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BoNT: Botulinum neurotoxin

ChoP: Choline phosphate

CXCR1: Chemokine (C-X-C motif) receptor 1

DAG: Diacylglycerol

ERK1/2: Extracellular regulated kinase 1/2

EYFP-CI1AB: Enhanced yellow fluorescent protein-tagged C1AB domain of protein
kinase C-y

GRO: Growth-related oncogene

GMIla: Monosialotetrahexosyl ganglioside (GM1a)

IL-8: Interleukin-8

KC: Keratinocyte-derived cytokine

MAPK: p38 mitogen-activated protein kinase

MEK: Mitogen-activated protein / extracelluar signal-regulated kinase kinase
NF-kB: Nuclear factor kappa B

PC: Phosphatidylcholine

PDK1: Phosphoinositide-dependent kinase-1

PI: Phosphatidylinositol

PI3K: Phosphoinositide 3-kinase

PIP,: Phosphatidylinositol 4,5-bisphosphate

PKCB8: Protein kinase C 0

PLC: Phospholipase C

PPMP: D-threo-1-phenyl-2-hexadecanoylamino-3-morpholino-1-propanol

PS: Phosphatidylserine



S1P: Sphingosine-1-phosphate

SAPK/JNK: Stress-activated protein kinase / Jun amino-terminal kinase
SM: Sphingomyelin

SMase: Sphingomyelinase

SPR: Surface plasmon resonance

TeNT: Tetanus neurotoxin

TrkA: Tyrosine kinase A (Tropomyosine-receptor kinase A)

TR
A :Ala TI= N :Asn T ARG
D :Asp T ARG R S :Ser U
G :Gly P4 W :Trp N7 77
H ‘His EXFTV Y Tyr Fry



ULy a @ E, 1880 AERICHE LS, BUETIX, Clostridium perfringens &V )4
TSI TWAD2Y, LN FE Tho William H. Welch DA IZHA T,
Clostridium welchii EFFIXAV T e, 76T, TP ETIIAFE IR L T, BHMICY =
N alEVOBEDRHWLNTND, Vb2 @it RNV UXAE (Clostridium
botulinum) | WAZJRE (Clostridium tetani) 78 E ERIRRIZ 70 AN DY LBIZE T 57T
LEED R E Th D, thoraARN Uy AR OFERKIEE ST 5L
HEBS B OO BR R T CHEGE RTAE THY, F7o, AL, 7rAN YT AEEL
TIB LB LR 72V IEEENMEOME THY | SREIREDEALT DL, KRBT
faorp g Eold, — il MR OFRE KT 5, £ D7D IEGHEIZ X 5K
Pt E <, KB e hEEg SR 32E03H5, Vv ambid, BIFE, 12 Fo
B R yEFEFEREL, FOHEHER 4 ODHHE . . B e FL T A HEEDELRED
EUVMIED A~E B O 5 FEFHIZ SIS (Table 1) (1-3) W T HALOEAIZIBWN TS,
a BREELET DN, a BROHEELETHE A AT T /L 2 ln), ATIY =
Ny a Bl IE, ENRPEM DN ELERE THY, SHIT, IR, I M, Bizr s o+
BIZIRS3AAL T D, — 07 RBET, B — SRR Tl fess b LTS
TRAEN DY | FRIFMEDMERD TRV TH D, 4),

ARG )V 2B, TABHE(L, 4R T 5 (5-7)72E DJRIKEE (Table 2) TH D, ¥
TV 2o THIERISNAH AEIAIL, FI, AUEEHNDOIMEM YL 1
B RONIE RDDDIIMEMIE G LV FIE T D, W ABHH DG | YL RLSL D G
LT, AVERBTOEEE, mATA R, 4328 2« OBIZL DY R T OBFEE O
ESRRENBREND, ThbH | RKEOMHE TTHESND SRR 2SR RY
JEYLDSRRNE T A LT NEE I BIVTND, /by 2 I LD ABIA DRIEIL,
ARE DRI R AL BB AT FTRATCB W CHE OIEA B IS L, JEil
DI EES I, WEEPEM & S5 38R & U CHITE S U35, AN OBl E- T,



O L ORERPE E L TH ADRTRE S S 23, Mgz B L, £7-. el
FR O LTEHALIZ I AT AR B35 [ EE IS, YR PT OB E D LT 5, £
DRGSR EOWIANE G270 | FEFEIHRS AP O IE T AR S, BEER O
PERDBHNHETTT D, 4), —RAVR T A OEEAIERIL, BIEOS S| AlGE
HLELTESR , EIR, VIR, B2 OFTR AR, SHIT, 2 F~OH ADITH
DMEROHIL, BIEIZR DL, ki DL | YOO B2 LB MK DU
RPN ~ D ADRTEE | FEEN SR, PE, £ LT, B DR H M Ba)F 5
T, IHITIERPEAL T DL, ay IREEZ SIS ZL . JEICEDLRB THH(1, 4),
T AZHHDOEIFIK F1% RKEIZ LD ABIHERET VIO T, flamH i
RIZEVIIEP IS DL, o, o R OBFRTEENNELShIZERER D
Yath . ~ U AR OEEIE/R L | T ABIHAR ORI IE DB O HNIRNZ LMD | K
BEDEAE T Do R T ABIEORIFK 1 CThHHEB X HITNDH(, 4), SHIT, TA
BYRIZRBWT, amRld, B, /i, 2L T, 4 hERZRE ORI ~D1F )
R REHILL . ZORE R, B2 2RI AT =2 — B 55 1 D EEAE NI
TERRLIR DT EMNHLILTUND(8),

a7z X, Yamakawa & Ohsaka (9), Krug & Kent (10), Takahashi (11), &51Z, Fujii
5 (IQICEko Ty VT2l ORE BIENDORERIE R RGNz, REROMEIR
%, 0 FER 43,000, EEA (pl) 5.4, BUZLE, N TV ANTEEZMEDZ L _7E T
&% (Table 3), 72721, am@H L 60°CHHEETOIRED LI EVEEIME T T5
D SHITIREDR ERHE TV =0 2 RARUTEER LA-T5, MEWEL s
HORETRT (1, 4), amRlL, fix OUIREEZNK DT D8 RIEEEZ AL T
W5 (Fig. 1), KE#ix, A7 7F 2 nal (PC) D 3 MOV T AT )V EYIHIL
FRARY L (ChoP) £ 7 2 L 7 ) a— /L (DAG) (SRS fR$ AR AR 28—
C(PLC)VEVE(L, 4), A7 4TIV (SM) D 3 LDV T A7 VAL, ChoP &
BIIN (Cen) IR RT HAT 1A F—E (SMase) IG (1, 4), LT, &AL
HEThHDp-=tha7z=)LIRAKRY /L)% ChoP & p-=ha 7 = /— )VIZ/3fiF T D7k



ARV ZATT—BIEM(, HEHATD, TRHOBEFEIFIEICIE, 73T Zn” B 5L,
HWHRIL, Zn " RIFIERESE CTH D (Fig. 2) . AFEEHED PC MK RIEMEIL, SM Tk
T HEE D) 100 558RVEEZ R 928, SHIZ, Nagahama Hid, R7EFE O PC 43 fiF
TEMEIL, PC ORBRAFR RIS A R FIAR IAER O A THER ST D PC IZIZ2<RED B
TRV ERFRBHDNEL N, HDOVNE, AN EAFIENIER RIS Z A 92 PC (XL Ty &
SRR T B L2113, 14), Tz, KBERIZIDUARY — LEEH L, VG
B ORERAR IR EH D R S 5 & A fafn BE | S BRSPS TR EE MO U AR
5725 PCURY —AEE | o mR T OIEIEE 2R LT2(14, 15),
amEF AT —RTHEE T, Titball 5, &Y, Okabe HIZL > THIEES AL, 370 fE#D
TIWENHIRY N K7 NN 7 R 7 7 (Trp) 752, 2L T, C K7/ ny
U (Lys) BEETHHLWMAESIN TS (Table 3), ot DR ERSINOHETE S
L7 2 BEECFI(16)I23 T N KD Trp 75 247 F H DT ARTX i (Asp) £T
DOREIIE, BV AE (Bacillus cereus) | #kNEH (Pseudomonas aeruginosa) , VA7
7 W (Listeria monocytogenes) . =L C, &7 =)L A % AH ( Clostridium
bifermentans) D PEA T HARARY 3—8 C(PLC) Bl b HERINL T I/ WEELAIE
IEFITEOFHREMEDFRD BTz, SHIZ, afR D N Kb 247 % B £TOMHEEKIC
FEMEATD PLC (&M S OfEREIANFAEL ., £-. ZNHOREREIL, Zofil
BEREIICVD T U Zn™', E203, 2l AL A L COBERESZ(17, 18), &HIC
Hough 5(17)1%, o@D N KififEiko 7 EEREL S LA RIPED m 2L AF PLC
(BCPLC) @ X MRHTIZL > THRLNE 3 Rt D, afiHb Zn” AT —7
([Z&D 3MHD Zn® DMERFS N TODZ L& HEZZL T2, Nagahama 5(19-21)1%, ol HEICE
W, Zn* FE BT F — 7 OERF V0 (His) 7K (11, 68, 126, 136, 148 i) . Asp 7%
F£(56, 130 fi7) . 7V Z 15 (Glu) 785k (152 () ICHE R L, B0 7 BRik R A
(R FE B O 7 ER IR IR T E A LT S B R OMNTD . Fig. 2 (R TXD
(2 1120 His 1% 1 20D Zn* &, 130 A7 Asp 13 1. 3 (D& JEAA L LEAIL T, 5
FEOREGEHERHC B 54528, 148 L0 His & 152 2D Glu 1 2 2D Zn* LENLHEA



L. BERIENVECTHOMMAE R ICEE ThHHI L, SHIT, 68, 126, 136 (2D His Il
SOFEGIZEERINO 24 B A A EBRNLFE A LTIV TVDZ e 2 A L7219,
20), =D . Naylor |Z&> TComd D —IRITHEE D EITSIL, AEERIT. N RKAO
250 FRFEDR AL (N KAL) & CRMND 251-370 FRIEDR AL L (C KAL) bTed
ZEDHIBIL (Fig. 3)(22) N RALUAL, oy 7 AEiEE R L, EOHIFIET D
IV 7ML, MR 2EA TS PLC ORFRTEMEICI@OT /BRI EEMFAEL TV,
IHIT, BC-PLC D X #HEHTIZ L > TRON AR A0 D =Rtk iELam RO N
RACATZELLBELIL TOABIENE, 20D N RAS UL, FFREOME/ER I 535
ZEMHBENEIe STz, — 5, C RImfEIgl L, pV MV EEE RS C2 RA( 77—
DENTEEIBOMEEEZA L, C2 KA, MO AIZE G 352800, K
HRD C FAL L, BREROEAMBEA~DOFAICEEL TWHEHRIND,
Nagahama 5(15)I%, a#EH& D N FAL L C KA DEEIZBHONZT D728 N KA
ALl CRAL ORI X BEVERIL T, ZOFRERED . N KA E, PLCIHHEE AL,
C RAALAIIERE S IEMEA R L, TN E BT, v R RO MAE RS
2hoTc, —J5. C RALT N KA Je OY BC-PLC 347 F T MIEM A R 28,
EBIZ, BC-PLC & C KA DT a—Vab AU RVEHRIMIEEE R T e S Lz, &
72, C RALU DIEADIZANZB DN T D728, 263 itk 365 Az (Ser) Iz
AT A (Cys) FRFEIZEHLE | SH HKITHEE T 57 7IrZ LTIV C KAV %
ERILTz, 770n & O# T, BUKMERE TIZT L —3 752803 5T
%o EZT, 77IRH U TTXNVLIECRA L BYRY — DA FaX—Ta358,
ToIRL DN T — TR, C KA DRE ZH g OBKfEIRICE AT 5
ZENRHBNEI STz, EBIT, C AL LN A ER B EOBFMEZ NS, C
RAAL DI N R AL 2 DEFFEE VLU MG MEFE BRI W T IFEIEA~ DR A 2B 5
LTWDERIELTZ(15), 10T, amezh DIRREEIE T N R AL ORI S~
DFEAITEET 5 C R AL DaFTRL — al NUE THHZENHALINIESNT,
Shimizu Hi3, A B /L 2B Strainl3 RO LT AOFENTIZREILTZ(23), D



77 ) BEL K9 3.0 Mb D ¥R E 54 Kb D7 TAIRMGRY . £ DNA O GC & &I,
28.5%EEL, Yt IRITIL, 2660 D ORF MFIETHIENHLMICENTZ, EHIT,
WA AR E H G TR IR s T I BT 1T, VIrR-VirS R0 Rl oy il %
WG THZEEMRALL, Tbb, VLY aHOBKRREIFET DV —
Z T To5 VirS DN DORNHZZ T DL N D VirR #2 /_2fE@MA
DY, adgf, aT7s 8, R=TV TV ORF LT G fEEEFE TR E O mRNA O
R EDMERES AL, XU R FEAE DRI ENDZ WA LT2(23), T7RDH, adf D
PEAIL, AR T F NIV BmROFEA BN EEZ THEEZ 26N, [FIRF
(CARENZIE, VIrR-VirS SRESMTE | Z<D il iR AFAEL TOHZEB BB
LI, TV a T, CHBDS Y F I ko THEMECE R EA N fr—LEh
TWHEEZBID,

a BmHEOAEMICHTHERIT, e oY, M. M cHESh T\,
Ohsaka H(24)1%, a #HRZ Ty OGREIZHE N3 58, FIHENTITMENIROZ(LILFR
LIRS IRFRE ORI E &6 MIBIIRO M2 AF T ERAZ & T A LR OS5 £
LT, M IMREEE IS RS, £ ORGSR, B O MLifiF 1k 2 AT, MIBIIR)S FELE
BRCPASAS AL, 0 M B AIR O MR AME (R §- DL LT, £72 Bryant H(25)1%,
o BER Z LD MARIZILER T D& | i/ IREEERBE DT R | 2 0 1L/ N 0D 2% [ (A
fa4zE 1 ChDd P-ELITFUNRBLL, I P EREEGIRE TR T 228, ZL T, 4
HERIT, A ROTERIZEY MBS OREBAT ISR EN LD 2R E LTz, =5
(2., Fujii H2)IE. o mRZ MEMBICERSELE, FRIME N EMRIZISNT
WNIRME PLC OIFMALE N TERAT 7 F VA b=V 4,5 -2 Vg (PIPy) D4y ik
G| &L, FERFIC DAG AL, D%, ERKLIZ DAG [ZRARY/S—F
Ay PMERLTT 7R RV BEIEREL . ZORE R, 77X RV B A — R NG LS s
B ARFH L A DAERRAMBIEL | ML - A DINAE DSBS D L) —E D%
DI LTz, T7205 . o BRICEDMIE ERIE, & FIEH OIGHEICER L, i
B E A N MR A B 3 5L WS L72(26),



a BRICIDEMIL, YFFEO—HOEMZERAUIEALE DEIRIMEK TROHIL
(1, 4). Sakurai H(27-29)1F. « #FRIZEDTTFIRIMER DA MG 2OV TRRETL .
ARERDBMERENRE SR, & AEH PTEEME G #0278 (G)EITLTHIA
P PI-PLC OFEME(LAZFHEL | PIP, & DAG &A /U h—IL 3 UVBRIC MR H2 8, &5
2, AERTTHEL 72 DAG IZEONRMHEARARY S—E8 D &N EF L, TSR M ER
BRI EEND PC WRART 7 F VU EEA~LMESIL, RAT 7 F VU RN K EIC
PEAESITRE R BN R E LR IA M 5 S D EHELT2(27-29),

Ochi 5(30), LT, Oda H(31)IE, MEKEIZ PC ZIZEAEEET . SM AL EIZE
AT HEYURMEKD o B RIZEDWEMAT =X NZDWTRENT LTz, ZOREH, K
BRIT BV VRO T 7 MG G4, Gi Z0/X7 B2 LTI SMase 21
PESH, BIIR, A7 0Ty ZLT, A7 4T 1D (S1P) O—# O
SMAAGHROTTHELE R 528, SHIT, MW SIPIREED F A LRIFHI LS LD
Ca” ZAS DI LN LV AR MERRE O & M O e % 78 352 L2 BbnIT LTz,
i, RERICLAEY VRMEREEMLIC C24:1 DOIENFRMIEE A & T SM A 512
IZB L TWAHZE%E LC/MSMS & W= AX Ry AT IZ LV BN LTz (Fig.
4),

a ERIE, RMERIT T2 MAE oM, BiimEk32), NEAIL21, 25). AR
RGN TH, ik, KO, BEEOMAEEMEIERZ R e iESihTn
%o BT HIFFEE T, REROIFHERICKH T DIERERFIL. « #RIE Gi #
OB ZST UTZNIRME PLC OIEMALZF5 5L DAG PEAZ LT DL, SHIT, 4F
EKIFEICHFET 27 ny o FF— B2 AR, K12, Tropomyosin-receptor kinase A
(TrkAYSZ RARZEV U BRAL T DT, RAT 7T VA h—)b 3 FF—F (PI3K),
R OY IRAIRA ) FREAFENESF—F (PDKDETEMAL T 22BN LIZ(34),
512, DAG FEAELE PDKI1 OIEMEARIZED 7 27 A% —F C 0 (PKC 0)H358<TE M
k&, ~A =G L7 a7 A% —18 (MAPK)RR K& L= G R pE A
FHREETHIELHBINILTZ(34), —J7. Oda H(35)iE, T Nl B i B8 2l e ek
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KPCI2IZ o BREIEMESEDHE, TrkA 24 L TR ZEEM AR 2R 282w
LTW5, E5IT, a ##lE TrkA 2L T TNF a ORI VA M A AN— 2%
BERLUCBBEEREZRT L, LT, ZUODIERE 14 BB~/ R R5UV/EME
ThdrZVAaY AT NIHT 52BNl TWAH(36), L END KiEHRIX
TrkA ICREE L THER T2 ATREMEDE 2 Hd, AR OB T 21EHEL T,
a AL, MEK/ERK 37 /URER B AIE ML L | G MR FETE (ROS) DPEAEZTT
HESH | i WAL OIEZ B T 22N RESNTNDBT), EBIZ, FrA=—X
INIBAZ—REHEHIE E R DonQ MIIEIC o ARSI E DL, AEHITHIIICE
AL, I R — 2B %o R — A Z LT VY — A s sSnD 2 L& W
HANIL, AR TR I CER AR 356 SN CTER 32 rlRe e @i
SN7=(38),

a BREVYAREIRN G T 28, BB RRE 20D E T DlE VT
MENTOHFERER, X, AT A L AN—2R3RBO LN, EE O RIEIL,
W AFPER, KON, RIS B U, £ O EICRIEME T E DAL DIE I
E 2> TOBZENHBITUVD(39, 40), Bryant & Stevens 1, o753 2RI E A
EDE, W EREAE B 5T A RIEME T EDA L ThHDHA 2 —aAF% -8 (IL-8) D
WFHEDZRD BILDEHE L TD(41), £, RE DG I T A A 5 UT2 il
kA R H B T DL AR O, O, Z O JEDEBIZ A BRI AR
DHHNDTEND | ARENTLDIR BILKITAFFEROIEMAIC LM EE 2B 535
EHEERS D, LINL7RIND, AKTgE R IZLDFEMIR 4 PERTEMAL A =X LI TH
%o A0, a BRI DU EROTEME LS IL-8 EORREIAOLMNICT 5720, £9°, K
RN ED IL-8 WEHEAD = X LT LTz, RIS, RaER LD MiE M S B
BT 50 A2/ L720I0, am R a7 0B ORI EZRITLIZ, SHIZ. A
o DN Z ARG A %, IL-8 W COAEMTEMERBUCEDL L VT N RERKK IO
WTHFTL=DOTREk 9%,
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Table 1

Distribution of the major toxins among

Clostridium perfringens.

Major toxins
Type Alpha Beta Epsilon Tota
+ - - -
B + + -
C + + - -
D + - +* -
E + - - +
+ : produced
_: Not produecd

« . Prototoxin; Activated by proteolytic enzymes such as trypsin

Sakurai, J., Rev. Med. Microbiol., 6, 175-185 (1995)
Sakurai, J. et al., J. Toxicol.-Toxin Reviews, 16, 195-214 (1997)

Table 2 Diseases produced by toxigenic types of

Clostridium perfringens.

Type Major toxins

Diseases

A a
B a, B, €
C a, B
D Qa, €
E a, L

Myonecrosis, Food poisoning, Necrotic enteritis in fowl, Enterotoxemia
in cattle and lambs, Necrotizing enterocolitis in piglets ; possibly equine
colitis, Canine hemorrhagic gastroenteritis

Dysentery in newborn lambs, Chronic enteritis in order lambs (pine),
Hemorrhagic enteritis in neonatal calves and foals, Hemorrhagic
enterotoxemia in adult sheep

Enteritis necroticans (pigbel) in humans ; Necrotic enteritis in fowl ;
Hemorrhagic or necrotic enterotoxemia in neonatal pigs, lambs, calves
goats, foals ; Acute enterotoxemia (struck) in adult sheep

Enterotoxemia in lambs (pulpy kidney) and calves, Enterocolitis in
neonatal and adult goats, possibly enterotoxemia in adult cattle

Enterotoxemia llkely in calves and lambs, Enteritis in rabbits ; Host
range and disease type unclear
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Table 3 Properties of Clostridium perfringens alpha-toxin.

Molecular weight
Isoelectric point
N-terminal amino acid
C-terminal amino acid

Biological activity

42,521
53~5.6
Tryptophan
Lysine

Lethality, Demonecrosis, Hemolysis®, Platelet aggregation,

Elevation in blood pressure, Contraction of isolated rat aorta,
Contraction of isolated rat ileum, Potentiation on contraction
of isolated rat vas deferents elicited by norepinephrine
Enzymatic activity Phospholipase C (PLC)»

Sphingomyelinase (SMase)

a) Erythrocyte susceptibility; cattle, mice, rabbits, sheep, humans, chickens, rats
b) Substrate specificity; phosphatidylcholine, sphingomyelin, phosphatidylserine,
Phosphatidylethanolamine, lysophosphatidylcholine, lysophosphatidylethanolamine

Sakurai, J., Rev. Med. Microbiol., 6, 175-185 (1995)

Fig.1 Cleavage site of major substrates by alpha-toxin.

Phosphatidylcholine Sphingomyelin
Phopholipase C (PLC) activity Sphingomyelinase (SMase) activity
0 OH 0
SN PO A
R —P
R, o /\/\ o— f +/ 1 (6] | \/\NJr s
N _
) (6]
OYO 0 /\ Oﬁ/NH / \
R, R,

p-Nitrophenylphosphorylcholine

Phosphodiesterase activity

MacFarlane, M. G. and Knight, B. C., Biochem. J., 35, 884-902 (1941)
Stahl, W. L., Arch. Biochem. Bophys., 154, 47-55 (1973)
Kurioka, S. and Matsuda, M., Anal. Biochem., 75, 281-289 (1976)
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Fig. 2 The relationship between amino acid residues
and divalent metal ions in alpha-toxin.

His 11 Glui —_Trp'!

1st

Maintenance

* of structure

Catalytic site

H,0
As 130
2nd H,0 P
His 148 Binding site
Glu 152 As 56
P 3rd
' ' His 68 His 136
Me?*: Divalent matal cation
Nagahama, M. et al., J. Bacteriol., 177, 1179-1185 (1995)
Sakurai, J., Rev. Med. Microbiol., 6, 175-185 (1995)
Nagahama, M. et al., Infect. Immun., 65, 3489-3492 (1997)
Fig. 3 Structure of alpha-toxin.
N-domain C-domain

(Enzymatic domain) (Binding domain)

Naylor, C. E., et al., Nat. Struct. Biol. 8, 738-746 (1998)
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Fig. 4 Mechanism of hemolysis induced by alpha-toxin
in sheep erythrocytes.

C. Perfringens
Alpha-toxin

Erythrocyte membrane

Sphingomyelins

Cy4.0-sphingomyelin . .

) _ Cyrsphingomyelin - C,4.4-sphingomyelin

Cg.0-sphingomyelin .

: etc.

1

1

1

v

Ceramide Ceramide (Unsaturated ceramides)
(Saturated ceramides)

I
T
I
!

Sphingosine

\

Sphingosine 1-phosphate
]

Hemolysis

Oda, M. et al., J. Lipid Res., 49, 1039-1047 (2008)
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Fig. 5. Neutrophil accumulation into the lung in mouse treated
with alpha-toxin.

HE staining Neutrophil accumulation

x 400 x 400

Control (saline) Alpha-toxin (200 ng/mouse)
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W aBEICLD AS MIE DO IL-8 EEEE TrkA TEHE{LD
BE £%

A Y )L 2 B REGYE ORI L RRYSAHAR N RRIS, A8 N T oA EREFE S
PRI LD BT R ERETER T D2 ThD, Thbb | KEERICLD4HERD
FH TR TE AL CGEAGTE M OB 5 TR PE D HEIN) 23 M8 2> B G E AL~ D 4 P ER IR
HOREELLIZOL, 18 EOAMRHZEREL | AEOREA N ESED, vriva
W PEET D o mERIT PP ERO B IENA 2K 5T 5 FERREIR LU TH
ZHITND,

TR DM 7EE T, a mR eV 4P ERICAEES DL MO 2 BRIC/E
ML, =81k GTP i & #77E (Gi) 2/ LIARM: PLC OIE MLz #EL DAG
PEAZTLET D28, IDIT N ERIRICHFTET 2 F ro o FF — B RBIK, Rl
Tropomyosin-receptor kinase A (TrkA)DIEMALAZFHEL | ZOMR K Z L CIE M2
REEEEERT DI MELIZ(34),

TROERNTOVEM AT 2L, i, IFlE. 2L T, Bl mE N Toarh
RO A KB LT (Fig. 5). i EROIEMEAGIK A K712, &R+ ek
K+) LLTUE, mAmb) =2 -BA, MifRRLSY C5aX° C3b, SHIT, T EAALIRE DD
WCWD, ZOHTYH, RIEMETEH AL Th% interleukin-8 (IL-8) I3, FFIT, 4FHHEK
DA L EF I CEE RN LU TEZBN T, Bryant & Stevens 1d, afi & &N
MR CVE S E DL, IL-8 DSl LM L72(41), T LT, amRET I/ MALSID
FARIPEDS B FRIREE A3 A 3D M PLC 13, HER L O MIIEA S TL-8 il
HEZ A S i~ PEROEF LT E T DM SIT(42),
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ZZ T, amg R LD AF P ERTE AL B 2RI 272012 IL-8 1235 B L Tt &

1T-o72,
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N aEBBERE<-YRZBIF3 GROKC O EHE

B L72d012, o R 3N TOLF P EREREM 24 322 (Fig. 5) . ZOMERIZ
IL-8 3B5-L T EIMIT A THD, vV AICEBNT, B IL-8 DAFRERSELT
GRO (growth-related oncogene) & KC (keratinocyte-derived cytokine) 231531 CHY
(43), FNEI CXC HT7 77— T D7 EN A ThbH, GROKC (X, w7 AD
B ERD AELMEE TUET D RER A L TRY ., RIEMHI D~ AD I P ER D <0
REICBETAZENMBN TS, 2T, AT, REBEROH P ERERICET
% IL-8 OEFNEMRFTT D720, v U RIZBWT IL-8 IZHYTHH A A ThD
GRO/KC ZFRtEE L THEITL T,

[ ZEBRM B K NV ERTIE]
1) o BRI KOG
A) BEioo{ERL
< FEEREA B>
I M Bt~ 27 22U LT (MgSO4) DFf#: MgSO4 [Nacalai tesque, 210-32, M.W.

