:  0.1% Tween 20-TBS 19 ml % KBRS (201 %2 . Anti-p-actin

rabbit polyclonal IgG [BioLegend, 622102] 1 ul & Blocking One 1.0 ml Z#A0 L .
R, 4°C ThRAF LT, AR, ZOWREETOEET T AF v V7 RIFRITIRIML .
RE o Lz, EA%IE. ZoRERILL, 4°C TRF L, [BEBORGEHME T, #
HleffHTE 5, ]

HRP #5&RG0 7 2 HUE (74 % ZREUE) OFIR:  0.1% Tween 20-TBS 19 ml %

KERE 2 % . Anti-rabbit IgG, HRP-linked antibody [Cell Signaling, 7074] 1 ul
& Blocking One 1.0 ml Z#N L, i, 4°C THRAFE L7z, MEHRRT. Z0iix %
DEETTATF v I REBICEBML, IRE D Uiz, HA%KIZ. Z0EZEIR L, 4°C T
RFF LTz, [BAMORAFHIMC, EHEEENTE 2, ]

<HEBRF1E>

Yo TN~ SDS-PAGE:  Ain X DHF—EHH—Fi-1) & FERD LT, 48 well 7'

— MZ THP-1 fif % 5x105 cells/300 pl/well (FBS/RPMI 1640 E7Hl) CTHREFE L 7=,

FD1t% . 37°C. 5% COs DT T 30 4l A ¥ axX— g3 L, MlazB kL7,
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o-ATP (¥R 500 uM) Z I Hshn L, 37°C. 5% CO2 DT T 1 Kff#A > %
axX—var i, T0%, BER FEREE: 0.5 ug/ml) ZREML, 37°C, 5% CO:
DEMTT 15, 30, 60 A v FaX—T gLz, TDO%k, Mgz 1.5ml F2—
ZNZEY L, =IE T 1,500 rpm., 5 Srffimas L, EiE&EBRE L7, #E PBS () % 1.0
ml SN L, M2 R E%, R, = T 1,500 rpm, 5 @ LEIT-7-, EiEERE
#%. SDS sample buffer 100 pl Mz, 1 77 ERALEE, 26G OFSE# [NIPRO,
01-046] #1172 1.0ml >V P TH AR g o L K2 ELS Lz, T 0%,
37°C DOIHIEAME T 2 BEfA > F 2= 3L, 1.0% CBB &Rz ERIML 10%
Real gel plate [Gellax, SDB-521] (220 nl ¥>7 771 L7z, 30 mA, 555 V C 1
IRefE]iEEE L. SDS-PAGE %17-7=, Z Ok, PVDF & [Millipore, ISEQ26260] %
Methanol THJ 1 23[R & 9 LEI/KIKE. 20% Methanol buffer THJ 1 FFffj#g & 9 L
776

Western blotting @ /5% 20% Methanol buffer (Z8IZk A 72 PVDF K%  SDS-PAGE

%o L ERADE, 20% Methanol buffer 1 C 40V, 0.1 A T 2 ], =i Tiis
B L7, #551% . PVDF % 0.1% Tween-TBS T 5 /3fEL 5 L, #is L7 (3 [E),
ZDth, NA TV Ry 7 [arEA 4, S-1001] (& PVDF fEE A, 1.5 ml O
Blocking One ¥/ L., Xy ¥ 7%, 30 g7 v v 7 L7, PVDF % 0.1%
Tween-TBS T 10 /pfiiflEL 5 L, ¥ L7z B [E), 2O, —&kbik GipmEk v
XU 2R L7, Bei% o PVDF X, HoX2 077X F v 7 r—R (2, gL
cRPUARZIIL, 4°C (RIR=) &M TFTiRE S L, ON L7, A, —&kbilk
FHELE Z [ L. PVDF 5% 0.1% Tween-TBS T 15 yfiE L 5 L. e L7z (3D,
Z O, ZkGuk (HRP #6850 7 0 FHUK) 2308 L 7=, B o PVDF 3 37°C
TWPUAR L 1RGS2, BOGH, ZIRPURTIRIE 2 B L, PVDF x4 0.1%
Tween-TBS T 10 7[R L 5 L. Wik L7=(3 [E),

PVDF JEDOfEMHTEE:  Immobilon western chemiluminescent HRP substrate @ HRP

substrate peroxide solution 250 ul, HRP substrate luminol reagent 250 pul
[Millipore, WBKLS0100], 3L, JEZ R 7K 500 pl & LIRF U EEERH L, M1
DIRE LTz, £, teif#% D PVDF [Bx 7 > 7B L, R7RKZZWNED
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PVDF 4 Image reader LAS-4000 [Fuji film] TN L=, fi##r1% . PVDF %% CBB
Yetai e, ik a v Cit a7z,

4) P2X7R / v 7 Z v THP-1 fifaiZ x4 % Big OfE & -<Cifu it

A)SiRNAD TG A7 0 gk

P2X7R siRNA OF#:  Hs P2X7R_1 [Qiagen, SI-00039508]. Hs P2X7R_2 [Qiagen,

SI-00039515] . Hs P2X:R_3 [Qiagen, SI-00039522] . Hs P2X;R 5 [Qiagen,
SI-03056438] D4 % @ siRNA (1 nmol) ¥R % 18D H20 100 ul THEME L7z (REE:
10 uM), FMELKIZ 5 pl T o1 L. -30°C THEAFE L 7=,

P2Y5R siRNA @if#l: Hs P2YsR_1 [Qiagen SI-00039564]. Hs P2Y:R_2 [Qiagen

SI-00039571] . Hs P2Y:R 4 [Qiagen SI-00039585] . Hs P2Y2R 6 [Qiagen
SI-03118493] D%~ @ siRNA (1 nmol) ¥R % f1E D Ha0 100 pl THAR L7 (RE:
10 uM), FMELKIZ 5 pl T L. -30°C THEAFE L 7=,

P2YsR siRNA Oifi#l: Hs P2YsR_1 [Qiagen SI-00159635]. Hs P2YsR_2 [Qiagen

SI-00159642] . Hs P2YeR_3 [Qiagen SI-00159649]. Hs P2Ys R _5 [Qiagen
S1-02649234] D% % @ siRNA (1 nmol) #3K % {18 D HzO 100 ul THAR L7 (RE:
10 pM), FRENEIZ 5 pl T2 L, -30°C CTHRTFE L 7=,

Negative control siRNA ®Fi#l: AllStars Negative control siRNA [Qiagen,

S103650318] @ siRNA (5 nmol) ¥R % & HoO 250 pl THEARE L= RE: 20

uM),

fix D siRNA %7 — % v — Mol oMiagicxt LT, 2.5 Wl 372 (&3t : 10 ul,
%2 O siRNA OF&JRE: 250 nM) Z¥M L. Neon™ Transfection System % fu»
Tl 7 hakRlb—v a3 %{7o>7-, Negative control siRNA |%. 2.5 ul @ (&R

FE: 500nM) L., =L 7 baRLb— 3 &fro7z,

Neon™ Transfection System 100 uL Kit [Thermo, MPK10025]

Neon™ Transfection System [Thermo, MPK5000]
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<EERTTIE>

T, 48 well 7°L— M Z FBS/RPMI 1640 £5#1% 300 ul =¥ L., 37°C. 5% CO2
DEMFTTA rFa—T 3 LTEL, HELZ THP-1 Mildz s U —r XU FHN
T50 ml D PP-Fa—7 2L, =IET800 rpm. 5 /rm . EiEZkrELE,
Z Ok Z . PE PBS () 1.0 ml (Z8&E L, MRS 2 T 9O 30E PBS () & 990 pl
IMZTHEWPE 1.5 ml F = — 712 10 pl iz T 100 %7478 L 7=, 100 {5 #4759 10 pl
£ 0.5% kU N7 —10 ul ERA L, Burker-Turk IERFHHEAZ A LD 7 0 B
Z U729 1.6 ml F = — 712 1x108 cells/tube & 725 K 9 431 L =& T 800 rpm.

SrfiE L L, w0k, RIGEREL, ¥ MEED Buffer R 105 ul THflfa 2 %

% L7 (Buffer R (TMIIREEMERH DO T, fE¥E%E 15 5LINICKD LR D), HIYO
siRNA 4 Ff 2 e BRI 2.5 pl T8I L(GEE - 10 pl, 4 % siRNA f&JRE: 250
nM), %¥#E%. Neon™ Transfection System @D '~ MIEH® 100 pl Neon™ t°
Ny NFyTEEFL, MREZEPALRNEIICHRELLL, £0%, EXy M &
Neon™ 27— g ZHEHF L, =17 bRl — a3 [Voltage: 1,400 V, Width:
20 width, Number: 1] #1T->72, F D%, 1x105 cells/well T, 2 BEF#HE%E . FEBRIZ
fEH L7z,
B) P2X7R. P2YsR. P2YeR D/ v 7 X 0 v DRk
<FEBRAEl>
i L 72 Fiik
YL P2XqR PR Oi#%:  Anti-P2X7R (H-265) rabbit polyclonal IgG [Santa Cruz,
sc-25698] & —HE—Hi-4)-B) &HROFIETHE LT,
P P2Y,R FiiAOFHH:  0.1% Tween 20-TBS 19 ml & KFBRE (T2, Anti-P2Y:R

(H-70) rabbit polyclonal IgG [Santa Cruz, sc-20124] 20 pl & Blocking One 1.0 ml
WL, E%. 4°C TRAF LT, AR, ZOREZDOEET T ATF v 7KL
RN, & D Lz, %L, ZoREENLL, 4°C TR LT, [ B ORAF
WM<, EHEEEHTE 2, ]

H1 P2Y6R HLIEOFHHL:  0.1% Tween 20-TBS 19 ml & KB (2%, Anti-P2YeR

(H-70) rabbit polyclonal IgG [Santa Cruz, sc-20127] 20 pl & Blocking One 1.0 ml
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L., BE%, 4°C TRAF LT, BRI, ZOREZDOEET T AF v 7 Fin
WL, RE D Lz, %I, ZoiEzBEI L, 4°C TRAF L7z, [3 B O
HM©, BRI TE %, |
PiB-actin PUADFHEL:  Anti-B-actin rabbit polyclonal IgG % 5 —#5 —&i-3) & [A
BROT7iETHE Lz,
<Z2BRJ7ik>

/w7 2 CHBOMENT, B—FEEH-4)-A) [T TIT -7, 2 HEER%E, M

fuz 1.5 ml F = —7IZFE L, =R T 1,500 rpm. 5 5fEiELL, EEEZBRELE,
WHE PBS (1) Z 1.0ml i L, Mz, B, =BT 1,500 rpm, 5 53
L7z, EiEBRE%, F—EE—Hi-3) (it -> T, SDS-PAGE, Western blotting %17
v, LAS-4000 CTfi#HT L7,

C) P2X7R. P2YsR. P2YeR / v 7 #' 7 > THP-1 flEIZH T 2 B D mthalfh
<FEZBRAER>

S A

F—EE—f{i-4)-A) EE-EE {2 FLU,
<FEERI7ikE>

J w7 B Y CAIRORENE, B EEE-4)-A) [T TiT o7z, fix D P2R %
Sy 7By L, 2 HEEE L., MIAEFRORIET, H—EE—Hi-2) OFIEITHE
- T MTS {ETEHT L 7=,
D) P2X:R / v 7 %7 THP-1 fllll~DRHHR DiE S

<SR EE>
o Hi-4)-A) L H R H-3) (DR LT
<SEBRITIE>

J w7 A I OFEENT, BEE Hi-4)-A) I[ZEo TiTo 72, P2XR &/ v
I %2 BREIEEE LT, BEROMBEIE. B EE —Hi-3) OFEICHES TITWV,

LAS-4000 Tf#EHT L7-,

5) P2X7R %81 HEK293 gl %9~ 2 BEisk DIEH
A) fipussEE s (HEK293 #iifi)
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<ZEER B>
MmigoHEEME:  4°C TiEfE L 7= Fetal Bovine Serum [Ausgenex] 500 ml % 56°C T
Rp A PR S8 30 0l (MyENRE > TH D) A4 o FaX—Ta U&7, FEELE,

7 1) — 2~ F N T Corning Incorporated [Corning, 431160] Zf#HH L. & A T «
¥ LR 200 ml (2 2 AL 100 ml (2 1 ARz ZHEIIEEIE L7, PRAFI1X-80°C TIT
VN, B A AT B IR S TR LT,

10% Fetal bovine serum (FBS) - Dulbecco's-Modified Eagle's Medium (D-MEM)

(FBS/D-MEM): D-MEM (High Glucose) with L-Glutamine and Phenol Red

[Nacalai tesque, 08458-45] 500 ml (& . 7 U — v X v F N T |
Penicillin-Streptomycin 5.6 ml, ¥ X, FE#{kL L 7= Fetal Bovine Serum 60 ml %
AL, X<IERM U7z, RAFIE 4°C TV, RN POERICKE L,
<KERITIE>

BRI OME 2 X B —EH -1 1ICHE-> T, HEK293 M2 L=, T

10 ml @ FBS/D-MEM 55123 A -7 75 em?2 OfAfkEEFEH 7 7 2 = (Cell Culture
Flasks) [Greiner bio-one, 658-170] (Z&&E & L7-, Z4 O BB L 37°C,
5% COz DM T T CO2 A ' F a—F —& VTR Lz,

M OREREE . 75 em? MLikES B 7 7 2 2 TREEE (90%LA F#45H) L 7= HEK293

Mldz ., 7 U —2 XU FNTHEGEE AIRE S A Y — ey b2 HnT, 7AE
L— 2 — TR 25| BR %%, 37°C OJEE PBS (1) 5.0 ml TU v 2, W5l LT,
Z D%, 0.5% Trypsin/5.3 mM-EDTA Solution [Nacalai tesque, 35556-44] 1.0 ml
ZWIML, 37°C, 5% CO2 DEMT T2 /3MA v Fax—ar L, MlaNZERIC
HIEEL721%., ¥ v B 27 L, 5.0ml ® FBS/D-MEM B Gl L. =% 15 ml PP-
Fa—TIB LTz, 25°C T 800 rpm, 5 Frfilim0 L7c, RLEMRERE B A I /N A —
ey FCTEEZBKREL, 1.0 ml @ FBS/D-MEM 5 CT##tc, 7O 11 ml @
FBS/D-MEM #1238 Ao 7= 75 em2 #lffkEE# H 7 2 A =212 0.2 ml (1~2 X 108 cells) £
FEL, BE<IEML, 37°C, 5% CO2 DM T THZE Lz, Litg, MkUEEIL, 75 cm?
MR 7 7 A a&#H14 5,

<MLL —hF>
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- fTEHM 12 well 7 L— + [Greiner bio-one, 665180] — 1.0 ml 4" >#:f#

- fTAEMILA 24 well 7 L— | [Greiner bio-one, 662160] — 0.6 ml 7 ->#:f#

- [FE MR 48 well 71— | [Greiner bio-one, 667180] — 0.3 ml 9" ->4%ff

- (&M 96 well 7 L — I [Greiner bio-one, 655180] — 0.1 ml 9" ->4%f#

« fH R A G E ] 96 well -2 L — |k [Nunc, 165305] — 0.1 ml 9" >F%5f#
MU O HRERAE: 75 em? OFFEEE RN 7 7 X 2 THiFE (90% LA LHE5H) L7

HEK293 #ifld %, 27V — o N FHNTHEWRE F A/ IA Y — ey F 2 HNT, 7T
A L—Z — T AW B R E%, 37°C OFEE PBS () 5.0 ml TV > 2%, W3l L
72o ZD%. 0.5% Trypsin/5.3 mM-EDTA Solution 1.0 ml Z¥N L. 37°C. 5% COs
DFEMFETT20MA v Fax—Ta s L, IEPERICHBEL-R. ¥y 7L,
5.0 ml ® FBS/D-MEM 55l G L, 228 % 15 ml PP-F = — 712/ L. 25°C T 800
rpm, 5 ZyflED Uc, HZBRE G 0 S A Y — ey FTREEZREL, B
By b BRI S —1 777 IR AY 1X 106 cells/ml & 72 % & 9
WL, Bl L7z, ZOBERKREY 1.0ml o8 7 AF 2—7ICB L, -80°C TRIEL
776
B) HEK293 Hild~D P2X:R D +F AT =/ v~
<FZBREEE>
pcDNA-Zeo (+) 3.1 [Invitrogen, 43-0020]: FHFLEMIEBLH 2 ¥ —, Ampicillin &
Zeosin MBS T 2 £,
pcDNA-P2X7R OfER: 2008 FEHH-FH il (& 2R
<FEERJ7iE>

T, 48 well 7L — 2 FBS/D-MEM E;#1% 300 ul %L, 37°C, 5% COs

N

DEFET T, rFax— 3 LTS, F—EFHEH-5)-A) OFiET HEK293
Ji &3 PBS () 1.0 ml T 5x107 cells/ml (28 U7, FHSLL 7= M001%, 35 1.5 ml
F =2 —712 100 pl F2437E L (5%106 cells/tube), == T 800 rpm. 5 4y O L7z,
EOBIT, B EmE fi-49-A) LREEEOLETHZ Buffer R ICHBRE L7,
pcDNA-P2X/R % 10~20 pg Z WML (K& 10 pul LA F) %%#E#% . Neon™
Transfection System @ By MIZEH® 100 pl Neon™ B~ FF v 7245 L,
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M Z VAN AN SRV E S ICTFE L1z, £D%., B2y h% Neon™ X7 —3 g |24
AL, =L 7 baiRL— 3 [Voltage: 1,100 V, Width: 20 width, Number: 2] %
1Tolz, TD#H%., 1x105cells/well L7225 L5, POHEL TRV 48 well 7L — |
(CREFE L, 1 HEsR% . B4 OFBITMHEM Lz,

C) HEK293 2 3513 % P2X7R DFEH DOERRIL

<SZBRBE>

L 7= 5us

i P2X7R HLiAOFHEL:  Anti-P2X7R (H-265) rabbit polyclonal IgG [Santa Cruz,
sc-25698] # % —FH —Hi-4)-B) L FROTIETHRE LT,

Pip-actin HiiADOFHHL:  Anti-B-actin rabbit polyclonal IgG [BioLegend, 622102] %
F—EE—{i-3) LRROTE TR LT,

HRP faMp oY FHA G o %% R HE) OFHE:  Antirabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] % & —&%5—i-3) & FEED HIETH
L7z,

<SERJ7ik>

pcDNA-P2X:R O h T v A7 =7 v a v id, FH—2EHEHi-5)-B) IZit-> T{T-o7=,

1 AR5 % . EiEO FBS/D-MEM K7Hi 2 k25 U & PBS (-) 300 pl T 2 JEVES L7,
iEBRZE%, SDS sample buffer 100 pl Iz, MifdzrE L V%, 74— FaaE
1.5ml Fa—7IZEIX L7z, FURL7=T A &— MX, 5 MAEWEITV. EDE, H
— 5 —Hi-3) 126V, SDS-PAGE, Western blotting 17>, LAS-4000 T P2X7R
DIEBL 2 AT LTz,
D) P2XR # 3 HEK293 a3 2 B 3 O ffl i i 14
<ZEERB >

i —fi-5)-B) L —EHE -2 [F L,
<EBR I E>

pcDNA-P2X:R D R TV AT =7 va E, H—FFH—H-5)-B) IZ6E-> TV 96

well 7L — T 5X 104 cells/well THEFE L 7=, 1 HE5#%. EIE® FBS/D-MEM £%
iz BRE L, JE PBS () 200 pl THHFH%, LW FBS/D-MEM K5z 100 pl 0
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L. 37°C, 5% COz ®DEMT T 30 /rBIMb L7z, BREEFE (KIRE: 0.5 pg/ml %Ik
ML, 37°C, 5% COs DM T C 1A > aX—v 2 > Uiz, MaEFROHE
X, B—EE—H-2) OFIEICHES T MTS 5T Lz,
E) P2X:R 5l HEK293 ffifiaic 51 5B R OFE A
<FEBRH EE>

H—EH—Hi-5)-B) L —EE—Hi-3) TR L,
<FEBR 75>

pcDNA-P2X;R O N T A7 =7 g 0%, H—8E—Hi-5)-B) I[ZHE-> TITV 48

well 7L — MZ 1X105 cells/well THEFEL, 1 BIEEZIT o7, BREiE DR S DT
1T, B—EHE—Hi-5)-C) OHIEIE> THifaZBIb%, pER (FIRE: 0.5 pg/ml)
WML, 37°C, 5% COs DIAFF T 30 /A v Fa—TarLizc, £DKk, 5
— B —Hi-5)-C) OFIEITHE > TR Z e, 72& &0 21T\, BF—EE—Hi-3) I
it > T, SDS-PAGE. Western blotting %47V, LAS-4000 TH#HT L 7=,

F) B8 O P2X7R % 5 HEK293 i ~" Ca2+jii AMEH

<FEBRAEl>

Normal working buffer (HEPES-tyrode 0.1% BSA + Ca2t)®OFffl: TR D

Buffer, 1 N NaOH T pH 7.4 ({ZF% L, HFFIC, BSA % 0.1% (225 L 5L 7=,

Acrodisc 25 um Syringe Filter [Pall Corporation, PN 4612] gk L7-,

Reagent Final Conc. M.W. g/Li
NaCl 140 mM 58.44 8.2
KCl 2.7 mM 74.56 0.2
CaClz 2.3 mM 110.9 0.26
NaHCOs3 12 mM 84.01 1.0
p-glucose 5.6 mM 180.1 1.0
NaH2PO, 0.48 mM 119.98 0.06
HEPES 25 mM 238.3 61
MgCl: - 6H20  0.49 mM 203.3 0.1

i}

Fura 2-AM (5 uM Fura 2-AM in Normal working buffer)®#i#: 1 mM Fura
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2-AM [Dojindo, 348-05831] 5 ul & Normal working buffer 1.0 ml %#% 1.5 ml 7
a— 7 TRML, A LE ERE: 5 uM),

Bz-ATP o  F§  #  [Sigma-Aldrich, B6396] M.W. 715.39:

2'(3")-0-(4-Benzoylbenzoyl)adenosine 5'-triphosphate 3.58 mg % Ji# PBS (-) 0.5 ml
TR L. 10 mM & U7-, BRI 553 100 pl 12f LT 1 pl I L 7= (R
JE: 100 uM),
<FBRITIE>

pcDNA-P2X:R Db T A7 =7 Lra it =g —Hi-5)-B) ([it-> TITV., 96
well TIEHER N EHOER T L — 1 [Nunc, 165305] 12 5% 104 cells/well THREL ., 1 H
B AT o7z, H—HF—Hi-5)-C) OFEIE> Tl ABIbz, RiabREL, 5
uM Fura 2-AM in Normal working buffer 100 ul Z#1 L, 87°C., 5% COs D ZAf:
TC, 30 A v Fax—rar L, EEZFREL, Normal working buffer 100
pl T 2 |4 . Normal working buffer 2 100 pl i L. 37°C. 5% CO2 D&M
TT, 10 A v Fax—var L, BEE (KEE: 0.5 ug/ml) ZEML,
Positive control & L C. Bz-ATP (#JE2FE: 100 uM) Z ¥l L. Tecan Infinite
Pro200 (2 v kL, 37°C &M T T, MIFAICHEOIREZIE Lz, [ESMF : Ex:

340 nm, Em: 510 nm]
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< EBRARE >

T, vy 2 EREHE O THP-1 M4 2 Mt REIcsIT %
P2XR OG- Z b L 7=, £ 3. THP-1 Ml 2 P2XR PR # 4] T % Suramin & PPADS
(64), =L T, P2X7R BRAFAEHITH 5 o-ATP, o-ADP, B LU, BBG (65, 66)
TTOUH L, BERE/EH I, MllAFRE B L, £ORRE, Fig. TA IR
Loz, AEMER L2 W ORERT b AEROMIEEZ R Imsl Lz, £oh
T, FZ P2X7R BHRAIPEEFAI DN RO AR 278 L, RIS, b w3 & 4]
L7z 0:ATP @, BHFZRDFEGITEH 2 2 B2 HipHEHR AL V72 Western blotting
THiEt L=, THP-1 fla L pmEr A v FaX— a7 5L, PBS 77#/E F Clips
T, HREICIRTFE L TAY S~—OfaNEM L7z, —F. T o-ATP THLLHET 5
L. ABEZOMmAPMESN [Fig. TB), bbb, pEHIXP2XRICHE L
TERT 2 REERHER SN, £ 2T, AHEROEMICEIT S P2XR O&HlZ S
DICHEAT 272D P2XqR D/ v 7 X0 05 FBL L 7o i 2 L TG &2 1T -
7= £, THP-1 il P2XR ® siRNA % 5> 27 =27 hLP2X:RD /) v 7 &
UV EITV, PEEOEMACHE G EMRF L7z (Fig. 8), Z 05, Intact Mif<
Negative control (NC) siRNA # b > 27 =7 b L7=fflle (NC #ifim) & i L C,
Fig. 8A [T KL 912 P2XR siRNA kT > 27 =7 MIKETIX, P2X7R DI A4
filx 7z (Fig. 8A), ZHOMlaz AW THRET D&, P2XR / v 7 X0 U AldT
1T, AFEHEOMMFELCRTEHR OMEA D Intact MK NC Ml & e LT, L <
b L7 (Fig. 8B, 8C), LA EL V., BEEDKEIZ P2XR 235 L T2 rlEME 3 iR
<mEEniz, —JF., THP-1 MifEicix, P2 L8 7% — (P2R) DT A V7 4 —ALTHh
% P2YeR & P2YeR BHHL TVDH I ENAHNTND (67, 2T, THLELD
P2Y L& 7% —% siRNA # I\ T/ v 7 X0 U&7V, KEROMIEMEZ R L
7=. Fig. 9A & 9BIZ="¢ X 912, P2YsR siRNA & P2Y6RsiRNA % 5> XA 7 =2
k L7z THP-1 2 Tid P2Y2R & P2Y6R O/ v 7 X U 3B BT, Zi b OHl
flZPEREEH ST 5 & REEOMIEENEIL Intact MilZ<° NC-siRNA ZLEEfffE &
FIfRET, / v 7 X o LT HRHEROIERITIE S nizh o7z (Fig. 9C), LLEL Y |
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AgHOMIENEIZ P2YR <° P2Y6R 1B 53, pER 1T P2X0R IR EAIT/EH L
TWBHZERHLMN LRS-, WRIT, P2XiR B TPEHRIEZ L R S 720
HEK293 iz P2X/Ri&EmF% b7 A7 =7 b L, BEEOIERAEZHH L (Fig.
10), Z Ok H: . Intact #A, Vector- 5 > 2 7 = 7 Ml (Vector-HEK293 #ifi) &
g LT, P2XREIE T F 7 v A7 =7 Mfila (P2X/R-HEK293 ffifd) T P2X/R O
FENRD LN (Fig. 10A), 2O OMIIZPHERZEH S, AEROMES &M
Brd 2% & . Intact #MML" VectorHEK293 MIICIZ AT Z XS LA WA,
P2X7R-HEK293 H#ifid TliEp#HE OfE & 23788 57z (Fig. 10B), . AR DR
FEAT O L. BERIL P2X7R-HEK293 i T Aflila st %4~ L7 (Fig. 100),
HIT, ZOFEMET o-ATP ALEE T S 17 (Fig. 100), &iZ, P2X7R OIHHEL O
L LC, HIBEN Caz BN LN TWD (68), = Z T, P2X7R-HEK293 #if
2, Cad .7’ m—7Tdh % Fura 2-AM &V IAE . Positive control THh %
P2X7R OFEIRAT T =2 F® Bz-ATP °CBmFELEH &, Ml CaztOWE 1T
ST, ZFORER, Fig. 10D 12373 K 912, Bz-ATP LRI, 2RIZ CaZtDiii AA
LIV, ZO%LEH Lz Ca2Hii AR bz, — 5. BPmRiL. . LiEs
< LTHhE CaZrDIRADRTRD B, #4053 T b —IZELT-, Bz-ATP L BEFHEIC
L% CaZ Dy AL, WTN D 0-ATP OFILEE Tl <417 (Fig. 10D), LLEX V|
P2X7R 1FBHEHRDOIEHIC . AERZ BV EM AL S, P2XIR 13 FEER DM in
ORI G LTV D LI T,
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B_H PERL P2Xy LT ¥ —0EAEEH

ATEIORER L0 | BERIL. P2X/R 2K RACHEH L, Mldmtef 8595 Z &N
O Lo o, KREITIEIME DORERE S SITHITT 5720, WE OMHANEHCHI
B b TR AE & BT LT,

[EBAEHRS K OEBRIE]

1) BEF & P2XoR OEBAHAAEH OMEHT [Dot-blot 1]

A) pFE# & P2X7R, P2XsR, P2X:R OffA

<FZBREBE>

t hU v e) v b P2X7R: P2RX7 (Human) Recombinant protein (P01) [Abnova,

H00005027-P01] 2 ng (60 uD % 15 pl 5> 1.5 ml F = — 7241 L., -80°C THRTFEL
7o AT, 50 mM Tris-HCI buffer (pH 8.0) CAIR L. sHHL L 7=,

t b v e b P2XsR: P2RX3 (Human) Recombinant protein (QO1)

[Abnova, H00005024-Q01] 2 pg (60 p) % 15 ul 952 1.5 ml F = —7(Z/3E L, -80°C
THRAE L7z, HAEFIZ, 50 mM Tris-HC1 buffer (pH 8.0) TAR L. L L 7=,

t hU ) b P2XsR: P2RX5 (Human) Recombinant protein (P01) [Abnova,

H00005026-Q01] 2 ug (60 u) % 15 ul 2 1.5 ml F = — 7L, -80°C THRAF
L7z, AL, 50 mM Tris-HCI buffer (pH 8.0) THAR L., FHf L 7=,

50% Glycerine-PBS (pH 7.4) (G-PBS) Oii#l: BEHFBEDOMRIFIK, Z DOFEBRTIL. B

#% PVDF JE~EH S E2BRICEH L7z, PBS () (pH 7.4) 10 f5#E#ME#R [Nacalai
tesque, 27575-31] Z &K T 10fE5HNL, A— F 7 L—7 TWHE L7z, £ D 25 ml
DI E PBS (-) & | Glycerine [Nacalai tesque, 17018-83] 25 ml # 184 L. {1 L 7=,
4°C TRIF LT,

I L 7= Hifh

PIAE bR RE MG GipEdE v ¥ XH14K) O  Anti-beta-toxin rabbit polyclonal
IgG % 5f—HF—Hi-3) LREkDHILE T L,
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HRP &Mt v+ XHEEL Y % “kHifk) OFH#:  Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] %% —®4%—Hi-3) & RO JT1ETH
"7,
<Z2BRJ7iE>

PVDF i [Millipore, ISEQ26260] % i#/E7e K& XiZ#H v b L., Methanol T 1 %)
[FIEBLUKIER, ZRBKTH iR E 5 L7z, T D%, PVDF IRz sH, sl L7zt
MU=z vFr k P2XsR, P2XsR, £ L T, P2XsR # 5ul -2 PVDF & RIZ Ky

L FERITIRET D £ Tl L7c, K ML 70 572 PVDF % 0.1% Tween 20-TBS
T 10 5[ L. Blocking One @& 2SN L, FIEL T, 30 oA v FaX—T 3
VLT, 7T yX T 0.1% Tween 20-TBS (2L % 10 oy O % 8 [T -7,
G-PBS T 100 ng/ml [ZF#H L 7B 500 ul T/3vF 7 L, 37°C T 60 431 >~
Fa_X— g %.0.1% Tween 20-TBS (2 X 5 10 5y oW % 3041 -7-, F L C,
FHEL L 7= HipEHFEPUAR 200 pl T/8wF 27 L. 37°C T60 A v Fa— 3 %,
0.1% Tween 20-TBS ([ X % 10 pH DOz 3 WfT o7z, £ D%, M L 7= HRP #5
AR TR 200 pl TRy F 7L, 37°C T60 A v Fa—r g %, 0.1%
Tween 20-TBS (2 &% 10 M OWHE% 3[BT 7-, H&KZIZ, H—FHH-3) OF
EIZHE > T, LAS-4000 CHEHT #1772,

B) B#sE & P2X7R OFEAIZXIT 2 0-ATP & PPADS OZhE

<FZBRAER>

t b o)k P2XsR: P2RX7 (Human) Recombinant protein (PO1) [Abnova,

H00005027-P01] %, #—&H _Mfi-1)-A) LEFEOHIETHE L,
0-ATP O F%! [Sigma-Aldrich, A6779] M.W. 505.17: Adenosine 5" -triphosphate,

periodate oxidized sodium salt 1.01 mg ZJ#&E PBS (-) 20 pul THAEL, 100 mM &
L7z, ¥ PBS () T 100 54 (1 mM) L., 500 ul fEH L7z,
PPADS ®ifi#! [Sigma-Aldrich, P178] M.W. 599.31: Pyridoxal-phosphate-6-

azophenyl-2', 4'-disulfonic acid 1.2 mg % J#&# PBS (-) 20 ul TH&fE L., 100 mM & L

7o WA PBS () T 100 %A (1 mM) L. 500 pl fEH L7z,
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50% Glycerine-PBS (pH 7.4) (G-PBS) DFR#: H—=H " fii-1)-A) &L FEERDTET
GOy

i L 7= ik

FIAE L E SIS GipEis v XHi) OFfl  Anti-beta-toxin rabbit polyclonal
IgG #5—FE—H{i-3) &L RO FIETHM L,

HRP #i&MH v+ XHE G % “kHifk) OFH#:  Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] %% — 84 —fi-3) & REED 15 TH
LT,

<FEBRIT1E>

BB D OFEIE-ST, 7e X T ETEIToT2, 7B yX T,

|

0.1% Tween 20-TBS (2 X % 10 /3[H 0% 3 [El{T->72, G-PBS T 100 ng/ml (Z7
B 7-BHHE 500 pl & o-ATP (B/E: 1 mM), F72i%, PPADS (/: 1 mM) 500 ul
LRy XL, 837°C TE0 A v Fax— g Lz, 0%, F—=58 1)

DIFEIWES T, T E1T -7,

2) B & P2XqR O ECToRTE

<FEBMEF>

i L 72 Fiik

PIAE LB RIS Gipids v XHuk) OFfl  Anti-beta-toxin rabbit polyclonal
IgG %P PBS (1) T 100 {5 R LT L7z,

Pt P2X7R Fiik o fiHl:  Anti-P2X7R (L-20) goat polyclonal IgG [Santa Cruz,

sc-15200] %@ PBS (-) THOfF#A R L i L7,

Alexa Fluor 568- 7 N /L{bft 7 % X HL{k: Alexa Fluor 568-conjugated goat

anti-rabbit IgG [Thermo, A-11011] % J&E PBS (-) T 200 &AW L THEMH L7z,
FITC- 7 ~L{kHiv ¥Hifk:  Anti-goat IgG-FITC [Sigma-Aldrich, F2016] % J#&&

PBS (-) T 200 {5 R LTl L7z,

Hoechst @ A% (B4ufa383K): Hoechst 33342 solution [Dojindo, 346-07951] % 50

ul §°2 0.5 ml BT = — 7N/ 7E L, -30°C TERAF L7, AKX, 3% PBS () T

41



100 f7 R L Ci A L7z,

< FEBRITIE>

M OFELL, B—FE—H-1 I2iE> TITV, FBS/RPMI 1640 £H1T 1X104
cells/well T 96 well 7' L— MR L T, 37°C, 5% CO2 D5A4T T 30 s lBIMk L
7=, PR (RIRFE: 1 pg/ml) ZUSINL, 37°C, 5% CO2 D& T 60 /A >
2= g v LT, R A% EE 1.5 ml F = — 7 IZ[EYX L, & T 2,000 rpm,
5y Lz, HiEZEBRERZ, EROMWE PBS() 2 300 ikl ., BB L, =
ORI L LL T O 0 ITEZHEZITV, A4 N AE 2 4 [Thermo Scientific™,
A78300003] T, AT A RIZHEI®, 14 FAELY 4 hH Y — L R~y K
[Thermo Scientific™, 59940018] Z#Hv L, Hx4 L7z, LT, v 7t A
KA Z A4 K [Thermo Scientific™, 599105] OH—27 L& T NAHRTA " A b
7 2 —% /LA [Thermo Scientific™, 599104] O 7 4 VX —H— REOEMB= ) 7
ZENQAEDE, ¥4 F27 U v 7 [Thermo Scientific™, 59910052] (Z[HE L7z, M
LTk a2, o VBRI A N7 2=V ZAOANLEML, A7 4 R, 7
A VH — I — RICHIBRBIR A L7209 v — b R~y RIZESR L, Hx L,
ZDH%, A PRV 4123 —)V R~y R&2EE L, 500 rpm T 5 43 fEliEO 21TV,
Mz 2T A Rlag SE, BO%RIE, BESIZYH A RAE 40 by— L R~y R
0L, FEEXWY, BEICYA MU o TEROE L, £0O%. AT A4 FE&Y
VINEKETIA N T 2a—F IV AERVI L, AT A REBEICR> Cha S, W5 L
IAIRER N OVOENZNLHIZ L, HHRELNZD, —B LoD s,
¥ H. -30°C ® Methanol T-30°C D5 T 10 EEZAT 72, €Dk, -30°C
® Acetone T-30°C DM T C 1 oM@EERLE 21T 7=, T LT, A7 A FEFES
4. Blocking One histo [Nacalai tesque, 06349-64] % 2 i F L. REF v > 3 —
NT, SIRT30 0 A vFa—a Lz, E PBS () T2 RIPEH%E, AL
c—WRPUAEZ 50 Wl L., RETF v >/ 3—NT, |IET60 A vrFa—3
v U7zo BB PBS () T2 BV, R L2 ZkEUAZ 50 i@l . RIEF v
NR—NT, FILT 60 DA rFa—1a L7, W PBS () T 2 [m¥EHE.,
Hoechst 33342 % J# PBS () T 100 5 L7 D% 50 pl IR L, IR T 10 43
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MIALER U7z, ALBt: . 7 L4 1 % —3— [Nacalai tesque, 12593-64] % 1 i F L.
J18N— 77 A [Matsunami, C024501] % 7~F, HHE SV —F —B#%EE [Nikon,
AlRsi-TiE-PFS-BE AT —-B =V Z-A 7T A 1 (01l / 60 fi5L > X) % H
UWNTHRET L 72,

3) IBE T 7 MIBIT5BHEH & P2XR O RTE
<FEBHE>
1% Triton X-100-25 mM Tris-HCl buffer (pH 7.5)-150 mM NaCl-5 mM EDTA

(TNE-buffer) ®f#l: 0.2 M Tris-HC1 buffer (pH 7.5) 62.5 ml (Z NaCl 4.4 g &

Triton X-100 5.0 ml & 500 mM EDTA (pH 8.0) 5.0 ml il 2, ZK&E /K CTL&E% 500 ml
E L7,

Protease inhibitor cooktail EDTA free (100x) ®ifi#l [Nacalai tesque, 03969-21]:

Protease inhibitor cooktail EDTA free Z JfF 757K 1.0 ml THME L7z, KT,
eI LT 1005 E R KoL, AL,

TNE-PI buffer ®##l: TNE buffer 20 ml (2. i&fi# L 7= Protease inhibitor cooktail
EDTA free % 200 ul @i LA L= (FEEFRED),

80% Sucrose IR DFHHEL  Sucrose [Nacalai tesque, 30404-45] 80 g |Z TNE buffer

ez, DR L CEfE%, 100ml & L7=,

36% Sucrose X DOFHL:  Sucrose 36 g 2 TNE buffer THfiE L., &% 100 ml &

L7,

5% Sucrose AR DOFHL:  Sucrose 5 g & TNE buffer TIFfEL. &% 100ml & L

72
20% TCA D%l Trichloroacetic Acid [Nacalai tesque, 34603-15] 20 g % Ik & 7%

7K 100 ml (Z¥ iR LT,

HBSS (-) without Ca2?+, Mg2* and Phenol Red, liquid [Nacalai teque, 17461-05]
i L 7= ik

PRI b RS FipEE v £hik) OFi%l:  Anti-beta-toxin rabbit polyclonal
IgG Z i — =5 —H{i-3) & kD IE TR L,
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P P2XqR PR D% Anti-P2X7R (H-265) rabbit polyclonal IgG [Santa Cruz,
sc-25698] % —FF—Hi-4)-B) LIEEEO HIETHE L=,
Pt Caveolin-1 U ¥ EHUADFHHEL:  0.1% Tween 20-TBS 19 ml % KikBrE 12N % .