120.37] 12.0 g 27884 7K 100 ml ([ZIAfRLT=,
1 N KEE(LT R T2 (NaOH) O HTA Vo Z—%{#HLC, NaOH [Nacalai

tesque, 31511-05, M.W. 40.00] 40.0 g Z 7884 /K 1,000 ml |Z¥EfRLT=,
<FEBRFUE>
Luria-Bertani Broth 5511 (L-Broth) ®#F#%.: Bacto'™ Tryptone [Difco, 211705] 10.0 g,

Bacto™ Yeast Extract [Difco, 212750] 5.0 g, &K%, H#ifkF k72 (NaCl) [Nacalai
tesque, 31320-76, M.W. 58.44] 5.0 g Z 784 /KIZHMEL . 1 M MgSO41.0 ml Z/NZ . 1
N NaOH T pH 7.5 [ZFH% L, K8 /K Ta2E% 1,000 ml [ZL72th, A —h /L —T7 T,

121°C, 20 43, MEAKIREL ., L ETHAILZ,
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B) A /4n=—ik

< EERAEE >

PBS-)D#%: NaCl 4.0 g, V> EE/KE —FRTA12 KFi¥ (NaHPO,) [Nacalai
tesque, 31723-35, M.W. 358.14] 145 g, VP " /KFE VU L (KH,PO4) [Nacalai
tesque, 28721-55, M.W. 136.09] 0.1 g. #Efk V7 A (KCl) [Nacalai tesque, 28514-75,
M.W. 74.55] 0.1 g Z7&87K 500 ml (ZVAfiEL . A —RoL—7C, 121°C, 20 53R, &
JEAKIRE L, |IRETHHIL,

Pl oo FEIME (H148G IfLiE) DML Nagahama 5D FEICHES TERILIZZ R o

% (H148G, 100 pg/ml) =& & (1,000 ul) O5EET ¥ 23~ [Difco,
0638-60-7] SIEMLAALLTZ, ZOHAGEZ T Y X (ma—T =T RBRTUAR, I, £
3.0 kg) OM{HIEALIC 2 WEMRTHREN Lz, 512,08 2 @E%, v b
BEERAIRED , £9 50 ml BRIMLL . MK AN 2T REE D E T, 4°C THE L7, RIC
MEFEFR<7=6, 3,000 rpm, 10 23z OL, bz BiEEfimRmiEE L=,
< EBRFGE>

FERAK [Nacalai tesque, 01028-85] 0.9 g (Z PBS(-) 100 ml &Iz, WhHEAKHS H T
IS T, 2O ZOWMRIRE B CTHRIEL T 60°C fHEETHHIL1%,
1% F A% —)L [Sigma, T-5125] 100 pl ZHx, HFZAT ¥ —LIZK) 6 mm DESIZ
IRHIDNTIRLIA A, RIS TREE S 7o, BB L7 RIZIERSK 5 mm DIz B 1)
PUR, RO FLMIEZZNE 10 pl YL, 37°C TKI 16 BEfA v Fa—Talth,
RS DA A B LT,

C) ZVUNAREEF N D LRV T 27UV T IR VESIKENE (SDS-PAGE)
< EERAEE >

6 N e (HCl) OiA%: HCI [Nacalai tesque, 18320-44, M.W. 36.46, 4 kg] 540 ml %

HIAN A — T8 7R KEINZ TEE% 1,000 ml EL7-,
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VKEFE FARENR OFIRL © 0.3% R A-1.44% 7'V -2% SDS KIEHR: NA (BERu

X AFIV) TI AKX (Tris) [Nacalai tesque, 35434-34, 121.14] 3.0 g, 7 UL v
[Nacalai tesque, 17109-35, M.W. 75.07] 14.4 g, =L C, ZVVUVEREE TR L (SDS)
[Nacalai tesque, 316-07, M.W. 288.38] 20.0 g #7884 7K 1,000 ml |Z¥EfEL 7=,

A VEIEOREL © 30 % TI7UNVTIREHR: 727UV TR [Nacalai tesque, 00809-85,

M. W.71.08]129.2 g, N, N’>-AF L ERT7U/LT IR (Bis) [Nacalai tesque, 22402-02,
M.W. 154.17] 0.8 g Z 7% BE7K 100 ml ([ZEMEL T2,

B R OFE © 0.4 % SDS-1.5 M Tris #% &% (pH 8.8): Tris 18.2 g, SDS 0.4 g 7%

HAKIZEARL . 6 N HCI C pH 8.8 ITHiHEM% | 28 /K THREZ 100 ml &L72,

CIAIRDFHEL © 0.4 % SDS-0.5 M Tris #E{E#X (pH 6.8): Tris 6.1 g, SDS 0.4 g # 75

KIZEfEL . 6 N HCI T pH 6.8 5% . 7KK Ca2EA 100 ml &LT-,

D WIEOFHE 10 % @7 o E=U L @S T > E="7 A [Nacalai tesque,

026-02] 0.1 g 27584 /K 1.0 ml I[ZIAfRLT=,

0.2 M Tris-HCI #Z &% (TB) (pH 6.8) DOFAML: Tris 24.2 g 7K H/KIZHEL. 6 N

HCI T pH 6.8 IZFH%E% , A /K TR2EE 1,000 ml £L7-,

2% SDS-sample buffer: V&0 0.2 M Tris-HCI buffer (pH 7.5) IZ Sodium Lauryl

Sulfate Granular (Sodium Dodecyl Sulfate:SDS) [Nacalai tesque, 31607-65] 2.0 g.
Glycerol [Nacalai tesque, 17018-83] 10 ml, 2-Mercaptoethanol [ Wako, 138-01015 ]
5.0 ml Z Nz CEAEMEL . 0.2 M Tris-HCI buffer (pH 7.5) T4 &% 100 ml £L7=,

1% Coomassie Brillant Blue R-250 AR D i #4: Coomassie Brillant Blue R-250

[Nacalai tesque, 09408-52] 10 mg %754 7K 1.0 ml (ZIEMEL 7=,

Coomassie Y2 AR DFHEL (FEHTHF): Coomassie Brillant Blue R-250 1.0 g & Methanol

[Nacalai tesque, 21915-93] 20 ml., HEf% [Nacalai tesque, 00212-43] 30 ml, =L T, 7%
BE7K 350 ml TIEMEH . FILTER PAPER 1 185 mm [ADVANTEC]Z AV CTlEE L 7=,

AR DFREL © 25% AX —)-7% BERE KIAHR: HERS 75 ml, A% /—/L 250 ml (2,

FREE K AN Z T4 1,000 ml L7~
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7> 18~ —7J—: AccuRuler RGB Plus Prestained Protein Ladder [Maestrogen,

02102-250]

Hanks balanced solution (-CaCly) : HBS(-)D#Fi%: KCI 0.4 g, KH,PO4 0.06 g, NaCl

8.0 g. Na;HPO,4 0.107 g % 700 ml DZ&E /KIZEAMAL . 1 N NaOH T pH 7.4 IZFR#E%
REK TR 1,000ml L7z,

TV IUEGREE T R LR T 2V )L T IR L OFERL 2885 7K 3.0 ml, A I&R 3.75 ml.

B &% 2.25 ml, N,;N,N',N'-7 hZ AF )L =FL P73 (TEMED) [Nacalai tesque,
33401-72] 5.0 pl ZANZIEFIL , 20 23 P SA% . D 38K 35 pl 2RS0T #RL .
TOAMIALTTIRWZT AR [ AR AR =R, NA-1000-4)1ZHELIA T, 2D
D FITFRER K ZHNCEREL, 50 °C T30 BB LSz, i, Z&K%K 1.8 ml,
A Y% 0.45 ml, C A% 0.75 ml, TEMED 5.0 pl, ZEF1L., D A1 9.0 ul 200z,
%, BB, B2 7 v EICEBL, 2—2 (10 V= /VH)EZLIAZ, 50 °C
T30 mHEESET,
<FEBRITIE>

ABHZZE 5D SDS sample buffer Ik AIRFNL | g /KA H T 3 /3 MAEE%Z | §5<
AE L Z 7L, 1% Coomassie Brillant Blue R-250 A% 1.0 pl 212 7=, ZOsERATR

R=RATT TR EL/KEEEE [A AT AR —R& 1, NA-1012] ([T LZE
KUKENT AT 7FA L, 60 mA, £ 30 73 FESKIKEIL T2, 7 /LAY EHE TR 20 57
FREOYL et DR CIREO BT,

D) a mFEOKERE
< FEBRAEE >
0.02 M TB (pH 7.5) OFA%L: Tris 2.4 g 2788 KIZPEf#E L, 6 N HC1 C pH 7.5 [ZFH%

% R AKTEEL 1,000ml LL7-,

o0

=]

.02 M TB (pH 8.0) ®Fff: Tris 2.4 g Z7& B /KIZHFEL . 6 N HCI C pH 8.0 |ZFf%E

i

=N
i

% ZRHEKTEES 1,000 ml L7,
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<FEBRITIE>

FEEEE o BRBIE T hIV A7 —~ M L-Broth ICHRIFELZ23E 37°C, 14 K
M55 # 1%, 4°C. 8,000 rpm, 20 ZrfffiE 0L, 558 BIE2KE N CHRAEL2D5, Filg
TE=U A (Fi4) [Nacalai tesque, 02619-86] Z EHIMIZ/D & T DIRINI% ., KR
FE 70%EaffiZe (450 g/l) &L, —MBEEGEL 7=, £ D%, 4°C. 9,500 rpm, 30 57 [Hiz
L, AUk &% 0.02 M TB (pH 7.5) IZEfESHE . 2,000 ml O [FEIFEE K C 2 [7] 4°C,
—f Dialysis membrane, size 8 [Wako, 548-00033] & M\ CTHEATL-, BT, 4°C,
15,000 rpm, 30 syl 20O BiEEHEE (iLdsR) Eheliz, ZOMESR
15 S AK T EE 0.5 M NaCl £7251912, 1 M NaCl-0.02 M TB (pH 7.5) T#R&%., T
. 0.5 M NaCl-0.02 M TB (pH 7.5) TH¥ LL7Zgi¥L — 771 =T — T L
(1.5x9 cm) | ZHBEZRENEZT 7I7AL, $ T, 0.5 M NaCl-0.02 M TB (pH 7.5). 0.5
M NaCl-0.1 M PB (pH 6.5). 0.5 M NaCl-0.02 M EEfgf& @K (pH 4.5). ZL T, 0.5M
NaCl-0.1 M PB (pH 6.5) #JEV, 100 ml 327z, RIZ, BT LIS LT- 5%
% 15 mM L-EAF 2 [Nacalai tesque, 18116-34, M.W.155] - 0.5 M NaCl-0.1 M PB
(pH 6.5) 100 ml CTHEMHEHEEZ®%.,. ZO0BEHEREL I T VX —
[DISMIC-ADVANTEC, 39122120] T A i #% . R4 %8 7 4 /b % — Amicon®
Ultra-15-30K [MILLIPORE, UFC 903024] T .DEfEL . ZO#ENER% 0.02 M TB
(pH 8.0) T 4°C., — W& AL . 15000 rpm. 30 %) [ 3% 0> # . Poros HQ/20
4.6mmDx100mml Column [Applied Biosystems, 1-2322-26] (Z7 77 A LTz, D&,
BRIk R 1~ r57 4— (HPLC)-AKTA purifier (GE healthcare) Z T, #3%
PRI, B (0.5 ml) EIZEBWT, B a BREMIGIZH T4 74—
S TIEBEARDSFRD S, 73O, SDS-PAGE T, o #35E 2454 43 kDa DHL—3
YREGTE S ZED K 1.0 ml ETHERML7C, ZORMEKZ 0.02M TB (pH 7.5) T
4°C, —BBHrL7=#4. 4°C. 15,000 rpm, 30 /.0l 20 EiE (a HR) &5
2o 14517z o B F 1T, SDS-PAGE T O A HEZ R4 | 151 £T-20°C THRAF
L7z,
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E) a BEDX LI ER, KON, L
< SEBRAPEE >

TaT AT vEA B a= g v b Protein assay bicinchoninate kit [Nacalai

tesque, 06385-00]

2.0 mg/ml VMG T V7 I AEUEVRIK: Albumin, bovine, solution (2.0 mg/ml) for

protein assay [Nacalai tesque, 00653-31]

Gelatin-Tris-bufffer-saline (GTBS) @D #l: Gelatin powder [Merck, 1.04070.0500]

1.25 g% ZABE /K89 200 mLIZNZ ., & #h/KIEH T Gelatin 2 52 & IIAfRSE, LT,
FIRFETHLP LT IAEEZ Gelatin IABEE L CTERI45, RIZ, 0.2 M TB (pH 7.5) 50 ml
|2, NaCl 4.5 g iS4, Gelatin IE8EA N2 | L<IREET D, AP —NZ BN L2
D5, FREE K CAE 500 ml 235,

<FEBRITIE>

v o= Rk

EIREE 0.01, 0.1, 0.5, 1.0 mg/ml DT VT IR EAER L . ZHh AR E LT,
BRI T 60 18 2 70 FE IS AT IRL TIe<, il & DR BE DFEHENR | F7o 1k, sBHE
% 25 ul % micro plate [Z¥RANL . Working Solution 200 ul Z /%, 37°C. 30 451>
FaX—rar%, WOt (562 nm) ZHIE L7z, IEHEROWCENBIER LI H &
MRINDREHEIR D& 7 B2 E N U e, IRERE LT o 33 % GTBS TARL i
L7z,

F) LPS 2
< SEBRBA R} >
LPS F#:2:3F > k: Endo Trap® red 1/1 [Hyglos GmbH, 321053]
<FEBRFIE>
%% 10 mg/ml 7255512 Endo Trap” P LAEE K (EB) THARLI-, Kit WD
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N7 LaRE T 7 IZEEL, EEOF vy T HS LI B OF vy TS,
7 LN E 717 DINOIRIHEE 5, LU T ARIRE CEAIEA1T), #72.% Endo
Trap" B AEALAEEIR (RB) 4.0 ml (4°C) T2 [HIBE4L., &512, EB 4.0 ml (4°C) T2
BIYEES 5, ZO%, HINLT-EHR (10 mg/ml) ZAT7AMFEATH BEHEREZ TR
BRAEIZIEIY [1 ASH] ). PBS 1.0 ml 23RN, GakBriE 12[ali 9~ D1EE% 4 [Al#0 i
T [2~5 KH] (ZLOEAE . 3~4 KBIZIZLWH LRI RNEHSID), EB 4.0 ml
(4°C) T 2 [T 5, JKEIZF vy 7 %2 F17, 0.02% 7 LT YA in RB (0.2
mg 7t F UL [Nacalai tesque, 312-33]/ 1.0 ml RB) Z{EAL T, 4°C TIRTFET
2o

2) o mRICLDM DL R EREERE
< FEEREA B>
HAMKR S ABEER(KEAERTE): 20 ml 7IAF 77 7V ANODKREAR
HEAEH L,
P~ A GRO/KC HiiEDFHHL: Anti-Mouse KC Rabbit IgG [IBL, 18361]% 50 ug/0.1
ml L7255, REARBETHRLZ,
<EBRITIE>
1 # 3 PEo> ICR 2~ A (5 i, #E, 25-30 g) 12, a #5% (50 ng) & 0.1 ml F7213,

AP K%E 0.1 ml, HL~ A GRO/KC Hifk 50 pg & o %35 (50 ng) IRA#R 0.1 ml
ZRERIRNIE G- LT, 20 3 Kefflte, BB LI~ T 20D lizf L, 10%HH
R~ AR EIR [ Wako, 060-01667] T, 24 B IR CEE LT, F D% . Mk T
HLEITWV, 7T —X)—RH-12 THfE T T ARBL, T R_XT T ary
— Ve VAT D WG T i A T o Te, MERILT NG T T a2 h I Tl
ERIVPh—LTES 4 um ([ZHEIL, RT7 PR T RS, £k,
T ER B OSSO IR G A2 55720 | HEJe 217\ B eE CRls
L7z,
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3) a mBHRICLDHYTRIMIEH GRO/KC 2 EEDOH|E
< EERAEE >
Mouse GRO/KC ELISA: Mouse GRO/KC assay kit [IBL, 27137]& FH\WCHITE L 7=,
<HEBRITIE>

1 B 3 PO ICR 2~ A (5 Wi, 1, 25-30 g) 12, a #:3% (10, 50, 100 ng/mouse) %
0.1 ml £7213, AFRHIKAZ 0.1 ml ZRFFIRNTRG-LTc, €0 3 Befl#E . R M2
L. 15000 rpm. 10 sy T Lo BEL ., MIEE2S7-, 7V 7 IV BREF VR

[Calbiochem, 122640]1% FAV\T., MG T OT N T I ZEELZ, KT/, Fix D
IREEDIEEFVEIR . o DWE, 7% 50 ul T2 AdL, E6IC, B A F A PTR
FREEE 50 WIRINL . WDV AR gt T —MIA/N—% T, I T2 K
A FaX—Tar iz, 20k, Pedik T 5 EYEFL, ANV ST BV -HRP IR G
K72 100 pl TOEML, =T 30 oA Fax—Tar Lo, SHIZ, Peifik T 5
[EIPEF % EEE LR35, TMB BB A 100 pl T SUsANL ., 2815 T 30 201
2 —ar Ui, IS, BOGE IER% 100 pl 9 2¥RANIL, 30 0 LANIC~A27u 7L
—h) =& — T E A E L7 (450-550 nm), FEHEFLVETROERT T 7 b4
TIVDY AN AR E LT,
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[ EER kAR ]

o BRI DI ~DLFHEREREE I IL-8 3B 53 2/ E 9 a it 57012,
VU AZBWTER IL-8 DARERZ LLTHIDILDL YT A GRO/KC ZFREEE L THENTL
72, Fig. 6A IZ/R T X912, ICR w7 A2, ABREHEIK, a 75 (50 ng) /21X, Hrv v A
GRO/KC HU4K 50 ug & o 755 (50 ng) IR AR & R EFIRIN4Z G-L | 3 IR IZI1T D)
KL o D47 P ER R 2 BB DT N LT, T ORE R AT G X0 Fif
R OLE R ERERE, AR FR R K G AL LT LN LIz, 2L, fi
A GRO/KC ik AREH#% RN G- LT RE I~ 4 R ERERD A B 1)
Lz, T7205 §T GROKC HLikDOF HIZ LD | REFEFRIZLDMi~D4F HEREFE A
HISNAHZEAHBALT, RIZ, Tl x DRED o HREZBEIRNEG L, 3 BFEI#IC
I {# H GRO/KC I E LTz, Z Difii R, Adgse OF G- EIKAFL T GRO/KC D
BEE A HEIIL 72 (Fig. 6B), ZILHDOFERED, a 21T, vV AIZ/EAL T GRO/KC
OWEHERARAEL | fli~DfF PEREFRZ TR T2 E LN Loz, T7bh, o
T LD ~DOLF R ERFEREIL, IL-8 Bl IS IN T 5B 2 HD,
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B o BRITED ASA HEIND D IL-8 HHEL TrkA O 1%

RIEIOFRER LD, o #HEIT, RN T GRO/KC, $70bb | IL-8 ZilFkfL ThfHER
DIEMALZ FR T DZENHLNER T, — 7 TR T W78 TlX, o BRIZED
Y AF R ERN D OVEERE R EEAE IR, 4 P EROMIBLIREICAFAET D TrkA 4
PG T HZLaMEL TWD(34), AHITTIE, MR T2 o mROMEHZH

PNZT D72 i ERGHIRET L EL T, BB R AS49 #ifuA FHWT, o
FERICLD IL-8 iEffEE TrkA OBIRERFIL,

[ ZEBRM B K NV ERTIE]
1) HilaREEE (A549 M)
< FEEREA B>
35 OFEEE: 4°C TEHARLTZ Fetal Bovine Serum [AusGENEX] 500 ml % 56°C T
Bp 2 fEEESE 30 R (IMIGNRESTHOD) Ao FaX—au 2170, FEENE%,
71—~ F N T Corning Incorporated [ Corning, 431160 &4 FH L. IE AT 47 A
200 ml {22 AL 100 ml (& 1 REZhZIRIEHEE L7z, PRIFIE-80 °C TITUV Y,
FE AT A ICRIR S CIRRLT-,
10% Fetal bovine serum (FBS) - Dulbecco’s Modified EAGLE MEDIUM (DMEM)

(FBS/DMEM): D-MEM (High Glucose) with L-Glutamine and Phenol Red [Nacalai
tesque, 08458-45] 500 ml (2, 7V —2 X F T, Penicillin-Streptomycin [GIBCO,
15140-122] 5.6 ml, K& 8, FEE{LL7= Fetal Bovine Serum [AusGENEX] 60 ml A%
L. KIRFILTC, PRAFIE, 4°C TITW, BEHATIC O =IRICR LT,
<FEBRITIE>
VUG AL OAE 2 AKX

-80°C T 2.0 ml &7 AF a—T7ITHERAFS I Z IO L, IEHIZ 37°C O
TR AL IRVIBE RN O ISR L 72, 50%1Y 7 1/8 /=)L TET LT a
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—7 DFEZRE, 1.0 ml OIXEE 2>k [Greiner bio-one, 604181] Z VT, ¥ 4.0
ml @ FBS/DMEM E; #1238 A>7=R) 7 ae’'L w7 ARF 2—7 (PP-F+ ) [Greiner
bio-one, 188271] (2B L7z, BEEAENRAIL ., 25°C C 1,000 rpm, 5 4y LTz, §z
BN 5 A 2 S A — )L E Ry N T ETEZBRZEL . 3.0 ml © FBS/DMEM £ i TRk
. T 10 ml © FBS/DMEM B HIASA~72 75 em® OFLi#EE#E A7 722 (Cell
Culture Flasks) [greiner bio-one, 658-170 | (22 ma L 7=, HxPHD BIEFIL
37°C. 5% CO, DM FTCO A Fa~—%— [SANYO, MCO-20AIC] %W TC
BB LT,
I ON) Y AW e

75 cm® MRS 7 7 A THEEE (90%LA EHEAE) LMz, 27U — R TN
CHZENEE B 2 A — LBy M W T, TAE L — 2 — TEE A R 5 I BR 25

4. 0.5% - Trypsin / 5.3 mM - EDTA Solution [Nacalai tesque, 35556-44] 0.5 ml Z ¥
AL, a2 2 HBEL 7= D2 M8 1% . 5.0 ml @ FBS/DMEM B HiCHEREL , ARV
Tt T AN 22— 1B LTz, 25°C T 1,000 rpm. 5 4y EE LU, R 3
HIRE IR — VB~ T EEEFRZEL, 5.0 ml © FBS/DMEM B TR %, T
¥ 13 ml ® FBS/DMEM 5143 A7 75 cm? filikEs 28 77 A=12 0.5 ml $£FEL .
BEIRFNL, 37°C, 5% CO, DEAF FCHE LT, LItk MEREEERIL, 75 em® MLRkES
FEH7I7AaZMHT 5,

<fFRHL=TT—F>

AFERMAEH 12 well 7L —b [ greiner bio-one, 665 180 ] — 1.0 ml ¢ ->#4f#

A G HII A 24 well Z’L—F [ greiner bio-one, 662 160 ] — 0.4 ml " - >$%ff

P EHMIEH 48 well 'L —h [ greiner bio-one, 667 180 ] — 0.3 ml ¢ ->H4f#

P EHMIEH 96 well L —h [ greiner bio-one, 655 180 ] — 0.2 ml ¢ ->#4f#

s HTARRLT v 2 [ MATSUNAMI, D11131H ] — 0.3 ml 9> #fE

*3.5cm ¥ ¥—L [ SUMILON, MS-10350 ] — 3.0 ml 9> #5fd

*6cm ¥ —L [ FALCON, 725-28-41-22 ] — 5.0 ml § >#fE
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HIR D B i AZ HA
B DA IREANDORE I LIAD =D (K13 H), ZV—2 XU FNT, K
AT AL — 2 —TBIREL, TPOREIRIZE L FBS/DMEM E# 13 ml 257>

WML, 37°C. 5% CO, DS T TEER LT,
HNpR O AE LR AF
75 cm® OFFREER T 7T A TE:EE (90 %LL EEE5E) L7- A549 Mz, 27U—>

AR F N TR 5 I/ XA — )L E Sy M [T, 7 AE L — & — TR a1 5 |
BrZE L7z, Trypsin-EDTA 0.5 ml Z¥SHIL, 37 °C. 5 % CO, DS T T3 /A=
N—rar Ui, MlEAEEICHBEL 721, 5.0 ml OFH#ITREL ., 15 ml O PP-F =
— 71T, 25°C Tzl (1,000 rpm, 5 70f)) L7z, BIEZEFREL., MIRLEHS CRATIR
TR A —1 77 [ BRI T, 804010 ] 1.0 ml THIMZ B LT-, ZDORREIK
BT LT 2—7 12, -80°C THRAFLIZ,

2)  AS549 HEIE DO IL-8 b

< EERAEE >

Human IL-8 ®##Hi: Human IL-8 ELISA kit [R&D systems, D8000C]% VT H L
7o

Vel OF L. Peliik Z2 ik T 25 [/ R,

Substrate Solution: Color Reagents A & Color Reagents B 19 15 43 LANIZ & EIRE
Do

AL R OFEL 5 SOy~ R)LT7F 22— [BM Bio®, BM-15] (ZIEEHERLE A

TR (Calibrator Diluent RD5P) % 150 pl AdLD, IL-8 AX LA —R & #EFLE 7R
% 5.0 ml TEHEAEL (2,000 pg/ml), Zi% 150 pl, =X RLT7Fa—7 (2B, &
fEL72 (1,000 pg/ml), EHIT, 150 pl ZHID Ty _RURAVTF 2—T MR BRI
(500 pg/ml), X512, 150 pl ZBN DTy RV T F2—T I TMZ AL (250 pg/ml).

512,150 Wl ZRIDTy XU RNV T F a—TITNZ AL (125 pg/ml), 512, 150
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ul 2R DTy RNV T F 2 —TITINA R LTZ (62.5 pg/ml),
<FEBRFIE>

%72 /LIZ, Assay Diluent RD1-85% 100 pl, =L T, fli & DT OFEUERE I . &
DT, 750 pl Adu, TL— M=%, IR TR A o —
av Lz, D%, Yeifi T 4 [B1YE4 L. Conjugate & 100 pl 3 ORMN% . 7L —hah
N—L, FILT 1 FFiA L aX—Tar Uiz, RIZ, PEEE T 4 Bl JRRL -
Substrate Solution % 200 ul 3 O¥RIL., 7L —MIH/X—Z0F, FIE T30 /A
FaX—Tarlic, &I OSEIRTEEZ 50 wl 728, 30 7 LLNIC 7L —RY
—X%— [Softmax pro] TWEZHIEL (450 nm — 540 nm), fEUEFE I DEART
FIME, KV T ND IL-8 WEHEEZE LT,

IL-8 7B & (pg/ml) = (x-0.135) / 0.0016 (x 1% 2 DD EHE D7)

3)  A549 HifuY Rk TrkA DR
< EERAEE >
Wb HiiR A Blocking buffer: Blocking one-P [Nacalai tesque, 05999-84]%

TBS-Tween 20 T 20 fZ# R L TEH L 7=,

P P-TrkA HtfA: Phospho-TrkA (Tyr490) antibody rabbit polyclonal IgG [Cell signaling,
9141]% Blocking one-P T 1000 {7 R L Tl L 7=,

Phosphate buffer saline (PBS): Phosphate buffer saline (10X) (pH7.4) [Nacalai tesque,

27575-31]1 50 ml &Z88E7K 450 ml Z{RE L CTRERL ., A — ML —T LTz,

UH X RPUIAR: Anti-rabbit 1gG, HRP-linked Antibody [Cell signaling, 7074 1%

Blocking one-P C 2,000 {5 &R L THEH L=,

Western Blotting (2 AEEK

20 % Methanol buffer: Tris 6.0 g, Glycine 28.8 g % 7% /KIZ¥Af#L . Methanol 400

ml ZhNZ | KRG K TEES 2,000 ml LLT-,

TBS-Tween 20: NaC145.0 g% 0.2 M TB 500 ml (ZIAfEL . RUAFL =F L2 (20) Y
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WX )T —h (Tween 20) [Wako, 166-21115] 5.0 ml Z RN, 788K T2
% 5,000 ml LL7=,
i IR DFREE : 25% A% ) —/V-7.5% BEFEKESHR: HERE 75 ml, A% /—/L 250 ml 12,

AREKAEINZ T2 1,000 ml EL7=,
<HEBRITIE>

ATEIZ, 24 well 7L —MNIREREL 7= AS49 fifld DAV 5L, #if1 % DMEM 5%
#1300 pllZAZHAL , 37°C, 1 fRA > Fa_X—ar Uiz, 0%, BHaW 5L, Kk
JE 1.0 pg/ml D FEFE AV 1% DMEM 300 pl \ZA8#4L T, 37°C. 5 % CO, & FT
fli 2 DAL FaX—Tar Uiz, ArFaX—rarth, BzFRZEL, PBS 300 ul
TYEEHLQ2[EI1T9) | SDS sample buffer 30 ul TH&EEVQ [FETTY) =X RALT7F
2= LT, HEIE [ BIORUPTOR | CiLEZAMRL . 3 B MLIZL D&Y
IELT,

1% Coomassie brillant blue &/ &#INL7=H> 7L 20 pl &4 &@&~—71—3.0 ul

% . Real gel plate (10 %, 12 W) [ Gellex, SDB-521] {7 774 L7, 30 mA THJ 1 FF
[} SDS-PAGE %177z, ZDIZ PVDF & [Millipore, ISEQ26260] % Methanol T
#9143/, IZ, Methanol buffer TIREHLTZ (BT Blotting BEE 460D 15 4
ATETICHELTEL) .

Western Blotting D J5 1

#fif L7~ PVDF [i¥& SDS-PAGE #% D7 Va4 KIONEIZIEY A 3>+, Methanol
buffer 1°C 60-80 mA THKJ 1.5-2 Ffff], | TG A1To72 (3a8HD 30 S LILEDT
WLZELIRNDTIER) , #5514 . PVDF % TBS-Tween 20 T 5 23 [BIVEHE (2 [m14T
9) #. Blocking One-P 2.0 ml Z T, NAT Uy [ZAE /314, S-1001] IZA
AU PVDF a3y 7L, 37 °C T30 3 FiRED LTz, 30 73121, 7Sy 7B E L,
TBS-Tween 20 T 5 73 PEF L, ZO#AEL 3 [BIF0IRL 72, £ DHIZ, Blocking One-P
\C— PR Z VIR L= D% FE L, Yeif 3 i&io 7= PVDF iz —IRHLIA TSy oL,
4 °C (IKIE=), O/N TIEEILebArFaX—rav iz, B H, /Xv/L7z PVDF
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f54 TBS-Tween 20 T 5 ZrRIUEAHL (3 [EI#0IK 7)., Zk$LiA% & Te Blocking One
50 ml T/NwZ71% .37 °C T 1 RfEIREO L7z, | RIS Sy 7B L,
TBS-Tween 20 T 5 53 [RIVEAE L7 (3 [RI#RDIRT)
XEH TR C T PVDF A 253 (IS L, —IRPURE ZIRGUAZ - B TIT o7,
PVDF [EDf#HT 4

Veif#% o PVDF 4Ty 7 EICB L. K% B, Immobilon western

chemiluminescent HRP substrate © HRP substrate peroxide solution 250 pl, HRP
substrate luminol reagent 250 pl [ Millipore, WBKLS0100 ], K& U8, #& #7884 7K 500 pl
e IIRFIU T2 T UL K 1 0 MIGE L7212 . RIT727K 53 % WY | PVDF iR
% Image reader LAS-4000 mini [ Fuji film | CHENTL 7=, fi#HT#% . PVDF 5 Yefa
CBB Jetajig Tl | Mt iz - Tl LT,

4)  A549 HIBEOD TrkA /w7 X0
A) FFLA7=7b 51 (Neon)
< EERAEE >

NeoN™  transfection system100 ul kit (192 Reactions) [ MPK, 10096]

NeoN™ transfection system [MPK, 5000]

TrkA siRNA 3l

FlexiTube siRNA Hs NTRK1 1 [QIAGEN, SI00038983]
FlexiTube siRNA Hs NTRK1 2 [QIAGEN, SI00038990]
TrkA siRNA (1 nmol) % 5D RNAase-free water 100 pl (Z¥EfEL . 10 uM DOIEHK
(ZRRILL 72, B HIRF £ T-20°C TIRAFLTZ,
Negative control siRNA: Control siRNA [QIAGEN, 1027280]
<HEBRITIE>
HHLD 24well 7'L—RMIZ FBS/DMEM £5#1 300 ul 212 T 37 °C TAL F o —

TarLTEL MR EIE DD a7 L NI EIFE LT A549 HIfE D 75 cm? HHLER
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B 75 A% Trypsin-EDTA 1.0 ml TRUELL , HAaZ FIBERS | AR EL 1x10° 20k E
T 2 DIZHHEL 3,500 rpm, 5 Ay O LT, OO, Neon A&/ Neon A
T—yarkEy Ty 7L, EREE ON IZL, ZV—2_UFNIZBWT, 3.0 ml @
Electrolytic Buffer (Buffer E2 for 100 ul Neon tip ) % Neon F=—7 (ZUshIL . Kbk
WY LTI T EBENTHETHLIATLD, HLIAATELLT —NRET D),
w0, EIEE D721 5L, Resuspension buffer R % 100 ul Z412.(15 43 LAk
E T DEMI A ROR T 2RO TRRAEELZF EE D), 7<IT, % si RNA
Z total 5 pl E72 28D Z 72, Neon B~y MZ, 100 pl Neon tip 225551, AL 72K
R L IS AR NI RIELIZ(ABRADERNT AT 2 7R CE/2), Neon EF
RO T o aR B % 2 BEEH OAN (A E ETHT L, S oe BN H TS
DT, ZOE&ETT v BIROSEEMEIIITe, MILERE TR Z FE %, Neon F=
— 7%, By b7z Neon A7 — 3 a Z8E5 L, Ta— T IZHHIEEE Xy MED LI %
B AFvEENTLETHLIAL KRAI)— E T bRl —ar 5
HEFRET D, Start RZLZHL, RKIKAZY—> Bl “complete” N R ARSIV TNDT
LaffEFR . Neon Xy Neon A7 — gl bRV, 7)—2 _UFNIZEBWN
T, Neon E Xy M DH U7 /LR EEHT LWIAE T XU, B 900 pl 2Nz
TR T 2, 20%, HOUHMRIEL TRV 24 well 7L —HMZ 100 pl 3283
H R

B) TrkA /o7 X0 SR ORER

< EERAEE >

P4 H Blocking buffer: Blocking one [Nacalai tesque, 03953-95] % TBS-Tween C 20
AL TREH L,

Pt TrkA HUfR: Anti-TrkA antibody rabbit IgG[ Abcam, ab8871] % Blocking one T
1,000 fE AR U7 D&AE LT,

<FEERITIE>
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SERITIAIT. B —E -3 (X7,

C) TrkA /v 7% 7 A549 Hifd F7=1d K252a AL A549 a6 1L-8 b7k
< SEBRATEL >

TrkA FELEEA: K252a [CALBIOCHEM, #420297] 100 pg Z DMSO 213.9 ul ([ZIAf#EL

T 1 mM RS-,

Human IL-8 ®##Hi: Human IL-8 ELISA kit [R&D systems, D8000C]% VT HL
770
<FEBRITIE>

HHMNLH K252a(l, 5, 10 nM) T 1 FpHIATAEEL7- A549 Ml £721%, TrkA /> 7

K7 AS49 A FWT, 85— 8 T Hi-2 ITIEWEREIT 7,

5) TrkA /7w AS49 AREIZIITD o TR DS S

A) Cy3-7-UUt o mHEOFHIE
< FEBRFA R >

Cy3 7Lk ik 3K Cy3™monofunctional reactive dye (Cy3) [GE Healthcare,

PA23001]

Bio-Spin 6 774 [BIO-RAD, 732-6002]

0.1 M FRUBEFEMER (pH 8.5): A"UHE [Nacalai tesque, 05215-05, M.W. 61.83] 1.85 g

ZARBKIZEMEL . 1 N NaOH T pH 8.5 (28 b, &2&% 300 ml [ZFHRLL7-,
<FEBRITIE>

a 73 D Buffer 47 #i

L7 H148G HHRE T NA—(EE LT 2— 7B L, R LU IR Y BERR R
T 7= L7z BRAMEIEIZ XL~ T, = 0AE (3,500 rppm, £ 20 73 fH) % 2 FATD, ik
FAEOITIE, 2o TR 10 mg/ml (2725 KO IR BRI T2,

Cy3 7~k
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Cy3™monofunctional reactive dye 277 BEFEHHE 100 pl IZIRARL | 50 ul 3°-07k5R
BITTET D, SBIT, a5 (10 mg/ml) 150 pl ZFRANL BIEME, TAIKA /L
TG, |RIET. 2 BA v FaX—varliz, forFaX—Ta & T,
Bio-Spin 6 772 [BIO-RAD, 732-6002] % 3,000 rpm, 5 4y fiE.0L, 17 LR D SSC
buffer ZFR<, A2 FaX—Tartk, #Elif L7z Bio-Spin 77 A2V 7L 200 pl ¥
L. 3,000 rpm, 557 iz 095, IEH Y7 L& HT L Bio-Spin 77 AZIIIL, F
B AT, 2O MK Z Cy3-a mReL, #OEL T, -20°C TRAFT 2,

Cy3- a Bk DR

Cy3-a 7% 5.0 ul, KX, SDS-sample buffer 20 ul 274 L. SDS-PAGE #1757
#%. UV BBAHZE ST, o0 RIS 35 43 kDa DU RGBT 5,

B) Cy3-7-VUk a B3R D G HERR
< EERAEE >
38% Glycine-0.27% NH4Cl in PBS (JEMEF 7 7> 7#K): Glycine [Nacalai tesque,

17109-35] 0.038 g & Ammonium Chloride [B# {57, 01287-00] 0.027 g % PBS 10 ml

IR LT,

0.5% Triton X-100 in PBS (Permeabilization buffer): ;") =F 1L 7 Va—/LE /-p-A
VA F )T = /— )L (Triton X-100) [Nacalai tesque, 25897-85] 50 ul Z PBS 10 ml (Z
TBfiELT,

0.05% Triton X-100 in PBS (Wash buffer): Triton X-100 50 pul Z PBS 100 ml (Z{&fi#L
770

Blocking buffer: BSA # PBS T 3%|272 A LIS R LT~

4% Paraformaldehyde & R (PFA E ) (MeOH 3E & A ) @ i 8l .

Paraformaldehyde [Nacalai tesque, 261-23] 4.0 g Z~A Y —IZf L. 50 ml @ PBS %/
A FZZ7hNT 60°C LU T OFEIRME T, HFFLADBBIRD 72, 20~30 4770F T 1 N
NaOH %/ AY—/LE A~y N TR 3~5 i O HENENLETY-DER L, AT
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RTCABNESRLO2MB LI (BT OFEDIIRD LN NEOEEME M), H
KA THEANIE, PBS TAREL 100 ml&L7-, ART v 7% 150 ml Bottle Top Filter w /
33 mm Neck [CORNING, 430624] CTIEHEIKEL ., =y XU RLT7F 2—712 1.0 ml
T L, -30°C TIRAFLIZ, RN T S=IRICR LT,

4% -ParaformaldehydePhosphate JE K (PFA W) (MeOH & FH) : 4%

-ParaformaldehydePhosphate [Nacalai tesque, 09154-14]

Hoechst DOFFHL (£ZYx 4 783K): Hoechst 33342 solution [Dojindo,346-07951] % 50 pl
352 0.5 ml ENF 22— 1THTEL., 20°C THRIELTZ, TDOHND 1 A, 4°C ITR-TF
L7z,

<FEBRFUE>

MR OREFEEX, B35 -1 228 UL7T-, siRNA L% UTARNLT 1

| THEREL T 48 WifE1#4 D Negative-control A549 #ifu /=1L, TrkA /o7& 7
A549 fiif% Cy3 7l o 735 AD FBS/DMEM 55t (F&HEFE 1.0 pg/ml)Z Nk
37°C T 15 A FaX—ar Uiz, BaRRE %, PRA [EE# % 150 pl #RANL .

T 15 2 MLEL 72, PBS T 2 [HIEf1% . Hoechst33342 Z PBS T 1000 £5IZ4
RU72H D% 100 pl HANL | IR TS /0 MLB L7, ALf% | PBS T3 [AIEE% ., PBS
Z 1.0 ml AL T, AL —Y —BEMBE [Nikon, A1Rsi-TiE-PFS-EB#EI AT — -1

T 72- AT TAR (Oil 1 60 5L ) W TR LT,

6) a e TrkA ORTE

< FEEREL >

Pt TrkA HU{R: Anti-TrkA antibody rabbit IgG[ Abcam, ab8871] % Blocking buffer T
500 fEARL7=b DAL L7,

Alexa 488 7~/L7HFHi{A: Alexa Fluor 488 goat anti-rabbit IgG (H+L) 2.0 mg/ml

[ Molecular Probes, A11008 ]

100 pl 52 0.5 ml DPEHT RV TF 2—T 253 7EL, -20°C THRIELTZ, T D
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WD 1 AR, 4°C THRIFLTZ, i FHHRFIZ, Blocking buffer T 200 (AR CREHL
770
< FEBRITUE>

MIRAORERIL, B -1 25U, FEBROIET, 55— 25 _H5i-5-B I

77,
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[ EER kAR ]

a w7 IL-8 DEFHEZ TS 29D E it 3572012, Mo LEGHiaET v
ELT, BN H Sk AS49 filfa s W CHITEL 72, £ DFE R, Fig. TA IRT X912,
AT FEOIERPRE | RAFL T AS49 FlEND 1L-8 OMFBEsS LT, —J7, BERTE
PERARZE BR (H148G) LR T, IL-8 DIEREI IR HIVRD > 7, RIZ, Fig. B (T
ARTEINC, REEHRIL, FEFEMEAFAUIC AS49 MR DO TL-8 OWEfEZFHEL, £ 6 Ff
M CleRERoT2, LLEXD, o B2 1T, AS49 HIfE L0 1L-8 Oz /~L ., = DIE
R, REROBERIGHEIKFTHIEMHI LT, ZHETIZ, 4FHER(G4)S° PC12
AIEGHITHTDRFTND, o BRI TIABIIAFTET D TrkA [ZVEA 322803805
IMCENTND, ZZ T, KEHRICLD A549 i 5O IL-8 WEHEIZ, TrkA 23R 5-3
DNEIMNERRT LT, £, o BRICED AS49 M TrkA OV bz RIELZ
(Fig. 8A), T Dk T RFEFAF 1 53105 TrkA OV FRLAZRD B, K15 45 %
TRELT-, RIT, o BRITED TrkA OV FR{bE 1L-8 RO BIfR 2 MG 5729,
TrkA BHEAI (K252a) ZRIALERL 72 AS49 ARG D o HRIZLD IL-8 WEREA T
T=o TR Fig. 8B IR XL9IT, K252a DALHE | TKFEL T, Ag#EICkD
IL-8 DOMFHEN PRSI, T2 C, TrkA OFFIZSHITKRFT 57, RNAI E4
WTREERIZ TrkA FEBLNIHILTZ AS49 ffazERLL 7=, Fig. 9A (TR T 8912,
TrkA FF ¥ ) siRNA ZRT7 2 A7 =27 L7 A549 il TIL. Intact i fz <°
Negative-control siRNA (NC-siRNA) Z 7> 27 =7 U7 fifa & bl L C, TrkA O3
YRISBAOL TR 7T RO BIVE, 22T, ZOOMIMEIZ o BFREEHS
| IL-8 DOFREZRIELIZEZA, Intact F72iX, NC-siRNA ALERAH & bbiz L T,
TrkA % /v 720 Ui lansH0 IL-8 WEEEL ., K& LT (Fig. 9B)

o TFRE TrkA OBMRZSIDIZHGNNTT D721, TrkA & /v 72 7 Uiz ffaic
X T DEERDIE R ERFT LT, TORER, TrkA & /v /XD LT- A549 HilfaTlE,
Intact E72(F, NC-siRNA LB L LLERL T, AR OR AN REAR FL T
(Fig. 9C), IZ, MR T o HFHE TrkA DOREZF D720, A549 HIIC
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Cy3 7L o #E L Alexad88-7~ULHT TrkA PUA T, Mz [EEL ¢, &
L — B EE CHIZR LT, Fig. 10A (T3 X912, Cy3 7L a m, MY,
TrkA 1%, MM LICRTEL . SHIT, AgER O —H8& TrkA [TMIfafE L TH//IEL T
W BLEXY . o BERITEA RIS TikA ISR L TIER T 58 & 2605,
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B oBBEICLD IL-8 OIEHEKE

ALY, o BT, TrkA ITVEFAL T IL-8 Oz 52 L2V MLz, Zh
FTIT, TrkA O FHiS 7145 FEL T, ERK1/2 #£5. &O, p38 MAPK R DTF
TEINENHILTUND(44-48), T2 T, o B2 LD A549 M 50 IL-8 i TrkA
WP D RS 7 oSG 20 E MR LT,

[EBRAME R OER T E]
1) «#FHRITED A549 #lifidd> MAPK & ERK1/2 DU 1L
< FEBRABL >
P p-ERK1/2 HL{AK: Phospho-p44/42 (Thr202/Thr 204) Antibody [Cell signaling, 9101]

% Blocking one-P T 1000 fFA7RL Tl LT,
L ERK1/2 H1{A: p44/p42 MAP Kinase Antibody [SIGMA, M5670] % Blocking one C
1000 {5 AR L Tl L=,

L p-p38 MAPK HL{K: Phospho-p38 MAP Kinase (Thr180/Tyr182) Antibody [Cell

signaling, 9211] % Blocking one-P T 1000 {F#7 R L T AL 7=,

Pt p38 MAPK HifA: p38 MAP Kinase Antibody [Cell signaling, 9212] % Blocking one

T 1000 SR CEH L,

L p-SAPK/INK HLfA: Phospho-SAPK/INK (Thr183/Tyr185) Antibody [Cell signaling,

9251] % Blocking one-P T 1000 {77 RL T A L=,

P SAPK/INK $HT14: SAPK/INK Antibody [Cell signaling, 9252] % Blocking one C
1000 5 RL CREH LT,

UH X " IRPUA : Anti-rabbit IgG, HRP-linked Antibody [Cell signaling, 7074] %

Blocking one T 2,000 5 RL TEH L=,
TrkA FELEEA: K252a [Calbiochem, #420297] 100 pg % DMSO 213.9 ul IZ¥AfEL T 1
mM (ZFHEL 7,
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< FEBR 1>
OB &L, 5325 _Hi-1 2R U7-, EBRFEZ 5250 -3 1ITiE-

7‘4
—o

2) MAPK & ERK1/2 OV Fgfb L 1L-8 zffE D BIf%
< FEEREL >
ERK1/2 [fHZEHAI: PD98059 in DMSO [Calbiochem, 513000] M.W.267.3

PD98059 AP E = ~/1Z 1.0 mg &VED, DMSO 374.1 ul TEHEMEL, 10 mM &L T
LTz,
p38MAPK [HZE%: SB203580 in DMSO [Calbiochem, 559389] M.W.377.4

SB203580 Zik i Ty ~1Z 1.0 mg EVED, DMSO 264.9 pl THAEL, 10 mM &L T
AL,
<EERTE>

MIRAORE T, 55— 55 Fi-1 22 MU, ERITIEL, 558 /-2 LU'3

WZieo77,

3) o #FRIZLD NF-kB DU ER{LE 1L-8 W7k
A) NF-kB DV e1l,
< EERAEE >

Pt p-NF-xB $L{K: Phospho-NF-kB p65 (Ser536) antibody Rabbit IgG [Cell signaling,

3031] % Blocking one-P T 1,000 {57 BRL Cfli L 7=,
Pt NF-xB $LA: Purified Mouse Anti-NF-kB p65 [BD Biosciences, 610869]% Blocking

one T 1,000 2R CTREH L,

~ 7 A _IRHUAK: Anti-mouse IgG, HRP-linked Antibody [Cell signaling, 7076]

Blocking one T 2,000 A8 L THEH L 72,
<HEBRITIE>
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MPROREEIL., 55— FF _Hi-1 MU, EBRHFEX, F 2= /-3 1o
77

B) NF-xB [HEHFNCLS IL-8 FEHE 52505
< EERAEE >
NF-kB inhibitor: BAY11-7082 [Calbiochem, 19542-67-7] MW: 207.2

BAY11-7082 A E Tv~~1Z 1.0 mg &Y, DMSO 482.6 ul THMAEL, 10 mM &L T
AR LTz,

< FEBR 1>
HIfROEERRIT, 86— 258 _fi-1 22U, AS49 HilzH60 U BAY11-7082
(1,5,10 uM) T 1 e ATALERL 7=, DAREDSEBR 7 1EIT, 55— 55 -2 [Z1E-7,

4) NF-xB O RfEL ERK1/2, p38MAPK [l #l > %h 5
< FEBRB AL >
Alexa 546 anti-mouse [gG DAL (Alexa 546 TV~ 2 R BiIK): Alexa Fluor®

546 goat anti-mouse IgG (H+L) (2.0 mg/ml) [Molecular Probes, A-11003]% 100 ul 3°
0.5 mlEEEF 22— 1253 L, 20 °C TIRAFLTZ, ZDORD 1A, 4 °CITRIFL .,
Blocking buffer T 200 {524 RL THEH L7,

SYTO® 16 Ol (EZYutaiX3K): SYTO® 16 green fluorescent nucleic acid stain (1

mM) [Molecular Probes, S-7578]% 50 ul 372 0.5 ml #E 5 = — 7124377 L, -20 °C C
RAF LTz, ZOWD 1 KiL, 4 °C IZERFFL ., Blocking buffer C 500 {51 AR L Tfif
L7z,

< FEBR 1>
AR OBEER 1L, 5325 _Hi-1 2R UT-, EBRGEIL, B35 _Hi-5-B I3t
77,

A O E EALEEFL . PBS T wash 247\, Blocking buffer 2 150 ul #sA0L ., =i
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R C 30 Sy RA v F 2_X—a Uiz, PBS T wash 217\, H1 NF-xB Hi{A% 150 ul
FTOWML 4°C FfFFT—BrEWz, BH, BiZFREL PBS T wash 2170,
Alexa546-~7 AHifkE SYTO® 16 % & ¢¢ Blocking buffer Z1EHLL . 150 pl - >FMN
L 4°C T 1 KA FaX—ar Uiz, W PBS T 3 [AIEHF1%. PBS % 1.0 ml
FILC, e L — Y — %S5 [Nikon, AIRsi-TiE-PFS-FEE AT — -’y Z-A

T TAR] (0il /60 5L ) W CTREHT LT,

5) a#HmFITLD IL-8 mRNA 5l
A) RNA Ot
< FERB B >

FastPure'™ RNA Kit [Takara, 9190]

Lysis buffer OFAHRL: 5 HATIZ, K77 M T Lysis buffer 1.0 ml & 2- AV 7 ek ) —

JL 10 Wl ZEFILTZ,
Wash buffer OFHH5.: Wash buffer DR MUIZTH /—/L 3.0 ml Z¥RANL ., IBFILT-,
<FEBRITIE>

AR ORERIX, B — 2 _Hi-1 228 L7, 6 well 7L —MNIFEFEL 7= AS49 Al
V= RXRUOTFNTREE AT Y7 HHO TR -ZREL &0 =V e

FBS/DMEM $51 1.0 ml {ZAHAL 72, D%, a BR (1.0 ng/mD)ZIRINL, 37°C T,

fli 2 DIRFFEIA L FaX—arvlic, Ao aX—Ta % AR EL, PBS % 1.0
ml AL, B<ERVEN LR b Lz, BRFAMLEOS A | A LEHRIT 37°C, 1
REFTRTALEE . . FRLERARIC BRI AAT o7, IRDBENS A IR —Ta %k
Btz F4E, ~A7%%F ML, 77v7 L% RNase AWAY [Molecular BioProducts,
7000] CTHLE, To T ZHNT T o7, Wik, &0 =/WIZFHHRIL7Z Lysis buffer 350 ul
WL, BV A7 L A 23— [Sumiron, MS-93170] CHlinZ 2 & Lo7=, HIAARIRZ
T )T TGAVREAT HRET T A — [TOP, 4326-03] CHREY F A AU, &

ELTF2—T 1B L, BSAE U H LT, IRIZ, Solubilization buffer 50 ul Z¥RANL .
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vortex CIRANE (15 7). <AL X Uiz, EHIZ, =&/ —/L 170 ul ZIRNL,

vortex CIEFIE (1 7). KA XL Lic, ZaETA—heLiz, 714t —F ¥k
B~ T 7t O —R o IR, |IET 10,000 rpm. 1 4y
LT, ZOEE I—Ny UV NIZTAB— MR EL AT, FE R DEBIEEIT 7,
Bk A FREL, A—R) oI~ Wash buffer 750 ul 2%, =iE T 10,000
pm. 1 3 E DL T, A—N o 2 Lz, ZOEER 3 [mlfk0iK LT~ Y. b
—R o, B AERRE L T &R LT = — 7 %3555 L, Elution buffer 50 ul Z %0
%, BIR T4 HAFaX—Ta Uiz, £O%, IR T 10,000 rpm, 157 LL .,

total RNA % [A[IX L 7=, RNA &L, ND-1000 Spectrophotometer [Nano Drop,
302-479-77071% H ™ 260 nm (T3 WLV E &AL L7z, RNA OFRIK, LTV,

Blank (Z{Z. Distilled Water DNAse, RNAse Free [Gibco, 10977-0151% V7=,

B) Reverse transcriptase PCR (RT-PCR)
< EERAMBE >
1X TE OFFHL: Tris 121.2 g, XY, =F LT WU /KSR o LKFI)

(EDTA-2Na) [Nacalai tesque, 151-30] 37.2 g i D2 /KIZEEMEL , HC1 T pH 8.0
\CFRHS ARG KTREEZ 500 ml LT, ZD% . A —r 7L —7"T, 121 °C. 20 4>,

TN

il

JEARKIRE L, BIRETHOLZ (x100 TE), T D%, MK T 1,000 fFIAIRL
77

Primer Script'™ One Step RT-PCR Kit Ver.2.0 [Takara, RR055A]

Primer D #f#
IL-8 F-1 Primer (5" -TCTGCAGCTCTGTGTGAA GG-3")
IL-8 R-1 Primer (5" -TGAATTCTCAGCCCTCTTCAA-3")
B-actin F-1 Primer (5’ -GTGGGGCGCCCCAGGCACCA-3")
B-actin R-1 Primer (5’ -CTCCTTAATGTCACGCACGATTTC-3")

IO Primer Z i £ 1X TE (ZHEAEL T 100 uM &L, 1X TE (AL T 20
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uM (ZFRBIL 7=, fE IR EC-20 °C TIRTFLTZ,

TAE buffer : 50X Tris-Acetate-EDTA buffer [P 8L, 46508-79] 20 ml Z Bk
980 ml T4 &% 1,000 ml £L7z,

TF VLTV ARRROPFE: =F P L7 r~v AR [Wako, 058-04761] 1.0 g%
FERIAK 50 mLIZANZ XL T, —BURFRL 2RO LT (BAMERSHDT-D, F
R~ 27 %A ML), EFFT, 28887K T 300~500 52 RLT=,

2 % T Ha—AT)VOVERL: 7 u—A LE [Nacalai tesque, 01157-95] 2.0 g % 1X

TAE buffer 100 ml {2/ %, A —hk7L—7 T, 121°C, 457, IEAL CTT T r—R%5E
BIIRR LTZ, Z D%, 7 Ha—2% Mupid®-2 FEXIKEIERE [2AT (4D L
A—H—RUTFELIAF, T — L& ZUAAEIR THREL CREAICELE T, #HE
T, 1X TAE buffer F CLRIFLTZ,
<FEBRITIE>

LU DRk E IL-8, KON, B-actin D7 T7A~—ZHNTENEN 02 ml T=—7
[Takara, NJ202](ZFHEIL 7=,

R ikt FH 2 (pl) T L
Prime script 1 step enzyme mix 2.0
2 x 1 step buffer 25
F-1 primer (20 uM) 1.0 0.4 uM
R-1 primer (20 uM) 1.0 0.4 uM
RNA(X pg/ul) Y 1.0 pug
RNase free dH,O Total 50