Anti-Caveolin-1 mouse polyclonal IgG [Becton Dickinson, 610406] 1 ul & Blocking
One 1.0 ml Z#M L, 4°C TRAF L7z, EAKRFIE, ZOMWELZDEEXT T AF v 7R
aCHIML, RE D LTz,
HRP #i &Mt v X HARE Y % —RHIAE) O  Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] %% —®4%—Hi-3) & [REEEDJT1ETH
LT,
<SEBRJ7ik>

ML DHE—EH 1) EREROTIET, 8.5 ecm ¥ — LT 5x106 cells/3.0 ml

(FBS/RPMI 1640 £5#1) < THP-1 #lifid Z ### L 72, 37°C T 30 2y MBIk 24T - 72 4.
TR (R 1ug/ml) @ L., 37°C. 5% COs DT T 80 il A >3 = X—
vay Lz, 0k Ml B L, JEE PBS (1) 10 ml CTHE4% L, %R C 1,500 rpm,
5y O, FIGZELY BR& ., k&I TNE-PI buffer #1z . £& 1.0ml & L7=,
Z Dk, 5o, BERAE [2 2AF /31 4, UCD-200T] #17v>, ZE&ED 80% A7
7— AR (1.0 ml) #H0%. vortex L¥)—|(Z L7=t%, #iE.0F =—7 [Beckman,
328874 IZ{ANB AL RWE HEEIZ400pl 2~ A 7 v Xy N THB LT, £ R,
36% A7 1 — AR 2.4 ml Z AP ENLNE D ITHREEIZTh > Tp o< D L EHE
L7z, SHIC, 2D EIZ 5% A7 0 —RFKR 1.2ml #[FE U HETHBE L, 20T
=2 —7 % SW60Ti [Beckman] @ —#% —|{Z¥ v k L, Optima™ XL-A [Beckman] T
4°C T, 35,000 rpm, 16 KfffjE LEZIT-70, BiE L%, BEBLTF2—7 0 @b
0.4ml 32 1.5mlF=2—7I25HE L.20% TCA % 0.4 ml 3 2>%I L T, vortex 4.
4°C T1WffA > FaX— 3 v Lz, D%, 4°C, 15,000 rpm T 20 57O L
EiERREE . % 1.5 ml F = — 7|2 Acetone 500 pl FRII L. vortex #%. 4°C. 15,000
rpm C 20 ZyfE0 L7z (2 [8]), Acetone TUEF# . Vv 7 /L 2 2k <4 SDS sample
buffer 40 pl JHx . 1M E L%, 37°C T2 KA o FaX— a2 L,

Z D% . 1% coomassie blue %V EIIN L 10% Real gel plate [Gellax, SDB-521] {Z
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20 Wl 27 7 F A Liz, 555V, 30 mA T 1Kf#], SDS-PAGE #{7->7=, ZDi%,

I —Hi-3) OIFEIZHE > T, Western blotting Z 47V, LAS-4000 THEHT L 7=,
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< EBRARE >

BRI, v by o RS & P2XGR MO ALEH. BXO, MR ETOLE
OV T EIT> 72, £9°, P2Xs:R Db ) ar v hZ U7 B a2/ L.
BFEFE DA % Dot-blot i THFT L7z, Fig.11A T RT X9, P2XsR% Ky h L7z
PVDF & BEFRE A v FaX—Ta 358, Ny bL7E P2XR &EITEFEL T, B
i & P2XqR OFEENRBO LTz, £ T, BEHR D P2XR (3T D R 2 Mgt
T 5720 P2XsR & P2XsR Z#fH L. 246D P2XR KT HBmROFMESZBEL
Too TORER. KEFIL P2XR IZHET 578, P2XsR ° P2XsR (ZIEfE Leho
7= (Fig. 11B), & 512, BRisE & P2XR DfEA 1%, 0-ATP X° PPADS D {#{E F THfl
Stz (Fig. 110), T7bb, BERILP2X/R ERERMICHEST D Z LM L=,
RIZ, BrEsE & P2XqR OfifulE £ T RfE & i a it i taibz T E R L — ¥ —
PAMSEE CBIZE L7z, Fig. 11D, ElRd K912, THP-1 Ml & BHHFRE A v F 2—
ardbhe, PEROMRAIT, MENIRAET, MlaE L TR b, —h,
P2X7R Ok TR I SRR LTz, W& O~ — VG TR, JERK

WLHENBO HNDLNR, B THFEEL, ~— V2T M58 K 40%FRE
DIFEREZ /R LT, ZORHEROMIEE~DOREEIX, 0o-ATP X° PPADS OfF(E F T
il En7- (Fig. 11D), WwIZ. piEEE L THP-1 iz 1 > ¥ oX— 3 %, MR
1% Triton X-100 H1C 4°C M FTHRETFA AL, A7 v — RAEE AR B OET
NEEZ 7 Na/mmiL, BmE# L P2XR ORMELMENT LTz, SFEIOZEMETIE, Fig. 11F
IR TEIIE, L= 3~6IZRET 7 hD~—h—Th D Caveolin-1 278 S,
ZNODESNBIEET 7 FTHDHZ LN LT, pERIZL—r 3~5 1A Y I~v—

SR BAL, P2XR b L —2 3B ICESFET D ZEN AL, T7bb, i

LIZIRE 7 7 MIRTET A Z b h ol

LlbEX v, pEHIT P2X/R LMAMEM L, TBHEO—EITMIEE LT P2XR Lf5E

LTWLZERTLMNERoT,
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BEE BERO~URABEIERICBIT S P2Xr L7 ¥ —&KE

ATEROFRER L0 | BERIL, MR EORRE T 7 MCFEET 5 P2XR 2/ LT, #l
famtE 28T 5 2 LBHALNE R oz, KEITIE, PER DRI P2XR N4 —7
v NERDINEIMDEHLENIT S0, invivo IZB\W T, P2X7R LEAINBER D
BIEICHEL B X 50 E) 0 ERET LT, £2 T, BERO~ U ABBEIEMHEICEKIT S
P2X7R OEFN 2T % 720 \ P2X/REIRHEAI TH 5 BBG &~ 7 A THIE G- L,
ZAUIBEwRAE L, REHRO~ U ABBEIEMEITR T 20 R 2 MEt Lz,

1) BEFEDO~ T ABIEIEMICE T 5 P2X7R O#&E
A BEF O BIEIENEIC KT D Fi 2 DY D5hE
<FBRA >

ICR¥U%: ICR~¥7 % [, 48] 1Z. BASLC LviEAL-,
BBG @ F# [H{bpk, 6104-58-1] M.W. 854.02: Brilliant blue G % &% PBS (-)

THME L., 25 mg/kg OIEFEICHI L, 0.1 ml ##&5 L7,
<FZBR k>

1#E10ED ICR ~ v A2, 22> hu—/L & LT PBS () 0.1 ml, = L C, P2X7R
FREHITH %S BBG (25 mg/kg) % 0.1 ml JEHEAR# G L. 2 BE#%IC. pRaE4 250
ng/0.1 ml EFENE G- Uz, B5%IE. 1 REEIC, v A28 LT,
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< EBRARE >

BEEITIE, AERO~ U ABSIEICRIT D P2XR BERI OSSR & BT LT,
APREIEK, BEUN BBG & _WFEIANIC~ U AEHERNER G- L, 20%, BEREES
LT~ U ADEERHM 2B LTz, TORMNE, AR L FEREE CIIREEN
10 I C. £ ThO~ 7 AN L= (Fig. 12), ZHZk LT, BBG &5~ v 2k
WT, BERA&E L ThH, £ 30 FFE2FE L TH 50% D~ U ZADAELFRBIE S L
oo T705, P2XGR EANIBHER O~ 7 ABIEIEHZAET D Z L3 HB L7z,
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B BRI I UVNME

<EBE>

C WU )Ly ampERIE. b MRTFREDEEITHBWT, BHMELXZ | &k
ZIRENFDO—oEEZ LN TS (11, 14,16), ZHET, PEEEAA =X
LORFHE, B3 HERSOMIEIEZ & Mix el b 5 (45, 48, 52, 54),
BT, C BUHEEYE OIBRIE 2 LT 5720, FEIFRIFER 1 CTh HBHERDOIEH A
N=ALDFEREIToTe, £, RERE SN TWRWEARRO LTS Z —DRER%
ATz, RO LM OB-PFT OfEHE, £ LT, SROBHMNS, AHH
DLETZ =0, P2XsR ThHHZ LB LT LT,

BHEHE LA UB-PFT 7 7 2 U —I|ZJ& 9T 5 E. coli ovhemolysin (64)., Aggregatibacter
actinomycetemcomitans leukotoxin (69), S. aureus a-toxin (61) % P2X7R 7
NEN LU THIlEEZ R T 2 ERREISN TS, I, BERANEZEEZ~TR
FE RO IE P2XR N EEICFET D (67), LEOA LY, pEFR L P2XR O
AT 5700, FERREY P2XR HEHITH 5 Suramin X° PPADS DB 73 Ol
IR T D IEA 2R Lz & 2 A, KRR oMia st 3t S hiz, 2 2 ¢ P2XR
BIRAEAITH D 0-ATP, 0-ADP, F7-1%, BBG OAFRIC LV, AKREEHEOMIREME
MELIHI SN, 612, BEEHOBY o-ATP 1%, BEFE DML ~DHE S % 41
Hll L7z, BLES, KEZOEMIC P2XR N5 T 25 Z ENMIRB Ik, 2
T, REROIEMICEIT D P2XR OEEZHLNICT H72H, P2X/R O siRNA %
THP-1 fifa~hrF 27 =27 FL, P2X:R &2/ v 27 X0 L=z ERL URE L
Tl ZAH KEROMEG EMlEETE LB Lz, 77205, P2X/R BAEHRD
A~ OFRE AL FBUCHE R B ZH L TWDL Z PRGN E R, £ T,
piEsE & P2X/R DEHENI 2 4EA % Dot-blot 1 THET 5 & BRistld P2XiR LfEA
L7ze — 07, D P2XR 7 7 2 U —Tdh 5 P2X3R X° P2XsR L IIARFHRITAES L)
ST, BT, HlElE ECREEE & P2XAR 1T, f 40% DL RTEREZ R L-, UL ED 6,
B & P2XR IFER:, £ LT, BrBRMICHET D2 Z N HA L, FiET 2F%5E=
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T, BHERVBE 7 7 FTAHY I~ —Z B L THllaEELZ R 2 L 2@E L
(67, F7o. MOB-PFT LAFE 7 7 MIKA L. AU I~ —% Ak L CHllaREE 2 7
T ENRHME SN TEY (70-73), IFE T 7 MIB-PFT OFMHIUCKB W CTEE )2
BThHirEEZLNTWD, SHEIOKHT, P& L P2X7R 75 THP-1 filaDlgE Z

MIfHETHZE2HLMNI L, UEofERL Y, pEHEITE/ ~—TIEET 7
FOP2XRIZHEG L, AV I~—% kT2 Z & LT,

P2RIZ P2XR & P2YR ® 2 DDV T X A FZ3F bivd, P2YRIZ G # /3T
BRI LY 7% —T, THP-1 fli2i3 P2Y2R, P2YeR., % LT, P2Y/R DRI HER
ENTWD (74), P2Y:R & P2YeR (% IL-8 oD &7 & 4 A » OWFEEIC I > T\ 5
ZENMEINTWVD (7T4), AlEl. FEIL P2Y:R & P2YeR O/ v 7 X0 4T
et LT, 2o bte 72—, KHEROMIEEICEE LN &R LNE
molm, Thbb, ABFEOMERIZ P2XRICHRNTHL EEZLND,

BERIL, ANRD L 912 P2X7R & EHESHER T 2 DT, AERITEZHEMiao L&~
H#— LT P2XR ZFHL TS EEZBND, P2XiR iR F B S ¥ 7
P2X;R-HEK293 #lfIC*f LT, kT4 Y I~—% Bk L, MludEtz rLi, —
7. Intact-HEK293 fifaixf L Cidk, ZabDEHITRS 2V, S 612, P2XR I
ATP R°Bz-ATP 2 EO7 T=ZX N TR 5 & —fli & DI FF 5 &ZiEmd 5 F
¥RV EFRRT D ERALNLTWD (15), £Z T, P2X/R #RELIH 7
P2X/R-HEK293 #lfiiZ, Bz-ATP #EH St 5 & 2if 72 CaZ O ANERL Sz,
—J7. BEHIT P2X7R-HEK293 iz *f LT, /EMIZEVA, e & L2 CaZr i
ANERE Lz, LELDY . KEHREIT P2XR IZHEE®%R. Bk ESN-A4 ) S~—0DFRT
Mo, ET2IE, P2XGR OIEHALIZ L - T, Ca*DAZRET HEEZEZ BN 5,

Staturky 1%, pEHIIHRA 77 FPLal v (DOPC) & =L 25 1—/L (Chol)
THRSNAD VR Y =LA L, BT A VBREORT 2T 52 L 285 LT
W% (57), Nagahama 5%, miEEDOBHEHEA DOPC-Chol U R Y — L5 I VR F
vINLF LAY (CF) ZilifsE 52 tx2R/ELTWS (B7), ZDO L5, K
X, Z o0 BMEO VT2 =DMl Y CEE AR AEEH L TV D 2 &2 HE

g, MEEOIRERESABROBEICHEL CNDIEEILND, PRk LA
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UB-PFT 7 7 X UV —® S. aureus a-toxin %, MilafE LIZfFET DA X0 vnT 7 —
Y CTdH 5 A-disintegrin-and-metalloproteinase 10 (ADAM10) AL & 7% —D—>
LT sz (58,59), ADAMI0 (I A % 17 a7 7 —EiEMHIZ L Y | E-cadherin
X ephrinAb5 FOMifa & > 7 G % OWr4 % (59, 76), —J7. a-toxin ¥ ADAM10
DWFTILDENLITAKE ST DI RTEH LT/ > T, F72, o-toxin (HHaE
L7 Z—IZRE%, P2XR DY 7T VA2 LT, Wilaih8d 2 2 LalESnT
W5, IHIZ, A7 4 rAIxV Y (SM) OFEHOFRAFR =2 Y i, SM & Chol 2
BD~A 7 RAAL T TAZ—{bL, atoxin DLtEFZ—& LTHS Z &R
W S (77, actoxin 1, MMEEELY UIREZR#ET 2 2 LAMmESIN TN D (T7),
2D XD, ADAMI0 72 EDF X7 B MGy L MaRIRE 72 & OB DK F 23
a-toxin DFEEIZEHET L2 ENRBX N TS, V)L 2FHR®EHRIL S aureus
a-toxin EVEENEEBIL TV D Z RV R Y — AOfFE “EIEA MRS D Z Lk,
KRB I NI EEDO LT Z — L ABFEIEE 2R L TR T 0 LS5,

P2X/RIZEHIC2 B XX RZRHBLL T D (75) 25, FrICHE R OMIIZ L < FBL
LTWD (67, 245 RMIL, AFERICEm W EZ <7 (78), & HIZ,P2X/R
BT B g AR DS A W R R O RIS BA NS < Z ERHE STV A
(79), Mok > ATP (2 K 0 P2X/R 2MEMAL S5 & Hifa Koy, #ifia sk Nat,
CaZtDANK Z U | MR 2RISR 5, S 52, P2XR OiEtEkic kv, @)
IL-1B% IL-18 OEALZFHET HA 7 7~ Y —LOIEMH(L, () A b L RIGEET
07 A ¥ —EOiEM L, (il Mitogen Activated Protein Kinase (MAPK) D&
PEAL SRR 2 e MRS B N U 5D 2 &3 iE ST\ D (75), SR Mlfa CiL, P2X/R
OIEPEAIT K0 B ARG ROIEMHALPLRIESOS B E Z 2 Z LB MRE I N TV DR
(75). —J7C, ATP |2 X % Fifeh072 P2X7R ORI T, S RIS % 7 B — A%
THRM=VARFLEIND Z EbBEINTND (75), WEMME LS LTmbhbd
Streptococcus JEE N Legionella J& #1318 FMIAD T R b — U R HE L, R
fazidd &8, AFREAEILZEBWMESNTND (79, ZDXHIZ, BEEN
P2X7R ZIEMEALT 2 2 & T, B8 O Rfla OMIdsE 2555 L, C R IX B IR
VAT LIPBEREL TS EB X HID,

51



BRI C BRI EYE DB MG O FEIRIRIN - CTh 2, BE MRS, BE
MREIZIL P2XR 3 RBLL TH Y, P2XGR WEMHALT D &, A MA 0T A

DIFHE, B E R O RFECHBSIE A K - Z L E I TV D (80), Zh
TIZ, BERIFHEOMENEMIIEA L T I~v—% Bk L, MiastziHEd
DI ENHEINTND 48,49), T7hbb, BEMECMHRE, £ LT, mENEM
fa o P2XR L BFER DM AN, C AR OBEIEMERZ ORI S LT
D EHEER SN D, SEIOF RS, P2XR OBRLEHTH 5 BBG 3AFEHZ D
FEAER 2l L7z Z & 225, P2XqR BREAIDY . C BRI EYLEIC 3517 2 A MERG 2 O
ToIRIRIRIE D —DIZ70 5 T E N HIRF SN D,

</NFE>
ULy o HREEIL., MMV T, P2XR 24 L CHIBRICRES L CIEH
THZEDHALMNI o T2, 5. P2XR IARBEOESIZH L TED L 912w T

WD RETT 5 2 L2 LD P2XGR BHEAID, CRUREGYEDIBHRIISH TE 5 7]
REPENEIFF SN D,
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Fig. 7 Effects of P2 receptor antagonists on the cytotoxicity and
binding of the toxin in THP-1 cells treated with beta-toxin.

PBS o-ATP 0-ADP BBG Suramin PPADS
1009 M = = ] — T O Control
T ] * B Beta-toxin
= 804
& *®
8 ]
© 60
=
>
= 404
e}
8
>
5 204
o ]
0 .
Beta-toxin - + - + - + - + - + - +
0-ATP: oxidized ATP
0-ADP: oxidized ADP
BBG: Brilliant Blue G
PPADS: Pyridoxalphosphate-6-azophenyl-2’, 4’ -disulfonic acid
( ) PBS o-ATP
(min) 0 15 30 60 0 15 30 60
(kDa)
175 — - . r—Oligomer
83
62
474
32 [«—Monomer
254

B-actin | == == ————

(A) THP-1 cells treated with PBS (vehicle), 500 uM o-ATP, 500 uM 0-ADP, 3 uM BBG, 100 uM suramin or 250 uM
PPADS at 37°C for 60 min were then treated with beta-toxin (0.5 ug/ml) at 37°C for 4 h. Cell viability was determined
by the MTS assay. Data are reported as percentages of the values obtained with untreated controls (mean = SD for
four independent experiments). Significant differences (Student‘s t-test) from control cells are indicated. *P < 0.001,
significantly different from PBS plus beta-toxin. (B) THP-1 cells treated with PBS (vehicle) or 500 uM o-ATP at 37°C
for 60 min were treated with beta-toxin (0.5 pg/ml) at 37°C for the indicated time periods. After washing with PBS,
cells were subsequently lysed, and beta-toxin and B-actin (control) were detected by western blotting using specific
antibodies. A typical result from one of three experiments is shown.
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Fig. 8 Effects of sSiRNA for the P2X, receptor on cytotoxicity
and binding of the toxin in THP-1 cells treated with beta-toxin.
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THP-1 cells were transfected with siP2X;R or negative control (NC)-siRNA and cultured for 48 h at 37°C and 5% CO,.
(A) The expression of the P2X;R in cells treated with siRNA was detected by Western blotting using an anti-P2X;R
antibody and anti-B-actin antibody. (B) Intact cells, NC-siRNA-treated cells, or siP2X,R-treated cells were incubated with
beta-toxin (0.5 ug/ml) at 37°C for 4 h. Cell viability was determined via the MTS assay. Data are reported as percentages
of the values obtained with untreated controls (mean = SD for four independent experiments). Significant differences
(Student's t-test) from control cells are indicated. "P < 0.001, significantly different from NC-siRNA-treated cells plus
beta-toxin. (C) These siRNA-treated cells were incubated with beta-toxin (0.5 ug/ml) at 37°C for 30 min. After washing
with PBS, cells were subsequently lysed, and beta-toxin and B-actin (control) were detected by Western blotting using
specific antibodies. A typical result from one of three experiments is shown.
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Fig. 9 Effects of siRNA for the P2Y, or P2Y, receptor on the
cytotoxicity of the toxin in THP-1 cells treated with beta-toxin.
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THP-1 cells were transfected with siP2Y,R, siP2YR, or NC-siRNA. The expression of the P2Y,R (A) or P2Y¢R (B) in
cells treated with siRNA was detected by Western blotting using an anti-P2Y,R antibody, anti-P2Y¢R antibody, and anti-
f-actin antibody. Typical results from one of four experiments are shown. (C) siRNA-treated cells were incubated with
beta-toxin (0.5 pg/ml) at 37°C for 4 h. Cell viability was determined via an assay with MTS. Data are reported as
percentages of the values obtained with untreated controls (mean == SD for four independent experiments).
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Fig. 10 Action of beta-toxin on P2X,R-expressing HEK?293 cells.
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(A) HEK?293 cells were transiently transfected with pcDNA-P2X,R (P2X;R-HEK293) and pcDNA (vector-HEK293).
After being incubated for 24 h, the expression of the P2X;R in the transfected or intact cells was detected by Western
blotting using an anti-P2X;R antibody. Typical results from one of four experiments are shown. (B) P2X;R-HEK293 cells,
vector-HEK 293 cells, and intact cells were incubated with beta-toxin (0.5 ug/ml) at 37°C for 30 min. After washing with
PBS, cells were subsequently lysed, and beta-toxin and -actin (control) were detected by Western blotting using specific
antibodies. A typical result from one of four experiments is shown. (C) P2X,R-HEK293 cells and vector-HEK293 cells
were incubated with PBS or 0.5 mM o-ATP at 37°C for 1 h. The cells were treated with beta-toxin (0.5 pg/ml) at 37°C for
4 h. Cell viability was determined via an assay with MTS. Data are reported as percentages of the values obtained with
untreated controls (mean = SD for four independent experiments). (D) Fura 2-AM loaded P2X,R-HEK293 cells treated
with vehicle (PBS) or 500 uM 0-ATP at 37°C for 60 min were treated with 100 uM Bz-ATP or beta-toxin (1 ug/ml) at 37°
C. Beta-toxin and Bz-ATP were added at the time indicated by the arrow. The experiments were conducted >10 times, and
typical results are shown.
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Fig. 11 Interaction between beta-toxin and the P2X, receptor.
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Interaction between beta-toxin and the P2X;R. (A) Dot-blot analysis of the interaction between beta-toxin and the P2X;R.
The purified protein P2X;R (50, 100 and 200 ng) was applied to a PVDF membrane. (B) The purified protein P2X;R (100
ng), purified protein P2X;R (200 ng), and purified protein P2X;R (200 ng) were applied to a PVDF membrane. The
membrane was blocked, and subsequently incubated with beta-toxin (100 ng/ml). (C) Competition dot blot assay. Purified
P2X;R (100 ng) was spotted onto PVDF membrane and blocked, and subsequently incubated with beta-toxin in the
presence of 0.5 mM 0-ATP and 0.5 mM PPADS. After washing, the membranes were incubated with an anti-beta-toxin
antibody and secondary peroxidase-coupled antibody to detect bound beta-toxin by the ECL reaction. Typical results from
one of four experiments are shown. (D) Colocalization of beta-toxin and the P2X,R. THP-1 cells were incubated with
beta-toxin (1 pg/ml). Unintoxicated cells were used as a control. For experiments with the inhibitors, THP-1 cells were
preincubated with 0.5 mM o-ATP or 250 uM PPADS at 37°C for 60 min. All cells were fixed and subjected to
immunostaining for the P2X;R with a goat P2X;R antibody and beta-toxin with a rabbit anti-beta-toxin antibody. Confocal
images are shown with green signals indicating P2X,;R and red signals indicating beta-toxin. The yellow color indicates
the colocalization of beta-toxin and the P2X;R. The experiments were repeated three times, and a representative result is
shown. The scale bar represents 10 um. A magnified image of the boxed area is shown on the right. (E) Quantification of
colocalization. Quantitative analysis of beta-toxin/P2X;R colocalization was performed using ImageJ software. The
percent of colocalization was calculated for each combination of fluorescence markers by analysis of each confocal plane.
The results represent the mean = SD of several cells (n>20) obtained from at least three independent experiments. (F)
THP-1 cells were incubated with beta-toxin (1 pg/ml) at 37°C for 30 min. Triton X-100-insoluble cell extracts were
subjected to SDS-PAGE. Fractions containing lipid rafts were analyzed by SDS-PAGE and Western blotting using an anti-
beta-toxin antibody, anti-P2X;R antibody, or anti-Caveolin-1 antibody. A typical result from one of three experiments is
shown.
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Fig. 12 Effect of Brilliant Blue G on lethality induced by beta-toxin.
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Mice received BBG (25 mg/kg) i.p. 2 h before the i.p. injection of beta-toxin (250 ng/mouse). Survival of the mice was
monitored every 2 or 5 h after the injection of the toxin. A typical result from one of five experiments is shown (n= 10).
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BE vV VaHPEROMRESEICEST 5T 7T OMRHA