F-2—7% PCR Thermal Cycler [Takara]iZ&> kL, FREd 7' 17 Z 2L TRT-PCR %
17272(50°C T307%7.94°C T2, 94°C T30, 60°C T30F, 72°CT1 8
/1 cycle T 28cycle)

RT-PCR & F 7o TN EZNENT Ha—R7 T 7 7L, Mupid®-2 TR
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VKENEEEZ FVN T, 1X TAE buffer 1, 100 V T 30 4B ES W -, kEik. ¥ L%
L= TF U AT v A RIEIRT 30 gLz, Ytttk mOEA NI R —H —

% U T, Color Image Freezer AE-6905C [ATTO]C RNA O/ RAEHER LT,
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[ EER kAR ]

TrkA O Tjits 7 F L LT, ERK1/2 #%3, & N p38 MAPK fREE BN TS
(44-48), 512, IL-8 I7HEIZ MAPK A7 — R OIEMEAL N B 5L QL p el
SN TVDH(49-52), ZZ T, o FE TrkA [IZVEA# . MAPK A7 —RaE M L&+
HIEINEHILNCT DT80, REEFRIZED MAPK R OTEMALZFE ~ OHLMAPK U
AL PR E IO TRBILTZ, Fig. 11A IR EIIC, o BRAFIZLY, ERK1/2,
MUY p38 MAPK DULER{EAY 1 3% BEOBIL, 30 72 LL BRife L7z, — .
SAPK/INK DY BALITFRD B2 h T2, IRIT, TrkA & MAPK %D B Z BB
T 5728, TrkA FLER] (K252a) 177E F T a #5255 ERK1/2, &Y, p38 MAPK @
VoAb aRIE LT, ORGSR, K252a ZRTLERL 72 AS549 #ifid Tix, DMSO MLk
LEZ L T, AEEFITED ERK1/2, KON, p38 MAPK OV &AM Il <47z (Fig. 11B,
C), EBIT, a HHEICLD IL-8 kL MAPK ZOBIRE LM T 572D, ERK1/2
FELZEF] (PD98059) . &5V ML, p38 MAPK FHZEH] (SB203580) THIMZ BTLFEL . o
RIS MR HO IL-8 e ENTNOV B LEIE LT, TORE,
FICE DML IL-8 Wi, KO, Vo ifbid, ZHBBREAIO QLR B TR fF L
<l (Fig. 11D, B), 16> C, R#EHRITED IL-8 WEHEIZIE, ERK1/2, X T
p38 MAPK %4195 MAPK ZDIEMALSEHE THHZEAHIBI LT,

Walsh 513, MAPK RSN H L MIAAN TEIUI ED NF-xB OTEMEAL, KT
BNBATHAG | ER IS, IL-8 OEEIEMEBMEES D EHEL THDH(53), £Z T,
NF-kB DR 52MHT 5720, o H5EITLD NF-kB OV EE{LZRIET 5L, Fig.
12A ITRTIDNT, K 1 %D FREDFRO DI, 15 535 TR EMR -7, RIT,
NF-kB EAGEFRIZLD IL-8 WHEDBIfR 2~ 572D NF-xB [HEAI (BAY11-7082)
T AS49 MIfAZRITAVERL | o 75581255 IL-8 WA E LT, T OSSR, KFEHRICLD
IL-8 W#HfEIL, BAY11-7082 DMLERR FEICIKAFL T BICIHEFES 417 (Fig. 12B),
NF-kB 1%, {EMEALSNDEENITAT T HZENFHNTND, £ T, a BHRICED
IETMEL NF-«B OBENBATZEEPUARIE CHIT LT, o B84 AS49 AARIZIRINL
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37 °C T 15 A Fa—a%, Ml D NF-«B DJRfEZHT NF-«kB fifks
Alexa 546 7~ULHUA, E51C, MlkEE SYTO® 16 T @Yl i ML ——
BEAREE CRIZR LTz, TORE R, o FBALEE 15 53 TEENIZ NF-kB ORI TL TV D&M
#eaniz (Fig. 13A), BT, REFRIZED NF-xB OEENBITIZ, MAPK R%&IL
TWDINEINERRFTT D202, HBHDUH PDIS0S9, HH\ X, SB203580 THllfaz
APALERL . FiRUL72 HVEICHES T, o B3R ICED NF-xB OENBATABIZI LT, Fig.
13A IRTEINC, o HHEITED NF-kB OANBITIZ, PDI8059 RIALEI CILESN
“, —77. SB203580 MLE Tl REFEIZLD NF-xB OENBATIIAES N0 5T,
PLEZY, a BHRITED NF-kB OZNBATIZ, ERKI2 REA ML CHEISCONDD
EDBBINER ST,

WIZ, NF-xB OIEPELIZED TL-8 mRNA OFBLEAZHE T 5720, o #H% AS49
I ESINL , 2 ORFRA > FaX—Tarth, # RNA 2L, 0%, IL-8,
HDUE, B-actin DT TA~—% T, IL-8 mRNA #Hi &% RT-PCR CTEHTLI=,
ZOREF, FBUEIT, AEHRL 2 R CE— 210U (5 —ZIoRL T,
%2, IL-8 mRNA OF BB 595 MAPK SR & fi#HT 3572, PD98059, D\ M,
SB203580 Tiildz ATALEEL | o B3R CALHELE ., IL-8 mRNA DOFETL&E% RT-PCR 1%
TRT LTz, £ ORGSR, REFa 2 R T 5L mRNA OFILEITH 4 51250
Lz 2O T THEROZRZMHFTT 5L, o BHIZED IL-8 mRNA OF &
1%, PD98059 ALFETIX, IL-8 mRNA OFHL E(Ta hr— L~V ETR F LIz, —
77 . SB203580 ALFETIE, £ 30%D IL-8 mRNA JHEDLEL/RLT- (Fig. 14A),
Shimohata ©5(54)i%., IL-8 mRNA OZE(LIZ p38 MAPK B 5§ 5 E#A L T,
ZZ T ABBEICIVIEMELENTZ p38 MAPK 78 IL-8 mRNA OZ & LIZEI5H-L T
DNEIMERRFI LI, HOEMNUH, o R T 1 RFREALEEL 72 A549 M2l mRNA &
f% B ZE 7 (actinomycin D) 77 F T, DMSO, F721%., SB203580 Z¥RANL , 7 4 DR
BTz, D%, BRI FIEICHE IL-8 mRNA OF8i &% RT-PCR {4 THE
Hritz, ZOfER, SB203580 ALEETld, DMSO ALERL bl L, FHEFILELL) 2 B
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7% T IL-8 mRNA £ F 23D 5L (Fig. 14B), 3725 p38 MAPK DR E
(Z&D, IL-8 mRNA NARLEITRY, pEaZ R0 <RoLBE 265, RIT, o7F
FICLDMIBANTO IL-8 DFRBLIA XL I ~JLTHEFTL . HIZ, MAPK R DB
FRIZOWTHREI LTz, A549 MlifldZ o 338 TR 4 ORI FaX—a% Mg
WTHIILT- IL-8 &2 9T IL-8 FriRIC LA e huRIE CHIE L=, Fig. 14C (IR T &
N, RFFEHRMERUT ML T, K 2 REfCHIAEN TL-8 ORBLEDS K E e o7, =
UKL T, a BRICEDMITNTO 1L-8 FEELOHIINIL, PD98059 RiLILTIZLA
RSN oT2, —J7, SB203580 HIALEETId, o R HUMALEL L LRI LT
RN T IL-8 DFEBLEITH 30%ITME F L7z, UL EOFEREY | IL-8 DE{sFFHELUT
ERKI12 29T 53 7 T IRENEE THHIE, SHIZ, IL-8 mRNA OZEALIZ p38
MAPK 2 FG- 322 ENRHLNERST,
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BUE BRBLO/NE
[%%]

Aesy Y DFFREIZR T RT REGHHRJE  o0 I A8 N B A T ER DS EE R
THIETHD, AETHE, REERICE > THEIND ME N TOH PEROEFEIC
a TR PV G L TN EFEMICHIT L, £, a BRE~V ARG L
LA LTI ML NIZ 3T A P ERDEEFEANGRD BV 23 | Af FPER DA%
~ORIFBD SN2 T2, TENALTHD IL-8 1L, iFHHEROWEE, KON, 8235
DOIEMAVICEE 2K FEL THIDN TS, 22T, KERICLDUFFEROEFEIZ
IL-8 DG DN EIMZRFI LT, vV ARIZEBWT, BEFOD IL-8 DARERZ ELTHD
N5(43), ¥UAGRO, KN, vTUAKC Z4HEE LT, £T| a BRETVAIEK G
HE, MiEH GRO/KC MAHINILTZ, SHIT, o BRI LD MR ~Daf P ERERR X
7t GRO/KC #iiRD G TSz, Pl EXY AHRICIDM T ERDERIC
GRO/KC 3B 5-FHZENMBINE/eoTe, T2, o msald IL-8 Ol THEL |
IR ERDEFEA BT DL MRS,

IR ClE IS, BRI C B2 800 TL-8 AL . RAERFClE, IL-8
DU FI72 B BEDGF P ERZAEPE L L | BIE KIS ORI D EHME STV D(55), £Z T,
a #RITLD IL-8 WEREIC OV TFELIRFRT 572012, oo LA€7 1 &L T,
ENITRIE 3k AS49 HHflaz IV CTREIT U7, ZORER, o BFRIT AS49 HfENH0
IL-8 DUEREAAEEL Tz, —J7, BERTEMERIAZ B (H148G) Tl ZOEMITRE
RNZED, mR A OBEREENEE ChHEHLEINT-, ZNETIT, a HHRIT
F2UHFHRMERIEDOREEBL), ZL T, v 47 H1EK(34), PC12 MIfR35)IZxT5
TEROBRING, AEFIT, Frv 3 F —VPHEZFERTHD TrkA ZIEMEET5
ZEMHAL TS, EI T, a BmRITLD AS49 M) S0 TL-8 R, TrkA 235 5-
FTOMEINEIRFTLIZE A, TrkA FLFAIR TikA %2 /v 727 LTz A549 flfid Tl
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AREFRITED IL-8 WEHER I ST, E5IZ, TrkA 2 /w74 0 Uiz AS49 Ml Clx
a BARDRMEIME T LIz, —77, A549 MlaZK i TiX, TrkA & o mROLFIENTR
OOENT, T H, TrkA IATROZEZIREL TO R REEMEN RS, BLED
iR o BEFRIT. AS49 MUK DM i ( CAFAE T2 TrkA IZAEFIL T, IL-8 DiiE
Mt B2 LB LT, AT, o R DOMERTENEDY IL-8 OUHEH 0%
EZETCODBIEHERI N,

TL-8 DWEREIL, FNEE PR T2 Lo ThE & el NS 7 VAR R 2
FlIERZSND, FlAIT, 16 FE~OMIBERG L, UXUITERGAIE S IL-8 s
HHIENFDNTEY, XRAXIF 7 AH(56), ~Ja 7 x— £ alHE(57-59), B H
1P RIGEE(60), £ LT, IHE WM REGE 61)I1E, LRI &Y% . MAPK + 2
T IRERDTEMEALZ ST LT IL-8 DOlfiaih S LM S Tind, £z, TrkA
D FYEIZIE, ERK1/2, T, p38 MAPK R DFFAEN LIV TN DH(44-48), 2T,
o BRI LD IL-8 EHEIZ MAPK 7 T UG EE R I -3 D E9E Rt LTk &L
ARFEFIT ERK1/2, XY, p38 MAPK DU E{bAE/RL, SHIZ, ZNHDUR{LIE
TrkA PREANCIVIES IV, £, o BHEITLD IL-8 OUEHfEIL, ERK1/2 FHEHIE
p38 MAPK FHERITHHISIZ, - T, a #ld, TrkAIZEAL T, 2O Tty
F L@ ERK1/2 #2#%. TN, p38 MAPK #REEATEMEALL | IL-8 DilFffz L 5475
b,

IL-8 DIEHUITEL G K FTdHD NF-xB OIFMALBE G L THDZEN BTV
5(51, 62-64), ZZ T, a LD IL-8 DIFHEIZIIT D NF-kB D&EENZ OV TR
T5E, a#BHRIL NFxB Z<UU kL, 512, NF«xB [HEAIT, AERICLD
IL-8 DOWFEEAINH <472, —77, Karin 5(65)i%, NF-xB 1%, {EMELIC IO IEEEN
ICBEIL CIL-8 Bin O 7 ot —4— EOR SIS L., BiaFin 5 aikE
HEMELTND, ABFRIZEBNT, a #RILNF-kB OENBITEZMRGEEL, IHIT
ZDORENBATIC ERKIR2 25B5-L . p38 MAPK (FRH5- LW 2V HIBAL 72, RIZ, «
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FEREIIRLU T2 AS49 FL TP IL-8 mRNA L EZHELTZ, ZTOMR, o HHEH
MUALEE T IL-8 mRNA FEHL&EIE LML 7=DITx L, ERK1/2 BHFEAILHE T,
IL-8 mRNA ORI far— /L~ LE TR N L2, £72., p38 MAPK BHE AL
HLCIX, o #58 HMALER L I L C IL-8 mRNA BHEOELZ/RL-, LLEXY, K
A% ERK1/2 #8#8Z/rLC NF-kB OENBATZFHEL £ D%, IL-8 Dbz
BT HZENHBHLT, — . p38 MAPK X Fiiis 7 F /L4 F @ p38 MAP
kinase-activated protein kinase (MK-2) Z 41 L C{EM:{k L7z Tristetraprolin (TTP) 23
IL-8 mRNA @ AU-rich element (ARE) (275 & L T, IL-8 mRNA DL EIZH 535
ZENRFNHINTND(66, 67), TZ T, ami CHLNLDMINALELL | IL-8 mRNA
FHAFHFESE ZD mRNA O EMHITHOW TN 5L, p38 MAPK P # QLE
THIFEN D TL-8 mRNA D3 fiENA BTN, T7bb, KEHIZLD p38
MAPK DOiEME(RIL, IL-8 mRNA OZZEMEIZE -T2 3L o7z, IRIT, #
JINTD IL-8 DX _VERBEBLET DL, o R LB LM T, Mk
IL-8 2o ™\ EOFBLENREIML T, —F5, ERK1/2 FHEHILHE TIIARZFEFRIC
XHMIEN IL-8 X2 VB OBl EIIar b — L L E TR F L7z, F72, p38
MAPK [FHFE ATl BB L Ll TR TL-8 22 /7 E O R &4
T0%PRFE LTz, 72T a mRAMER T HMINEE D TrkA O Fiits 7 FVnER T,
ERK1/2 IZ NF-«k B OENBITE2A LT IL-8 OEGETEMLL, 2L T, HLZ
IL-8 mRNA D ELIZIE p38 MAPK #4353 7 FIARENEE THDHEE 2B
2o

VL EOFERED | Fig. 1517 T80T, o BRI AS49 MR & 1% . TrkA IZ/EH
L. D Tt MAPK 277 /L® ERK1/2, ZL T, p38 MAPK D [lij2 7 F/L-53 FDif
PEALZFHE T HZEVHIALT, TEPE{E L7 ERK1/2 1, IL-8 {5 - DR E K 1 Th
% NF-kB OEEWNBATEHEL, IL-8 mRNA ORGEEFL, IL-8 DAEREF KT D
ZERHBMNE ST, —T7 TEMEALLTZ p38 MAPK 13X MK-2 DIEMEAGIZ KD B L=
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IL-8 mRNA DOZELITMNTWDEHELES LTz, [RIERIC, OB GE DG
TV =T B IEYIE Tl ERK1/2, LT, p38 MAPK Z{EMHALL., ZLC, lBRE T
T DR TIE, ERK1/2 B2 N5 IL-8 DEEIEMEAL, KON, p38 MAPK %1
%95 IL-8 mRNA O EALDN R ESILTND(54, 68), T 70 b AR LA
o TrkA (ZVEA# . ERK1/2, K TF, p38 MAPK D i fR a4 7E M L L T, #8712 IL-8
DUEREERIEL | ULy 2 FE YO BRI T 5T 58 2615,

[/hE]

a TR X AS49 MIEICHE & 1% TrkA IZ/ERIL, D Fifts 7710 ERK1/2, ZL
T, p38 MAPK DM EEOTEMALATE H I HZ I L 7, iEVE Sz ERK1/2
I%. NF-xB DB &7 5L, IL-8 mRNA Ofiz 52 # Ll £7-. p38 MAPK O
PEABIZED . 2D mRNA L EIIND, ZDORER, IL-8 NELL G S, ffus T
WEBET HZERHBNEIR o T, LU XY | AR ORERY I DR ~Daf P EROEFREIL,
a BRI ED IL-8 DUFHEN 5 | E e L2 DT LAVHIBIL T,
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Fig. 6. Accumulation of neutrophils into the lung and release of
GRO/KC in serum of mice treated with alpha-toxin.

A)
25+

20

Neutrophils (cells/mmz)

0

Alpha-toxin 50 50
(ng/mouse)

ant-GRO/KC 50
(ug/mouse)

B)

1000
800
600

400

GRO/KC (pg/ml)

Alpha-toxin _ 10 50 100
(ng/mouse)

A) Mice were administrated with 50 ng of alpha-toxin/mouse. After 3 h, lung tissue was fixed in formalin and sections were stained
with hematoxylin and eosin. The number of neutrophils in blood vessels of the lung was counted using light microscopy. The
neutrophils of 50 vessels were counted from the images. The average number of neutrophils per mm? in the vessels was
morphologically analyzed. Values represent the mean = SEM; n = 3; *P < 0.01, compared with the number of neutrophils in the lungs
of mice treated with alpha-toxin. B) Mice were treated with various concentrations of alpha-toxin. After 3 h, GRO/KC in serum was
measured by ELISA. Values represent the mean + SEM; n = 3 independent experiments
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Fig. 7. Alpha-toxin-induced release of IL-8 from A549 cells.

A) Dose-response

800
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O H148G

400 -

IL-8 (pg/ml)

300

200 -

100

0.2 0.4 0.6 08 1.0
Alpha-toxin (ug/ml)
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2 4 6 8 10
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A) A549 cells (1.0 x 107/ml). were incubated with alpha-toxin (black circles) or H148G (white circles) at 37°C for 5 h.
B) The cells were incubated with 1.0 pg/ml alpha-toxin (black circles) or H148G (white circles) the toxin at 37°C for
various periods. The amount of IL-8 in culture supernatants was determined by ELISA. Values represent the
mean + SEM; n = 4 independent experiments.
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Fig. 8. Relationship between release of IL-8 and phosphorylation
of TrkA induced by alpha-toxin.

A)

phospho-TrkA | el et |
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(min)
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A) A549 cells (1.0 x 107/ml) were incubated with alpha-toxin (1.0 pg/ml) at 37°C for various periods. The lysates were
subjected to SDS-PAGE, followed by immunoblotting with antibody against phosphorylated TrkA. B) A549 cells (1 x 107 /
ml) were pretreated with various amounts of K252a at 37°C for 1 h, and incubated with (black columns) 1.0 pg/ml alpha-
toxin or without (white columns) the toxin at 37°C for 5 h. IL-8 in the culture supernatants was determined by ELISA. Values

represent the mean + SEM; n = 4 independent experiments.
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Fig. 9. Effect of siRNA for TrkA on release of IL-8 induced by
alpha-toxin.
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A549 cells were transfected with siTrkA or NC-siRNA (10 nM). A) The expression of TrkA in the cells treated with siRNA was
detected by Western blotting using anti-TrkA antibody and anti-B-actin antibody. B) The intact cells (black columns), NC-siRNA-
treated cells (white columns), or siTrkA-treated cells (gray columns) were incubated with 1.0 pg/ml alpha-toxin at 37°C for 3 h. IL-8
in the culture supernatants was determined by ELISA. Values represent the mean + SEM; n = 5 independent experiments. C) These
siRNA-treated cells were incubated with Cy-3-labeled alpha-toxin (1.0 pg/ml) at 37°C for 15 min. The cells were fixed in 4%
paraformaldehyde and stained with hoechst33342 and analyzed using fluorescence microscopy. The fluorescent intensity in the visual
fields was measured. The binding of alpha-toxin to the intact cells was set as the maximal response (100%), against which all other
results were compared. Values represent the mean = SEM; n = 3 independent experiments.
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Fig. 10. Localization of alpha-toxin and TrkA in A549 cells.

A)

Alpha-toxin TrkA Merge

Control

Alpha-toxin

B)

100 —

Colocalization (% of total)
S
T

ND

Control  Alpha-toxin

A549 cells were incubated with or without Cy3-coupled alpha-toxin (1.0 pg/ml) and Alexa488-conjugated
anti-TrkA antibody at 37°C for 1 h. The cells were fixed in 4% paraformaldehyde and stained with hoechst
33342. Alpha-toxin, TrkA, and nuclear staining were analyzed using confocal laser microscopy. A white arrow
indicates the colocalization of alpha-toxin and TrkA. The data represents the mean for three independent
experiments. Scale bar: 10 pm  B) The percentage of colocalization was calculated for each combination of
fluorescence markers by analysis of each confocal plane of > 20 cells.
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Fig. 11. Phosphorylation of various kinase of MAPK cascades
induced by alpha-toxin in A549 cells.
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A) A549 cells (1.0 x 107/ml) were incubated with alpha-toxin (1.0 pg/ml) at 37°C for various periods. The lysates
were subjected to SDS-PAGE, followed by immunoblotting with antibodies against phosphorylated ERK1/2,
phosphorylated p38 MAPK, phosphorylated SAPK/INK, and B-actin. The data represents the mean for three
independent experiments. B, C) A549 cells (1.0 x 107/ml) were preincubated with (white circles) 10 nM K252a or
without (black circles) the blocker at 37 °C for 60 min, and then washed. The cells were incubated with 1.0 pg/ml
alpha-toxin at 37°C for indicated periods. The phospho-ERK1/2 (B) and -p38 MAPK (C) extracted by 10%
trichloroacetic acid was subjected to SDS-PAGE and immunoblotting using specific antibody. The phosphorylated level
of ERK1/2 and p38 MAPK in untreated cells was set to 1. Values represent the mean + SEM; n = 5 independent
experiments. D, E) A549 cells (1.0 x 107 /ml) were preincubated with various concentrations of PD98059 or SB203580
at 37°C for 60 min, and then washed. The treated cells were incubated with 1.0 pg/ml alpha-toxin at 37°C for 5 h. The
level of IL-8 (empty columns) and phosphorylation (black circles) of various kinases was determined. The
phosphorylation of ERK1/2 and p38 MAPK induced by alpha-toxin was set as the maximal response (100%), against
which all other results were compared. Values represent the mean + SEM; n = 3 independent experiments.
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Fig. 12. Relationship between activation of NF-kB and release of
IL-8 induced by alpha-toxin.
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A) A549 cells (1 x 107 /ml) were incubated with alpha-toxin (1.0 pg/ml) at 37°C for various periods. The lysates were subjected to SDS-
PAGE, followed by immunoblotting with antibodies against phosphorylated NF-kB, and B-actin. Signal intensities from immunoblots were
recorded densitometrically. For quantification, NF-«xB signals applying the phosphorylation-sensitive antibody were normalized to the NF-
kB s1gnals applying the antibody of NF-kB. The phosphorylation level of untreated cells was set to 1. Values represent the mean + SEM;
n = 3; *P < 0.005, compared with the phosphorylation of NF-«kB in untreated cells. B) The cells were pretreated with various
concentrations of BAY 11-7082 at 37°C for 1 h, and then incubated with (black columns) 1.0 pg/ml alpha-toxin or without (white columns)
the toxin at 37°C for 3 h.
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Fig. 13. Effect of MAPK inhibitors on nuclear translocation of
NF-kB induced by alpha-toxin.
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A) The cells were pretreated with 10 uM PD98059 or 10 uM SB203580 at 37°C for 60 min, and then incubated with alpha-toxin (1.0 pg/
ml) at 37°C for 15 min. The cells were fixed by paraformaldehyde and stained with SYTO 16 and antibody against NF-kB. The nucleus
and NF-kB were viewed with confocal microscopy. The data represents the mean for three independent experiments. Scale bar: 10 pm. B)
The percentage of colocalization was calculated for each combination of fluorescence markers by analysis of each confocal plane of > 50
cells. Values represent the mean + SEM; n = 3; *P < 0.003, compared with the colocalization of NF-kB with nuclei in untreated cells.
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Fig. 14. Effect of MAPK inhibitors on expression of IL-8 induced
by alpha-toxin in A549 cells.
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A) A549 cells (1.0 x 107 /ml) were pretreated with 10 pM PD98059 or 10 uM SB203580 at 37°C for 1 h, and then incubated
with alpha-toxin (1.0 pg/ml) at 37°C for 2 h. IL-8 mRNA expression was determined by RT-PCR. IL-8 mRNA was normalized
with mRNA levels of the housekeeping gene B-actin. Signal densities from RT-PCR were recorded densitometrically. The IL-8
mRNA level of untreated cells was set to 1. Values represent the mean + SEM; n = 6; *P < 0.01, **P < 0.005, compared with the
expression of IL-8 mRNA in control cells treated with alpha-toxin. B) A549 cells (1.0 x 107 /ml) were treated with alpha-toxin
for 2 h to allow transcription of mRNA. Cells were then treated with actinomycin D (5 pg/ml), and DMSO (white circles) or
SB203580 (black circles). At indicated times, total RNA was isolated, reverse transcribed and analyzed by RT-PCR. Values were
calculated as the fold-increase in total IL-8 mRNA, compared to the total amount of IL-8 mRNA before the addition of
actinomycin D. Values represent the mean + SEM; n = 5; *P < 0.01, compared with the expression of IL-8 mRNA in control
cells treated with alpha-toxin. C) A549 cells (1.0 x 107/ml) were pretreated with 10 pM SB203580 or 10 uM PD98059 at 37°C
for 1 h, and then incubated with alpha-toxin (1.0 pg/ml) at 37°C for various periods. The cells were fixed by paraformaldehyde
and stained with antibody against IL-8. IL-8 was viewed with fluorescence microscopy. The fluorescent intensity in the visual
fields was measured. Symbols: control, white squares; alpha-toxin, white circles; PD98059 plus alpha-toxin, black squares;
SB203580 plus alpha-toxin, black circles. Values represent the mean + SEM; n = 3 independent experiments.
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Fig. 15. Mechanism of release of IL-8 induced by alpha-toxin in
AS549 cells.
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B R oBBZIEEORE

VTR TR DWITE S N — 7 DS T B 3R DR A R IR DR EEIT > T
0, BELDOHBFHOZRERBFEESN TS, ZOHF T, 7R T LBOHIE M
PEAET 2R TIT AV A AR EHER (69T A 74V /VE A R (70)78E
D BT R AZEENRESN TS, MIEORRZEROFREL, BYE
DFBIRIBIFE DB SO SN2 T U REL COEM 7Y — L ETeh | Bk e
AN IR CED, BT, a BROZHFERDO—2LL T, TrkA @
ATREMEDN RSz, — 77 TrkA (T4 DRIV T REL TRL LD MR- AR R
+ (NGF) Zz V2R Tl NGF (3 o R ORI G 2 HEE T, 612, NGF HlL
BECIE AS49 M5 D IL-8 DIEREIFERD DR D o7 (F —Z IR L TR, F
72305 NGF 13 TrkA IZFEA L CTHEH 3223, AS49 Ml TlE, o BR O G HLER
IL-8 WEBEZANHI L 72 o T2728, o B IE TrkA LSMIHIERL Qb EB 272, OF
D, AREHRIL TrkA ICEESSE AT 20T LIS O MRS i oD 4) 1% 8%
LCHEA . TrkA ICEAL CWAEHERR L=, ZHE T, G R R E(71)0R
N XA FEFE(T2NL, ZEREL TH_IBEPED 5y F TR AT 4 THEIRE
WL, T RE R RIS L TR A 3 oL EsivCnd, o704y
RIE, MIRIER AR IR A T 2 7INERER Sy ON-7 ¥ F AT
RMFIURVT VIR E TR S IV TEY | 2 OFERr DSHEBHZ TR L . ME DRSS
MR S 7 F NAE BISTEIR LR % I F S TODTENMBILTND, — |
a TR TP, RV XA B RIAFAEST DH T VA VR aEF —7 &3k
HOBLHINRBDHIL, KRR VAT RICHEETHREEERHDHEE X T, 2
TARETIL, a BROBEZBERZRET DO, W TIVATRITHE B L, T
{17,
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FB—H oBBOEALTLIIFTFOBE

BUE, T 7 VA TR 40 FEDRESNTEY,, ZNENORECEFNZ OV
T AEADHLICR T8 b 008, RIEAHIRENRZN(T3-75), AHiTIE,
T a RO IL-8 FEHEICK B0 T VAT ROEEIZ R LT, Iz, lxDH o
VAV RERWT o R EDREAINTEZATIOILIER IR EECTHDT0 . o HREN
YIVEVREDFEENZ DWW FEL DT TV REBEERLTFERRE 7L A12dD
MR 2R BT 21T o T,

[EBRAME R OER T E]
1) «#FHRICED IL-8 DIERE N NFERORE STk T2 VAT ROEE
A) TV RAERRORE
< FEBRAEL >
o TVA VR AR RBAEH]: PPMP

( L-erythro-2-tetradecanoylamino-1-phenyl-1-propanol ) [Matreya LLC, 1860, MW
361]1% 1.0 mg £, 99% ethanol 277 pl THAEL . 10 mM L CTRERIL 7=,
<BEBRITIE>

ML ORI, 5 —EH -1 22U, AS49 MildzdhHsn U PPMP(, 5,
10 uM) T 4 HRRHL 72, DA FERRITEI, 55— 55 -3 127,
B) W7 UA T RBESHD SR
< SEBRATEL >

/AZI=4 —F: Neuraminidase from Clostridium perfringens (C. welchii) TypeV

[Sigma, N2876]% 1.3 mg (7.8 units/mg) ZAFREIE /K 500 pl TEHAEL , 20 U/ml &L
TR,
<FEBRGE>
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M ORER L, 5 — 25 -1 23 ULT-, AS49 filZHONn 00 /I ATFI=4 —
(10, 50, 100 U/ml) T 37°C. 1 BRREIER LU 7=, DA FEBRTIEIT, 56— =5 Hi-3
IZhE~T-,

2) BENEEDBESH[E b T LA & O T AR RO AT
< SEBRAF L >
PR E B HE EALT VA [EAX—2TA4F, BS-X1715] B EALHFEEIRE . 0.25

mM

GM3, GD3, GT3, GM2, GD2, GT2, GM1a, GM1b, GD1a, GD1b, GT1a, GTlc, GA1,
Fucosyl-GM1, GA2, Gb3, Gb4, GbS, Globo-H, Globo-A, Globo-B, SSEA-4-tetraose,
SSEA-4-hexaose, Forssman antigen D351 24 Fif A4 7L —MIEELL TS,

)i buffer OFH%EL: 50 mM Tris-HCI buffer (pH 7.5). 500 mM NaCl, 1 mM CaCl,.

5 mM MgCl,, 0.05% Tween20, =L T, BSA % 0.1 g ll%, &H/K T 10 ml [TART
7L,

Pevs A buffer OFFHL: 50 mM Tris-HCI buffer (pH 7.5), 500 mM NaCl, 1 mM CaCl,,
5 mM MgCl,, ZL T, 0.5% Tween20 Z 1%, BT 100 ml {ZART v LTz,
<EBRITIE>

Cy3 79V o H#% ))& H buffer T 100 pg/ml 725 XA, HEHEE bS8 6 &
{EZ7 VL —h I 70 pl BHIILTZ, NAT VI S—2 48T, R K TRLE T2 AT A
THEANT37°C T 15 A Fa—rar iz, TO%, @K THNATUHN
—Z 4L, Pei A buffer Z Ao A7 Va7 —RICT L —Re A, 13 RIFES
PNTHERL | MUK TRi7z L7277 VB E MO 50 ml k&I, 7L —RMBL
T2 TD% ., & [BIORUPTOR]Z 30 ¥ [H&H T, R RAVICH & LIZ @R EREL

7o WIREE =7 L — M, Affymetrix 428™ array scanner THOEZ R H LT,

3) a #HED GMla 2k DFE G OHERR
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< FEBRB AL >
BODIPY-GM]a: BODIPY®FLC5-gang1ioside GMla [Invitrogen, B13950] 25 ug %

99% Methanol 105.4 pl TEEAEL | 150 uM (IZFHEIL 72,
<FEBRITIE>

MR ORERIL, B —5F _fi-1 2R L7, TIARMAT 4o 2T LT
A549 A DR HIAFREL , HED UK #H LTz Hoechest33342 AV FBS/DMEM £
%200 pl BANL, 4°C T 15 A FaX—Tar Uiz, BaiREiL, HoUH K
W LT HSIREE 150 nM @ BODIPY-GM1a AV FBS/DMEM £5#1% 200 pl #iAIL . 4°C
TA5 A Fa—TarLic, D%, K L2 FBS/DMEM 5 #1C 2 [ L,
a % AV FBS/DMEM £:#1% 200 pl #INU7z, PARE, LS — W —BafEEic >

WCOERBRFIEZ, FH—EH Hi-5-B IZit-7,
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[ EER kAR ]
R EH VAV OBREHLINI T 57280 £ AERITLD IL-8 DilFfE
2 T T VE VRIS G T LN ED G UTc, T T UATRIT, BIIRNGT v
IV ETIRBEE RS, TD%, KW T VAV RELTAERREND, T T, A
BRIV TVA T REST LT IL-8 AR E T 502 K9 E O 2720, NI
P a Ve IIRNG ESE L ER] (PPMP) T, A549 #ill4 4 B EAHLTH 2
VAT R OAG AR ESN M ZER L7, WRIZ, T 7 VAT ROPEH, KRl
2T VR R B CERRR L CUIr T AR ThD /A TI=H —E T AS49 flifind L
L MBS R ECAFE T D00 7 VA S R OREEER o AU S - iz e L7,
PPMP, F7-i%, /A TI=4F — B T 7= A549 MIldTIiX, o7 UA TR GMI IZFF
FHICHE S 95 Cholera toxin B subunit (CTB) D& T~ RZTIIL | 5 M
BT 5L ROUEMIAOS G LR L T, CTB OFANELUR LI (7 —
IR TV, 7206 WTILOLBIZI W CHilaE Lol 74T R
DORBIPMETLTWAI LML=, 2T, PPMP, £72i%, /A 73=4 —E Tl
HIL7- AS49 HIBEIZ, o BRETRIL, IL-8 OFEREEZHIE LT, TOME, W ho
Ab AR K AEL T, AFEEICLD IL-8 OIFREAME T L7 (Fig. 16A), SHIC
PPMP, £7-1%, /ATI=F —BEMBRLT-MIZXT 95 Cy3 7~V a RO &%
BRI LA ERRERIRRIC SRIEO LB R AT, KR O AN HEFEIN
7= (Fig. 16B), LA EDD, REERIIH T VA TR R, PEEH 0 2 R A1 F8E% L
T, IL-8 Oz 5 E L TWD ATREMENRE 2 5D,

W, a BRDPBES DT TIA L RERET DT, 24 FIAO PR E b8 % [E
AL T L A% T, SRR 24T o7c, £ FERRE RS2 B E (b
T —NZ, Cy3 7V a BREIML, 37°C TS A FaX—a L, Pidtk,
Cy3 DHEZET L AAF v —TRr L7, £ DR R, Fig. 17A [ TR”7891Z, GMla
BESHIZ DI Cy3 TV o BB IFE A LTZIRWS 7 L MBlEL STz, Fig. 17B IT7R
T I, BT VAR GMla OfEEEMMO T T VAT RO EZ IR 58, K
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73 Galactose-N-acetylgalactosamine-Galactose DEZFI T, 7 /VEEN 3 M OBEIZHE S
L7 DS o R ICLDEFRICEE THHEE X LD, Puri H(76)1%, WIEMEART ¢
VAVERRE DAL TV NI T 4y DFET LELT, BODIPY THETILLTZAT ¢
ABERRE (GM1 X0 GD2 728) ZMII ZBIA FH | 27 ¢ T HERRE O ¢
DZEE DM N B LA B L MR EONTEMER T ¢ TR B I XA N~
IRENTYY Y = DALEESNDZ 2 E L TVD, £2, BODIPY THIET /L
72 GM1a(BODIPY-GMIa) ZHViA £H7-Hifa <l #ifefE T BODIPY-GMla &
WTEME GM1a 133 BIEL, & LI BT CTB &fE AT LM A ST A(77),
ZZ T, REHRLE GMla LORRIZOWT, FELENT 3572812, BODIPY-GM1a %
A549 HIRIZEWIAEH, GM1a MR FICE ISR BLS Y7, ZoMaIZ Cy3
TUb a BREZIINL, THELE GMla O RITEIC DWW T AL — 3 — BAREE THIZR
L7z, TORER, A#HRE GMla 13, MfaME EICRTEL, SHIZHE O FTENBILE
S, FOHEBERITH 70% TH -7 (Fig. 18), SHICHIERWEIZ, o TR
LTORWAIIECIE, GMla I3l | CH¥)— T FEL TOedd | KRB LT
M Tl AR T GM1a O, 705 GMla D77 AZ —JZRHGRO HIL
72, Kakio ©(78)i%, FAEBEDRFE AL (FEIZ, L AT E—/LR° SM 728 DZEALH,
MR T GMla DIIAZ—BARET HEMEL TWD, T78D5, a R
25 GMla IZH5E#%., 33 B 5O PLC {EMEICI0 M EONFEMM A Z LS,
GMla DI TAZ— G EFH BT HEZZBND,

PLEED, o BRI O 74 R GMla 2RISR L TR AL,
# 3% H & O PLC {EME2S GMla D7 T A% —{b A58 1L | IL-8 DR E K 5280
AL,
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B/ A IVF VR REBUREZ AW T-aB RO ERBRT

ALY, o HFEIZ A7 VATE GMla IR RINCHE S THZENHLNEL S
2o AARNT GMla T B X AR BIL CRY, ZOERITMIRO /Lo REHERT
12 E S OEEEHSTND(73-75), 2T, KABERICEIDERNTOERES 7Y
AR EDMREREL T BI20IT, o 7 VAR IR~ T 2% D TRRILT,

[ ZEBRM B K OV ERTIE]

1) HoTZUATRRB~TRIHTD o 5O BIEIENE
A) /oI T IR ADEIE
< FEERBA B>
B A=~ A C5TBL/6 [ H A SLC, 7, 20 i# ]
B-1,4-GaINAc-Transferase (GaINACT ") KIE~D A: 44 BKFESE o) I160— 2k
ARG [HE, 20 i i)
a 2,8-sialyltransferase (ST) K~V A: 44 d BRFEFE )11 —eA L0t 5
[, 20 3# )
<EBRITIE>

Wl ER () . KON KEERIX 22T D~ A% 1 RE3 L UL,
GTBS T 200 ng/mouse £7255NIAHIRLT- o TBREF~TAIZ 100 pl T OREVEN#
HUTe, R H% 5%, vV AOEFEZTEERBIZEL | AR EZRELTZ,

B) /T U~y ARKEE a7 7 — x5 o BEOVEA

< FEEREA B>

5% FAZVa—/LEEEEHOFHEL: 100°C DT | MR (LSE2F A7 Va—
JVEREEHL 5 g 2788 7K 100 ml CIEMEL, 10 ml ORATEFERE 1250, AT
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HET 4°C R1FELT,

0.05% EDTA-PBS i&#Z D FH%L: EDTA [Nacalai tesque, 151-30]% PBS 100 ml CYAfi#

L. 02 pum 74 /H =2 TAHIBRRE LT,
<EBRITIE>

Wl ER () . KON REERIX 22T D~ T A% 1 LT UL, K~
AT 300 pl D 5% FATVa— Vg iAERENKR S Lz, 4 H%. 0.05%
EDTA-PBS k% W CHERENTR &~ A 7 e~y 2 —% [T 15 mlE L 2B
L7, D%, 4°C, 1,000 rpm T 5 srffzLL, RiEZERELZ, fldz 10%
FBS-1%-pen-strep-DMEM £5#1C | 2 [RIPEF#% , Mliladiczw Rz, IRIZ, TTAR
RAT v all, ZIEIL, SX 10T DFEFEL | 24 Frf, 37 °C. 5 % CO, D4 T
TALFaX—Tar iz, D, 10% FBS-1%-pen-strep-DMEM 55 #17C. 2 [FI¥E#4
#%. 10% FBS-1%-pen-strep-DMEM 5512012 T, 512 24 K] 37 °C. 5 % CO, D
FUHETTAFaXx—varl, MiRELEMSET, a BRICIDMIENED
GRO/KC DI, — 5 —Hi 3 ITo TFtLTz, a BRDOFREEIZOVT, 5§

— i 5-B It THEREI TSI,
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[ EER kAR ]

EIRINT a mR DT VATV RERTRL HEHT 2028903 THD, £Z T,
2 FHDA L 7 VA TR KB~ 2B LT, AEEOBICN R ERFIL72(79-82)
(Fig. 19A) , GaINAcT "~ A% GMla & & o@D H L 7V ROARAEZ AL T
WA, 5, ST DAL GMla OEREEE AT 508, TSN 7
FURERBED KL TWD, 77205, GalNACT <7 A1Z GMla KIHET /LT,
ST~ AL GMla BIFIET Har hr— /L= AL LTSN TV D, ZhbD~Y
2 NT, £, a BRICEDBIEIENEIC GMla G- T 50 E90E/RiLT-,
Fig. 19B |- X9IC, REREMEPENE G- UI-RE, B£8R CSTBL/6 v T A, KX,
ST~ A%, BHEBELGH K 7 BRI T Lz, ZHUSK L, GalNACT ™~ AL,
#9135 BFpRICFET L, K 5 EOBSER M OIER P BIERS IV, 77805, GMla 73
KL GaNACT <A TIL, RK#ROFMNITTHIE AL, —J7,
GalNACT "~ AL a HFEICLDBULE SERICHE LR o2 b, KAEHRIT
GMla LS D 53 FH 2 BAREL TR L TWOD AT REME DNV RIS LT,

KIZ, o @R OIERIZBITSH GMla DEEIZFEMIIRNT 572012, & /v 7 TY
MU RAHROEE~ 707 7 — V% VT, a BRICED GROKC DiFRfEZHIIEL
2o TOFER Fig. 19C (R IHC, BAER . O, ST THEEKE~/0a7 57— T
X, F ORI 7F L T GROKC DEEENFED BT, s,
GalNACT " HRIEE~ /77— Tl Bl &L TR EHRIZED GRO/KC il
BEDA B LT, 22T GM1a 28 a RO GIZEALT 208002 /E1 15
728, Cy3 7V a mHBETNENOIEYE~a 77— IRINL, ZOFES 28142
L7-, Fig. 19D (R 850C, BRI KON, ST H ke~ /a7 7—U T, A
EOMME R ~ORESDBERENT, —J7, GaNAcT Bk~ a7 77— Tid,
o BEOEENAEIIK LT (Fig. 19D, E), LA EXD KFHHEIZLD in vivo T
DEMFEHLIC, GMla MIEF ICHE BB HZHEE TODHIEHIIL,
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EBH o BB FFDO GMla DS HIEK

AT ECORERID, o HBHRIZHT VAR GMla ([CERISHEASLTERTS
ZEDVHBIL TS, Tsukamoto ©H(83)i%, RV UXAMR RO T L 7 VA T REEATE
F—=THHONIL TS, —FH, EDOTI/BETFT—71F, a BROHSFHNTHHE
THEHNDFRD DIz, I T, RBEEDOH TV R EIR DR RE 1T T,

[ EBRM B K NER T ]
1) o BHRERA(DSIA, N82A, S83A, W84A, Y85A, Y88A) Dilt{r 1§ 4E
< FEBRATEL >

LA PCR invitro mutagenesis Kit: [TAKARA, RR016]

TaKaRa Ex Taq™ kit: [TAKARA, RRO0O1A]

T BTV -LB i Bacto™ Tryptone [Difco, 211705] 10.0 g, Bacto'™ Yeast

Extract [Difco, 212750] 5.0 g, &2 O°, HifkF- R (NaCl) [Nacalai tesque, 31320-76,
M.W. 58.44] 10.0 g. %K K[Nacalai tesque, 01028-85]15.0 g Z 7R B KIZIEMREL. 1 N
NaOH C pH 7.2 |[ZRR¥EL, ZARB/KTE2EE 1,000 ml [ZL7zth, A —h /L —T7 T,
121°C, 20 73, EEARRIKRE LTz, TDk ., 70°C FREETHL, 5.0 mg/ml
Ampicillin sodium salt [Nacalai tesque, 02739-32, MW 371.39]&#4JEE 100 pg/ml &
IRBINTHINL Tz, D EELIRNIDITIERE LR, £ 20 ml 3 OJRE v v —
VT LA A, LIXDS RS 7214 | 4°C TRAFLTZ,

Competent cell (E. coli): Competent high DH5 @ [TOYOBO, DNA-903]. Competent

high IM109 [TOYOBO, DNA-900]DE B 005, W7 41| Heat shock H TéHY,
L7 haRL — s a A IR,

X-gal D% X-gal (5-Bromo-4-chloro-3-indolyl- 3 -D-galactopyranoside) [Sigma,
B4252] 40 mg % N, N-VAF LAV AT IR 2.0 ml CEEMEL ., L7, -20°C TERAF
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L7z,

IPTG @ # % : IPTG (Isopropyl- B -D-thiogalactopyranoside ) [Nacalai tesque,

19742-94] 2.0 g Z 7% R 7K 8.0 ml TIEMEL . Al L CfE L 72, -20°C TRAFLTZ,

Primer

o BB ST DORLY
81 82 83 84 85 88

5-AAG GAT AAT AGT TGG  TAT TTA GCT TAT TCT-3
D N S W Y Y

D81A 5’-AATTTCTCAAAGGCCAATAGTTGGTAT-3’

N&2A 5’-TTCTCAAAGGATGCCAGTTGGTATTTA-3’

S83A 5’-TCAAAGGATAATGCCTGGTATTTAGCT-3’

W84A 5’-AAGGATAATAGTGCCTATTTAGCTTAT-3’

Y85A 5’-GATAATAGTTGGGCCTTAGCTTATTCT-3’

Y88A 5’-TGGTATTTAGCTGCCTCTATACCTGAC-3’

*GCC—>T 7=

SHO1 A% fERE

AT-ID 001 For 5’-GCGCTTATTTGTGCCGCG-3°

AT-ID 002 Rev 5’-CGCGGCACAAATAAGCGC-3’

AT-ID 003 For 5’-TGGGATTATGCAGCAAAG-3’

AT-ID 004 Rev 5’-CTTTGCTGCATAATCCCA-3’

AT-ID 005 For 5’-CCTGACACAGGGGAATCA-3’

AT-ID 006 Rev 5’-TGATTCCCCTGTGTCAGG-3’

pHY300PLK (vector {f) Fi 51| ffe 72 H
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pHY001

5’-AGCGTCAGATTTCGTGATGCTTG-3’

pHY002

5’-ATCGTTAAGGGATCAACTTTGG-3’

< SR>

LA PCR in vitro mutagenesis kit (22557 45 B & s

D81A D72 BMi 713, TaKaRa Ex Taq kit 2 FHWCERIL 72, v 7y —F =2

3K (84 bp) ZFF-> SHOI iE{x1- (1,110 bp) & pUC19 vector (ZFf AL7=%, D% pU13R

EL7, pUI3R 8581 1T, M13Rev primer & Mutagenic primer Z H\ YT SHO1 i#1x
FHROERSELHILNS 3 RimETEZ FRLIZR T ReactionA, £L T, MUT3

primer & M13 For primer Z T, SHO1 iE{xF D4 TE pUI3R @ Hind ITTIWTHEL

DK L7T= DNA 7527 Ak (Reaction B) % Ex Taq PCR (98°C T 10 £, 55°C T 30

. 72°C T 1 #/1 cycle) IZEVHERL 72 (1st PCR)

Reaction A

PU13R (1.0 ng/ul) 5.0 ul
D81A (X 10) 1.0 pl
M13 Rev primer (X 10) 1.0 ul
10X Ex Taq PCR buffer (+Mg*") 5.0 ul
dNTP mixture (2.5 mM each) 8.0 ul
TaKaRa Ex Taq (5.0 units/ul) 0.5 ul
RNase free DW 29.5 ul
Total 50 ul
Reaction B

PU13R (1.0 ng/ul) 5.0 ul
MUT3 primer ( X 10) 1.0 ul
M13 For primer ( X 10) 1.0 ul
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10X Ex Taq PCR buffer (+Mg*") 5.0 ul

dNTP mixture (2.5 mM each) 8.0 ul
TaKaRa Ex Taq (5.0 units/ul) 0.5 ul
RNase free DW 29.5 ul
Total 50 pl

1st PCR #2012, & SO RNase free DW 12 T4 300 pl &L, i@EI7Z2 77 A
~—., KON ANTP ZfrZ% 95729 Suprec™-01[TaKaRa, 9040]{Z#&L . 3,000 rpm T
T LNDHI S0 pl 272D FE T O L7z (ZO /M, 0 0& 1D THRED 50 pl LA FIZ7e6
TRNINCHERR T D) o, BT LTI LTZ Ist PCR KGR 3.0 pl 27 He— A7 LB R IK
BT T4, BRIDO N REER% ., IREREEIT>72, IRIZ, Reaction A D
DNA 777 2 k& Reaction B D DNA 777 A M 1:1 TIRAL, LL NIRRT RIS
FIZT 94°C T 10 3 ENNEM% . 60 43fAMT T 37°C £TWAIL, 37°C T 15 4k
FrL7=,

Hetero duplex D{ERY

D81A-Reaction A 1.0 ul
Reaction B 1.0 ul
10X Ex Taq PCR buffer (+Mg*") 5.0 ul
dNTP mixture (2.5 mM each) 8.0 ul
RNase free DW 35ul
Total 50 pl

RO KSR IZ TaKaRa Ex Taq 1.0 pl 2012 Ty 7L, 8<E 04, 72°C T3
DA F 2 —2a DIV FERR~T 1 DNA “EHEAFERL, K’IZ,
M13RV primer, & T}, M13 For primer Z /12T, 4 SHOl B{x - ZHEEL 7=, ZDJ7
5. LLFIZRL, PCR (98 °C T30 ), 55°C T28b, 72°C T 10F)/1 cycle % 10 cycles)
IZEDIIEL 7= (2nd PCR),
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Hetero _AN#H 48 ul

M13 RV primer (1.0 pmol/ul) 1.0 ul
M13 For primer (1.0 pmol/ul) 1.0 ul
Total 50 ul

BOGHE T 1% . ROGRO—E8Z 0 (3.0 pl) . 7He—2A7 VERKEN THD /R
REfEd L, =& ) — VIREAATV BRI, 10 pl OPRE 7% B KITE R LTz, IRIT,
Z? DNA 777 A% DNA Ligation kit ver.1 [TaKaRa, 6021]% I\ T, T4
DO IZHIH L 72 DNA 7527 A b pT7Blue vector (2 Ligation L, KI5 IM109 (2.,
Heat shock £ ThI7U A7 4 —AL, X-gal B UCHEREL, AfAan=—DI=71L v

1T o7,

Ligation

pT7 Blue vector 2.0 ul
Plasmid-D81A 2.0 ul
Solution A 16 pl
Solution B 4.0 ul
Total 24 ul

Heat shock

Competent Cell 100 pl ZK FIZTHAMEL | Self-ligation SRR Z 10 pl Jix TEES X
7L, K EIZT 30 A Fa_X—Tar L, FD%, 42 °C, 1~1.5 43 Heat
Shock L, KHT 3 /pffiArFax—Tar iz, Eill SOC F A 900 pl iz Cig<
o7 L, 37°C, 1 KDL EIREOETICA v FaX—TarLic, O%, T8V
V&4 LB G (X-gal, IPTG %4£) (2, 50, 100, 200 pl Ok, ARICEHIXL,
37°C T ON ArFaX—1a U, Bbh-Hfaaa=—|%, PureYied™ Plasmid
Miniprep system [Promega, A1222]% T ERHEIAZITV, D%, T Ha—R7
JVERIKENLY pT7 Blue-D81A D/ RDWEREFT 1=,

pT7 Blue-D81A DOFELHI|HEZR

pT7 Blue-D81A DEHNZ-DOWT, SHOL i@ H primer (AT-ID 001) Z T, Fid
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W R IHEEL T, PCR (96 °C T 10 43/1 cycle, 96°C T 10 #, 50°C T 5>, 60°C T 4

43/1 cycle % 25 cycles) (XD HEMRL 7=,

pT7 Blue-D81A (10 ng/ul) 1.0 ul
New Big Dye V1.1 2.0 ul
Big Dye X5 buffer X-Terminator 2.0 ul
AT-ID 001 (10 pmol/ul) 1.0 ul
RNase free DW 4.0 ul
Total 10 pl

Z 1% . BigDye® X Terminator™ Purification kit [Applied Biosystems, 4376486]%

HOWT PE 1.5 ml ~(2/8F2—71Z, PCR FEY 10 pl, SAM &R 45 pl &

X-Terminator ##% 10 pl 2002 T, 30 s MEELZ#4 . 1000 xg T 2 ZrfEliE LTz,

1 0% D B 20 pl 2 MicroAmp™ Optical 96 well reaction plate D 1 L —2 43128 L,

FTEOITLFEEZEYR LTz, ZOEE, 8 well 470 Sample 23 EWIGA 20 pl @

Hi-DiFormamide [Applied Biosystems|&/1x7-, ZD%, =T 4077 74—

ABI3500 2 L T —r = 2T 24T -7,

I, BEAN D SRR C& 7= pT7 Blue-D81A %HI[RE%3E EcoR I, HindIll, B buffer

[Roche]z VYT, 37°C, 12 KFfE]A > FaX—T a7z, pHY300PLK vector @ EcoR

I /Hind YA NG [ AR (Tl BRI SR 77~ MLBEL 7=,

pT7 Blue-D81A (400 ng/ul) 10 pl pHY300PLK (400 ng/ul) 10 ul
EcoR I 3.0ul EcoR I 3.0ul
Hind Il 3.0ul Hind Il 3.0ul
Roche-B buffer 6.0 pl Roche-B buffer 6.0 pl
RNase free DW 38 ul RNase free DW 38 ul
Total 60 pl Total 60 pl

FOGHE T 1%, 70— A7 )VESKUKE THBO AN RZ2fER L, N ROgIn L
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AT o1,
NucleoSpin® Gel and PCR Clean-up kit [Macherey-Nagel, U0609B]

SBELTZ A BIOD S REdy 2 —THID L, B 1.5 mlFa2—7 (A, 7V OHE
SEBE LT, 771100 mg (2%l 200 ul & NT1 Z¥RINL ., 50°C THI S5 /oA F =

R—var L, FIVEEMSET-, Gel and PCR Clean-up column % Collection tube (Z
Yo hL, ZFIVIRIRE 17 SZESINL ., 11,000 xg T30 BEELLZ, 7a—A/L—%
T, 700 pl O NT3 ZEAL ., 11,000 xg T 30 @ O H1E¥ES 2 BRI, %
D, 7a—2)L—%HT, &5, 11,000 xg T 1 25EE L L2, BT L2 H LWOIRE
1.5ml F=2—7 2y, 20 )l D NEZIRIIL, IR T 1 oA FaX—Ta g,
11,000 xg T 1 Zpfz=.0L, BREEFEZHMELE, fo47c Sample 13X,
NanoDrop1000 73 G EE G CIR EEA TR E LT,

HIFREEE A7~ M4 D D81A, X OY, pHY300PLK % 16°C C O/N #LEEL | Ligation
W% KIGE IM109 |2, Heat shock 5 CTh 7 A7 4 — AL T X-gal E5HICHEREL . (A

an——OI=J Ly B To7,

Ligation

DS81A (EcoR I /HindIll cut) 2.0 ul
pHY300PLK (EcoR I /HindIll cut) 2.0 ul
Solution A 16 pl
Solution B 4.0 ul
Total 24 ul