ULy 2 FRER I P2XR IS A LllaE 2 T 2 & 2 600 L2, P2XR
X FIRICAAET D ATP T v %L CH 5 Pannexinl (Panx1) &L, P2X7R
DY T T MR G2 Z EBHESIN TS (81, 82), Panxl if P2X/R & [Flfk
2. ATP &7 FVICEE L TWD Z b, AuROmEREIIHIT 5 Panxl Ok
AR L7z,

Panx1 |3 4 BIFEE@I L PSR DS 37 BT (83), Hilushba ATP 7% ATP
L7 2 —Th % P2XRIZHEGT D LIEMHIL SN AT S DY 7 F %4 LT Panxl
TR AT, 6 BIROT ¥ xR LIEME(LT 5 (84), THMAL L7- Panx1 I3/
HAN D ATP % st~z U, 578 L 7= ATP 23R D > 7 L3 F & 72 ) P2XR % il
WL ThRA 2ABYERZFET 2L 0 A ZANRFABN TN D (85,86), Z DI
Panx1 O & LT Ml Ca2t EHAZ X H1EMEIL, I A/ 3—FIZ X % Panxl
O C KEGFEIR O GBI X 2 R AWREME L, £ LT, miRidEt, B (KEEFREE),
F IR BN e E ORI A b LR X ATEHEER STV D (84-86), —
P2X:R & Panxl [F~T Al dv—L720) | Z0%k, EXRRT B L, BHEiH
PEZTCHET D E VO MERH D (82), LLann, BEE T, P2X7R 726 ORili%
IZd& 5 Panxl O EMRTEHECEEIIAHTH S, BERELFELB-PFT 77 IV —0
E. coli a-hemolysin 1%, P2X7R <° Panx1 # /L CIEM 277325, MM - TR L
TemBRORT 2B b, M ATP & fifash~bifEd 5 &gt Sz 87, 2o k)
(2. L B-PFT 2MEM T2 &, fillai ATP 125 FE O KR T, Panxl Fv %L, £7-
X, EROW N HIEHET 558, 20%, HEHEL 72 ATP BREROEHICED L 572
MR 5 2 D03 HE STy, —F, Panx1l RGO RIEMZEE (IBD) (2R
DO IBEORIECEEG T L bWEIN TS (88, 89), AETIL, Bkl
HMEBRDORINTHD Z &, £ LT, BERIL P2XR IZHAET D Z 205, P2X/R
EEEICHAEMERT 5 Panxl BAARmROMALEN Y 7 TS50 8 5 &R
Br L=,
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B—H PEROMIEM L Pannexinl ¥ 7L DEEf%

BERIL., EEMILD P2XR IZHEGH ., MlEHEEEHET LI E2H LT L,
—H#iTi%, P2X7R O A% 53T ATP T v 1~V Th 5 Panxl 23K FFH OMILFH
PEICED L9 B 2 LT D2 RET LT,

[EBAEHRS K OEBRIE]

1) Pannexin1 AEFIDORFEFE OMIaFEIEIZ 95 20 %

<FZERHER>
CBX oififl [Sigma-Aldrich, C4790] M.W. 614.72: Carbenoxolone disodium salt

1.84 mg %A PBS (-) 30 ul TIEME L., 100 mM & L7z, HfaALEE Ry (2 JkE PBS ()
T 100 577K (1 mM) U, APFRiE &2 551 100 pl 1Sk LT 2l %N L7= GRIEEE: 20
uM),

Pb O F% [Hri{kik, P1975] M.W. 285.36: Probenecid 2.0 mg Z DMSO 140 ul ©

VAR L 50 mM & U7- MIRALEERE L 100 plicse LC2 l@in L7z GRIEEE: 1 mM),

sc-10Panx1 DML [Tocris, 3708] M.W. 1242.37: Scrambled-1Panx1 1.0 mg % &

FEAR K 500 ul THEFEL, 1.6 mM & L7, MIFRALERRF (ZHEH 90 pl 12 LT 12.5 ul
BINU7- GREIREE: 200 M),

10Panx1 OF#% [Tocris, 3348] M.W. 1242.37: 10Panx1 1.0 mg Z A /K 500 ul

TEMEL, 1.6 mM & L7, MIFRALBRIRFICERH 90 ul (2% LC 12.5 Wl IR L 7= (&R
FE: 200 uM),
X WEIR LTEBEAI & 7T RiX, & T-30°C TRIF L7,
Cell Counting Kit-8 (MTS 5t#): % — %% —i-2) TR L7,
<FEBRITik>
KX OE—FHE —H-1) LFEEOFIET, 96 well 7' — MZ THP-1 #Mia%

1x105 cells/100 ul/well (FBS/RPMI 1640 £5i1) CT#ifE L. Negative control 2/

Vehicle & LT DMSO #ifsh L., BEFOKEEIX 10 & 20 uM CBX, 1 mM Pb,
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200 uM sc-1%Panx1, 100 & 200 uM °Panx1 THifaZ e L, 37°C, 5% COs D5
EFCLIRRA v Fax—rar L, Z20% BEE (KIRE 1ug/ml ZHEML,
37°C. 5% CO2 DS T TA v FaX— g L, MIEEGFREONTEIX, F—FE

—£i-2) OFFEICHE ST MTS 1 THT LT,

2) Panx1 / v 7 X v > THP-1 M@l %} % BaE OfE Ao la d ik

A)siRNAD TG A7 -7 g ik

Panx1 siRNA Oii#! [Qiagen, 1027416] : Hs Panx1_5 [Qiagen, SI-03156307],

Hs Panx1l_6 [Qiagen, SI-04147626]. Hs Panxl_7 [Qiagen, SI-04162760]. Hs
Panx1_8 [Qiagen, SI-04177712] ®%% % @ siRNA (1 nmol) ¥ K% {/E? H:0 100
wl CTERE L7z (REE: 10 pM), FREHRIL 5 pl 230 E L, -30°C TRIEL 7=,

Negative control siRNA ®OF#d: AllStars Negative control siRNA % 2 —Z 55—

-4)-A) L [RERD FIE TR L 7=,

fix D siRNA %7 — % v — FodlOMIaEicxr LT, 2.6 ul 372 (HEF 10 ul,
K x2 D siRNA OFLPRE: 250 nM) ¥ L. Neon™ Transfection System % >
Tl 7 huRb—v a3 %&{7->7-, Negative control siRNA |%, 2.5 pl ¥l (i

E: 500nM) L, =L 7 bRl — g %2{To7,

Neon™ Transfection System 100 ul. Kit

Neon™ Transfection System
<FBRH1E>

J w7 AT A OFRRIL, B —Hi-4)-A) [Tito TITHo 7,

B) Panx1 ®/ v 7 X5 OHEgRIE

<FEBA >

I L 7= Hifh

fi Panxl HikOFHH:  0.1% Tween 20-TBS 19 ml % KiXBRE (20 % .

Anti-Pannexinl (K-20) goat polyclonal IgG [Santa Cruz, sc-49695] 20 ul &
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Blocking One 1.0 ml Z#sN L, &%, 4°C TRAF Lo, EHKRL. ZOWEEZD
FESTAT v IREGRTIINL, ;BE O Lz, HH%ZIE. Z0OEEZFILL, 4°C TH
L7z, [BIEMORMAHIM T, #EEHTE %, 1_

HRP #5 &Py FHiR Gy £ kbt oFiH:  0.1% Tween 20-TBS 19 ml %K

BB 120 2 . Rabbit Anti-Goat IgG H&L (HRP) [Abcam, ab6741] 2 ul & Blocking
One 1.0 ml Z#M L., "&#EH%, 4°C ThiF L7, ARHI, ZORELTDEET T X
F o VRBTIRML, ]RE S L, HEARIZ. ZoZFEIR L, 4°C THRIFL, [3
W ORI T, BEEEEHRTE %, |
Pip-actin HiiADOFEL:  Anti-B-actin rabbit polyclonal IgG % & —2 5 —i-3) & A
FRD 1L T L7,
HRP # AWM v Y XA Gy X %k HIA) ol Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] %55 —#%#—Hi-3) & [FEED 5L TH
L7,
<HEBRI7ikE>

Jy 7 BT RO, F-EEHi-4)-A), B oEmHEH-2)-A) OFIEICKE
S TUUTIz, /w7 BT ORI, 55 —Fi-4)-B) OFIEIHE->TIT -7,

C) Panxl / v 7 X7 v THP-1 HilRIZ 31J 2 B354 O mgMERFAl
<SR EE>

B Hi-4)-A) LB TR Hi-2)-A) IR LT,
<FBR 715>

Sy 7 T RO, B EE—i-4)-A) [ZiEo> TiT o7z, Panxl &/ v 7
For L, 2 BEREE LICMRAER L, MIRAFRONEIL, FHE—Hi-2)
DIFHEIHE > T MTS & TR L 72,

D) Panxl / v 7 # 7> THP-1 flli~DRHEFEDFES
<FZBRAER>
F—EEHi-4)-A) LR -Hi-2)-A) 1R LT,
<FEERI7ikE>
J oy 7 Z T AR OFTENL, H-EEHi-4)-A) [ZiEo TiTo 7, Panxl &/ v 7
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oL 2 AIRERE LI-Mila 20 UTe, pa Of & OTIL, 35— =5 —1i-3) 12
it > T, SDS-PAGE. Western blotting 17\ >, LAS-4000 THEHNT L 7=,

3) PR & Panx1 OEPEAH AAEH OfEHT [Dot-blot %]
<SR EE>

t bz ) b Panxl: Panxl (Human) Recombinant protein (P01) [Abnova,

H00024145-P01] 10 ug (60 ul) % 15 pl $°o 1.5 ml F =2 — 71257 L., -80°C TIRAF
L7-, EHARE, 50 mM Tris-HCI buffer (pH 8.0) THAR L. sHflL 7=,
50% Glycerine-PBS (pH 7.4) (G-PBS) OF#l: H—% —Hi-1)-A) L RO FIE
T L7,
i L 7= ik
FIAE LR RIS Hips v XHi4) OFfl  Anti-beta-toxin rabbit polyclonal
IgG %5 —FHE—Hi-3) L RO IFIETHR LI,
HRP fE AR o b T HAEGL Y +F “RkPiik) OF R :  Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] %% —#4—Hi-3) & [FEED 1L TH
L=,
<FEBRI71E>

P Mfi-1)-A) 106> TITV, LAS-4000 TEHT L7z,
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< EBRARE >

U)LY o FRE R OMINEME RIS Panxl OFEFNZ OV TR EITo 72,
£7°. Panxl [HEAITH S CBX, Pb, £ L T, Panxl BERWHFESTF FTH D
10Panx1 <X°, % @ Negative control ® sc-10Panx1 Z MIfIZ/ERH &, PR OMALE
PRI 225K %2 MTS T L7c, ZOR5%. Fig. 13A (2739 X 912, Vehicle
FHET CPHERLEIZL VK 40% DM EFRE RTHKMET, HEXXTF KO
Negative control T % sc-19Panx1 ZFr< 20 uM CBX, 1 mM Pb, % L T, 200 uM
10Panx1 LB CARZERZ OMREENA BEIZIH Sz, T72bb, BEREROEHIC
Panx1 723B5-9 % AR R S i, RIS, AmRowmtEz i L7z CBX & Pb
%o, Al =S TR ALBE L, Bigs DM~ DR A D58 % . HipmAiikz
AV 7= Western blotting THigt L7z (Fig. 13B), Z DO &, Vehicle 1717E F & [AIEEIZ
CBX & Pb FE F CHOABROMEAILFA U L~UL T, 26 OREANL, AEEOHM
Fa~DOFEE Z M Lz 7z, LLEX Y | Panx1 BLEANIIA TSR OMIE~ORE I
Wh 52 TEEZET S Z &5, Panxl NAFZEOBMERILO VT D BERE T
BNTNDEEZEZBND, WIT, Panxl OAFERIGEMEIT ST 2% E 2 S HIZH LI
T 572, HfIZ Panxl @ siRNA (si-Panx1) # h 7> A7 =7 h L, Panxl @/
v I AT ATV, PREEROMBBIECHIIL A~ ORI T D BB AR Lz, £ 0
fEAL, Fig. 14A 12”73 X 912, Intact fifd, Negative control (NC) siRNA k7 > A
7 =7 Ml S R L C, si-Panxl P T A7 =7 MR T Panxl ©J v 7 X0

MED BT, THDOMBICpERE L EM S H 5 &, Intact ML, NC T, B
TR DR ERAFANIRHEENRD 5D DIZxt L, Panxl / v 27 ¥ 7 UMl Tl
KRR OMaFEIEN I S (Fig. 14B), RIZ, Panxl / > 7 ¥ 7 ISR T 5
BEEsR Dt & % Western blotting TH#Mr 9% & | Intact #ifil, NC Hild TRRD 5L 5B
BRODE /) v—L A ) Iv—0OfEE L LT, Panxl / v 7 X7 Uil TIE, B
FOE )~ —DFEGEIIZRBO RV, 4V I~—EnNED L= (Fig. 140),
T7ebb, Panxl %/ v 7 XU LThH, BHEEDE/ v —I3kEG Lz, £ T, Al
@D Dot-blot T, BrE & Panxl OFEA 2 EBHICM#T L7-, Fig. 14D 27 &
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912, Positive control ® P2X7R IZi%, K k L7z P2X7R OIS L CRERDE
A llz, ZiuxfL, Ry kL7 Panxl IZIEREROMAITRO -7, Lk
KV AREFEIL Panxl [ZHEA L2202, Panxl IAREROMIL#EN: S 7 L ICB 5
THEEZOND,
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B8 BEROMIAN ATP EBEEH

AIER DGR L v | pEEOMIEENEIC Panxl 5T Z ENHLMNE R 5T,
Panx1 (%, &ML 5D & Z2DOF v A BN ATP Z kst ~ERET 5 2 & 235
B TW5D, KREITIL, BEEFED Panxl Z1EME(L L T, ATP ZilFHfE9 22028 5 Efi
L7,

[EBAEHS K OERSE]

1) B#EFIC LD THP-1 fifan & > ATP 58 [ATP determination assayl]

<FEBRA B>

AR IR O B

Luciferin-Lucifease cooktail solution ®gffl: 147 Y47=0  FHE L 7= A) 10 %

7 Luciferin solution 5 ul & C) Luciferase solution 0.24 pl Zi&&7 5, T8, £
BRENCHEH T2 &ICEDLETE O THB Lz, | T, 70 50 pl l2xf Lili#d
W% 5.2 ul s L=,

A) Luciferin solution @ i % [Wako, 126-05111] M.W. 318.41: D-Luciferin

Potassium Salt 10 mg Z 7% /K 1.185 ml I[ZIAfE L7= (26.5 mM), 100 pl 3>
1.5 ml F = — 71257 L. -30°C THRIE L 7=, M BRI, BRE 2R B /K C 10 574 (2.65
mM) L7z,

B) LUMI solution: Fit®#HA% T Luciferase solution fHOFRE #/ER L7-, 1 N

NaOH T pH 7.8 ({ZFH#FE L. HIFIZ, BSA (BGIRE: 0.1%) =L,

Reagent Final Conc. M.W. mg/100 ml
MgCl. 6.25 mM 203.3 127.06
EDTA - 2Na 0.63 mM 372.24 23.45
DTT 75 uM 154.25 1.16
HEPES 25 mM 238.31 595.78
BSA 1.0 mg/ml - 100
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() Luciferase solution ®#fi%. [Sigma-Aldrich, 1.9506]: Luciferase from Photinus

pyralis (Firefly) 0.25 mg % LUMI solution 0.5 ml CTi&fiE L 7= (0.5 mg/ml), 30 ul 3
2 1.5ml Fa—7IZ5E L, -30°C THRIE LT,

Ca2+* and Mg2?+ containing Hank’s balanced salt solution [HBSS (+)]: HBSS (-)

[Nacalai tesque, 17461-05] 50 ml (Z CaCly [Nacalai tesque, 06729-55] (M.W.
110.98) 6.67 mg (KiEE: 1.2 mM) & MgCls [Nacalai tesque, 20909-55] (M.W.
203.3) 18.3 mg (G&JEE: 1.8 mM) ZiEfiE L7-,
<EKBRI7ik>

%9, Luciferin-luciferase cooktail solution z il H{ETHEEZFHB L 7=, £
LT, KX OH—FEH—Hi-1) LFEEEROGET, 1.6 ml F=2—71C THP-1 il %
1x105 cells/100 pl/tube (fEifiF HBSS (+)) THHE L7z, £Dk, 37°C, 5% COz D
FMFEFT30 DA Fax—ta L, Mgzt L7z, CBX ZHWZfHEFZBRT
It HEHIT CBX GRIRE: 20 uM) Z¥RINL. 37°C. 5% COs DSl T 1 i1 o+
FaX—varli, 0k, pER KRE: 0.5~2.5 pg/ml) Z¥ML, 37°C,
5% CO2 DT T 5~60 oA > FaX— g Lic, ZD#%, =L T 2,700 rpm,
25EEL L, £DEiFE0 ul ZB0OFH LW 1.5ml Fa—7 2B L, 30MEHET
VY, ecto-ATPase %Kik SH7-, ZHic, % L7 Luciferin-luciferase cooktail
solution % 5.2 pl i L T, {EFI L. E <IZ Luminometer [Promega, TD-20/20]

HEZAT o7,

2) BEEHE D THP-1 Mg ~DkE &

<FEBRAEl>

BT Hi-3) IR LT,

i L 7= Fiik

PR bR FE MG GipEdE v ¥ XHiK) O  Anti-beta-toxin rabbit polyclonal
IgG %8 —Hi-3) & RO LT L7,

HRP # AR v Y XHER Gy X Wk HiIK) Oofidl:  Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] % —& % —#i-3) & Mk 71k T
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L7,
<FEBRHE>
B—EE -2 OFEICHE- T, EBREITV., B -EEHE HI-3) ITE- T,

SDS-PAGE. Western blotting #17\>, LAS-4000 TH#HT L 7=,

<EKBM B>
DOPC i OFR%E [H i, 302-16881] M.W. 786.11: 1, 2-Dioleoyl-sn-glycero-3

phospho-choline (DOPC) 7.86 mg % Chloroform 200 ul (Zi&Ef# L7 (50 mM), 1.5
ml F = — 725 L, -30°C TRAFE LT,

Chol AR D% [Nacalai tesque, 08721-62] M.W. 386.65: Cholesterol 3.87 mg %

Chloroform 200 pl {Z¥fEL7= (50 mM), 1.5 ml &= — 7125 L, -30°C TRAFL
7=
ATP AR OFHH [Sigma-Aldrich, A8937] M.W. 583.4: ATP % 2.917 mg % HBSS

(-) 100 pl TEEMEL 7= (50 mM), FFREREL,
CF iR o gi# [Sigma-Aldrich, C4916] M.W. 460.39: 5-Carboxyfluorescein

diacetate (CF) 4.6 mg %% PBS (-) 200 pl l[Z¥Af# L CfEH L7~ (50 mM), 1.5 ml
F 2 — 712 66 Wl Fo4E L, -30°C TIRAE LT,
0.25 % Gelatine-0.02 M Tris-HCI buffer (pH 7.5)-0.9 % NaCl (GTBS): Gelatine

powder [Merck, 1.04078.0500] 0.25 g. 0.2 M Tris-HCI buffer (pH 7.5) 10 ml, NaCl
0.9 g ZZRKITIE L, 28% 100 ml & LT, MHEIZ LY Gelatine ZIRfE L 7=,
<FBRITIE>

ATP-CF £ A DOPC-Chol U &K Y — A DIERK

DOPC /A% & Chol &% % 7 BRE 12 50 pl T oUshl (111 ok L2 5) LTREML
1o T0#%, MBRELZRDICHDL, No ¥ REZ~A 70ty NHF v T &2 H—RIC
I TEFN LN 5 Y E#HESHE, Chloroform Z5ERIZHR IH7-, 3 BRE O
JRICEWDY By RT7 4 VAR SIDET Ne WAZEKN LT, Dk, K77
FNNDT v — 2 —TRIE R Z 30 pRATV., BRICEELZRELE, £0) vy
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R7 4 VAR SN T-BBRE I, ATP IR 30 ul & CFIEK 30 ul ZiRimL, U v
v K7 4 v BT 30 ] vortex (2L W KFI L, 55°C OKBIZHERE 2 AfL, 30 7
WA Fax—var i, ZRNOOERMEIZ3ERED IR L, KIS, KFT1o0MA
V¥ aX— gL, 0.02MTBS (pH 7.5) % 440 pl #¥N L., @k, 8% 1.5
ml F=2—71CB L7z, B, 500 ul © 0.02 M TBS (pH 7.5) TiBa%& 75 1.5 ml
F 2 — TN HEIToT2, RIZ, VAR Y —LOPHFD =0, 4°C, 15,000 rpm T
10 oL, EEEZ7 AL —Z—ThlREL, ZO#EL 3 HEVIRL, REA
D CF & ATP #2E LT- k% D U R Y — L 0OBkIZ GTBS 500 pl % 740 L T vortex
THE LT, VAR Y —AWKE Lz, ATP & CF O#EFERIL 100 ul DRI DY
Y — AR 2wl Z TR L7z,

CF 78 D &

96 well TIEHEAEH DR T L — b [Nunc, 165305] (2,37°C (ZiliH 72 0.02 M TBS
(pH 7.5) 100 pl. F7-1%. Positive control @, 2% Triton-TBS (pH 7.5) 100 pl % ¥R
MUTz, ZHBIZY AR Y — AR 2 ul PR (KRIREE: 2.5 ug/ml) ZEML, 0
7'L— KU —4&—"T&b % Tecan Infinite Pro200 |Z& > kL, 37°C &/ T T, #RKFHY
IZ CF O H@ L 2 | 7E L7=, Positive control I 2% Triton TV AR Y — LIEIE % 2