Bo7-an=—® miiprep Z{T\, 7 A0 —AF LEKIKINITLY,
pHY300PLK-D81A O/ REHER LT, £ D%, SHO1 #EEE H primer (AT-ID 001 For,
AT-ID 002 Rev, AT-ID 003 For, AT-ID 004 Rev, AT-ID 005 For, AT-ID 006 Rev) .
KO8, pHY300PLK (vector 1) ##8 H primer (pHY-001, pHY-002) % FVNCREZRL 7=,
HRJET %5 SHOL ERALAFEAYZ S | KOV, vector ~Dffi A& ER% ., oLz

Plasmid ZFEE T AT 4 — AL, % —FH —Hi-1 [TV ERER ORI E
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1777,

2) amEARIR(DSIA, N82A, S83A, WS84A, Y85A, YSS8A)IZXD A549 Hlfui»
50 TL-8 jFEHE
<HEBRITIE>
ML ORI, 25 -1 22U, DIBEORBIIEL, F—5H5H {2
\ZHET,

3) amRAFIR(DSIA, N82A, S83A, W84A, Y85A, Y88A) IZLD AS49 i~
PAN
=

Dt

2'9;

< FEBR G 1E >
MR ORER L, 5325 _Hi-1 22U, UBEOERFEIT, 2585

-5-B it~ T-,

4) o @mRELFEIK(DSIA, N82A, S83A, W84A, Y85A, Y88A) (2D TrkA DV ik
1t
<FEBRITIE>
Ml OREERIE, = -1 22 MU, LSO EBRGIEIL, 55 -3
\ZHET,

5) a BRERIEDO GMla VRV —IL~OfE G (SPR fiEZHT)

A) GMla GH IRV — LD H

< FEBRB AL >

GMIla: Ganglioside GM1a, Ammonium Salt, Bovine Brain [Calbiochem, 345724] 1.0
mg % Methanol 400 ul (Z¥EfREL ., 2.5 pg/ul (ZFHBLL 7=, -20°C THEAE,

Phosphatidylcholine (PC):18:1 ( A 9-Cis) PC (DOPC) 1,2-dioleoyl-sn-glycero-3-phos-
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phocholine [Avanti Polar Lipids, 850375P] 1.0 mg % Methanol 400 pl [Z¥&AfEL . 2.5
ng/ul IZFRAHLIL 7=, -20°C TERAF,

Sphingomyelin (SM): Sphingomyelin from Bovine Brain [Nacalai tesque, 32156-74]

1.0 mg % Methanol 400 pl [Z¥FEL , 2.5 pg/ul IZFHFRIL 7=, -20°C THRTF,
Cholesterol (Chol): [Nacalai tesque, 08721-75] 1.0 mg % Methanol 200 pl (ZI&f#EL | 2.5
ng/ul IZFABLL 7=, -20°C CTIRAF,

HBS-N Ol HEPES [Nacalai tesque, 17546-05] 1.19 g, & X, NaCl 4.38 g #7% %

KIZEfEL . 1 N NaOH T pH 7.4 |[ZF##% | 7&K B /K CaEL 500 ml £L7-,
1.5ml Y Va A X~ AraFa2—7 FLJEK: [WATOSON, 131-615CH]
<FEBRFUE>

GMla GHIARY — L%

GMla:PC:SM: Chol DIEAEEA 1 1 1:1: 2127255912, 40 ul : 40 pl : 40 pl : 80
ul 2 B IR A LT, W E Ny TA TR ELRNORBRE DK 1 cm FRICEER
FNZIST T2, SHIT, Z7aads/b A 300 pl ThHO— EIRE% | R B E CIR it A 8 &
Uiz, ZD#%, 73 —4—"T 30 srcEsE7e, BREOEDONFEIC, HBS-N %
Vortex L727235 100 ul IR, 512, 30 BEFRET 55°C OIRBIZOT ., ZOHAEE 3
BRI LT, FERLTZYARY — L&V a i~ a2 —7 | Z[EI L, HBS-N %
0.5 ml Nz TPV LT=, [\, 15,000 rpm., 4°C, 20 43z L. EIEEREE,
HBS-N % 1.0 ml A TYeif Lz, ZOEIEZ 2 [0l | 2% HBS-N &
200 pl Ji%., BBHE % 10 FREEEL , GMla UARY —AEL T LTz,

B) Biacore % 1]\ 7z SPR fi#T

< FEBRABL >

Sensor Chip L1: [Biacore, BR-1005-43] 7 F AT AZBUKIEZEALTZX A7 T, U
R — LI EOIFE _ER XY 7 F Y —7 2,

360 mM CaCl, &K DFf#4: CaCl,*2H,0 [Wako, 034-12772, MW 147.01] 5.29 g & 7%
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7K 100 ml TEMEL, A—h71L—7"C, 121°C, 20 s & BRI E LIzb D& f#
HL7,
Running Buffer (HBS-N + 1 mM CaClL)?D##%: 360 mM CaCl, 1.0 ml % HBS-N 359

ml [ZEEfRLT-, Ca®" RE buffer TIIfE S NLELRD T,

50 mM NaOH @#f#4: NaOH [Nacalai tesque, 31511-05, MW 40.0] 200 mg % 7% & /K

100 ml CIRfEL7=,

20 mM CHAPS O##%: CHAPS [Sigma, C5070] 12.3 mg % Running Buffer 1.0 ml C

LTz,
BSA-PBS & D% BSA 1.0 mg % PBS 10 ml TI&EMEL. 0.1 mg/ml ELCTEEAL
77

Amine coupling kit: [BIACORE, BR-1000-50]

Glycine: [BIACORE, BR-1003-54]
50 mM NaOH: [BIACORE, BR-1003-58]
BIA maintenance kit: [BIACORE, BR-1006-66]
<ERGIE>
BIACORE 3000 Control Software 3.5 _EiF, JIE I35V —F 7 (L1)

%4 AL . Running Buffer, iR ML & HERR. . Prime #1To72, 7T 74 hDA V=
JMELL T, JiiE% 5.0 ul/min IZF%E L. 20 mM CHAPS % 25 ul. GMla ViR — 24
VAR % 150 ul, NaOH 1% 5.0 ul, =L C, BSA % 25 Wl T DEFICA =2k
L7z, =™ . Running buffer ©LC, HBS-N containing 1 mM CaCl, 2%t kiL, H>7°
/L% Running buffer TIAMEL (o #3E 0. 0.2, 1.0, 2.5. 5.0 nM) , XA TI/LONLE, FF

BRI EZTT T,
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[ EER kAR ]

Clark 5(84)1%, o B2 D/L—7 A (72-93 72 58) M AR ~OFE A (2B 532 A
BEMEZ IS LTz, F72., Arimitsu & Walker (85, 86)Id, RNV UX AR R DA 7))
FYRREEF =7 ZHLNILTEY, ESHIZ, ZNOLDEF —71E, a mHRER VY
AR RS KON, WS R B SR TR WA A R T 22BN LT (87),
ZZ T ARBTEROS TN, R 7 VA VR ET — 7 BFIET D09 %
RE LTz, TV My — 7 U ARATRE R A D LT, o Bk, NV USRI ER | KO,
WERBEROT I/ BBEINZ B L7 2 5 ARRIIMMOBTHZNATHH 7 U4
VRHEGEF—7 (H...SxWY...G) ZH T L2 HIBALIZ, BT, T 7 VA TR
BEF =71, a HBHED N-RAS L C-RALOHRIINLEL, WiH OB AIZE 5
T D/ — TR (72-93 FRIR) ICFET HIENBHLNE -T2 (Fig. 20), ZOEFID
F1C L AV Y AR B 3OS R R R Tl A VA VR R ETFT — 7 DR
TR 7y (Trp) 2L, KON, Fu v (Tyr) BRED T VAT REDFEE I 535
SN TVD(8S, 86), T2 T, a BRDH LT IUAVREEGTTF —7ND Trp k.,
Tyr 785, KON, EOEAT7IVBERKIE B L, ENENDOT I BETI=VICE
WU BHROERMEEERL BRE T, £ INH0 o BHRE R IL-8 iE
BEVEF A T 2ME I ERRETLIZ, Fig. 21A (RT3 E912, AS49 Mlfuz B A7 o 3
. FE, A OERL R T, IL-8 OlEEHIE LIz, TOREE, DSIA,
N82A, S83A, LK UF, Y88A Tid, Bp/EM o B R LRIFRIC IL-8 i A5 ZkZ L7z, —
77, W84A & Y85A Tix, AR o SR LR L C, 7RI IL-8 MK T LI, S
B, a BRERKROFEAZMATHI2DIC, Cy3 T ULVE A o HHE, 213,
Cy3 TIT LU=~ DFEFRLE BRZHIZICEIRNL, 2OLBSE CER O A%
R 7=, TDFER, Fig. 21B (235912, D81A, N82A, S83A. YSSA [TEFAT o
77 L [FARRRHE R R LTz, — 77, IL-8 Dtz RS727 o7 W84A & Y85A 13, B
AT o R TR A~DOFE A2 80%(K L, FHLUWES OGO LI
7o T T, REFRIZED TrkA DV LARIELT2E2A, B o B LERL T,
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W84A, T, Y85A 1T TrkA DU FR{bA&FHE L 720 -7 (Fig. 210), YA EJY, o«
FON—THEHIENICIFAET D 84 (LD Trp FEFEL 85 AL Tyr FRIEDSHIFE~DFES
(2B 5322V AL,

a FHRD GMla EDOFEEIT, REER T FNONL—T RN 5350 E 90 % i
192725 BIACORE % i\ T SPR (surface plasmon resonance) AT 247-7=, 79",
GMla EH VAR —LEAERL | L1 B —F 72 GMla G A VR Y — LEfE G S,
T2 DIREDOB AR F1T, HBRERAKEZT FTIAMLL TR ST (Fig. 22),
Z Dk F . D81A. N82A, S83A. YS88A O KD filiiL. 34~68 nM T, B4 o FEEM
23 1M THHZENS, ZNHO R BRI, BARER LRI GMla A YRV
—AFEATDZENHBNE/ 2572 (Table 4), — 77, W84A & Y85A 1%, B —~
FLDOBMIR T RO LI, KpEREIZEI, 520 & 488 nM 27~ L, BpA 1L il
LT, 20 5V MEA R L7 (Table 4) . 372405, W84A & Y85A & GMla A UNR
V= BT oM A BRI, B AT R L H L TR 20 FHR LTV e
L7,

WIZ, aFgRADL—7HEEE GMla OFEEIZOWTEELMENT 3572512, MOE
EHWTARTEFRE GMla EORyFX LTI al—al fjiliaiTo7, DGR, Fig.
23 [ RT I, o BHE/L—THEIEN D W84 L Y85 A3, GMla Hik i fFfET DY
TNRBIOHZ M, ENEIKFER G F2T T VIRIEBR L DAL o3
YTMAEAEMCIY, a @R L GMla NIEFITZE LI A HIEZ LD LN
ol

LU EDRERID A FAEIE D/ — 7 FINITAFAET 5 84 (LD Trp FRALL 85 i
O Tyr FEHE7DY GMla ZRr BAYIZRFRL TG 3228 HIB L7,
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BUE BRBLO/NE
[%%]

VIV 2l EAT D o BHRIT ARFEBIYEICIBW TR A g e g [ T
EHRESITODDN, £ D T BRI UL BUAL O35 38 O R B AUHRE & A TR
DEEThH oz, T RVVXZ AR ETER LT A7 42V A 5 R 72 E OME
AR T DR BRI BRI L R RSH, Fric, MlaR mIC/AE T 2R E <
DA TVA LV REZ =7y e U TR 2R DS HER G STV 5(69, 70), A
TlE, a BEOZRERERBZET D20, W7 VAVRICE B U 21T o7, 77,

BRET L TVE TV REDBURIZOWTIRETT D722, o7 VAT NS R E
il F2IE T VEROIRIE SR A O TRRES LTz, £ ORER . AS49 flIdIZB VT, o
mRICED IL-8 Wl MO AEROM A EHELILEFE L, 372005, o BROM
&L IL-8 WEBEENIC, T 7 VAT IR EE T DEHERS L2, IRIT, R R0 T8
DA VAV RERET D720 FESHEEL T VA% IO CTHREFRRIICREAT LT, £

DR, a #ERIE, GMla I[CFFRIIZHT ST 5728, GMla LEEAREIE IR TS TV
fe DAL 23727 GT1b, GQlb, ZL T, GD1b ([ZIIFE S LW eV HIBA L=, 372
bbb KEHEIL GMla OV TIVEEDONIE ., DD, a7 3 A—a Rk L T
WHEHEERSND (Fig. 17B), £ZTC. a e GMla DFEAIZOWTEELLENT5
72D HHHLEH BODIPY-GMla ZHIAE WMl 5 H RO A A BlE LT,
ZORER. a @R, KO, GMla [TMifafE ECHRFIEL, 612, mRLBL /i
Tl GMla DALV TAS—NEEBEES I, ZO T TAZ— TR ENLIC A B 37
IFREL TV, BLEXD, AFEEFRIT, GMla R RAICEEFRL TlEA L, GMla O
fafs ECoBEEZEREL, VIAZ =B EHE T LT LN LT,

ARNIZIBWT GMla (Z, FEAICRBIL TR, /v T U h~T 2% TR
(&0 ERNICBIT D OERED R 4 IR SN 225 5(79-82), o F8& DR
ZRIHIEME GMIla ORI A THD, £Z T, GaNACT v AL ST~ A%
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AWT, aHFEE GMla EORMRIZOWT in vivo LUV TENTLTZ, T DHE R,
GMla 2K L7Z GaINACT ™~ ATiE, GMla A5 ST <AL L T, A%
FIZLDBIERF I DBIEDFRD O, EHIT, o FHE GMla DO BIREFERIAEAT
T DD, K /I T I ARKRONEE~ 0T 77— O TEREOR G2
A7z, ZOFEE, GaNACT Hsk~rn77—ITld, KBmHEORHAMFLALTE
DO ST, PLEDOFERLD | AENIZIBWT, o #BRIT, GMla 2RI
WML TG T HZENRHLMNER Tz, T7bh | KEROFEMEFRBLUIIL, GMla 233
FAZEBERREZEH TODIEIVRIBS L,

RV X2 R EE LG RE R TIE ATV REG YA T72bb,
H...SxWY...G XTFREF =7 DIFEDHESI T H(88-91), — 7. Clark ©H(84)
(X, o« RO —T K (72-93 555 BSHBEA~OFE A 535 rlRe A2 s L
T2 T T KBRENICH 7 VAV REEEET —7 (H...SxWY...G) WEET D
INE DN — I T ARITICEY | REEFR LR YU XA 5 58 36 L OV ASS R e 7
ROT I WERINE LT, EOREE., a BHR 7O —T NI, T 7 VA
UG ET =T DFET HIERNHA LT, T T VAT RER VY XA EH S, K
O, B G B R OFE A, T T VAV REATF —TNOD Trp FElLd Tyr Ak
NPT B EHESNTND(8S5, 86), 2T, a i FDOH L TIA TV RiEGTT
— WO Trp FEHL Tyr 785 KON, ZDHIADT I/ BEE N LT 7= TELEL
TR RARAAE R L T2, 77, AS49 MRG0 IL-8 WL 5 DML~ DR &%
RELIZEZA, WB4A & Y85A Tk, IL-8 LM ~DFE A ME L, TrkA DU
Fb & B B LT, LLEXD KFEHZ DL —TFEIED 84 LD Trp FFEL 85 fiLd
Tyr FRIEDHIRL ~DOFEA I G- 2LV L -, IZ, ZIHDFERD GMla &
DA BT DX BN RIS 5720, a mEHE GMla LOFEEBFMEIZ DUV T,
GMla UARY—LZ/ERIL, SPR T L7Z, T DR, GMla URY — ATk T 5 &
AR, BAERIEER LKL T W84A L Y85A TIK FL Wz, 37ebb, Zhb
DIRIED o 7EEE GM1a D B I BB EIZHE TODZENHLN LR oT, £ 2
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T, a @ADL —7HENO W84, KT, Y85 & GMIla DFESEIE S MOE % v
TARFHFL GMla DR YF L7 P32l —a @i adTo72, o B/ — 7N O
W84 £ Y8523, GMIa i HICIFAET B T AR IO Z 7 Mz, ek
TG FolE, VT NVBREBR AL X U T AEAER T 528128, a FEHFLE GM1a
DIEFN LB LTS OIS 2 L D2 ENHBMT o7, LLEDOFER KD, Fig. 24 1R
T I, RFEED T ON—THEIRNICTFIET 2 84 (LD Trp FEFLL 85 LD Tyr 7%
FEAY GMla ZRFRIVICERIEL THEA L. GMla DI TAZ— AT E 52 LV
LTz, 370bb, o mROR RIS A REL T, GMla 25872 HIBILTZ,

[/hE]

o BRI, AS49 IR ORI EICAFET 5 GMla lZ, R0 TN D 84 LD Trp
FRELL 85 (LD Tyr FRE DR BANITHE 6% . GM1a DI T AZ— b x84 5, €Dk
R, TOFEPHIAFAET D TrkA IIEL, —HEDOT 7 F VR OTEMALZ ST L TIL-8 D
WA TR T 22 bNEleoTe, —F | a BROVTABBEIEMEIL, GM1a K
YUATIHEITTHIEND, GMla lE, KFERED in vivo TOEAITHBE-T 2288
HIBL7Z, DL ERY REFEOEHRBUCIL, GMla BEHEICBE G- 35223 HBIL
72,
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Fig. 16. Relationship between gangliosides and release of IL-8
induced by alpha-toxin.

A)

800 - Biosynthesis of sialosyl glycosphingolipids
700 .
Ceramide
600 (Cer)
Z 50 GlcT:
£
& 400 pPMP —| ¢ glycosyltransferase
3 a0

Glc-Cer

\d
\d

Gangliosides

N
=3
3

=)
3

0
Alpha-toxin (ug/mL)

PPMP(uM) - - 10 50 10

Neuraminidase (mU/mL) - g - E - 10 5 100 .
PPMP: D-threo-1-phenyl-2-hexadecanoylamino-3-

morpholino-1-propanol

B)

% binding vs alpha-toxin

Q NeuAc O Gal
QO GalNAc [ Glu

NeuAc: N-acetylneuramic acid (sialic acid)
Gal: galactose

GalNAc: N-acetylgalactosamine

Glu: Glucose

Alpha-toxin (ug/mL) 1.0 10 10 10 10 10 10
PPMP(uM) - 10 50 10
Neuraminidase (mU/mL) - - = & 10 50 100

A549 cells (1.0 x 107 cells/ml) were treated with various concentrations of PPMP or neuraminidase at 37°C for 4 days or 60 min,
respectively, and then the cells were incubated with 1.0 pg/ml alpha-toxin. A) IL-8 in the culture supernatants 3 h after the addition
of the toxin was determined by ELISA. Values represent the mean + S.E.; n = 3; *, p < 0.01; **, p < 0.005, compared with the
release of IL-8 in the cells treated with alpha-toxin. B) The pretreated cells with these inhibitors were incubated with Cy3-alpha-
toxin for 15 min. The cells were fixed in 4% paraformaldehyde and analyzed using fluorescence microscopy. The fluorescence
intensity in the visual fields was measured. The binding of alpha-toxin to the intact cells was set as the maximal response (100%)
against which all other results were compared. Values represent the mean + S.E.; n = 3; *, p < 0.01; **, p < 0.005, compared with
the binding of alpha-toxin in the untreated cells.
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Fig. 17. Glycoarray analysis.

A)

| 8 GM1b
9:GD1a

2 10:GD1b
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1 GT1c

: asialo G

: asialo Gl
: Gb3
: Gb4
: Gb5
: Globo H
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B)
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Ceramide Ceramide Ceramide

GD1a GD1b GT1a

: fucosyl GM1
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Ceramide Ceramide gRasies

GM3 asialo-GM1 : glucose
: N-acetylgalactosamine
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“HeE
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GT1c

A) The glycoarray plate was incubated with 100 pg/ml Cy3-alpha-toxin for 15 min. Fluorescence intensity of the toxin on
the plate was measured with a fluorescence scanner. Values represent the mean + S.D. *, p <0.01 (n = 3). SSEA-4 tetraose,

NeuSAca2-3GalB1-3GalNAcB1-3Gal; SSEA-4

hexaose, NeuSAca2-3GalB1-3GalNAcB1-3Galal-4Galpl-4Glc. B)

Schematic figures of representative gangliosides described in the study are shown.
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Fig. 18. Localization of alpha-toxin and GM1a.

A)

BODIPY-GM1a Cy3-alpha-toxin Merge
_e - - -
€
]
O
£
X
°
®
<
o
©
>
>
(6)

B)

100 -

50

Colocalization (% of total)

ND

Control  Alpha-toxin

A) A549 cells stained with BODIPY-GM 1a (green) were incubated with 1.0 pg/ml Cy3-alpha-toxin (red) at 37°C for
15 min. The cells were fixed in 4% paraformaldehyde and stained with Hoechst 33342. Alpha-toxin, GM1a, and nuclei
were visualized using confocal laser microscopy. The data represent the means for three independent experiments.
Scale bar, 10 um. B) The percentage of colocalization was calculated for each combination of fluorescence markers by
analysis of each confocal plane containing more than 30 cells. Values represent the mean + S.E.; n = 3; compared with
the colocalization of alpha-toxin with GM1a in untreated cells. ND, not determined.
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Fig. 19. Sensitivity of wild-type and knock-out mice to alpha-toxin.
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A) The red or blue frame indicates the ganglioside biosynthesis pathway that is blocked in the GalNacT”~ or ST mice, respectively.
Cer, ceramide; Sia, sialic acid; LacCer, lactosylceramidemice. B) 25-week-old male mice weighing 25-28 g were injected
intraperitoneally with 200 ng of alpha-toxin. The average survival time of 4 mice is shown. C) The macrophages from various mice were
incubated with alpha-toxin for the indicated periods. GRO/KC in the serum was assayed with ELISA. Values represent the mean + S.E.;
n=3;* p<0.01, compared with the release of GRO/KC from wild-type mouse macrophages. D) The macrophages from various mice
were incubated with Cy3-alpha-toxin (1.0 pg/ml) for 15 min are shown. The cells were fixed in 4% paraformaldehyde and analyzed
using fluorescence microscopy. The data represent the mean for three independent experiments. Scale bar, 100 pm. E) The fluorescence
intensity in the visual fields was measured. The binding of alpha-toxin to the cells from wild-type mice was set as the maximal response
(100%), against which all other results were compared. Values represent the mean + S.E.; n = 3; *, p < 0.01, compared with the binding
of alpha-toxin to macrophages from wild-type mice.
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Fig. 20. Amino acid sequence alignment.

* * % * % *

Alpha-toxin 65 - - -YQDEIFWDP - - - - - DTDNNFSKDNEA-RUREL AYSIPD=-~-~-~-~- - [(dE S - Q-1 97
BONT/A 1246 IGFIGFEIOFNN - = = = = = = = = IAKLVARINRBEN RQIERSSRTL--JCSWEF I 1284
BOoNT/B 1234 IGLIGIMRFYE-SGIVFEEYKDYFC IJKRMEL KEVKRKPYNLKLEC NWQ F I 1282

TeNT 1264 LGLVGTRY)- - - NGQIGNDNNR-DILIAEINEURYF NHL -~-~--KDKILEJCDWYFV 1305

BoNT/A: Botulinum neurotoxin A
BoNT/B: Botulinum neurotoxin B
TeNT: Tetanus neurotoxin

The amino acid residues forming the ganglioside-binding pocket in BONT/A, BoNT/B, TeNT, and alpha-toxin are presented as
white letters on a black background. Positions of amino acids of alpha-toxin selected for mutational analyses are highlighted by
asterisks above the alpha-toxin sequence.
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Fig. 21. The role of amino acids coordinated at the loop region of
the alpha-toxin.
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A) A549 cells (1 x 107 cells/ml) were incubated with various toxins (1.0 pg/ml) at 37°C for 3 h. IL-8 in the culture
supernatants was assayed with an ELISA kit. Values represent the mean + S.E.; n = 3; *, p < 0.005, compared with
the release of IL-8 in the cells treated with wild-type toxin. B) A549 cells (1 x 107 cells/ml) were incubated with
Cy3-variant toxin (1.0 pg/ml) for 15 min. The cells were fixed in 4% paraformaldehyde and analyzed using
fluorescence microscopy. The fluorescent intensity in the visual fields was measured. The binding of wild-type
toxin to the cells was set as the maximal response (100%), against which all other results were compared. Values
represent the mean + S.E.; n = 3; *, p < 0.01, compared with the binding of the wild-type toxin in A549 cells. C)
AS549 cells (1 x 107 cells/ml) were incubated with wild-type toxin or the W84A and Y85A variants at 37°C for 15
and 30 min. The lysates were subjected to SDS-PAGE followed by immunoblotting with antibodies against
phosphorylated TrkA and TrkA. The data represent the mean for three independent experiments.
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Fig. 22. Surface plasmon resonance analysis of binding of variants
to GM1a-liposomes.
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Binding of the wild-type toxin (A) and the D81A (B), N82A (C), S83A (D), W84A (E), Y85A (F), and Y88A (G) variants to
GMa-liposomes on L1 sensor chips was measured on a Biacore 3000. Blue, light blue, green, pink, and red lines indicate the
concentrations of the variants with 5.0, 2.5, 1.0, 0.5, and 0 nM alpha-toxin, respectively. Association and dissociation represent the
buffer in the presence or absence of the input toxins, respectively. A representative result from one of three experiments is shown.

95



Table 4. Binding affinity of alpha-toxin variants to GM1a-liposomes.

Analyte Kp(nM) Fold® increase in Kp
Wild-type 23 1

D81A 34 1.5

N82A 54 23

S83A 68 29

W84A 520 22.6

Y85A 448 19.4

Y88A 48 2.0

aFold increase in K relative to the binding of various mutants to GM la-liposomes
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Fig. 23. Binding model of alpha-toxin and the carbohydrate moiety
of GM1a.