BEf A 2 _X—2 a3 U LTEE 100%E L CHRE L, IESH: : Ext 492 nm,

Em: 517 nm]
ATP 78O E

1.5ml F =2 —71Z 37°C @ 0.02 M TBS (pH 7.5) 100 ul, F7-i%, Positive control
® 2% Triton-TBS (pH 7.5) 100 ul I L7=, ZNHIZY R Y — AR 2 ul L RHEHR
(&Pefs: 2.5 ug/ml) ZEM L, 37°C TA v Fa~— gy Ui, B LICF 2 —
7 &Y ML, =R T 15,000 rpm, 5 SO LY AR Y —LEFRE L, EIE 50 ul
A0 R -1 OFIEICES T, BOLIBE A2 RIE L7, Positive control X 2%

Triton TV R Y —AEIEZ 2FREA U F 2 _X— 3 U LEfEE 100% & L TR L,

4) ATP-CF #f A DOPC-Chol U 7K ¥ — AZxl4 2 BiEHE DK A
< FEBRAE >
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BB RS THI-2) L TR TM-3) IR LT,
i L 7= ik
PIAE L EZE GipESR 7 X5UE) OFifl:  Anti-beta-toxin rabbit polyclonal
IgG # 5 —FEH—Hi-3) LREOFIETHB L,
HRP AR U FHiE Gy ¥ ZkPiiA) OF % Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] %% — 84 —fi-3) & REED 15 TH
L=,
<EBRITVE>

URY —LOFBIX, 5 FEH fHi-3) 121> TfT->7, 0.02 M TBS (pH 7.5) 100
ul 2 1.5 ml F=—7ZRIML, 2BV R Y —LEK 10 ul ZfimL, EkicfE
AL, VARY—=LEZGARET 2a—7137H 4°C EHETT60 0 A v Fax— 3
v L. [ CpEE RIBE: 2.5 ug/ml) Z¥MML, 4°C T3040 WA > F 2 _X—v
ar Lz, O, 4°C T 15,000 rpm. 10 /fELO Lz, BEiEEZBREL, KB Lz
GTBS 500 ul 2% L. 4°C T 15,000 rpm. 10 43 im.0 L, & O#E{EE 2 [AlfT- 7=,
W L7= VAR Y — A4z, 37°C (2D 7= TBS 2N L %, 37°C T 5~60 4y
Ao Fa—vgr iz, TOH%, EIET 15,000 rpm, 5 =L, EiEE2RE
L7-, kB2 SDS-sample buffer % 50 pl ¥l LiEFfn#, 37°C T 2 Bl A v % 2
—Yar LRS-, 20%, F—EE—Hi-3) I[ZH~-> T, SDS-PAGE, Western
blotting %17\, LAS-4000 THEHT L 7=,
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< EBRARE >

AEI TV =Ly 2 PR RN Panxl 241 L CHllla M2 3 2 ERHL N E 2o T2,
Panx1 /3&EMEAIZ L0 MR ATP Z fifla b~ 2 2 L 2 b T g (85, 86),
% ZC, THP-1 fifa & fix OWREDORHEFR A 37°C TA v Fa~— 3L, THP-1
s 5 iE8Ed 5 ATP % . Luciferin & Luciferase %V 7= ATP determination
assay ([Z L DIE L= (Fig. 15), £ O#EE, Fig. 15A IR T L 212, BEELPEE 5
~15 Sz —1m > ATP WERES H&IEFEIZEEO bivle, S BI, fMamEtEs s < 83
% 60 I BW T, MIHNCERD B vz ATP #EHEOK) 10 580 ATP AR 5
Nic, I HIT, KAERITLD ATP iF#iE, CBX LB TMfl sz, UL XV, KE
F#lX Panxl F¥ A0 60 ATP W25 & Z 3 LR Iz, KRIZ, BHEHRED
THP-1 ffif ~D#E A % Western blotting THigtd 5 & | ALBERFEICKAE L C, PR
DE /) ~v—& A Y I~— TN L, 91 o ATP S i 2 5 5~15 43 TIEBHHR
AV Iv—pEFD RN EVH L7 (Fig. 16B), UL EX V| FI#D ATP ##8§EXp
FHADOAY dv— (F7T) M5 TlE7e < Panxl ZJ0 L CHERET 2 2 & 2VRIB S LTz,
ZF T, PEEICK D ATP WM 2 S OICIT T 5720, PEESIIET S Z &M
W INTWH NTIEE —&EFED DOPC-Chol VAR Y —AIZ ATP L8 WE TH D
CF ZEH AL, PEZAEHSE, VARV —2025D ATP & CF WHiA 8z LT, *
DOFER. Fig. 15C 1Tt X912, VAR Y —AI2B T THP-1 #Mila TR S - A
FRIZE20W D ATP HEREITIFE O b1, BEHR OLBRFRIIKFE L T, 60 /3 LARET
ATP & CF MRk O B fdm Tt L7z, £ 2T, UARY —LIIxT 5pmR0OM A
BRI LT, URY —L LBEHE A 4°C TLHEA v F 2_X—2 3 > L, Yok, 37°C
THiA OB A VX 2= a Lz, VAR Y — AT DRmEDOFEEIL. hipEHR
Uk % v 72 Western blotting THEHT L7, EORER. 7 —XIZIIR SRV, B
F1X4°C TlX, E/~—THA L, ZOUVERY—L%E, HFk, 37°C TS ¥ =
N—goT5HE, 548 15 HTIEE ) v—ENEL . ZOF / ~—IFRR & 3k
WAL, 80 SRR TITE /)~ =0 L, AV I~ =23 & i L 72 (Fig.
15D), UL EOFER LY | pHFITY R —LIEIC L Y ATP & CF 2l s & 5 L&
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ZHD,
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EEE PEROMBREBMIZRIT A MK ATP D& E

AIEIE TOMBLD . pEEHRIL. P2X/R ITHEAHE. P2XGR (2% LT\ % Panxl
EIEVEE LT WIS —@rED> ATP dElEM 2 g 2 E AL Lo o7, AEIT
(T, REROMERIC LV lEEEL 72 ATP 25, B ORMEEMEIC £ X 5 i 5 2

TWDERE LT,

[ =B el X OEBR k]
<FZERASEF>
1) BEFROMEMEIZI T 5 Apyrase X° Hexokinase D %)%
<FZERASEF>

Apyrase DFi%! [Sigma-Aldrich, A6535]: Apyrase 100 U (ZKE 7584 7K 100 ul 2 ¥R

MLUTEML, 1.5ml Fa—7I2882B L, 4°C THRE L7- (1 KU/m),

Hexokinase ®#i# [Sigma-Aldrich, H4502]: Hexokinase 500 U (28 F 7847k 50

W ZHIMLCTHEBEL, 1.5ml Fa—7 884 B L, 4°C TR L7 (2 KU/m)),
Cell Counting Kit-8 (MTS #&3%): & —&=5 —Hi-2) TR L7,

A) BEZAFE 10 43I ATPase WWFE L7854
<FZhR 5 1E>
R L OF— T 1) LAEEOFHIET, 96 well 7 L— ki THP-1 #ila%

1x105 cells/100 pl/well (E1f1i# RPMI 1640 554 Z4&fE L. 37°C. 5% CO2 DEAf
TT30 A rFax—a L, BIfb L7z, ATPase ® 10 7B O N E 2 w5t
925729, Apyrase 1% 2.5, 5, 10 U/ml, F£721%, Hexokinase (% 5, 10, 20 U/ml
WUz, —7J . ATPase OARMEMIIZIL, FRIEOIRFHEEKEZBRIM LT, FHx
? ATPase Z¥NL, 37°C, 5% COz DKM T T 10 73 A »Fax—a %%, B
ma (BIRE: 1 pg/ml) ZRML T, 37°C, 5% COz DM TFT 1R A % =
—3 = L7z, Negative control I Apyrase (]&JEE: 10 U/ml), & 7-1%. Hexokinase

(Kpfg: 20 Uml) Z¥RML. 10 4312 Buffer BEH#ANIK) RN L7-, Aladk
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FROPIEIX, HEHH-2) OFEICHE - T MTS E T L7,
B) B RALEE 10 43142 ATPase JLEE L /-5
<FEBR T ik>
Kim XL DOH— R —Hi-1) LFEEDHFIET, 96 well 7'L— MM THP-1 #if %

1x105 cells/100 pl/well (ZE1f 7% RPMI 1640 k5#) 2#fE L. 37°C. 5% COs DAt
TT304MAvyFax—a L, Bb L7z, ATPase ® 10 532 IRINO Y F % fgt
95 FEERTIL, Apyrase 1L 2.5, 5. 10 U/ml, F£7-1%. Hexokinase (% 5, 10, 20 U/ml
WM U7z, —J7. ATPase ORMLBEMIIZIT, FEOWMEARBEKEZIRIMLT-, B
F OB 1pg/ml) 2L T, 37°C, 5% CO2 DM F T 10 454 v F 2_X—
va sk, fix O ATPase ZN L. 37°C. 5% COs DM T T 1 RfHA v F 2 ~N—
v a3 > L7, Negative control (% 10 43 AiiZ Buffer (BHHEARIK) Z W L. Apyrase
(FIREE: 10 U/ml) & Hexokinase (R EE: 20 U/mD Z RN L 72, M A= fE=R D H
EX, B—EE—Hi-2) OFIEINE S T MTS ETHENT LT,

2) PBEZEOMIE~DOREAIIXTT D ATP OZhE
<FEERA B>
ATP S OFHL [Sigma-Aldrich, A8937] M.W. 583.4: ATP 2.917 mg %% PBS

() 100 ul CI&EfEL, A L= (50 mM), Z OiREEREAR L T, 10 nM Z/ER L,
fEH U7z, FRFEY,
i L 7= ik
PIAELEZIE GipES 7 X5UE) OFifl:  Anti-beta-toxin rabbit polyclonal
IgG %% —F=E—H1-3) LREDOFIETHR L=,
HRP fi AR v X HEGL T X “kbifk) Of%:  Anti-rabbit IgG,
HRP-linked antibody [Cell Signaling, 7074] %% — &% —fi-3) & REED 715 TH
L7,
<FZBRI7iE>

- —Hi-2) OFEICHE - T, MiE RPMI 1640 H54#1¢ THP-1 flifa 2 FiH L

72 WIT, BHEE (KRIEE: 250 ng/ml) & ATP (B2 10 pM, F72i%. 100 pM)

74



ZRFFIZEIN L, 37°C. 5% CO2 DA T 10 0. £/, 30 oA v F2—
varvli, 0%, H—EHE—Hi-3) \Zft> T, SDS-PAGE, Western blotting %

17\, LAS-4000 CTfEMT L7T-,

3) BEER DML D ATP DR
<SEERITEL>

ATP miK O3 [Sigma-Aldrich, A8937] M.W. 583.4: &5 —#= =fi-2) [T~ L7,

I — B —Hi-3) 12~ LT,
<FEBR 715>

F—EE—H{i-2) OFIEICHE- T, Mg RPMI 1640 £5H1C THP-1 Mifa 2 85 L
720 WIT, PEEE (FRIEEE: 250 ng/ml) & ATP  G&JEE: 10 pM., £7-1%. 100 pM)
ZIRFFZIRIN L, 87°C, 5% CO2 DT T 1A V¥ aX—Ta v Uiz, Ml

FROPEL, H—EFH—H-2) OIFIEICHE > T MTS & TR L7,
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< EBRARE >

BFEFR D THP-1 ffaik3 o MlamtElcknW T, ABFZEOEHIZEL Y Panxl 75
WElE L 72 ATP BN ED L D B A2 RIT L TV D0 ERE Lz, £7°, BEFROMIEE
PEIZXT D ATPase D HE %2~ 7=, Fig. 16 |2~ T XK 912, AREEFELF 10 77fi. &
HUNME 10 43412 ATPase Toh 5 Apyrase X° Hexokinase Z¥sI1 L. Allfnzit 2 8142
L7-. Apyrase & Hexokinase (% ATP %#/0f# L, HMlaEIEICEEL 5 2 WRE L
il L7z, Fig. 16A TR T L 91T, BER MR TIX, ) 50% DM AEfFRZ R L
7o THUTK LT, flix DIRED ATPase # AR 10 mATIAB L2856,
Apyrase JLEECiX, 5 U/ml LA LT, F£7-. Hexokinase iZ 10 U/ml LA T, #ifa4AF
RITHEIC EH Uz, — 5 AT HR LI 10 7314 I2FE 4~ O ATPase # i L7284 (Fig.
16B), P& HMULEETIX, K 50%DMIaAE TR A2 /R T 50T, Apyrase, 72,
Hexokinase Z#WANIL TH, WTNORETH, MIRAEFERD EFRITFEO bien-o
oo VIEDOFER IV, ATPase ORILELZ LV AR OMAEE S IH S s 2 &2
HIA L7e, Wiz, #EimiERE o THP-1 Milaic, B & [FRFICAMEIRIZ ATP 28N
L. 10 5314 & 30 73121231 5 REF DA % Western blotting THEHNT L7z, & D
Ho ATP ZEINL Tk &L T, 10 pM, 72, 100 pM ATP Z 0 L 72
RIZBWT ATP OWIMMEERFIIIBHERE / ~— LA I~v—0 0 FEBHEML
7= (Fig. 17A), £ L C, A@EHFEL ATP ZFEFFRML, 1 BRA > Fax—v a1
7= xOMEMEEREFT 5 & ATP 230 L TRV BaE R FAMLEE C ik 90% 0
WA REZ R TRMT, 10 pM, £721%. 100 pM ATP & &4 REHIHRML 72
B, Wb, K 60%DMIAFE L2 . ATP IINC X0 . HIRREIEA HE TR L
7 (Fig. 17B). Ll EO#EE L 1 . pE#IC L 5 Panxl EHEILIC & 0 55HEL 72 ATP 78,
KRR OMIL~DOREE &M EEOHRICEAE L TnD EEXBND,
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B BRI I UVNME

<EBE>

BsRIL P2XR 24 LT, MlZHA L, Ml LoFEZ 7 T a~—%
L, MifasmtEZ R 2 oo, AETIE, P2XR & L THAEL,
ATP EHEF ¥ %L T % Panxl 1275 H L, AER OMIamtE & Panxl OBARIZOW
THRT L7z,

BHEFZLFUBPFT 77 IV —DERTHD E. coli BEAT Hachemolysin <° A.
actinomycetemcomitans HFEAT 5 Leukotoxin 1%, Panx1 %/ L CHlla @t 2 7~ d
ZEMBESNTVWD (64, 69), 2T, AHEFEOIEMIZIHIT S Panxl ORNREH
5729, Panx1 fEH] (CBX & Pb) X° Panx1 fHEATF RCAEE L 7= Ml xd
D AT DM F Lz, £ OREHR. Vehicle ZLBE & i LT, Panx1 [HEH
DOIFRZ L 0 AFwHFHOMIEEEITMmE Sz, RIS, 2O TRERORE &Mt
$% &, Panxl FHEANIATER OMI~DREE IS
Panxl PHEANIPEZE DO AICEEL 5.2 /002 Lnh . KEZOMENY 7L
ZAHILTWD EE 2 BND, KRIT, BEROIEHIZEIT S Panxl ORI E S BITHKR
A9 5729, Panxl @ siRNA Z#fiflli2 7 > A7 =2 L7z Panxl / v 7 Z'0
Rzt 3 2 ARHEROMBENE 2R 2 L. Bk OMIa BN A B S vz,

F72, Panxl / v 7 20 MRS EBIT 2 KERDOME LMD & pEROET/ <

b G2 Ipholz, LEXD

i

—DFREEITZC LR, AV T —DFERBEA Lz, 77205, Panxl OFHK
TRRHEROA Y IV —RICMONDEELEZ TN LB B, Tk, %R
T 2% ATP N TRuER DG A MEET /R & L< 85, KIZ, BrEsk & Panxl
[ OB 2 AR 2 Wit 5 729, Dot-blot #E:% AW T, W& OREA & Mt L=
N, PEiE L Panxl (X, EHEHEALRWI ERHLMMNE o7z, UEOKRLIY, &
HH T Panx1 IHEAE, KEED P2X/R ISFEAHE. MO0 0Of# %/ L T Panxl
ZIEME L L, MlaEEE R L WD EE X BND,

Panx1 |3 P2X/R & &% LTV . ATP 2 P2X7R 35 b3 % &, Panx1 23 EME
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IEZ I E DT ¥ R0 DA ATP Zfifash~ERES 25 2 L 3G I Tnd (81,
85), % Z T, PEHEALI L= THP-1 MlanEsaE i hIc#gE L= ATP &4 HIET 5
& REFRLB 5~15 73 T—iitED ATP iFHE N E O bz, I 61T, KEHRIZLD
AR EE DS HEAT U MIAR B E 358 < 72 5 60 4374 TlL K& D ATP EREN RO BT,
Zh 6o ATP 8T Panxl LIEARITH 5 CBX EIC L 0 il SN2 En6. B
1L Panxl #40 LC ATP Zilif <&, #EHE L7z ATP (£2 0% OMa stk 5
MO EL G212 LRI D, RERITE D ATPFER S —\ETH L HK & LT,
ATPase (2 X 555# 7 ATP D43fig (90), Panxl T2 K¥A h— R (2 XK D Hfast
ATP DT (85,91), = L C, iz L7- ATP 2 & % Negative feedback (92) %%
D2 IR AT =R BNFEF HiIvD, —J7. E. coli 3T % a-hemolysin O34, il
Jalle E Ik SNz A4 ) I~—IZ X AR 76, ATP DNilERET 5 2 L2 S
(87), £ 2T, PERLHIZ X 5 ATP WiBiiiE 2 S O I2ffHT 92 72, DOPC & Chol
THER SN2V AR Y — L2 ATP & CF 23 A L, BERIC LD ATP & CF 0ilElf%
Bt L7c, AETTid. CF OFEBHIARRICL DY R Y — L DIRBIEORIE L LT
R L, VEAY —LPHREEASEL L, AEREZHIICER S L IR
D BT O ATP WEBEITER O s, WERRFEICRAE L T, #R4 IZ ATP & CF 28
ZIEFRC 2 A La—ATHERE L7z, 7205, ATP & CFIE, KHRO YR Y — LK
MEEAIC L VT 2 L B2 bNDb, T 2T, AEElc kD ATP & CF i) p#
FAN I —ICLDBFEREIC LD DN E I 0E I BICKRFT A7, VAR Y —AI
XI5, PEEOMA LA L1z, 49°C TYU R Y — L LPHEH LA SH, 37°C THix
DA U FaX—2 g LTz, 4°C TRERITE// v—THE L, 2% 37°C T
A FaX—varyTiHre ALt/ v~ 3REE EHICHY T~v—%2Ek LT,
U bEOFERI O, pEmENEY Ry —AI2HT 5 ATP #E#EL, pEHio4d ) 2~—F
FRICEDART WY R Y — AEHEEICER L TWAD Z EBRH Bl o Tz, LLEDORER
KV, pEHiL. THP-1 M2k LT, ¥IICI1T 5 Panxl 7 H D ATP il L | 1
W ORBFEHROA Y I~ —ERIC L D MRS X 0 ATP %l S5 2 L 3 5 )
e o7, Panxl O —i\PEDIEME(LIX, Ht CD3-CD28 Hiikdfiliic L5 T s
AL THHE SN T D (92), T7obbh, P2X7R-Panx1 %315 E O iR o %&El
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S TEY | BERIL. ZOERLLAICHH LT, Mgttt ~d B2 65,
BEHE L 7= I D ATP 23R ORI EIEIC E D L D e BE 52 TV D0 a6
T D7z, ATPase Tdh 5 Apyrase X° Hexokinase D AFEE O ML 5
R AR Uiz, AR 10 47A1C ATPase ZALEE L7234, AERE Oz
P STz, — 07, BERESN 10 05412 ATPase % #AN L C b MR EME O ML
Dol LLEORER KLY | REFRLHIZ I 0 FEREL 729 o ATP 1%, K&
FEOMIAFIEICES T2 LB OND, £ 2T, 8 L7- ATP AR O
BEEDXIMRAN=ZALTHBL CWDNERFT D720, B o THP-1
ARUCBEESR & ATP %[RRI L, AR OB/ & 2 T LT, £ DR R,
ATP OFRIMEIEF LT, AHEROMI~OREA L MiadEENEM L, $T7hbb,
FRASMZIBERE L 72 ATP 23, BlEROfEG &4 Y I~ — A RE L T D Z L3 5
melgole, ZOAN=ZANE LTUTORMREMERE 2 LD, VW R THDH ATP
[ &2 P2X7R DAL, MIEOIRERHNCEE L 5 2 5 PLA2, PLC, £ L T,
PLD Zfili L C, BomEittsZbsd52 &, £ LT, denovolZfifufiE ToOE Z
I RAEREENSES Z ERMEINTWD (93), P2X/R X, ZHULEIEEOZEAL
WZCEVAERKLIZEZ I RO, MEEEZ 7 87 I R v F~vA 78 RAAL
DEEIISE T, FEZ 7 FEET 5 (93), Z oMK U BB DL,
KERORG MG E, AV A= LT VIR ZEo TV D ATREMER S 2 6
N5, MRSMTERE L7 ATP BN ED X S ICARBTEROF Y I~v— (b2 RtET 50 %5¢
HIZHA BT D722, EORDIMFADLETHDH, 51, Panxl 1L, BEHRIC

K B EE MG R OIRRERE OF LWER 1 L 7R D RTReEDN & 5,

</NE>

BEFIL, P2X/R IZKEE 4. T B2 ORI 2/ L CT—i@fEIC Panx1 21 L L., H

sk~ ATP % S 5, WeHE L 72 ATP IZA R R OMIA~DORE G4 ) I~ — B %
fetE U, AEROMIBEIEICHR S L TWD ZERMLNE o7,
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Fig. 13 Effect of Panxl inhibitors on cytotoxicity and binding
of beta-toxin in THP-1 cells.