A)
Loop-domain
/n;
J/
C-domain
N-domain
B)

&~ Sialic acid
Galactosamine

s Trp-84

A) Simulation analysis of the docking of the carbohydrate moiety of GM1a onto alpha-toxin is shown. B) The figure
is a close-up view of the modeled interactions between the carbohydrate moiety of GM1a and Trp-84 and Tyr-85 of
alpha-toxin. Hydrogen bonds are represented by dashed lines.
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Fig. 24. Model for binding of alpha-toxin to GM1a
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FBoE oBBZREDOITAY —T REEHE DR

AL, EICVNEE EENGRY | Z OO TS D5 ORI 2 52 1 B
DI EN RO L X7 () L MR O 1 BnE OB s 1B 59 D hE8H e &
SRR BB 2D IO RSy THERSI T D, BIRE —EE O LBk /) Th
DU IREL, Z ORI O VDA O EHERE B, S50, M
RN 7 T AR A RS RE MR B 2 FE D Z M LMIENTND, UL 2
WEEAT D a mRIL, BHR AT ORERIEMEEL T, MR E D E 2ok 5
HChHRATZ 7TV Nal (PC) R BIZ Ol 4 5 ARY/S—E C(PLC) i
EHLTRY, ZONMHEMEL T T LIV a—L (DAG) %41 5(4), DAG
I, N A~DOIERIGED 7T Vi E | Wbwd, B RAYyE Uy —E L TE K
OFEBREIZRE 5T D2 EMBALITS VTS (92-94), iz, FlfafE EIZET7- DAG I,
DM ERERSR ) IRE D7 Yy 7 -7 ay TR ER I EOTENEI LY 52
HIEDMEZITND(95), FH—F T, amwIldLd IL-8 HEHEER X, ATiE DR
FTETE R IR ZE SR (H148G) TIERO LN o722 X0 R B H N HT5 PLC
JEME, DED M T PLC {EMEICIVE M D PC 23 rfRzsd | iFl/e DAG O
FEN—HDOTEMAL D 5| Ee LR D FIREMEDNE 2 HiID,

RTEORERLY, o FHITHIEE LT GMla OZFAZ —TERABELIZN, D
TERAN = A NI THD, 2T, PCABHILVAEUTZi#@R7Z2 DAG A3 Hifa s ¢
GMla DIIAZ—AaFHEL | IL-8 WHE~LIEND D AN =X LG L TWD
EEZ T, RETIE, a BHICED GMla DI TAF—TER AN =K DEfEH T 5728

T AL ORI E Ty OB EEIZE B L, RitE 7oz,
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w1 aBEEITLD TrkA/GMla 75 2% — iR

ATEED, o BT, GMla ISR E 1%, MK T GMla O7I 27—zt
THIENRHLNEIRST2M, EONER A=A NIARHTHD, — 5T, GMla Dt
21213, TrkA PFELEL. MF 1T 7 FARIRIC IV ERB T 52 LR MESh TV
(96) ATEFRIZED TrkA OIEVEALIE, BERTEME R IAZE K (H148G) TIEFFEI 2
WZEDD, BR B H G % PLC IGMED GMla DI TAX—IERE, & D% D TrkA
DIGMACIZF G L TNAEHEE LT, 2 CAREITIE, o HHRIZLD GMla 7 T7AX —
fb& TrkA DOIEHALDBIRIZ OV TRETL7Z,

[EBRAME R OER T E]
1) o @BHEIZED GMla 7722 — (LU B TrkA OJRTE
A) GMla DI F A% —Ak
< EBRFGE>
MR OBEFRI1X, BH— 35 -1 22 M L7, A549 Milglzdi)% BODIPY-GMla
DI TT 1T, 8§ E g -3 228 L7-, BODIPY-GMla MLEEtE ., o #3E, £/-
ﬁﬁﬂ%G%@@ﬂ%@MHﬂ%ﬂ%ﬂmmﬁ@ﬂﬁauﬁvi%ﬁV—f~@%

BENZHOWTOFERFIEIL, 5 —FHE _Hi-5-B IZ0E-7,

B) V(b TrkA @ RTE

<FEBRFIE>

M ORERIT, F—FE _Hi-1 23R LI, W TARMLT 4y 2 R
A549 FEIZ, o TR (FEIREE 1.0 ng/ml) . F720%, H148G (EIREE 1.0 pg/ml) =5 ¢e
FBS/DMEM £5#1% 200 pl #AIL, 37°C T, 1 FfflA FaX—Tar iz, 0%,

ML O E AL, KO EORaid, 5 —FH f{i-5-B IV ITo72, RIC
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3%BSA-PBS A{fZ% 200 ul #A0L, iR T 30 oA Fax—rar i, Mz
PBS T 2 [HI{E 14 . 3%BSA-PBS &I T 200 1% 7R L7=HT P-TrkA (Tyrd90) Hiik%
200 ul WAL, 4°C T, O/N MLFLL 7=, Z D%, PBS T 3 [mIE1% . 3%BSA-PBS IAK
T 500 {5 AR L7Z Alexa546 7L LB Hi{K% 200 pl ¥RANL, 4°C T, 1 KA
FaX—Tar iz, PBS T3 [EFeH#, Rl —F —BEMBHI DWW TOER 1L

1T, B — = T E-5-B ICEo T,
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[ EER kAR ]

a FHRIZED GMla DIVTAZ—TERRIC, B3 B H A% PLC {EMENE G2
MEIDERRFTLTZ, BODIPY-GM1a ZHViAE/T- A549 MIfIZ, o B, FoiX
B SR TEME RS LR (H148G) ZWRINL, GMla DRTEEBIZE LT, ZDORH, o F
SFALER U= CIE, MR BT GMla OfkAdOE M EOEEER, 970b b, GM1a
DY FAF—{LNRESNTZ, AUk L T, H148G MLEE Tld GM1a D77 AX—{ki
RDHIRD T2 (Fig. 25A) . ZOREFRLD | AR D PLCIEMEDN GMla D7 T AK —
{LIZEE 5922 EAVHIB L7z, Ichikawa ©5(96)IE, GMla D77 AX—{LIZLD, TrkA 23
M ES I, SO, EMHE LT TrikA 1INEET 7 M I 00 NMEEICER 722
LERE L, — . o BRITME EOIFET 7 M A L TER T2 HMES
NTND(31), 22T, RERIZIVIEMHELZILD TrkA Oz CORTEEZBIEL
72, Fig. 25B T/R9IIIZ, a B AF LI T, Ml B TR0 iR
b TrkA OEMMABIERSNTZ, —F, H148G AT, ZOMERITRED bR -T,
VLEXY, REFRAGHAE TS PLCIEED, ML ECGMla D/ I7AX— (L& iE
L. ZAUTENTkA O B AV b AE L . GM1a/TrkA O 231 A3l FIZ5E
FETHZEDVHEALT,
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B oBERZREOITRAZ—FHRENR M PLC &0 B

HTEICIE, o 7405 GMa i &% . 738 H & 23 9% PLCIEPEIZ I > TRl i
T GMla 77 2% —TEHL, KON, U ER{k TrkA OEFEEFHET 528200
oo PR T MR TIX, RERITVYFHFERICTIEHL, TrkA 2L TN
PLC ZTEMALL VGV RFEA L B T HIEEAMELIZ(34), T7Db, amHAIK
DAMIENE T GMla 77 A% —TERkE TrkA OFFMALIEL, AEHFICL DR PLC
DIEMACH B G- T D A REE RSB 2 DD, £ T, AHiClE o HHRIZLDH—HO/EH]
(ZCNIAITE PLC 23BIER T2 E 02 st LT,

[EBRAME R OER T E]
1) « #HRITLD TrkA/GMla D77 AL — (x4 2N EME PLC FREO RS
A) GMla D77 AZ—{bIZ% 9 HNAIM: PLC FHEAI DR R
< FEBRABL >
WX PLC BHEEAI: U73122[Calbiochem, 662035, MW: 473.66] U73122 1.0 mg %

BTy~ U ED, DMSO 1,055 pl 2012 C. 2 mM &L ClRIL 7=,

U73122 @ Negative control: U73343[Calbiochem, 662041, MW: 466.66] U73343 1.0

mg Z IR E T~ 2 Y, DMSO 1,071 wl 2012 C, 2 mM ELCRRLLT-,
<FEBRITIE>

MO, H—FE _HJi-1 2R LT, WITARILT 4o 2l CFMLZ
A549 FIZ, 40 uM U73122, 40 uM U73343, E£7-1Z, DMSO Z#IL ., 37°C T, 1
RERA o N—Tar Lz, A549 #IIZ311% BODIPY-GMla OMALHL G %kiT, 55
TEE -3 22 L7-, BODIPY-GMIla /LB, o #3E, £7213, H148G 25T
FBS/DMEM #5112 200 pl #ANL7z, LA, A8 L — P —BERIC DV T FERR

B, B T i-5-B e T,
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B) V(b TrkA @ RTE
<FEBRITIE>

MM ORER T, B2 /-1 28R, YIARMLT 4o 2 ICHERELT-
A549 HIIZ, 40 uM U73122, 40 uM U73343, %721, DMSO Z¥IL, 37°C T, 1
RE A Fa—ar L7, amdR (IR 1.0 pg/ml) , F721E, HI148G (FEIREE 1.0
ng/ml) Z & ¢ FBS/DMEM £5#1% 200 ul #RAIL, 37°C T, 1 B A Fa—Tar L

77 LABSEIZ, 58 =35 —Hi-1-B (207,

2) amERITED IL-8 WFffEE DAG FEAEIZXT T DA PLC FHEO ) H
A) a #RITED IL-8 WEREL 9D NIAIH: PLC FHEAI ORI
<EBRITVE>
AIROOEE 1T, 3B — =8 -1 25 M UT, FLEAIOLEE 55T B R
1-A Tz, LA DEBRITIEIE, 5 — 38 Hi-2 ISV ERE T -7,

}

=

B) o 754 (IC &% DAG PEAEITX 2R PLC BREAI O R
< SEBRFPEE >
0.2 mM KCI-5 mM EDTA &i%: KC1 15 mg, EDTA 1.86 g Z78 8 /KICIEMEL . &8

% 1,000 ml 2L7=,
<FEBRITIE>

AIRROREE I, B — 8 -1 2SR UT, 12 well 7L —MIHREFEL 72 A549 Hilfa
(2, 40 uM U73122, 40 uM U73343, F£721%, DMSO ZisIL, 37°C T, 1 KA
2 —ar Uiz, o 33 (IR 1.0 ng/ml) . £721%, H148G (KRIEEE 1.0 pg/ml) 25
{» FBS/DMEM Btz 1.0 ml #sA0L, 37°C T, 1 KFfil A FaX—Tar Lz, 1%
a2 —a%  Milda PBS T2 [BIFEEF L, PBS 500 pl Z 0L | AZ7L A 73— T
ENEED Ty NN LT, ZOEMEEHERIDIKLTZ, D%, 3,300 rpm T 5

104



orfE U T, TR W7 NI EE LS EiGEBREL ., ILE%A PBS 500 ul C
BB L C, TREBRE 1B LI, 1 U7 IRl ZaaRv b A% ) — - - 758
7K(25:15:4:2) 500 pl % vortex LZRNHIRANIL, Fiv T, Z7rad/L A% 600 ul, 0.2
mM KCI-5 mM EDTA % 500 ul Ji%. 20 LA L Vortex % 3 [AIfTV Y, +43 IR0
2,000 pm T 10 ZrfElE L L7z, L%, FE4d MS =~ (Safe-Lock
microcentrifuge tubes, 1.5 ml) [SIGMA, T9661-500EA | (LI, T v 7r—4—%
AWTHE A 1 DL B B3, Z0%, Vo TN kFT 256, EHREHRL,
-30°C THRAfFLIZ,

C) In vitro kinase assay
< SEBRATEL >

0.2 mM KCI-5 mM EDTA i%: KC1 15 mg, EDTA 1.86 g Z78 8 /KICIEMEL . &8

% 1,000 ml LL7=,

PRATIR D i

-PIPES [DOJINDO, 347-02224 , M.W.302.37]

*LiCl [Nacalai tesque, 206-41 , M.W.42.39]

T F L7 Va— LA (B T/ T /L= AT /L) NN, N N-UEERE (EGTA) [Nacalai
tesque, 152-14 , M.W.380.4]

*EDTA -4Na [Nacalai tesque, 15114-02, M.W.452.23]

PIPES 907 mg. LiCl 105 mg. EGTA 19.02 mg, EDTA 22.61 mg %7288 KIZIRfiEL .
pH 6.8 [ZFAMLL . 2284 50 ml &L, 4°C CTHRAFLZ,

DG kinase IS DOFRHL: DG &7 —¥ [ Calbiochem, 266726 ] & 5D FE 5 ul 9o

T~ UANTATEL . -80°C TIRTELT-,

1% Bt ERE (PCA) DFHL: 60 % PCA [Sigma, 24-1040-6] 1.0 ml 7K B /K TARL .

2% 60ml LT,

S TE AR (Detergent solution) D3 5l
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<V A VE L [Sigma, C-1649]

T LN T AEEEE (DETAPAC) [Sigma, D-6518]

*1-O-n-A2F )L-B-D-7/Lat’7 /3 R[Nacalai tesque, 255-35]

ANTAIE 4309 ml ZFkBREITIRY, 73— 4 — Tl A B LS ek AW
KCHRELZ 7.5 whv% 1-0-n-A27F -7 vas R 3.0 ml 2B SR AL,
DETAPAC 1.2 mg # /1%, VORTEX T sllRE 27 LIRA/LTEDEL T, K
IR CT—BihiE %, B+ 2% T-20°C TRAFLT,

100 mM ATP ( ADENOSINE 5-TRIPHOSPHATE ) : ATP [SIGMA, A-8937,

M.W.583.4] 58.34 mg % S.D.W. (EBfi/K) 1.0 ml |Z¥&fEL 7=,
1 M MgCly: MgCl, [3347, 020-46625, M.W.95.21] 95.2 mg % S.D.W. 1.0 ml |Z¥&fi#
L7z,

25 mM PEP (PHOSPHO(ENOL)PYRUVATE): PEP [SIGMA, P-7002, M.W.240] 6.0

mg % S.D.W. 1.0 ml [ZIRfELT-,

2.5 mM NADH: NADH [SIGMA, N-8129, M.W.709.41] 1.8 mg Z S.D.W. 1.0 ml (2%

ABy

y-*P ATP [Perkin Elmer NEG0O02A]

C16 Ceramide [Tronto Research Chemicals Inc C262900]: C16 Ceramide 1.0 mg %
CHCI; 100 pl CIEfELT=,

Kinase assay FEE G (1 o 7L |2iHE)

Detergent solutiom 20 ul
100 mM ATP 1.0 ul
1 M MgCl, 2.0 ul
25 mM PEP 4.0 ul
NADH 10 pl
ORATIR 62 ul
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1.0 mg/ml DG kinase 1.0 ul

Total 100 pl

7 BRTAIBEA K
Diisobutylketone :Acetic acid : D.W. = 62 :32.5 :52v/v
Diisobutylketone [Nacalai tesque, 11535-25]
<FEERITIE>

7T kinase assay SRR 99 Wl ZANZ, 15 FPLL B E AL | J<E L
2o TR EREIX RT S T To 72, MRTFIETC 10 (57 IR U7Z v-"P ATP % 1.0 pl s
AL, 15 BLUE Vortex % 2 [HIATVY, 25°C T 30 43 Lh bA L FaX—a Lz, KIT

1% PCA % 20 pl, 700 /L-A% )— v (1:2,v/v) 450 pl =iz, 15 #LL_E Vortex
#2077, BT, Zaadib b, KN 1% PCA ZZ 240 150 ul 3 O8N, 15
FOLLE Vortex % 2 [HATV, +43ITIEFN#, 1,000 rpm T 10 4Rl L7, 0%,

TEETy_XURNVTFa—TIB L, TV —2—E T Bl A L3387, (Z
ZCHRBE IS TR E FTRE, ) FE i A4 7 o aas L A 20 pl lZEAfiEL . TLC 7L —h [ Merck,
1.05715.0001 ] (ZAR Y ME | BBAIEZ HWT, TLC Z1To7, B, FilpS w7z
TLC 7L —haA A= 7L—h [FUJIFILM BAS-MS, 2040] T 2 B[ ~24 B

FEt L. FLA2000 T LT~

3) a BRICEVIEEILSNDNE M PLC D[R E

A) a BmHITEDE PLC TR T DV Lo

< FEBRABL >

P P-PLC-yl Hi{&: Phospho-PLC-y1 (Ser1248) antibody [Cell signaling, 4510] %

Blocking one-P T 1,000 {57 fRL7-b DAl HIL7Z,

Pt P-PLC-y2 HifK: Phospho-PLC-y2 (Tyr759) antibody [Cell signaling, 3874] %

Blocking one-P T 1,000 {5 fRL7-b DAl HIL7Z,

$t P-PLC-B3 HifKk: Phospho-PLC-B3 (Ser537) antibody [Santa cruz, sc-34392] %
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Blocking one-P T 1,000 {5 fRL7-b DAl HIL7Z,
<ERGIE>
AIRRORE I, B — 8 -1 22U, DARBOFER G LT, FH—mH -3

WZieo77,

B) PLC-yl DJFTE

<HEBRITIE>

MO 1T, H—FE _Hi-1 2R LT, WITARILT 4o =L
AS549 AT, o B3R (FEIREE 1.0 pg/ml) | E£7213, H148G (REIREE 1.0 pg/ml) 52
FBS/DMEM £5#i% 200 pl #A0L, 37°C T, 1 B A a—ar Uiz, DI,

o =R Hi-1-B (e~ T,

4) siRNA I[ZEDANEIME PLCyl Dy o Xy

A) WNIRPE PLC-yl D /o7 X0 ik

< EERAEE >

PLC-yl siRNA @ i #l: FlexiTube siRNA HS yl 1 [QIAGEN, SI100041174].

FlexiTube siRNA HS y1 3 [QIAGEN, SI00041188]DZ 12 H0DF 2—7 (1.0 nmol)
2, BEH D RNase-free water ZIRAIIL TAMEL . 10 pM IEIRICTHRIL 72, fEHET
-20°C THRAFLIZ,

<FEERITIE>

AS549 I A~DN T AT 2V MEIL, B —EE _Hi-4-A SR,

B) NEIME PLC-yl D /v 7 X7 ZhE3R DR

< EERAEE >

1t PLC-y1 §LfK: PLC-y1 rabbit antibody [Cell signaling, 2822] % Blocking one T
1,000 fE AR LIcb D &AE LT,
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< SR>

AS549 HfA~DNT AT 2V MEIL, BB —EE _Hi-4-B 2SR,

C) a BHRICLDNEME PLC-yl D /27X T ARIZIIT5H GMla 77 A% —Ak
<EBRITIE>

BB T Hi-4-B 1B W TR PLC-yl O v 7 XD DNHETRS LT A549 i
BN TARILT v 2\ & FEL 72, BODIPY-GM1la OALEL G EI%, & 35 —i-3
#Z M L7, BODIPY-GMla LERT% | o Hs8 (FCIRE 1.0 pg/ml) 257> FBS/DMEM
BrHhiA 200 wl WONU7-, BARE, JLME L —F —BEIEEIC DOV CO IR FIEIL, 8 —

i H-5-B IC0Eo T,

D) a #mEICEIDANKNME PLC-yl D727 IS5 1L-8 b7
<FEBRFE>
BB T Hi-4-B IZB W TR PLC-yl O v 7 XD DHERRS LT AS549 Hili

% 24 well 7L —MIHEFELT-, LABEDSEER FiEIX, 5328 _8i-2 1I20t-72,
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[ EER kAR ]

A& T B2 R T, 2N ETIC o BHRICLDWNIANME PLC OIEMEbIZ, AEHEIC
L okk 2 e B R BUCE B AR R EIZHE 0D LA DN LT(34), — 7. TrkA
DT 7 F N DO—DELTAHEM: PLC DN ESILTWND(97), £ZT, A#
I2&D GMla 772X — T RICNIRITE PLC OFEMEALSBE 5320 E 9 E Lz,
HHCONERME PLC FREFAI(U73122) . £72id. £ D Negative-control (U73343) T
RLPRL 72 A549 #EfaiZ, BODIPY-GMla ZBVIAEY | a mELWIL T GMla DJF
TEARBIEI LT, Fig. 26A, BIZ/R T 01T, AR HMALER, £721%, U73343 THILH
L= ARG, MMM | C o #RI2LD GMla Ofk s i b s 7 A% —{bn
BLELSHL, K 80% DIl TU T AL — AL AR BTz, — 57, UT3122 ZHi LR L 724
faTlE, MlafE L CTo GMla 77 2% —{bAES L, GMla D7 T A2 — (L3580 5
TR 30% T o7z, IRIZ, AR I I DM T D TrkA OTEHEILIZ NI
PE PLC 2B G-3 20 &t Uiz, ZORR, o 33 BUMULEE 7213, U73343 TH
RLERL 7o MR Cid, Vb TrkA 2353880 531, K9 80% DAl TRl iz, Ziulxt
L. U73122 BB CIE, o BRICEOMaE ETOY L TrkA OEREBA L,
ZDOENEIIH 25% Th-o7= (Fig. 26C, D), UL LXK REZRICLHHMLE ETo
GMla 77 2% —{t, X, TrkA OV ERIKIZ, WIKIM: PLC 235§ 5&E 2 65,

WIT, a wHRIZLDAEME PLC DiEFMEALE, ZUZ X EA SIS DAG O IL-8 ifF
HECC BT DB A RET LTz, £ AR ITLD IL-8 WEREL NI PLC L BIfR 2 fif
Hriic&Z A, Fig. 27TA IR T dD01T, AR7g R FIMALEE T, A549 fifa b0 IL-8 DF

LWIFAESZR O DTz, Fiz, U73343 Lai R Cb [RERICHIINL 7=, — 77, U73122 /L8

Tk, WUEE B IR TE L CATRER IS LD IL-8 WA IHI S, RIC, o THEITED
DAG EEAITH$HNAME PLC DB G-t LTz, TORER, o R HAMULEE, £/
I, U73343 RIALERDIGA LI T UT3122 13, o 5351255 DAG pEA % P A AL
PR AR PRI PR E LT (Fig. 27B), H—® 8 i Fig. 7 TRULIZEIIZ, a EH#E
DEEFIHTE R ZE K (H148G) TiE, IL-8 W7fie DAG PEAZ RERNZELY, A
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FEHEDHETH PLC IHME, KO WEME PLC O 5 OFERTENEIZLD, DAG 23
RN PEASI, IL-8 DR E T 5LB 2D,

Obermeier (98, 99)I%, TrkA L PLC-y LAHAAEH T 5622 MEL T, 22T,
a mERICEVIEMLSNDNIEME PLC Z[FET 572912, PLC-yl, PLC-y2, X T},
PLC-B3 (255 HL., ZhHDHI A ERILHUAZ W T o R ICLDY B b a T LTz,
Fig. 28A, BRI IO, KEHRIL. 1 7305 PLCyl OV RfbAa5 EIL ., 15

7 CIRKET ST, ZHUTRL, PLC-y2, & TX, PLC-B3 DU FR{bIT AR £ LEECRR
DO T, —J7, H148G MELTIE, WOV ibh 5l & &0 o7z, K
12, AR L HMAEN TOV (L PLC-yl O RfEEHI) (L PLCy1 Hiik%
LTS — P — BB CRIR LT, o R AFL 7ML Tk, M E
TEEOV AL PLC-yl OEEPBLEII. K 65% DRI TRO LIV, Ziulxt
L. H148G LB CIXU U ER(L PLCy1 IRIFEA E S 7en 7= (Fig. 28 C, D), €2
T, PLCyl DEEZSOLITHRFTT 5729, RNAI 52 W TRERAYIC PLC-y1 #B1L%
o7 LT ASA9 iliaAVERLL 7=, Fig. 29A [Zx 3 X912, PLC-yl 455 A) siRNA
whT o 27 27 LTl T, Intact MIESS NC-siRNA ZhT7 27 =7 U7zl &
LEEZLC, PLC-yl DR R L, /o7 X T BB LI, 2T, ZIHDOHl i
\ZBODIPY-GM1aZHVIAEE T, a mHREIRIML, GMla D7 T7AZ — B ABIZZL
7225, Intact, F721%, NC-siRNA MLEEAD & LLiE L C, PLCyl & /v 7 X 7 LT Al
FaOFMAaE T GMla 77 AX—TE A K&K F L7 (Fig. 29B), KIZ, o #R
I\Z8LD IL-8 DIEREICOWT, ZHORMIIaE AW THIELTZEZA, PLCyl & /v 74
LT AS49 MR T, IL-8 WefE N A B E S (Fig. 29C) . LA EOFEFR LD,
AR TR = THNIRM: PLC-yl OTEME(LIZEY DAG ZEAL T, Zivhs GMla
DIFTAR—ALEFHEL, D%, IL-8 Dtz EilL 5.5 2515,
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B oFBILBIEXAFIZRAOELL

AR DI, o FHHRITLD DAG PEAIT, IL-8 IEREIZBI G- 2223 HBIL T 5,
L2L7Z235, DAG 73 IL-8 FEHEIZE D IHIZB B L THDDODFEMIZ DWW TIIARBAT
&5, Oancea H(100)1%, 77 A FF—+F C(PKC)y D ClA & CIB KA 73 DAG
FHRFEAICHE S THLMEL WD, 2T, PKCy @ ClA, KT, CIB RAAL T
EYFP %7 2—Ya L% 737 (EYFP-CIAB) 2B A% AV T(101), o 7
FNZED DAG DZEENZ DWW AT 72, SHIZ, MR | T DAG 2SEEASND
&L BEOREMWESHM T2 ZENHESNTND[95], T72bh, a HHEIZLD GMla
DIFZAZ—TERL, O, TrkA OERICIT, BEOFEMPENE 5§ 5L LT, 22
T, RERLHL OIEOFEMEDZE (L% Annexin V 2 L7=7V 7 -7 a7 CH

ELT,

[ ZEBRM B K OV ERTIE]

1) o #HEI2LD DAG OHMIfEE ECoziHE)
< EERAEE >
EYFP-C1AB: 209PKCgammer C1AB-EYFP [JHSZ1TE A NBAL MR SEAT/ MR &
WA gEE L0t 5L TRV ]
<FEBRITIE>

A549 Hifitl~0 EYFP-C1AB DI A7 =7 NEIT, 55— 35 Hi-4-A 25 R LI,
NIV AT 2 JNUTHITARMLT 4o 2 | ZHRFEL 24 KEft4, o B8 (EIRE 1.0
ug/ml) . F721%, H148G (KR 1.0 pg/ml) 7 £» FBS/DMEM 5 Hi% 200 pl dANL

=B H-1-B e IR L — P — BAREE CRERFAY ISR 21T o 72,

2) a #HEITZLD Flip-flop DR H
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< FEBRB AL >
Annexin-V-FLUOS staining kit: [Roche, 11858777001]
<FERRTTiE>
MAROREIE, B —5HE _Hi-1 23R L7z, WIARPLT 4o v 2 TRHFREL

AS549 MRIZ, o B TR (REUREE 1.0 pg/ml) . F7203, H148G (FEIREE 1.0 pg/ml) 25T
FBS/DMEM #5 iz 200 pl #00L , 37°C T, fiix DR A FaX—Tar Lz, €D
#%. PBS T 2 [AI#%L . Annexin-V-FLUOS AY FBS/DMEM Bz ¥shiL , iR T

15 A Fa_X— gL, PBS T2 [RIVEiE#. 56 =525 —Hi-1-B IZit->72,
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[ EER kAR ]

a FRICKVPEASID DAG DR L& FN 2B BT 572012, EYFP-C1AB &
BT HEa—RTHTTAINRYZ—% AS49 flRlC =L 7 bR L — a2 ARIC LD E A
L CHHIFBBSE o, ZOMIIC o B3R, F21E, HI148G ZHANL , fRIRFAYIC LN
L —W —BASEE TR A B2 L7, Fig. 30A [T X902, M N CRIFEL Tz
EYFP-C1AB |3, AR 2 5O EICBE Uiss | MR R 2 <4E
FEL., £ DRTEIZ 30 3L EFFgEL 72, —75 . H148G AP TiX EYFP-C1AB DZE&E) D
EAITRD 2o 7= (Fig. 30B), LA EXD, o BRITMIRICIERA% ., #IHICB W
THEfEE | C DAG 258 T EAL . £ DVEMIE SR B 5 @ PLC IH LI 5
THIEDHIALTZ,

HRANS i CTREAEL 7= DAG (X, IEDIRENMED AL AR L T OfREEEL T, A
fBAEE —ERAN OV NEE D LT OB R 7y 7 -7uy R iE ST
(95), ZZ T, M L CORAT7F Y (PS) DBEHEZ TV T -Tay O~
—H— L THHLTZ, o ot 4 DR AS49 flifut A Fa~X— 3L, PS IZ
FrEAYITHE B35 Annexin V ZIRIIL TRIMAZBIZZ LT, £ OR5E. Fig. 31A IR T
IOl REEH A 10 43 5% 0O T Annexin V OFEAD3Z80 B, FEREREE
EEBITHINLTz, ZAUTx L, H148G THLEL7-HIfL Cld, ZOZLIFEROH HiLen»
~7-(Fig. 31B), LA XY AFHBELFICI0MILIESE T T - DAG OERICEY
TV 7 Tuy T | SEIL, PS OFEHETFETHEE LI, BEOTEMENZELL
TcEEZHD,