A
(A) CBX Pb '°Panxl 10panx1
Vehicle 10uM 20pM  1mM 200 uM 100 uM 200 uM H Control
100 B Beta-toxin
H
€ 80
8 *
o
® 60 * *
z
2
>
o]
S 20
0

Vehicle CBX Pb

(B)

Beta-toxin - + + +

(kDa)
k170
=125

Oligomer=| — - -

= 53

Monomer—» - k31

B-actin | S w— — - 40
(42kDa)

(A) THP-1 cells pretreated with various inhibitors for 1 h at 37°C were treated with beta-toxin (1 ug/ml) for 1 h at 37°C.
Cell viability was monitored using an MTS cell assay. Abbreviations: CBX, carbenoxolone; Pb, probenecid; sc-1%Panx1,
scrambled-1%Panx1; %Panx1, pannexinl (Panx1) mimetic inhibitory peptide. Data are indicated as percentages of the
values obtained with controls (mean = SD for four independent experiments). One-way analysis of variance was
employed to assess statistical significance. P < 0.05, significantly different from vehicle plus beta-toxin. (B) THP-1 cells
pretreated with DMSO; vehicle, 20 uM CBX or 1 mM Pb for 60 min at 37°C were treated with beta-toxin (1 pg/ml) for 30
min at 37°C. After washing, cells were lysed, and beta-toxin and B-actin (control) were detected by Western blotting using
specific antibodies. A representative result from one of three experiments is indicated.
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Fig. 14 Effect of siRNAs for the Panx1l on cytotoxicity and

binding of beta-toxin in THP-1 cells.

(A)

si-

(B)

© 100 7 - Intact
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(askpa) | = L 40 £
[3—actin — — - 42 4 60 1 *
(42kDa) = T
Z 40 1
£ -
= 20 -
Il
(©€) o
Intact siRNA siPanx1 Beta-toxin 0.0 10 25
Beta-toxi . . .
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Oligomer — - e - (kDa)
170
L 125
- 93
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- 53 PBS 100 250
M - 42 Panx1
U B e
P2X,R -
B-actin |_ 42
(42kDa)

(A) The expression of Panx1 in cells transfected with sSiRNA was determined by Western blotting utilizing antibodies
against Panx1 and B-actin. A representative result from one of three experiments is shown. (B) Intact cells, negative
control (NC)-siRNA-treated cells, or siPanx1-treated cells were treated with beta-toxin (1 ug/ml) for 1 h at 37°C. Cell
viability was monitored by MTS assays. Data are indicated as percentages of the values obtained with controls (mean =+
SD for four independent experiments). Two-tailed Student's t-test was employed to assess statistical significance. *P <
0.05, significantly different from NC-siRNA-transfected cells plus beta-toxin. (C) Intact cells, NC-siRNA-treated cells, or
siPanx1-treated cells were treated with beta-toxin for 1 h at 37°C. After washing, cells were lysed, and beta-toxin and p-
actin (control) were determined by Western blotting using specific antibodies. A representative result from one of three
experiments is indicated. (D) Dot-blot assay of the interaction between beta-toxin and Panx1. Purified Panx1 and P2X;R
proteins were blotted onto a PVDF membrane. The membrane was blocked, and incubated with beta-toxin (100 ng/ml).
After washing, the membrane was incubated with anti-beta-toxin antibody and secondary peroxidase-coupled antibody to
detect bound beta-toxin using an enhanced chemiluminescence reaction. A typical results from one of three experiments
are indicated.

81



Fig. 15 Beta-toxin-induced ATP release from THP-1 cells.
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(A) THP-1 cells were treated with various concentrations of beta-toxin for the indicated times at 37°C. For inhibition
experiments, THP-1 cells pretreated with 20 uM carbenoxolone (CBX) for 1 h at 37°C were incubated with beta-toxin (1
ug/ml) for the indicated times at 37°C. Extracellular ATP was monitored using an ATP-determination assay. Data are
representative of four independent experiments and are expressed as mean == SD. (B) THP-1 cells were treated with beta-
toxin (1 pg/ml) for the indicated times at 37°C. The cells were lysed in SDS-loading buffer without heating and subjected
to Western blotting of beta-toxin and (-actin (control). A typical result from one of three experiments is indicated. (C)
ATP- and 5(6)-carboxyfluorescein diacetate (CF)-loaded liposomes (dioleoyl-L-a-phosphatidylcholine [DOPC] and
cholesterol = 1:1) were exposed to beta-toxin (2.5 pg/ml) for the indicated times at 37°C. Released ATP was monitored
using an ATP-determination assay. CF release was measured with microplate fluorometer. Maximal release at the end of
each experiment was assessed by lysis with 2% Triton X-100 (final concentration). Data are representative of four
independent experiments and are expressed as mean = SD. (D) Liposomes (DOPC and cholesterol = 1:1) were incubated
with beta-toxin (2.5 ug/ml) for the indicated times at 37°C. Liposomes were lysed in SDS-loading buffer without heating
and subjected to Western blotting of beta-toxin. A representative result from one of three experiments is indicated.
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Fig. 16 Effect of apyrase or hexokinase on beta-toxin-caused
cell death.
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(A) THP-1 cells treated with various concentrations of apyrase or hexokinase at 37°C for 10 min were incubated with
beta-toxin (1 pg/ml) for 1 h at 37°C. Cell viability was monitored using a MTS assay. (B) THP-1 cells pretreated with beta-
toxin (1 ug/ml) for 10 min at 37°C were incubated with various concentrations of apyrase or hexokinase for 1 h at 37°C.
Cell viability was monitored using an MTS cell assay. Data are indicated as percentages of the values obtained with
untreated controls (mean = SD for four independent experiments). One-way analysis of variance was employed to assess
statistical significance. "P < 0.01, significantly different from phosphate-buffered saline plus beta-toxin.
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Fig. 17 Effect of ATP on beta-toxin-caused cytotoxicity in
THP-1 cells.
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(A) THP-1 cells were treatedwith beta-toxin (250 ng/ml) in the presence or absence of ATP for the indicated times at 37°
C. The cells were lysed in SDS-loading buffer without heating and subjected to Western blottingof beta-toxin and B-actin
(control). A representative result from one of three experiments is indicated. (B) THP-1 cells were incubated with beta-
toxin (250 ng/ml) in the presence or absence of ATP for 1 h at 37°C. Cell viability was monitored using an MTS cell assay.
Data are indicated as percentages of the values obtained with untreated controls (mean = SD for four independent
experiments). One-way analysis of variance was employed to assess statistical significance. P < 0.05, significantly
different from PBS plus beta-toxin.
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BB v )Y aEHPEROMREMEIZEIT S p38 MAPK D #&E

VY amBEHlL, BPFT 77 IV —IZR@T54 Y I~ —BEHERTH D,
B-PFT [ZEEE D E /)~ — CHEENA~W S MR L T4 ) I~ —% 8
B L. BERERYZ2 AR T &7e b A s U Cifla st 2R3 (87, 94), PR &
UB-PFT 7 7 2 U —0D##H# & LT, S aureuso-toxin, Leucocidin, % L T, y-toxin
ERFHITWD (21, 94), BEfiL, ML T 228 kDa @ 7T &BAD A4 Y I+
—HFERR L, BT A R ORRERN /e AR T L2 | MIFE A RS T 5 (42,56), =
UKL TR L7 7 2 U —d S aureus o-toxin | L[FIERIZ T EKO R T 2K T 5,
T, TE=F VBB Ty XAV THLN, WTFF U bEm I TS (95, 96), BEESR
Eartoxin (Z[FE UB-PFT 77 I U —IZBLTCWAMN, KT (F¥ R/L) DA 48R
PEIZER 2 D,

ZNETOMIET, B-PFT 2NEZMEMAICIER T2 & 5 EMiXZ okEEERIZ
WHT 5720, MAPK 77 XU —0EME (LS, Zhid, mEO#Ey 77 e L
THEEET 2 Z &SN T D (97-102), MAPK v 7 /vid, flfRicxhd 2~
DAL AREEER S & &L RV EELEN D, —F, B-PFT 054, B-PFT
DRT DB ORI KHEEEEIC X 2 M KHEREOK T2 p38 MAPK i&1E(Lod ~ U
H—=llenEEZ2HNTNDS (101), Zhb A R L RITEFIT 5 p38 MAPK DEE
i, AR T X 2 RIAESUS OIERINHCHEE SR O HEIC X 2 a2 &
Mgz EENS L AF 2 —F 2 FMICHFET 5 (101), S 512, Ratner (%, {RIRE
DB-PFT 75 ERGHRUAE T2 & RGN I 1T D RTIRIENS 2755 L, 18 EHi
(P E B2 Gk L CRIEBIC @ < L LTV D (99),

AFFE T, PpERLEIC LY | [EEDO#ET 7 F L Th 2 p38 MAPK X° JNK D
TEMEALDMEET B0 8 9 ha et LTz,

85



B pEROMN KRR

B-PFT |&. MM E /) ~—ThiaH, 7V I~v—% B L. TILXHERER 7R
KT L0 Ml Kraflst~Ef S 2R 2835, 2o ofEER, 15 EH
FUDELFY T FNERIND Z ERMBITWD (100, 101), AEiTliL, BRI,
L DB-PFT &[RRI RISV C KAl 2 230 &8 2 ha et Lz,

[EBAEHS K OERSE]

1) BHRIC £ 5 THP-1 #lfas & Ok Ko leiEEH
<FEBRA >
HBSS (-): % =% _H{i TR L7z,
<FEBR 7 k>

KM OHE—FEH—Hi-1) & RO FHIET. 6 well 7' L — NI THP-1 A% 1x106
cells/2.0 ml/well (HBSS () T#EfEL, 37°C. 5% CO2 DA T T 10 /31 v F =
N—y g LML L7z, £0%, fEx OREOBHERAZIINIML, 37°C. 5% CO2 D5
R T 15~120 oA v F aX—r g Lz, BiE 50 pl Z8HAD v A2l &
HIZEMAK 50 Wl ZIRML THR LI, 777 74 MEIZLY REFROLGER
[Hitachi, Z8200] <. Mgt ~fzhE L7- K2 HIE L7z, KrOEAER T 1000 ppm
[Nacalai tesque, L.3318] #i##fi/k 0. 25. 50, 100, 200. 400 ppm IZ#FR L.
ERRAER LT, S OMERG, EHE L7 KHRE (ppb) & HH L7z,
B R DENIEAL

BEROBANE(IT, KEREKZ 1.6 ml Fa—7IZ A, LESEE 1.5 mlF

a2 =7 L, 95°C T 10 ZpENEA L . BARIE(pREsR & L TR L7z,
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< EBRARE >

U)LY 2 FERE SR & THP-1AIICAER S a2 O i H I iERE L 7e K,
JRAWEN R CHIE LT (Fig. 18), = OfEHR. BREHRIL. 0.5~5 pug/ml O#iPH T H
& R KR 72 KB E R 2k Lz, AREER 0.5 pg/ml TlE, 60 4314 (C K&
1377 b—IZE LK L, A 5 ug/ml TITALHET% 30 4 T KRN 7 F b
—IZFE L, 0.5 pg/ml OFKBEHER & ik LR 3 50 KAlfliR 2 R Uiz, —F,
AEEBEFR TIE, KN EH 2 < R& 2o e, L EDORER LV | pE#iL, THP-1
AIC/ER LT, Mila KNEBEHEH 2R3 2 LB LN E o T,
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B PEROMKEMN L MAPK ¥ 7 0RR%

ATEI ORGSR L 0 | BEER 1RSI U CRtla N KAiFEEER 23 2 &3 6
meTole, —IZ, B-PFT I X DM KHEREN N U T— 720 15 EHI O K
JEAFY 77 e LTHBITUVD pd8 MAPK R JNK N EMAL SN D Z & niE S
nTws (101, 102), A TIX, pEmEIC LD KHERIEH 150 MAPK 7 7 2 U
— DIEVEAL D BHRIZOW TRFT 21T - 72,

[EBAEHR L OEBRITIE]

1) B#FHEIZ LD THP-1 Mg p38 MAPK & JNK ® U »figfk

<ZEBRHEF>

i L 7= itk

F1 p38 MAPK HifAD L  0.1% Tween 20-TBS 5.0 ml % HikBAE 12 AXL, Anti-p38

MAPK Rabbit IgG Antibody [Cell signaling, 9212] 5 ul & Blocking One-P 250 pl
AWIUBER L7=, (1000 154750
fi_P-p38 MAPK HADOFH: 0.1% Tween 20-TBS 5.0 ml % HaBRE 1Z AdL,

Anti-Phospho-p38 MAPK (Thr180/Tyr182) Rabbit IgG Antibody [Cell signaling,
9211] 5 ul & Blocking One-P 250 ul # %00 LA L7=, (1000 {5755)
bt INK HiA o g% :  0.1% Tween 20-TBS 5.0 ml % F i BR& I A,

Anti-SAPK/JNK Rabbit IgG Antibody [Cell signaling, 9252] 5 ul & Blocking One-P
250 pl ZHsh LA L=, (1000 {545
fL P-INK HiE O  0.1% Tween 20-TBS 5.0 ml % H a5 & A,

Anti-Phospho-SAPK/JNK (Thr183/Tyr185) Rabbit IgG Antibody [Cell signaling,

9251] 5 pl & Blocking One-P 250 pl Z#h L H L7=, (1000 fE47H)

PiB-actin PUADFHHL:  Anti-B-actin rabbit polyclonal IgG [BioLegend, 622102] %
- —i-3) L RO TIE TR L,
HRP AR v XHR (BLo £ “kbiik) 0%  Anti-rabbit IgG,
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HRP-linked antibody [Cell Signaling, 7074] %% & —Hi-3) & IREED HIETH
"L,
Blocking One-P [Nacalai tesque, 05999-84]: VU v a{kHifAH D Blocking #IT.

PVDF D7 w0 71 (R T 30 /M) [k A Lz, e, —kiuk
L RPUAR D FIRIZ & LT, Blocking One-P % 0.1% Tween 20-TBS T 20 54K L
T, LT,
<FEERJ7ikE>

AL DOE—FEH—F{i-1) & RO LT, 48 well 7' L — N THP-1 fifd % 2x105
cells/300 pl/well (FBS/RPMI 1640 £5H1) THEFE L, 37°C, 5% COz D5Af T T 30 47
MBI L7, =0k, i (RRIEE: 0.5 ng/ml) ZiRML. 37°C. 5% COs DEAE
T CHiAx DRFEA o FaX— g Lk, H—EE—H-3) 1[Z{E-> T, SDS-PAGE,

Western blotting #47\ ., LAS-4000 THENT L 7=,

2) BEE OMIFMIC BT D MAPK FLEA O
<ZZBRAS >
SB203580 Dl [Wako, 196-15601] M.W. 377.43: SB203580 1.0 mg % DMSO

133 pl THMAE L. 20 mM & L7z, ffRALERR: 2 DMSO € 10 %@ 2mM) L. 7
IR A BEH 300 pl (26 LT 1.5 pll BN L7 GRRIEEE: 10 uM),

SP600125 D F#l [Wako, 197-16591] M.W. 220.23: SP600125 1.0 mg % DMSO

228 ul CIEMEL., 20 mM & L7-, #IELALEERFIC DMSO T 10 4 R (2mM) L. #
IR A B5H 300 pl (26 LT 1.5 pll BN L7 GRRIEEE: 10 uM),

NAC O#F#% [Wako, 013-05133] ML.W. 163.19: N-Acetyl-L-cysteine 8.0 mg %

DMSO 98 ul TR L. 500 mM & L7, ¥4 300 ul 1ok LC 1.5 ul Jehi L7 (i
JE: 2.5 mM),
<FEBRITIE>

AT X O T Hi-1) L RO GIET, 96 well 7'L— M THP-1 #ifld %
1x105 cells/100 ul/well (FBS/RPMI 1640 £5i1) CT#ifE L. Negative control 2/

Vehicle & LT DMSO, SB203580 ({42 : 10 uM), SP600125 (F&JE: 10 uM),
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F7203. NAC GRiERE: 25 mM) ZfilalciinL., 37°C. 5% COx DEF T ¢ 1 I
WA rFaX—Tar iz, 20k, Brk IRE: 5pg/ml ZiRML, 37°C, 5%
COs DT TAWERIA v FaX—a Lz, MAEFERORIEIT. F—=8—H

-2) DFVEIZHES T MTS VE TN LT,

3) BEHRIZ &L 5 THP-1 Miflglz k1T 5 ROS DpEA
<ZEBRABE>
DCFH-DA O#i#! [Sigma-Aldrich, D6883] M.W. 487.29: 2’, 7-Dichlorofluorescin

diacetate (DCFH-DA) 2.44 mg % #ifi{F RPMI 1640 £54#1 50 pl (2% L, 100 mM
(CREL LU 7o, BEAIREIE, S5 7E RPMI 1640 H5H1C 10 577 L. 10 mM (ZHL L 72
AR LT, (REE:D 10 uM)

LPS ®ifi#! [Sigma-Aldrich, 1.4516]: Lipopolysaccharide 1 mg % #£if1j% RPMI

1640 5541 500 pl TEME L., 2.0 mg/ml & U7z, FHAQALEL R (2 45 f 75 RPMI 1640 5%
1T 10 575 L (200 pg/ml), AR & 554 300 pl (2t LT 1.5 nl i L7z, (&
JEE 1 pg/ml)
<FEERI7ikE>
AFSLOHE —FH—Hi-1) & FEROFIET, 6 well 7'L— MM THP-1 fild % 2x105

cells/2.0 ml/well (JEIM{E RPMI 1640 K7Hh) CTHEREL ., 37°C. 5% CO2 D5 T 30
SRIA ¥ 2 _X— g > L BIME L7=, DCFH-DA Z %9 (& 10 pM) L. 37°C,
5% CO2 DKM T T 10 oA v FaX—va L, KRIZ, EHFOZD, IR T,
1,500 rpm T 5 43fhEO L, Biga 7 AL —% —TKEL, 3@ PBS () 500 pl T
MfaZgm L, ZoO#EZ 3V IRL, EHF O DCFH-DA #rE L7z, ThE
U7-MifaiL, i RPMI 1640 55 CREE L, B (FIREE: 5 pug/mD, F720%
LPS (&¥ERE: 1 ug/ml) 2L, 37°C. 5% COs DEAET T 30 /A v F 22—
varli, 0k, 2E% 1.5ml Fa—7IZFEI L, =FiE T 1,500 rpm. 5 5z
DU, EEZERELZ, ZOBEEE 2 BTV, 0 L72fMiaix HBSS (5) 500 pl T
# L. Flow cytometry [Beckman Coulter] TH#EHT L 7=,
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< EBRARE >

ATERC, pERITMIaN KNEBHEH 2R3 2 LB LN o7, B-PFT IZ X 54
By KHgffElc X 2 Mia Py KRB O ik, MlaAf7ic< p38 MAPK X° JNK
T FNVEIENEALT S Z LR STV D (101, 102), ARHiTIE, PRkl Xk HHiia
[, p38 MAPK X° JNK v 7 S /LS iEMEA L S 5 00 & 9 D& it L7z, THP-1
AIICpE R (KRB 250 ng/ml) Z/EH S, 37°C THEA OIFfEA > F a2 _X—
a2 LT, p38 MAPK & JNK O U U g{l % &2 iUk Bi7e U R kil s FvC
ittt Uiz (Fig. 19), = D#E %, p38 MAPK [IpHHWLH % 15~90 4y (Fig. 19A) T,
JNK [ TULEET% 30~60 43 THiW U L2358 H vz (Fig. 19B), Wihvd v 751
b, TOHITWHI L7z, KIZ, p38 MAPK & JNK O NN DRERIFE T TOP
BRIZED U U LA E LTz, £ORE, p38 MAPK 0 U U E{kiT p38 MAPK [
FHE| SB203580 T, JNK @ U »fgfbid JNK FLEHA] SP600125 T, L Z ] &
= (Fig. 19C, D), =2 T, U Uk ER & FEEOSMET, SB203580, /-1,
SP600125 THifdz LB L, AKmFEOMBEMEIIS T 2208 % MTS & T LT-
(Fig. 20A), & DO 5. B HIMLEL T 60% DA TESR 2 R4 44T, SB203580,
F721%, SP600125 f#1E | TREEHR DML Bt A3 A IR S v, I AEAF3RITA 20%
WK T L7z, i bEofERE v, pEZEOMIBEMEIL, p38 MAPK X° JNK DOHE|Z X
STHBIND Z EBHLNEZR-T2, pB8 MAPK 1X, AN TREEAE X172 ROS I
LA ML ATHIEM LSS Z ERHESN TS (98), =2 T, BE#7 THP-1
AR ROS BEAEZEHEL . p38 MAPK Z{HMELT 2028 2 AW LT T 5720,
IEVERE R IR RIS OET 287 v —7 DCFH-DA ZMEWNICEY A E 7=
THP-1 #ilfin 2 L CRat 217 - 72 (Fig. 20B), = ® 3B T, ROS 4 Positive
control & LT, E. coli lik®D LPS #fEM L7z (98), ZDf5%. Positive control ®
LPS (X, THP-1 fifdo> ROS FEAEETLHE L=, —J7, BERALEE THP-1 HifE i,
ROS OEAITRO bR o 7o, ROS D% S LICHETT 2729, ROS DA~
V% —Td 5 N-acetyl cysteine (NAC) CTHLER L 7= HifIZ kI T 2 BEEHR OIEH % R
L7z (Fig. 20A), = OfE%E., NAC AP LT HBHEEOMAnEIEIC 2 LITERD S

91



mofo, LEORIR IV BEHRIL ROS EAZTLHEE T, BIORE T p38 MAPK %
EHEL TWDS ZERBH LN E R T,
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B PEROMMREIIZRBT 2HilEN K& E|

DGR LV | PR DS MEMIIZAEN % & AP KHREDIRTIZ K 5 p38
MAPK X° JNK 72 & DM LA 59 5 > 7 T ANEE L S, AEROMId e
IZXF L TR < Z B B e 2o Te, AREITIE, BEHRIC X HlfamErEIzxt

T 5 M KHRE DR Z MG L, AR OmEMEl
L7,

%95 18 M O HBTME & fRAT

[EBAER K OERGIE]

1) BEEOMINEMEIZ T DMK o F 5
<FEZBRAER>

K+-normal buffer

Reagent Final Conc. M.W. g/l
NaCl 140 mM 58.44 8.2
KCl 2.7 mM 74.56 0.2
CaCls 2.3 mM 110.99 0.26
NaHCOs3 12 mM 84.01 1.00
NaH2PO4 0.48 mM 119.98 0.06
HEPES 25 mM 238.31 6.00
MgCls - 6H20 0.49 mM 203.3 0.1
K*-free buffer

Reagent Final Conc. M.W. g/l
NaCl 140 mM 58.44 8.2
CaCls 2.3 mM 110.99 0.26
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NaHCO3 12 mM 84.01 1.00
NaH2PO4 0.48 mM 119.98 0.06
HEPES 25 mM 238.31 6.00
MgCls + 6H20 0.49 mM 203.3 0.1
K*-high buffer

Reagent Final Conc. M.W. g/l
NaCl 140 mM 58.44 8.2
KCl 80 mM 74.56 5.96
CaCls 2.3 mM 110.99 0.26
NaHCO3 12 mM 84.01 1.00
NaH:PO4 0.48 mM 119.98 0.06
HEPES 25 mM 238.31 6.00
MgCl: - 6H20 0.49 mM 203.3 0.1

RO CHE AR KIZEARE L, 1 N NaOH T pH 7.4 (ZFH%& L7=,
il R, B~ T o Buffer 50 ml (2. D-Glucose 0.05 g (0.1%) & BSA0.05
g (0.1%) Z¥fEL.20ml DT /LET Y > 2L Minisart JE 7 4 /L% — (0.2 pum) T

SR 21T o 7,

A) e EEME O T
<EERTTIE>

A LD —EH—Hi-1) & REROGIETHla S 2R L7z THP-1 Mildz ¥ o
9% Buffer (K*-normal buffer, K*-free buffer, K*-high buffer) 10 ml T 3 [AI¥E5 L

TR L72,96 well 7' L — MMZTHP-1 i@ % 1x105 cells/100 ul/well TH&AE L, 37°C,
5% CO2 DEAET T 30 A v Fax—a L, Bk LT, BEE (KIEE: 05
ug/ml) ZEML T, 37°C, 5% COs DFIETF T 4 WA > Fax—Ta v Lz,
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JAEFRORE L, F—HE—HI-2) OFIEITHE- T MTS 15 THENT LT,
B) BEEDFES
<FEBR 715>

B S Hi-A) THUW= THP-1 filnzd 48 well 7' L — M2 2%x105 cells/300

ul/well THERE L 37°C.5% COz DT T30 7ol A »FaX—T = LK LT,
ZD%., BEE KR 1 pug/ml) 2L, 37°C, 5% CO2 DA T 30 4rfA
¥ ax—rarlit, HoEEH{i-3) IZiE- T, SDS-PAGE, Western blotting
Z17\V), LAS-4000 CigdT L7z,
C) p38 MAPK & JNK D U figfl
<FEZBRAER>

o 1) RO TE TR LT,
<FEERI7ikE>

B = Hi-A) CTHW- THP-1 #ifaa 48 well 7 L — RIZ 2x105 cells/300

w/well THEEFE L, 37°C, 5% CO2 D5A: T T 30 Ik Lz, D%, Pk (K
0.5 pg/ml) ZEMML, 37°C. 5% CO2 DM T T 0~60 75 A > FaX— 3
VLT B Hi-3) 196> T, SDS-PAGE, Western blotting %17\ >, LAS-4000

TR L7,
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< EBRARE >

B-PFT i, ESZ MMM - TR L2 AR 7 2 B AN K% e < &, p38 MAPK
VTNV EFEH LTS ZE N ML TS (101, 102), PERLEREOERZAET S
ZEEAEIETICHALMNC LIz, £ T, KEROERICEIT 2 Mifast KrozhRs
Batd 2720, Fx ORfas KHgE O CFisl Uz THP-1 Mifa 4 L. Mk
St K3 AR 738 Ol o EOAEFICE G595 p38 MAPK & 7 /LZxf LT, &
DX 7EREEE WD E et Lz, £7 . THP-1 #Mifd% K+normal buffer,
K*-free buffer, %721, K*-high buffer CiH# L, pEFEZ/EH S, MTS & THilly
AFERZPE Lz (Fig. 21), 0%, Ktnormal buffer T, B#EHIZ L VK 60%
DOFBENELGFT 5 50T, K+free buffer T3 20% DMifaEFR a2 /R L, KREH
DOHIFBFEIESE IR S D Z EAVHIA L7z, Zhicxt LT, Kr-high buffer T 98%
DO ATFRE R LARTFEROMITME X ILE Sz (Fig. 21A), &I, fx o KHE
E2 Buffer @ THP-1 filglZxt 3 2BEEOM A 2 hipmRIA %L M\ 72 Western
blotting CHEAT L7z (Fig. 21B), T O#EHE, Wi ivd Buffer #CH, KFERA VU I
YDA RORSIZET R MlS KIREPAFERDORSICHEL RN &N
oMW o7c, LLEX Y | Mgt KHRED, AERoOMIdEEIceiEd 2o 2 &n
O oTc, 22T, Mlst KHRED, AEHRICL D p38 MAPK OIEME(kIZ &
DX IR BE R ERGTT 5720, Fix O Buffer 1 CpHEH (0.5 ug/ml) % {EH
4, p38 MAPK ® V) fig{t. % Western blotting THEAT L 7= (Fig. 210), % D5,
K*-normal buffer $1TiX 15 57225 U UERIEAFED L, 60 75 TR bRV 7 T /L%
R LTz, —J. Ktfree buffer 1128 T, p38 MAPK ® U U ERfkix, PReiLPifs 5
TR BV, 60 43 F TRERMEAFRIC 222 0 R U I EDERD BTz, Tkt
L T. K*high buffer $ CliFtd 25 & AHEFRICL D p38 MAPK O U U E{kid4:<
RO LR NoTc, LLEORR IV | Milash KHRED, A%EH#IC K D p38 MAPK @
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HEFEL 7N E LTRET D2 e S Tngd (101), RUFEIZEBWT, BEHR
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Fig. 18 Effect of beta-toxin on K* release from THP-1 cells.

Beta-toxin
400+ (ug/ml)

—405

Inactivated beta-toxin
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Extracellular K* concentration

0 30 60 90 120

Beta-toxin-induced K* release from THP-1 cells. THP-1 cells were incubated with beta-toxin at 37°C. K* concentrations
in the medium were determined at given times by atomic absorption spectrometry. Data are the means =+ SD from four
independent experiments.

100



Fig. 19 Phosphorylation of p38 MAPK and JNK in THP-1
cells treated with beta-toxin.

p38 MAPK JNK
B
(A) Beta-toxin ( ) . Beta-toxin
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P-p38| —— NS I——

(A and B) THP-1 cells were incubated with beta-toxin (0.5 pg/ml) for the indicated time periods. P-p38 and P-JNK,
phosphorylated p38 MAPK and JNK, respectively. (C and D) THP-1 cells treated with DMSO, 10 puM SB203580 (C), or
10 uM SP600125 (D) at 37°C for 60 min were incubated with beta-toxin (0.5 ug/ml) for the indicated time periods. Cells

were subsequently lysed and detected by Western blotting using specific antibodies. Typical results from one of four
experiments are shown.
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Fig. 20. Effect of MAPK inhibitors and ROS scavenger on
beta-toxin-caused cell death.
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(A) THP-1 cells treated with DMSO, 10 uM SB203580, 10 uM SP600125, or 2.5 mM NAC at 37°C for 60 min were
treated with beta-toxin (0.5 pg/ml) at 37°C for 4 h. Cell viability was determined via an assay with MTS. Data are reported
as percentages of the values obtained with untreated controls (means = SD from four independent experiments).
Significant differences (Student's t-test) from control cells are indicated. "P < 0.01, which is significantly different from
DMSO plus beta-toxin. (B) THP-1 cells were treated with beta-toxin (5 pg/ml) or with LPS (1 ug/ml) at 37°C for 30 min.
Intracellular ROS levels were then determined by flow-cytometric analysis of DCF fluorescence. Data are the means =+
SD from four independent experiments. Con, control.
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Fig. 21 Effect of extracellular potassium levels on cytotoxicity,
p38 MAPK phosphorylation, and binding of the toxin in
THP-1 cells treated with beta-toxin.
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(A) THP-1 cells were incubated either in K*-normal, K*-free, or K*-high medium with beta-toxin (0.5 pg/ml) at 37°C.
After incubation for 4 h, cell viability was determined via an assay with MTS. Data are reported as percentages of the
values obtained with untreated controls (means = SD from four independent experiments). Significant differences
(Student’s t-test) from control cells are indicated. An asterisk indicates "P < 0.01, significantly different from K*-normal
medium plus beta-toxin. (B) THP-1 cells were incubated with beta-toxin (1 pg/ml) at 37°C for 30 min. Cells were
subsequently lysed, and beta-toxin and B-actin (control) were detected by Western blotting using specific antibodies. A
typical result from one of three experiments is shown. (C) After incubation with beta-toxin (0.5 pg/ml) for the indicated
time periods, cells were subsequently lysed, and phosphorylated p38 MAPK and p38 MAPK were detected by Western
blotting using specific antibodies. Typical results from one of four experiments are shown.
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Fig. 22 The cytotoxic mechanism of C. perfringens beta-toxin.
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T 5720, P2Y:R & P2YeR ZE2NEI /) v 7 Z T L, B O 2 a7
e, P2Y:RPP2YGR %2/ v 7 X7 LTCH, KEHROMEEEICZITRD Hh
oty YUEXD | BEHRIZP2YR 77 X U —0F T P2Y2R <° P2Y6R (ZITFH
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ZZ T PEEMEA L & & DEEMID p38 MAPK < JNK DiE AL 2 f#tr L 7=,
INETORE T, B-PFT IZHE DA T 5 AR TIZ X 0 M Keasflifash~ & g
THZELICXD, MEN KMREMETL, ZRBA ML AOE—L720 p38
MAPK <° JNK o 7 F L ZiEMHALT 25 Z L s S CTun5 (101, 102), AHFFEICE
W, BEESRIX THP-1 a6 KHEREZ S S 2 Lo, RIT, BBl L7 flifa <
1% p38 MAPK & JNK 28 —iaMEIZi < fEMEfb Sz, S 61T, p38 MAPK FHEA.
F7o%, INK FHEHRI OB TRER OMAnEME R L7z, YLEXY | BEROMA
B LT, 5 EMEIE p38 MAPK X° JNK &Mk LIEF T3 L THREtT % 2
EBH BN/ 572, p38 MAPK <° JNK ITHHIEAN D ROS FEAIZ LA A b L A TR
MALEND Z ERFEINTND (98), LrL7eR s, ROS AN Yy —0 NAC
AL TH, prEROMIEEIImE ST, 61T, BERLBERIZ ROS PEAIT
BOLNRhoT-, LLEX Y, pFEHEICL D p38 MAPK & JNK DiEME(LIZ ROS 1
G LRI ERAGNE o7, WRIT, KR OMEMEICR T 2 /Midst Kok

110



FNZ DWW THEHT L7z, K*-high buffer TiX, paE& Ozt & p38 MAPK J&EM(L 23
il sz, —JF. K+free buffer TiL, BmF OMfuEM: &, p38 MAPK (378
Nz, LEORERI Y | pERsfiia 2B Lo, 18 SO HiA+ & L TE)
< p38 MAPK JEMEARICHIfus KN BT 5 Z E RSB N E o Tc, — 07, G
(CBNWTAHEDB-PFT 23 ERGRMISIZ/EM 2% Z & T 18 ST E O RIERE 2
I L. HRGIEINE DRE 2 S DB W TV D HE N H D (102), 2D X 9 7%,
18 MO A b LA L 7 I 0 & S DR IS KR O B ARSI (2B O 2
R THDEBZD, PrROMIEIEIT T 2 H R E EH S 27 ADF I
EV TR ERBEH S AT DRI 2R ANGLNL RS D, —. BE
FOVBREMED—>& LT, MAPK 77 I U —%ZH+ 2 L5 KT8, IREDHX

=

=

— 2y MR B TR B .
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ULy 2 B IE, MM OIEE T 7 MW T P2XR ICHE %, (1T 5 7>
ORI A I LT Panxl & —1@PEICIEMLT 5, T7hbb, AEPO TREHRDO L&
H—D—D%[AE LTz, ML L7c Panx1 (3N ATP Z flfa /M iERE L, = > ATP
IIAFRZ OME~OREEA Y I~—ba{EtE L, pEROMIEEEICE ST 5 &
WAL E IR0l ZDO—FT, PR EHT 2EF ML, pEROEMEICEIL
TARNVRIRE L 7TV TH D p38 MAPK X° INK o 7 F L iEEL T2 2 E RS
mE&ipoic,

112



10.

11.

51 F Xk

Brooks ME, Sterne M, & Warrack GH (1957) A reassessment of the criteria
used for type differentiation of Clostridium perfringens. J. Pathol. Bacteriol.
74(1):185-195.

Sakurai J (1995) Toxins of Clostridium perfringens. Rev. Med. Microbiol.
6(3):175-185.

Sakurai J, Nagahama M, & Ochi S (1997) Major toxins of Clostridium
perfringens. J. Toxicol. Toxin Rev. 16(4):195-214.

Smedley JG, 3rd, Fisher DJ, Sayeed S, Chakrabarti G, & McClane BA
(2004) The enteric toxins of Clostridium perfringens. Rev. Physiol. Biochem.
Pharmacol. 152:183-204.

Foster WD (1966) The bacteriology of necrotizing jejunitis in Uganda. East
Afr. Med. J. 43(11):550-553.

Wright DH & Stanfield JP (1967) Enteritis necroticans in Uganda. /.
Pediatr. 71(2):264-268.

Renwick SB, McGovern VJ, & Spence J (1966) Necrotizing enterocolitis: a
report of six cases. Med. J. Aust. 2(9):413-417.

Kellert E & Meeler W (1953) Fatal gastroenteritis associated with
Clostridium welchii. Am. J. Clin. Pathol. 23(12):1234-12317.

Murrell TG & Roth L (1963) Necrotizing jejunitis: a newly discovered
disease in the highlands of New Guinea. Med. J. Aust. 50(1):61-69.
Johnson S, Echeverria P, Taylor DN, Paul SR, Coninx R, Sakurai J,
Eampokalap B, Jimakorn P, Cooke RA, Lawrence GW, & et al. (1987)
Enteritis necroticans among Khmer children at an evacuation site in
Thailand. Lancet 2(8557):496-500.

Matsuda T, Okada Y, Inagi E, Tanabe Y, Shimizu Y, Nagashima K, Sakurai

J, Nagahama M, & Tanaka S (2007) Enteritis necroticans 'pigbel' in a

113



12.

13.

14.

15.

16.

17.

18.

19.

Japanese diabetic adult. Pathol. Int. 57(9):622-626.

Amimoto K, Noro T, Oishi E, & Shimizu M (2007) A novel toxin homologous
to large clostridial cytotoxins found in culture supernatant of Clostridium
perfringens type C. Microbiology 153(Pt 4):1198-12086.

Ngamwongsatit B, Tanomsridachchai W, Suthienkul O, Urairong S,
Navasakuljinda W, & Janvilisri T (2016) Multidrug resistance in
Clostridium perfringens isolated from diarrheal neonatal piglets in
Thailand. Anaerobe 38:88-93.

Egerton JR & Walker PD (1964) THE ISOLATION OF CLOSTRIDIUM
PERFRINGENS TYPE C FROM NECROTIC ENTERITIS OF MAN IN
PAPUA-NEW GUINEA. J. Pathol. Bacteriol. 88:275-278.

Lawrence G & Cooke R (1980) Experimental pigbel: the production and
pathology of necrotizing enteritis due to Clostridium welchii type C in the
guinea-pig. Br. J. Exp. Pathol 61(3):261-271.

Fisher DJ, Fernandez-Miyakawa ME, Sayeed S, Poon R, Adams V, Rood JI,
Uzal FA, & McClane BA (2006) Dissecting the contributions of Clostridium
perfringens type C toxins to lethality in the mouse intravenous injection
model. Infect. Immun. 74(9):5200-5210.

Sayeed S, Uzal FA, Fisher DJ, Saputo J, Vidal JE, Chen Y, Gupta P, Rood JI,
& McClane BA (2008) Beta toxin is essential for the intestinal virulence of
Clostridium perfringens type C disease isolate CN3685 in a rabbit ileal loop
model. Mol. Microbiol. 67(1):15-30.

Fernandez-Miyakawa ME, Fisher DdJ, Poon R, Sayeed S, Adams V, Rood JI,
McClane BA, & Uzal FA (2007) Both epsilon-toxin and beta-toxin are
important for the lethal properties of Clostridium perfringens type B
isolates in the mouse intravenous injection model. [Infect. Immun.
75(3):1443-1452.

Griner LA & Johnson HW (1954) Clostridium perfringens type C in

114



20.

21.

22.

23.

24.

25.

26.

217.

28.

hemorrhagic enterotoxemia of lambs. J. Am. Vet. Med Assoc.
125(929):125-127.

Murrell TG, Egerton JR, Rampling A, Samels J, & Walker PD (1966) The
ecology and epidemiology of the pig-bel syndrome in man in New Guinea. /.
Hyg. (Lond.) 64(3):375-396.

Nagahama M, Ochi S, Oda M, Miyamoto K, Takehara M, & Kobayashi K
(2015) Recent insights into Clostridium perfringens beta-toxin. 7Tbxins
(Basel) 7(2):396-406.

Nagahama M, Ohkubo A, Oda M, Kobayashi K, Amimoto K, Miyamoto K, &
Sakurai J (2011) Clostridium perfringens TpeL. glycosylates the Rac and
Ras subfamily proteins. Infect. Immun. 79(2):905-910.

Nagahama M, Ohkubo A, Kinouchi Y, Kobayashi K, Miyamoto K, Takehara
M, & Sakurai J (2015) Clostridium perfringens TpeL Induces Formation of
Stress Fibers via Activation of RhoA-ROCK Signaling Pathway. Biol
Pharm. Bull. 38(5):732-739.

Nijland R, Lindner C, van Hartskamp M, Hamoen LW, & Kuipers OP
(2007) Heterologous production and secretion of Clostridium perfringens
beta-toxoid in closely related Gram-positive hosts. <. Biotechnol.
127(3):361-372.

Nijland R, Heerlien R, Hamoen LW, & Kuipers OP (2007) Changing a single
amino acid in Clostridium perfringens beta-toxin affects the efficiency of
heterologous secretion by Bacillus subtilis. Appl. Environ. Microbiol.
73(5):1586-1593.

Bidwell E (1950) Proteolytic enzymes of Clostridium welchii. Biochem. J.
46(5):589-598.

Sakurai J & Duncan CL (1977) Purification of beta-toxin from Clostridium
perfringens type C. Infect. Immun. 18(3):741-745.

Sakurai J & Fujii Y (1987) Purification and characterization of Clostridium

115



29.

30.

31.

32.

33.

34.

35.

36.

perfringens beta toxin. Toxicon 25(12):1301-1310.

Hunter SE, Brown JE, Oyston PC, Sakurai J, & Titball RW (1993)
Molecular genetic analysis of beta-toxin of Clostridium perfringens reveals
sequence homology with alpha-toxin, gamma-toxin, and leukocidin of
Staphylococcus aureus. Infect. Immun. 61(9):3958-3965.

Steinthorsdottir V, Fridriksdottir V, Gunnarsson E, & Andresson OS (1995)
Expression and purification of Clostridium perfringens beta-toxin
glutathione S-transferase fusion protein. FEMS Microbiol. Lett.
130(2-3):273-278.

Nagahama M, Kihara A, Miyawaki T, Mukai M, Sakaguchi Y, Ochi S, &
Sakurai J (1999) Clostridium perfringens beta-toxin is sensitive to
thiol-group modification but does not require a thiol group for lethal activity.
Biochim. Biophys. Acta 1454(1):97-105.

Sakurai J, Fujii Y, & Matsuura M (1980) Effect of oxidizing agents and
sulfhydryl group reagents on beta toxin from Clostridium perfringens type
C. Microbiol. Immunol. 24(7):595-601.

Sakurai J, Fujii Y, & Nagahama M (1992) Effect of
p-chloromercuribenzoate on Clostridium perfringens beta toxin. 7oxicon
30(3):323-330.

Manich M, Knapp O, Gibert M, Maier E, Jolivet-Reynaud C, Geny B, Benz
R, & Popoff MR (2008) Clostridium perfringens delta toxin is sequence
related to beta toxin, NetB, and Staphylococcus pore-forming toxins, but
shows functional differences. PLoS One 3(11):e3764.

Keyburn AL, Boyce JD, Vaz P, Bannam TL, Ford ME, Parker D, Di Rubbo A,
Rood JI, & Moore RJ (2008) NetB, a new toxin that is associated with avian
necrotic enteritis caused by Clostridium perfringens. PLoS Pathog.
4(2):e26.

Bhakdi S & Tranum-Jensen J (1991) Alpha-toxin of Staphylococcus aureus.

116



37.

38.

39.

40.

41.

42.

43.

44.

45.

Microbiol. Rev. 55(4):733-751.

Menestrina G, Serra MD, & Prevost G (2001) Mode of action of beta-barrel
pore-forming toxins of the Staphylococcal alpha-hemolysin family. 7oxicon
39(11):1661-1672.

Walker B & Bayley H (1995) Key residues for membrane binding,
oligomerization, and pore forming activity of Staphylococcal
alpha-hemolysin identified by cysteine scanning mutagenesis and targeted
chemical modification. /. Biol. Chem. 270(39):23065-23071.
Steinthorsdottir V, Fridriksdottir V, Gunnarsson E, & Andresson OS (1998)
Site-directed mutagenesis of Clostridium perfringens beta-toxin:
expression of wild-type and mutant toxins in Bacillus subtilis. FEMS
Microbiol. Lett. 158(1):17-23.

Yan XX, Porter CJ, Hardy SP, Steer D, Smith AI, Quinsey NS, Hughes V,
Cheung JK, Keyburn AL, Kaldhusdal M, Moore RJ, Bannam TL, Whisstock
JC, & Rood JI (2013) Structural and functional analysis of the pore-forming
toxin NetB from Clostridium perfringens. MBio 4(1):e00019-00013.
Sakurai J & Nagahama M (2006) Clostridium perfringens beta-toxin :
Charaterization and action. 7oxin Review 25(1):89-108.

Tweten RK (2001) Clostridium perfringens beta toxin and Clostridium
septicum alpha toxin: their mechanisms and possible role in pathogenesis.
Vet. Microbiol. 82(1):1-9.

Sakurai J, Nagahama M, & Fujii Y (1983) Effect of Clostridium perfringens
epsilon toxin on the cardiovascular system of rats. Infect. Immun.
42(3):1183-1186.

Sakurai J, Fujii Y, Dezaki K, & Endo K (1984) Effect of Clostridium
perfringens beta toxin on blood pressure of rats. Microbiol. Immunol,
28(1):23-31.

Sakurai J & Nagahama M (2003) Mechanism of action of Clostridium

117



46.

47.

48.

49.

50.

51.

52.

53.

perfringens beta-toxin. Recent Res Devel Infect Immun 1:433-449.
Nagahama M, Morimitsu S, Kihara A, Akita M, Setsu K, & Sakurai J
(2003) Involvement of tachykinin receptors in Clostridium perfringens
beta-toxin-induced plasma extravasation. Br. J. Pharmacol. 138(1):23-30.
Nagahama M, Kihara A, Kintoh H, Oda M, & Sakurai J (2008) Involvement
of tumour necrosis factor-alpha in  Clostridium  perfringens
beta-toxin-induced plasma extravasation in mice. Br. J. Pharmacol.
153(6):1296-1302.

Miclard J, Jaggi M, Sutter E, Wyder M, Grabscheid B, & Posthaus H (2009)
Clostridium perfringens beta-toxin targets endothelial cells in necrotizing
enteritis in piglets. Vet. Microbiol. 137(3-4):320-325.

Miclard J, van Baarlen J, Wyder M, Grabscheid B, & Posthaus H (2009)
Clostridium perfringens beta-toxin binding to vascular endothelial cells in
a human case of enteritis necroticans. /. Med. Microbiol. 58(Pt 6):826-828.
Gurtner C, Popescu F, Wyder M, Sutter E, Zeeh F, Frey J, von Schubert C,
& Posthaus H (2010) Rapid cytopathic effects of Clostridium perfringens
beta-toxin on porcine endothelial cells. Infect. Immun. 78(7):2966-2973.
Popescu F, Wyder M, Gurtner C, Frey J, Cooke RA, Greenhill AR, &
Posthaus H (2011) Susceptibility of primary human endothelial cells to C.
perfringens beta-toxin suggesting similar pathogenesis in human and
porcine necrotizing enteritis. Vet. Microbiol. 153(1-2):173-177.

Autheman D, Wyder M, Popoff M, D'Herde K, Christen S, & Posthaus H
(2013) Clostridium perfringens beta-toxin induces necrostatin-inhibitable,
calpain-dependent necrosis in primary porcine endothelial cells. PLoS One
8(5):e64644.

Vidal JE, Ohtani K, Shimizu T, & McClane BA (2009) Contact with
enterocyte-like Caco-2 cells induces rapid upregulation of toxin production

by  Clostridium perfringens type C 1isolates. Cell. Microbiol.

118



54.

55.

56.

57.

58.

59.

60.

61.

11(9):1306-1328.

Roos S, Wyder M, Candi A, Regenscheit N, Nathues C, van Immerseel F, &
Posthaus H (2015) Binding studies on isolated porcine small intestinal
mucosa and in vitro toxicity studies reveal lack of effect of C. perfringens
beta-toxin on the porcine intestinal epithelium. Zbxins (Basel)
7(4):1235-1252.

Steinthorsdottir V, Halldorsson H, & Andresson OS (2000) Clostridium
perfringens beta-toxin forms multimeric transmembrane pores in human
endothelial cells. Microb. Pathog. 28(1):45-50.

Shatursky O, Bayles R, Rogers M, Jost BH, Songer JG, & Tweten RK (2000)
Clostridium  perfringens  beta-toxin  forms  potential-dependent,
cation-selective = channels in lipid bilayers. Infect. Immun.
68(10):5546-5551.

Nagahama M, Hayashi S, Morimitsu S, & Sakurai J (2003) Biological
activities and pore formation of Clostridium perfringens beta toxin in HL
60 cells. /. Biol. Chem. 278(38):36934-36941.

Wilke GA & Bubeck Wardenburg J (2010) Role of a disintegrin and
metalloprotease 10 in Staphylococcus aureus alpha-hemolysin-mediated
cellular injury. Proc. Natl. Acad. Sci. U. S. A. 107(30):13473-13478.
Inoshima I, Inoshima N, Wilke GA, Powers ME, Frank KM, Wang Y, &
Bubeck Wardenburg J (2011) A Staphylococcus aureus pore-forming toxin
subverts the activity of ADAM10 to cause lethal infection in mice. Nat. Med.
17(10):1310-1314.

von Hoven G, Rivas Ad, Neukirch C, Klein S, Hamm C, Qin Q, Meyenburg
M, Fuser S, Saftig P, Hellmann N, Postina R, & Husmann M (2016)
Dissecting the role of ADAM10 as a mediator of Staphylococcus aureus
alpha-toxin action. Biochem. J. 473(13):1929-1940.

Skals M, Leipziger J, & Praetorius HA (2011) Haemolysis induced by

119



62.

63.

64.

65.

66.

67.

68.

alpha-toxin from Staphylococcus aureus requires P2X receptor activation.
Pflugers Arch. 462(5):669-679.

Cesaro A, Brest P, Hofman V, Hebuterne X, Wildman S, Ferrua B,
Marchetti S, Doglio A, Vouret-Craviari V, Galland F, Naquet P, Mograbi B,
Unwin R, & Hofman P (2010) Amplification loop of the inflammatory
process 1s induced by P2X7R activation in intestinal epithelial cells in
response to neutrophil transepithelial migration. Am. <. Physiol
Gastrointest. Liver Physiol. 299(1):G32-42.

Kurashima Y, Amiya T, Nochi T, Fujisawa K, Haraguchi T, Iba H, Tsutsui H,
Sato S, Nakajima S, Iijima H, Kubo M, Kunisawa J, & Kiyono H (2012)
Extracellular ATP mediates mast cell-dependent intestinal inflammation
through P2X7 purinoceptors. Nat Commun 3:1034.

Skals M, Jorgensen NR, Leipziger J, & Praetorius HA (2009)
Alpha-hemolysin from FEscherichia coli uses endogenous amplification
through P2X receptor activation to induce hemolysis. Proc. Natl. Acad. Sci.
U. S. A. 106(10):4030-4035.

Peng W, Cotrina ML, Han X, Yu H, Bekar L, Blum L, Takano T, Tian GF,
Goldman SA, & Nedergaard M (2009) Systemic administration of an
antagonist of the ATP-sensitive receptor P2X7 improves recovery after
spinal cord injury. Proc. Natl. Acad. Sci. U. S. A. 106(30):12489-12493.
Lemaire I, Falzoni S, Zhang B, Pellegatti P, & Di Virgilio F (2011) The P2X7
receptor and Pannexin-1 are both required for the promotion of
multinucleated macrophages by the inflammatory cytokine GM-CSF. /.
Immunol. 187(7):3878-3887.

Burnstock G & Knight GE (2004) Cellular distribution and functions of P2
receptor subtypes in different systems. Int. Rev. Cytol. 240:31-304.
Gudipaty L, Munetz J, Verhoef PA, & Dubyak GR (2003) Essential role for

Ca2* in regulation of IL-1beta secretion by P2X7 nucleotide receptor in

120



69.

70.

71.

2.

73.

4.

75.

monocytes, macrophages, and HEK-293 cells. Am. J. Physiol. Cell Physiol.
285(2):C286-299.

Munksgaard PS, Vorup-Jensen T, Reinholdt J, Soderstrom CM, Poulsen K,
Leipziger J, Praetorius HA, & Skals M (2012) Leukotoxin from
Aggregatibacter actinomycetemcomitans causes shrinkage and P2X
receptor-dependent lysis of human erythrocytes. Cell. Microbiol.
14(12):1904-1920.

Vijayvargia R, Suresh CG, & Krishnasastry MV (2004) Functional form of
Caveolin-1 is necessary for the assembly of alpha-hemolysin. Biochem.
Biophys. Res. Commun. 324(3):1130-1136.

Nishiyama A, Kaneko J, Harata M, & Kamio Y (2006) Assembly of
Staphylococcal leukocidin into a  pore-forming oligomer on
detergent-resistant membrane microdomains, lipid rafts, in human
polymorphonuclear leukocytes. Biosci. Biotechnol. Biochem.
70(6):1300-1307.

Seike S, Miyamoto K, Kobayashi K, Takehara M, & Nagahama M (2016)
Clostridium perfringens Delta-Toxin Induces Rapid Cell Necrosis. PLoS
One 11(1):e0147957.

Miyata S, Minami J, Tamai E, Matsushita O, Shimamoto S, & Okabe A
(2002) Clostridium perfringens epsilon-toxin forms a heptameric pore
within the detergent-insoluble microdomains of Madin-Darby canine
kidney cells and rat synaptosomes. J. Biol. Chem. 277(42):39463-39468.
Ben Yebdri F, Kukulski F, Tremblay A, & Sevigny J (2009) Concomitant
activation of P2Y(2) and P2Y(6) receptors on monocytes is required for
TLR1/2-induced neutrophil migration by regulating IL-8 secretion. Eur. J.
Immunol. 39(10):2885-2894.

Dubyak GR (2012) P2X7 receptor regulation of non-classical secretion from

immune effector cells. Cell. Microbiol. 14(11):1697-1706.

121



76.

7.

78.

79.

80.

81.

82.

83.

84.

Brennaman LH, Moss ML, & Maness PF (2014) EphrinA/EphA-induced
ectodomain shedding of neural cell adhesion molecule regulates growth
cone repulsion through ADAMI10 metalloprotease. <. Neurochem.
128(2):267-279.

Valeva A, Hellmann N, Walev I, Strand D, Plate M, Boukhallouk F, Brack A,
Hanada K, Decker H, & Bhakdi S (2006) Evidence that clustered
phosphocholine head groups serve as sites for binding and assembly of an
oligomeric protein pore. . Biol. Chem. 281(36):26014-26021.

Nagahama M, Shibutani M, Seike S, Yonezaki M, Takagishi T, Oda M,
Kobayashi K, & Sakurai J (2013) The p38 MAPK and JNK pathways
protect host cells against Clostridium perfringens beta-toxin. Infect.
Immun. 81(10):3703-3708.

Miller CM, Boulter NR, Fuller SJ, Zakrzewski AM, Lees MP, Saunders BM,
Wiley JS, & Smith NC (2011) The role of the P2X(7) receptor in infectious
diseases. PLoS Pathog. 7(11):e1002212.

Roberts JA, Lukewich MK, Sharkey KA, Furness JB, Mawe GM, & Lomax
AE (2012) The roles of purinergic signaling during gastrointestinal
inflammation. Curr. Opin. Pharmacol. 12(6):659-666.

Pelegrin P & Surprenant A (2006) Pannexin-1 mediates large pore
formation and interleukin-1lbeta release by the ATP-gated P2X7 receptor.
EMBO J. 25(21):5071-5082.

Poornima V, Madhupriya M, Kootar S, Sujatha G, Kumar A, & Bera AK
(2012) P2X7 receptor-pannexin 1 hemichannel association: effect of
extracellular calcium on membrane permeabilization. . Mol Neurosci.
46(3):585-594.

MacVicar BA & Thompson RJ (2010) Non-junction functions of pannexin-1
channels. Trends Neurosci. 33(2):93-102.

Penuela S, Gehi R, & Laird DW (2013) The biochemistry and function of

122



85.

86.

87.

88.

89.

90.

91.

92.

pannexin channels. Biochim. Biophys. Acta 1828(1):15-22.

Dubyak GR (2009) Both sides now: multiple interactions of ATP with
pannexin-1 hemichannels. Focus on "A permeant regulating its permeation
pore: inhibition of pannexin 1 channels by ATP". Am. J. Physiol. Cell
Physiol. 296(2):C235-241.

Baroja-Mazo A, Barbera-Cremades M, & Pelegrin P (2013) The
participation of plasma membrane hemichannels to purinergic signaling.
Biochim. Biophys. Acta 1828(1):79-93.

Skals M, Bjaelde RG, Reinholdt J, Poulsen K, Vad BS, Otzen DE, Leipziger
J, & Praetorius HA (2014) Bacterial RTX toxins allow acute ATP release
from human erythrocytes directly through the toxin pore. . Biol Chem.
289(27):19098-19109.

Gulbransen BD, Bashashati M, Hirota SA, Gui X, Roberts JA, MacDonald
JA, Muruve DA, McKay DM, Beck PL, Mawe GM, Thompson RJ, &
Sharkey KA (2012) Activation of neuronal P2X7 receptor-pannexin-1
mediates death of enteric neurons during colitis. Nat. Med. 18(4):600-604.
Diezmos EF, Sandow SL, Markus I, Shevy Perera D, Lubowski DZ, King
DW, Bertrand PP, & Liu L (2013) Expression and localization of pannexin-1
hemichannels in human colon in health and disease. Neurogastroenterol.
Motil. 25(6):e395-405.

Montalbetti N, Leal Denis MF, Pignataro OP, Kobatake E, Lazarowski ER,
& Schwarzbaum PJ (2011) Homeostasis of extracellular ATP in human
erythrocytes. J. Biol. Chem. 286(44):38397-38407.

Boyce AK, Kim MS, Wicki-Stordeur LE, & Swayne LA (2015) ATP
stimulates pannexin 1 internalization to endosomal compartments.
Biochem. J. 470(3):319-330.

Manohar M, Hirsh MI, Chen Y, Woehrle T, Karande AA, & Junger WG

(2012) ATP release and autocrine signaling through P2X4 receptors

123



93.

94.

95.

96.

97.

98.

99.

regulate gammadelta T cell activation. J. Leukoc. Biol. 92(4):787-794.
Costa-Junior HM, Marques-da-Silva C, Vieira FS, Moncao-Ribeiro LC, &
Coutinho-Silva R (2011) Lipid metabolism modulation by the P2X7 receptor
in the immune system and during the course of infection: new insights into
the old view. Purinergic Signal 7(4):381-392.

Yamashita D, Sugawara T, Takeshita M, Kaneko J, Kamio Y, Tanaka I,
Tanaka Y, & Yao M (2014) Molecular basis of transmembrane beta-barrel
formation of Staphylococcal pore-forming toxins. Nat Commun 5:4897.
Menestrina G (1986) Ionic channels formed by Staphylococcus aureus
alpha-toxin: voltage-dependent inhibition by divalent and trivalent cations.
J. Membr. Biol. 90(2):177-190.

Eiffler I, Behnke J, Ziesemer S, Muller C, & Hildebrandt JP (2016)
Staphylococcus aureus alpha-toxin-mediated cation entry depolarizes
membrane potential and activates p38 MAP kinase in airway epithelial
cells. Am. J. Physiol. Lung Cell Mol. Physiol. 311(3):1L676-685.

Huffman DL, Abrami L, Sasik R, Corbeil J, van der Goot FG, & Aroian RV
(2004) Mitogen-activated protein kinase pathways defend against bacterial
pore-forming toxins. Proc. Natl. Acad. Seci. U. S. A. 101(30):10995-11000.
Husmann M, Dersch K, Bobkiewicz W, Beckmann E, Veerachato G, &
Bhakdi S (2006) Differential role of p38 mitogen activated protein kinase
for cellular recovery from attack by pore-forming S. aureus alpha-toxin or
streptolysin O. Biochem. Biophys. Res. Commun. 344(4):1128-1134.

Ratner AJ, Hippe KR, Aguilar JL, Bender MH, Nelson AL, & Weiser JN
(2006) Epithelial cells are sensitive detectors of bacterial pore-forming

toxins. /. Biol. Chem. 281(18):12994-12998.

100. Kloft N, Busch T, Neukirch C, Weis S, Boukhallouk F, Bobkiewicz W, Cibis I,

Bhakdi S, & Husmann M (2009) Pore-forming toxins activate MAPK p38 by

causing loss of cellular potassium. Biochem. Biophys. Res. Commun.

124



101.

102.

103.

104.

105.

106.

107.

108.

109.

385(4):503-506.

Porta H, Cancino-Rodezno A, Soberon M, & Bravo A (2011) Role of MAPK
p38 in the cellular responses to pore-forming toxins. Peptides
32(3):601-606.

Bebien M, Hensler ME, Davanture S, Hsu LC, Karin M, Park JM,
Alexopoulou L, Liu GY, Nizet V, & Lawrence T (2012) The pore-forming
toxin beta hemolysin/cytolysin triggers p38 MAPK-dependent IL-10
production in macrophages and inhibits innate immunity. PLoS Pathog.
8(7):¢1002812.

Imre G, Heering J, Takeda AN, Husmann M, Thiede B, zu Heringdorf DM,
Green DR, van der Goot FG, Sinha B, Dotsch V, & Rajalingam K (2012)
Caspase-2 1s an initiator caspase responsible for pore-forming
toxin-mediated apoptosis. EMBO J. 31(11):2615-2628.

Gonzalez MR, Bischofberger M, Freche B, Ho S, Parton RG, & van der Goot
FG (2011) Pore-forming toxins induce multiple cellular responses
promoting survival. Cell. Microbiol. 13(7):1026-1043.

Dong C, Davis RJ, & Flavell RA (2002) MAP kinases in the immune
response. Annu. Rev. Immunol. 20:55-72.

Beigi RD, Kertesy SB, Aquilina G, & Dubyak GR (2003) Oxidized ATP
(0ATP) attenuates proinflammatory signaling via P2 receptor-independent
mechanisms. Br. J. Pharmacol. 140(3):507-519.

Mansoor SE, Lu W, Oosterheert W, Shekhar M, Tajkhorshid E, & Gouaux E
(2016) X-ray structures define human P2X3 receptor gating cycle and
antagonist action. Nature 538(7623):66-71.

Kawate T, Michel JC, Birdsong WT, & Gouaux E (2009) Crystal structure of
the ATP-gated P2X(4) ion channel in the closed state. MNature
460(7255):592-598.

Hattori M & Gouaux E (2012) Molecular mechanism of ATP binding and ion

125



110.

111.

112.

113.

114.

115.

channel activation in P2X receptors. Nature 485(7397):207-212.

Karasawa A & Kawate T (2016) Structural basis for subtype-specific
inhibition of the P2X7 receptor. Elife 5.

North RA (2002) Molecular physiology of P2X receptors. Physiol Rev.
82(4):1013-1067.

Adamson SE & Leitinger N (2014) The role of pannexinl in the induction
and resolution of inflammation. FEBS Lett. 588(8):1416-1422.

Baaske R, Richter M, Moller N, Ziesemer S, Eiffler I, Miller C, &
Hildebrandt JP (2016) ATP Release from Human Airway Epithelial Cells
Exposed to Staphylococcus aureus Alpha-Toxin. Toxins (Basel) 8(12): 365.
Fagerberg SK, Jakobsen MR, Skals M, & Praetorius HA (2016) Inhibition of
P2X Receptors Protects Human Monocytes against Damage by Leukotoxin
from Aggregatibacter actinomycetemcomitans and a-Hemolysin from
Escherichia coli. Infect. Immun. 84(11):3114-3130.

Seref-Ferlengez Z, Maung S, Schaffler MB, Spray DC, Suadicani SO, & Thi
MM (2016) P2X7R-Panx1 Complex Impairs Bone Mechanosignaling under
High Glucose Levels Associated with Type-1 Diabetes. PLoS ONE 11(5):

e0155107.

126



1.

F L

Nagahama M., Seike S., Shirai H., Takagishi T., Kobayashi K., Takehara M.,
Sakurai J. Role of P2X7 receptor in Clostridium perfringens
beta-toxin-mediated cellular injury. Biochim. Biophys. Acta 1850, 2159-2167
(2015)

Seike S., Takehara M., Kobayashi K., Nagahama M. Role of pannexinl in
Clostridium perfringens beta-toxin-caused cell death. Biochim. Biophys. Acta
1858, 3150-3156 (2016)

Nagahama M., Shibutani M., Seike S., Yonezaki M., Takagishi T., Oda M.,
Kobayashi K., Sakurai J. The p38 MAPK and JNK pathways protect host cells
against Clostridium perfringens beta-toxin. Infect. Immun. 81, 3703-3708

(2013)

127



Eif5E

Kiw LB L, #ARELO RS, e 2 D 0 £ LR P MY 7=, ki
BOSHEI RS E L E9, AFRICTHAITEE £ LIMEWPHE. WET-Bh#
PR IEH BN ZL, WO AW FBEOGIE, FZE, BRE IR E L £, FEIFA
THRREWZIZE £ LTI B HeR. O R A A e il 2 0 B /N E
B ICTRAE L £7,

AR DOZATIZH TV | DAISHEFNEN A AL OFETH 5 AAF L RIFTLE
LA FE LT 4> (Nagai Memorial Research Scholarship from the Pharmaceutical Society of
Japan) ZTEX £ L7-, Z ZIZEGHH L BT EJ,

RFAENE « RYEGAERZEDICHTIZY | FEZESTPOIRN AT ST LTS
NELWH L L L BITEHBL £, &RIC, FEZEENCTIR—-FLTINE
L7EERECTRE LTSE LIZRISO X VIEHB L BT ET,

b, 208520 TEFLE L LT £,

2017 % HE

128