114



B BEBIOV/NE
[E%:]

o R ITMIREOV R E Ky ThDH, PC, LT, Pl ZFEELL THEFL ., PLC
JEMEICEY DAG FEAZFHETH(102), o HmEDOBHEEEE RKBSE-ERA
(H148G) Tl mRIEMHARIRNWIENG, BHREH IV HTD PLC IHM TSR
BUCEHRICE G- T585 20615, £ T, KEHRO PLCIHEMHES MK EToD GM1a
IFAE =TGR G- 2 EIDE it 358, o BmRITHIILE T GMla ®7/7 A
A —IERE S| R IUT223, H148G TIERRDH LI -7, Ichikawa ©(96)i%, GMla
DITFFITIZ, TrkA 2FEEL . GM1a ORIEIZ LD M# I XEFEL, TrkA 2NEHE LS,
SHIZ, TEME(ELTE TrkA IEETZ7MCER T 2282 MEL T, 22T, AE#
D TrkA KT DERM 2§28, o BB L7/ T, MfaiEE T TrkA @Y
VEBEDBIEESIZA, H148G B CIERRO Loz, Thebb, o HH#RIL,
GMla |ZfEE# ., AR A HOBERIGIEICIaERmOV IEE 2L T
NF&E4E LR, GMla DI TAX—{bL TrkA DV b EFE T 5B 2 bND, —
75 PE T MR E Tk, RERIXY A ERICER LT, TrkA 20 L CHRME
PLC ZiEMALL , G PR R A2 ER T2 L2 W5 L72(34), 7. TrkA O Ttz
FAET DY T N0 EU TR PLC 2SR SIVTND(97), ZOZEND, o 58
(ZX DA T GM1a 77 A4 —TE AL TrkA OIEVE(KIZ, IR PLC 23B8 59
LRS-, 22T, WEM PLC FHEAI(U73122) Z W THREILIZEZA, Kb
FRICE DM = TD GM1a 77 A% —{b, MO IL-8 leffti%, PRI PLC FHEAIT
sz, oo, NERPE PLC PREANT, o BRICIDMIEE T TrkA DU
B A bl L7, DL XY, o BRITMIANE 1 CARESR B & O PLCIEMEIZXY ., Ml
I DOV NEE R YIRS, UL > THIHID GMla 77 2% — L8 TLiEL
ZORPLT TrkA, EHIZ, ZD T 73 +ORNRKME PLC BNEMHLEnD, &
D%, EUTZiBRE D DAG 23587712 GM1a 7 7 AZ—H Rk KON, TrkA OV Ak, %
LT, NIEME PLC ZE M L5 Z L3 B2 o7z,
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WIRPE PLC I3, PIP, ZHE L THfiEL , DAG ZREA %, IR PLC BRFH A,
a TRICED DAG FEAZIHIL 22800, REFRIZLD IL-8 WEHEIZIZ, DAG PEAE
DR 5L A EE 2 BTz, Obermeier (98, 99)i%., TrkA 1% PLC-y LAHAME
AT2ZE2HEL TS, 22T, a HEICIVIFEHILSNANIANE PLC ZFET5
7212, PLC-y1, PLC-y2, }2 ) PLC-B3 IZ&E H L., ZNHDH - fbhiikz AT
BRI EAT o7, TORE R, ABFEIL, PLC-yl 285BI Rk L, — 5, H148G 4L
BT, WOV b sl IS o7, SHIT, a mREALI LTI
M T E DU 2K PLC-yl OEFEPBIZSILZ, €2 T RNAI IEZ VT
Fr BRI PLCy1 3 8ia /v 7 2 LT AS49 e W TR L7282 A, AR
FLANEE _ETD GMla D77 AZ =Bk, KO IL-8 Wi EF SNz, $70bb,

% B AT % PLCIEMEIZ LA WD GM1a 77 A% —1bhs TrkA ZHIIIML T,
WIRPE PLC-yl ZIEMHEALTHZEICED, DAG DEEIIEASI, D%, 581
GMla DT AL —{vZFHEL, IL-8 DN R I b LRS-,

TINETOMITRERLIY, a HHED DAG FEAIERIL, IL-8 #EHER 5352 8%
BB T DD, DAG OZEEN BN OFEMIZ DWW IR TH S, £Z T, PKCy
D CIA, KN, CIBRASZEYFP N 72— ar Liz# 37101 e~—H—LL T,
a THRICED DAG OZEENZ DWW TIRIT 2T o7, ZOREE, Ml TREL T
EYFP-CIAB (%, AR LI LM E~LRENE LTz, Thebb, KEH
I, HIERIE L CRIMIZ DAG ZFEAL TWDIEINHIB LT, WIZ, Mg CrE
ELTEDAGIE, EOREINEZ b, 7y 7 -Tny 7 e g | SR EHES T
5(95), ZZ T, MR ECORRT77F kY (PS) DR ATy -7y 7D
FREEEL TR T 58, amfid, Mgl LT PS OB AL, LLEXY, K
R AL XA i CAE U7z DAG DMEOFRENIEICZE (LA 52 GM1a D25
AR =72 E O —HEDTEMEAIZE 5T D EHEZE ST,
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a #ERIE. A549 MR ML L ICAFET D GM1a ICRFRINICH &% 7R B &
® PLC IEMEIC &> THIRuES & T DAG ZEA T 5, VT2 DAG 1L, 7Yy 7 -7 my
T HEFHEL GO REINEL TUHESE | GMla D77 AX—{LAEFFHEL , Z ORI
2 TrkA O B VB b A5 S 3, IEMLSNTE TrkA 12, 2O FIRICIFIET 2N
[KIME PLC-y1 ZiEMALL T, &570% DAG FEAZ TLHESE D, 2Ok, MIRulE - Ci
FIZAEUT- DAG 1L, TrkA 2 X0 — @i ciH M kL | IL-8 DR &R E LT 54
Ezbhb,
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Fig. 25. Clustering of GM1a and phosphorylation of TrkA in the
membrane of cells treated with alpha-toxin.
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(A) A549 cells stained with BODIPY-GM1a were incubated with 1.0 ng/ml wild-type or H148G at 37°C for 60 min. The cells
were fixed in 4% paraformaldehyde and stained with Hoechst 33342. GMla (green) and nuclei (blue) were visualized by
fluorescence microscopy. Scale bar, 10 pm. (B) Bodipy-GM a fluorescence intensity was measured. Values represent the mean +
SE; n=3; *, p <0.01, compared with the control. (C) A549 cells were incubated with 1.0 pg/ml wild-type or H148G at 37°C for
60 min. The cells were fixed, permeabilized, and stained with phospho-TrkA antibody and Hoechst 33342. Phospho-TrkA (red)
and nuclei (blue) were visualized by fluorescence microscopy. Scale bar, 10 um. (D) Phospho-TrkA fluorescence intensity was
measured. Values represent the mean + SE; n=15; *, p <0.01, compared with the control.
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Fig. 26. Inhibition of endogenous PLC affected the clustering of
GM1a and phosphorylation of TrkA.
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(A) A549 cells were preincubated with 40 uM U73122 (endogenous PLC inhibitor) or U73343 (U73122 analogue) at 37°C for 60 min. The
treated cells were stained with BODIPY-GM 1a and incubated with 1.0 pg/ml wild-type or H148G at 37°C for 60 min. The cells were fixed
in 4% paraformaldehyde and stained with Hoechst 33342. GM1a (green) and nuclei (blue) were visualized by fluorescence microscopy.
Scale bar, 10 pm. (B) Bodipy-GM1a fluorescence intensity was measured. Values represent the mean + SE; n = 3; *, p < 0.01, compared
with the BODIPY-GM la clustering induced by alpha-toxin. (C) A549 cells were preincubated with 40 pM U73122 or U73343 at 37°C for
60 min. The treated cells were incubated with 1.0 pg/ml wild-type or H148G at 37°C for 60 min. The cells were fixed, permeabilized, and
stained with phospho-TrkA antibody and Hoechst 33342. Phospho-TrkA (red) images and nuclei (blue) were visualized by fluorescence
microscopy. Scale bar, 10 um. (D) Phospho-TrkA fluorescence intensity was measured. Values represent the mean + SE; n = 5; *, p <0.01,
compared with the phosphorylation of TrkA induced by alpha-toxin.
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Fig. 27. Inhibition of endogenous PLC prevented the alpha-toxin-
induced release of IL-8 and formation of diacylglycerol.
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(A) A549 cells were pretreated with various amounts of U73122 or U73343 at 37°C for 60 min, and then incubated with or without alpha-
toxin (1.0 pg/ml) at 37°C for 3 h. The concentration of IL-8 in culture supernatants was determined by ELISA. Values represent mean +
S.E.;n=4; * p<0.01, compared with the release of IL-8 induced by alpha-toxin. (B) A549 cells were pretreated with various amounts of
U73122 or U73343 at 37°C for 60 min, and then incubated with or without alpha-toxin (1.0 pg/ml) at 37°C for 60 min and intracellular
DAG levels were determined. Values represent mean + S.E.; n =4; *, p <0.01, compared with the levels of DAG induced by alpha-toxin.
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Fig. 28. Alpha-toxin stimulated the phosphorylation of
phospholipase Cy-1.
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(A) A549 cells were incubated with 1.0 pg/ml wild-type or 1.0 pg/ml H148G at 37°C. Cell lysates were separated by SDS-
PAGE and blotted with antibodies to phospho-PLC-y1, phospho-PLC-y2, and phospho-PLC-B3. (B) Phosphorylated of PLC-y1
(black circles), PLC-y2 (white circles), and PLC-B3 (white squares) in untreated cells was set to 1. Values represent the mean +
SE; n = 5. (C) A549 cells were incubated with 1.0 pg/ml wild-type or H148G at 37°C for 60 min. The cells were fixed,
permeabilized, and stained with phospho-PLC-y1 antibody and Hoechst 33342. Phospho-PLC-y1 (red) and nuclei (blue) were
visualized by fluorescence microscopy. Scale bar, 10 um. (D) Phospho- PLC-y1 fluorescence intensity was measured. Values
represent the mean + SE; n=5; *, p <0.01, compared with the phosphorylation of PLC-y1 induced by alpha-toxin.
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Fig. 29. Effect of siRNA on clustering of GM1a and release of
IL-8.
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(A) A549 cells were transfected with siPLC-y1 or NC-siRNA (10 nM). Expression of PLC-y1 was detected by western blotting
with anti-PLC-y1 and anti-B-actin antibodies. (B) Intact cells, NC-siRNA-treated cells, or siPLC-y1-treated cells were stained with
BODIPY-GM1a and incubated with 1.0 pg/ml alpha-toxin at 37°C for 60 min. The cells were fixed in 4% paraformaldehyde and
analyzed by fluorescence microscopy. Fluorescence intensity was measured. The clustering of GM1a in the intact cells was set as
the maximal response (100%) against which all other results were compared. Values represent the mean + SE; n = 3; *, p <0.01.
(C) siRNA-treated cells were incubated with 1.0 pg/ml alpha-toxin at 37°C for 3 h. The concentration of IL-8 in the culture
supernatants was determined by ELISA. Values represent the mean + SE; n = 5; *, p < 0.01, compared with the release of IL-8
induced by alpha-toxin.
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Fig. 30. Transbilayer movement of DAG on the membrane treated
with alpha-toxin.
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DNA transfection was used to express EYFP-CIAB in A549 cells. After 24 h, cells were incubated with 1.0 pg/ml wild-type (A) or
H148G (B) at 37°C. The cells were visualized by confocal fluorescence microscopy. Scale bar, 10 pm.
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Fig. 31. Alpha-toxin induced flip-flop motion in A549 cells.
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A549 cells were treated with 1.0 pg/ml wild-type (A) or H148G (B) in the presence of Alexa Fluor 488-conjugated

annexin V. Fluorescence and differential interference contrast images were acquired at 0, 10, 20, and 30 min after the
addition of alpha-toxin. Scale bar, 10 um.
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Fig. 32. Schematic model of alpha-toxin-induced membrane
dynamics and accumulation of the GM1a/TrkA complex.
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BENE BIFEBIOH®

[#4E]

Uy 2 E TR RN LR AL, T ADFREAEZ MR OMIEE FIERE TS
T AGIH A FERE T Do AEIIE DRFEA) AT RLEL T, YRR o1 & N T
A ERDERE LB TEMED TUEIC LD R R RRLTE N T 028 Th D, T7hbb,
KRB RGN LD B 22 R EROIEHAL DA = X LB MR 52T, oy =
G T DA~ OIS TED, ZHETIZ, AR T4 P ERZ TS
PAL T DT ENHESILTND(34), 2T, AREBYEIZBITD o RO 52H15

(ZF D72, a mROMPEITHT2EHERF LI, £ AiRekb5Li~
AT, FlCRFIER O ML T IU T A P ER DRI BUR S L7223 MR~
REITRDONINoT, TDE, o BRITHERO M NI PEREZERESE 52
EDVHIBA LT, RIS, RIERHCIFEES D7 B AL E LT IL-8 2350, 4FHEROWEE,
ZL T #EEDIEMHLIZEHER K F THLIEDNHMOLNTND, £ T, a HmHRICED
Ut ERODIEMEALIC IL-8 3B G- 920 AT LTz, ~ T AR W TER IL-8 DRt
ELTHIBID(43)Y T A GRO, Y, ¥ A KC ZHRIEEL TRFILIZEZA, a B
BB~y AMIEH GRO/KC BEZ EFR-SE, X512, AEHRIZL DM~
DI HPEREEREIL. HTGRO/KC HiUARDE G- THIfilSiiz, BLEXY, o HmHRITLD47H
EREEFEIZ GRO/KC B G- T2ZEDNHLM o7, T70bh | REEFHIX, IL-8 DiliE
BEZ TLHEL | A P EROEFEA FIE 35 L HELE S A7, Kunkel H(55)1%, Mk CI%

2, FREIESCN BRI E D TL-8 23 IFREL | ARIERF Tl IL-8 D7 pEA
I ER A FLEITIE M b EIEARICE DD EMEL TVD, 22T, a BHRICLD
IL-8 W=DV Te M kD BRI THD A549 fliflaz W TG L7z, £

DRGSR, REHRIL AS49 M5O 1L-8 WEBEARHEL 7223, — 7T, BRI ERIE

B HAR (H148G) TIEZOERII RS o7-2 80, #BE B F ORERIGHENEE T
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bHEBEZLND, FTETHMIERETIE, o BERSHIBICERALC, Fuv s —+8
B BIR CTh D TrkA ZIEMEAL T2 LA BN L T D31, 34, 35), 22T, K
HRIZED AS49 a0 IL-8 WEHEIZ TrkA 3B 52 MG 5L, o BRI TrkA
DV b EFFE LTz, —F5 ., TrkA LEAIR TrkA /v 72 7 LTZifla Tl A5
FNCLD IL-8 FEREN PRI ST, F2, AS49 MIRIEZ I ClE, o R & TrkA OIL)F
TENRRO O, TrkA % /o7 F 7 U= ASA9 FIIClE, o R OREAME T L,
T7ebb, RERIT, ZEEO—2LL T TrkA ZiBik 32 rReMEIVRIES L, U
EORERID, o mmHRIE AS49 MO I F(ET D TrkA I/EHIL T, Z2D
BEATEPEIZLD . IL-8 DA &L T2 LAV L7,

IL-8 DRI, EDORET 2 E K I Lo Tk & eIl N S 27 AR ERR
EALCHIERIESND, Bl21E, 5 E~OMERYE T, LIRUIERGSHAE G
IL-8 ZUERESEHZ LN BN TR, FriZ, FRMILIZEY % MAPK 7 F Vs

BEROTEMEALZIT LT IL-8 OWEREZ 55 2 RGN 2SS TnD
(56-61), E£7-. TrkA O F#ilZiZ, ERK1/2, KX, p38 MAPK F&EEDIFELENFNSILT
W5 (44-48), T T, a BHRICED IL-8 IFHEIZ MAPK R3BH 53 20 E90 Mt
5Hé, AREEFEITERKL2, KON p38 MAPK DV figfb A RL ., E612, ZHDY iRl
13, TrkA PHFEAICIHISNIZ, Fo. o BRICED IL-8 WHEE, ERK1/2 FHEH|E
p38 MAPK PHEHITHEFEI NI, 6> T, amHIL, TrkA 2L TED TRy 7
JL D ERK1/2 #%#%, KT, p38 MAPK #RIEATEMALL | IL-8 DA EE 55 %
HIVDH, WIZ, AN TO IL-8 DFBUZITEZ G R F ThD NF-kB OIEVELABE 5L
THEY(SI, 62-64), amHKICLD IL-8 DIFHEIZIITH, NFxB OEF M358,
AFEFEIL NF-«xB 258U R b L, SH12, NF«B [LEHIT, o #HEIZLD IL-8 DiliE
Bl X472, Karin 5(65)1%, NF-«xB 1d, i LI K0fa NI B EIL T IL-8
BT O7 e —2— LOMAEBICH AL T BETFRBEE2HETHLMELT
WD, RIFFEIZERBVT, a ##IE NF-kB OENBITZHBGEEL, ZONBITIC
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ERK1/2 23 5-L. p38 MAPK (2B G- LR ZEDVHIBAL 7=, WRIC, o BEsB A LERL 72
A549 FfdTD IL-8 mRNA FEHEARE LI, LD/, o R EMLHT IL-8
mRNA FEHL R TE LML= DIZx L, ERK1/2 FLEFILEETIL, IL-8 mRNA D%
BEiFar b — b~V E TR L, $72, p38 MAPK FHEALEECIE, o Bk
HOMALER L Hei L C IL-8 mRNA B RO EA R LIz, YA L&Y, A FE T ERK1/2
e #E 2/ L C NF-kB D NBATZFHEL, D%, IL-8 DUHEA A 352 LAV B
L7z. —77.p38 MAPK (I Fifis 7 F/L5r+ p38 MAP kinase-activated protein
kinase (MK-2) Z /L Ci&EMAL L7 Tristetraprolin (TTP) 28 IL-8 mRNA @ AU-rich
element (ARE) (Z#5 A LT, IL-8 mRNA D E(ICE G352 L0 MBI TUH(66,
67)e ZZ T, a i3 HE CTHOLNUOMILAELEL | IL-8 mRNA FEZFLEsE, 0
mRNA DL EMEIZDOWTHENT 35 &, p38 MAPK FHEFILEL TN O 1L-8
mRNA OO ENAEIZEINUT-, 370 b, RiEERIZED p38 MAPK DIEMHEALIL,
IL-8 mRNA DO EMIZEALG- T 22 LD BEZR T, RIT, HIfANTO IL-8 DF
NOGRBEBET DL, o BRANHE LA CIE, MIAEN IL-8 22 37 BEDFR B
EPREIGML Iz, —J7 . ERK1/2 [HEASLEE CIIA TR ICL DM IL-8 #/8
JEORBLEIF M — L LV ETIR T LT, £72, p38 MAPK FHEAITIIESR
BMALPRE i L TR IL-8 Z L "B DR BLEAZ A EICHE L, - T, a5
FOMERM T DM £ TrkA O T 7 VAGREER T, ERK1/2 (X NF- k B O
BATE N L CIL-8 DEREZIEME(L L, ZL T, FEHLIZIL-8 mRNA D22 E{kiZIE p38
MAPK Z 3537 T IVRENBRE THLEEZHND,

VL EOFERED | Fig. 1517 T80T, o BRI AS49 MR & 1% . TrkA IZ/EH
L. D Tt MAPK 277 /L® ERK1/2, ZL T, p38 MAPK D [lij2 7 F/L-53 FDif
PEALZFHE T HZEVHIALT, TEPE{E L7 ERK1/2 1, IL-8 {5 - DR E K 1 Th
% NF-kB OEEWNBATEHEL, IL-8 mRNA ORGEEFL, IL-8 DAEKEF KT D
ZERHBMNE ST, —T7 TEMEALLTZ p38 MAPK 13X MK-2 DIEMEAGIZ KD B L=
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IL-8 mRNA DZECITENTODEHEZR ST, FIFRIC, O E R GE DA
TV =T B EYIE Tl ERK1/2, LT p38 MAPK Z{EMHALL., ZLC, IBRE T
FHEORRYLTIE, ERK1/2 2 N5 IL-8 DEREIEMAL, KON p38 MAPK %
%95 IL-8 mRNA O EALDN R ESILTND(54, 68), T 70 b AR LA
O TrkA IZ/EH# . ERK1/2, & TX, p38 MAPK O M &A1& ML L T, 58 /712 IL-8
DUEREERIEL . ULy 2 YO BRI F 5T 58 2615,

IINET, a BROZFEROAFEMEL T TrkA D3/RENTZN, TrkA OUAUREL
THIBILDMIR R K7 (NGF) &2 WVt Tl AR oG G E S IL-8 it
ZHILIRND T, a R IT TrkA DSOS F AL TODEHER LT, IT4F, /=
ARNITD L OME DR EEAT DRV XAR A BB (69), G Rk EER, <
LT TATZAYIVE A B8 (T0)0E, AR AT D0 7 VAV RE R R
WL THA T L ESN TS, —F, aBHRIE, BRL-ERICHEL TR
ENDH T VAVRIEGET =T BFELCND, T T, a BROZFEERE T
DI, o TVAVRICE R U, £ R\HRLT L ZVATREDRARIZOWTH
ST o7 T T VARG IRER £2id, o7 VRO ErlE R 2 D TRREt
L72lZAh, a BmHRITED IL-8 Wi, KO, Ka RO a7 E L LFIN, 372D
B, a BROFEEEAERC, T VAT RPEG T HEHELEI N, RIT, KEERN
BT DA VAV REFET D128 BESHEEAL T LA 2 IV THEFRAY IR L
12LZAh, aE#lE. GMla IR RINICHE S 35725, GMIa ERUHEZ A 42 GTlb,

GQlb, ZL T, GDIbIZIFHEE LWLV L Tz, T72bb, AFEFHRIZ GMla DY
TNEEOALIE, DFED, a7+ A= a ZRHIERH L TV D EHEZR SIS (Fig. 17B),
ZFIT, a##EL GMla DFEBICOVWTHLBIT T 5720, HE0LO
BODIPY-GMla ZHVIAFR MBI IBIT D HR O AL BIE LT, ZORER, o #
TP T MR 1 Tl GMla DNEER LTI T AZ —ISLEBIEESI, ZOITA
S —TEREBNLC AR BRI TRHIEL TV, BLEID AE3R1E, GMla Zfr S0 CaEak
LTHREA L, BROMAICELDHIKIZEY GMla OfifalE ETcoBaizEEL ., Hfk
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DA LT GMla DI T AZ =Gz i 5T D LRGN LR o7,

ARRIZENT GMIa 13, BRI TRY, /v 7T UM~ D 2% FW TR
IZRD | RN T HE OBEREDMR % IR S22 5H5(79-82), —FH. a mHED
ARIZBITHENE GMla OBRITATHD, £ZT, GMla 25T 7 UA TR
WK LTZ GalNACT =7 2 (GM1a KIEET /L) & GMla DS OEARD AT 7 VA
RAKHELTZ ST~ A (2 br—/L T /W) ZHWT, o BHE GMla LDOREFRIZD
WTCin vivo LUV TENTLTZ, Z DRGSR, GalNACT "~V ATIL, ST~ AL L
T, RHERICIDBEERF M OIIEDFRO DIV, SHIZ, & /7T IR~ T AR RONE
We~ra7 77—k OV TEELOMAGEBRTT 5L, GaNACT Hik~rr7y—
T, ST Hk~rn 77— VL L CTABRRLEORE G BIIEALRD LN -T2,
LLEDFERID | ARNIZEB W T, o BwRIEL GMla 2R RAYISEL TR AL, &
wRDOEMERBUIL, GMla BIFFICHEREEIZ L TWDHIEAVRIBS LT,

Y XA 5 R A R IR B S8 D T BRELS D T T U RS A AR,
T72bbH H...SxWY...G T FREF —7 DIFIENHRESNT2(88-91), —J5. Clark
BT, a BERO/L—THEK (72-93 FREL) BRI ~DOREGIZBE 57 2 W RetEE
Wit LTz, T2 T =V ARITICRY  RERER VI XA MR TR KO K5
JERRREE RO T I BB Z L, o BRSFRNICT T VARG ET —7
(H...SxWY...G) WFIEZTER T DL, a @R F O/ —THBNIC, BT U4y
R EEF =7 DFET DI, — 5 BT UA T RERY Y XA TR |
KON WA B 7R R OFE AT, T T IVA TV REEAET —7NO Trp F55EE Tyr 7%
NPT LM EIILTND(8S, 86), 2T, amoad FOH L 7IATVRERTE
F—TNOD Trp FRFEE Tyr L, ZLC, ZDELOT IV BEENENT 7= Tl
B T- B RE R ERL TRFETLTZEZ A, WR4A & Y85A I, IL-8 i, A~
fifr, ELT, TrkA OUB{LA RIS D o7z, SHIZ, W84A & Y8S5A 1X, TrkA DY
AL AETRE LI T, KIS, ZIVHLDFREEDY GMla EDFERITE D IO 785 & 21
CCWDONRIAT 572, o 755 E GMla EOFEABAITEIC OV T, GMIa VR —
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LEAERIL, SPR T 21T o7, GMla UARY — A4 DR Gk, B4R 5
FELEL T W84A & YS8SA TIK FLCW e, LA EXY REEFR DA —TFEIHD 84 {if
O Trp FEFEL 85 (70D Tyr FEIEAHINL ~DFEA T 5§22V LZ, T2 T, o
RO/ —TFEIINO W84, LY, Y85 & GMla DRSNS MOE % VTR
HRECMlaDRyF LT Iab—Ta ffjfiaiTol, a BER/L— 7 HHIKN O W4
& Y85 75, GMla M TITAFAET B TAMB L OH T/, TR E K ERS
B E T UTNVEBEBR AL xR U T EAEM T HZ8ICED . o R E GM1a A3
WICRELT M AEEE LD e RSN, DL EORER LY, Fig. 24 IRT X2,
o BB F DIV —THENIAFAE T 5 84 0D Trp L 85 \f.0D Tyr 75753 GMla
ARFRANGGERRL TG L. AERICELDHABICLY GM1a L o BREGIRD I T A
— IR EHET DI LTZ, T7bh, o BROFRAMEAZAREL T, #
722 GM1a DI EAREI L2,

TINETIY, a BRIZED IL-8 WHEO A=A LEL T, FEH GMla IZFEA 4.
AR T GMla D7 T AZ —TER G| & 44720 | IL-8 2 A e 952 L3 B>
(27207, LLRND, KERICEIDMIE - Th GMla DU FAZ—TE AT =X
LIRHATHD, o @RI TMIAEOY A JEE R ThD, PC, ZTL T Pl 2B EL T
FERAICERFRL . PLCIRIEIC KV DAG FEAEZFHE T 5(102), o mR DEEFRTEMEE K
PIETZ R (H148G) Tl BRIEMELRIRNIEND, HFEBEFDE T2 PLC
TETED, MRl ECUREZ UM T AZ L Comtb i BlaiaoLE 2 6hb, 22
T, a BRMEATHHHOAT 7 2B WT, Bk H SO PLC IHMHES R T
? GMla DI TAZ =AU G- T2 EI0ERat LT, DR, o BHRIT., M
B T GMla DIV FAZ—ERZ S| R Z L7203, H148G TIIFBD bV >To, £z,
GMIla DRIFLIZEY TrkA 23EMA LS, B IIEE T 7 NIRRT DA STV
%(96), =Z T, TrkA DRTEEBIERLT2EZA, a R AFE TR ETO TrkA OV
VIR LS BIERS NN, H148G AFLTIXRO LN -T2, bbb, a BEIE
GMlalZfE &tk A A5 O PLCIHMEIC KA R H OV REZ UKL, £
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NEl&4LR) BEL JFET 7T GMla D7 TAX—TE L TrkA OV L%
B LHEEZLND, — ., TR TAMEETIL, KRERIIVTFLHERICEAL T,
TrkA ZJT U CHIRME PLC Z0E (L L | TR 3R PE AR 2 AU 3 2 22w L7 (34),
IHIT, TrkA O FIRICAFAET D37 F 43U TR PLC 3 ST (97).
ZOZEDD, o BHRICLDHIEE T GMla 77 AZ—FE ke TrkA OIEMELIC
WK PLC 23R 57 p LMz, 22 C, WIRME PLC BREAI (U73122) Z T
BRETLT= 2 A, RBR LD T GMla 7727 —1b, KO TL-8 ffEiT
WIAME PLC FHEHRICTHHISH7Z, Ichikawa 5(96)i%. GMla D7 F7AX —{KIZ XD
TrkA NEMALTDZEEWME LT, £2T, a HRICIDMAE ETD TrkA OiEME
bz, NIEME PLC 23R 5- 7 20 Rt L 72 & 24, WIRPE PLC FREABLELC, o mHR
(Z R DM T TrkA DU FRL IS Iz, $70bb, AL, —DHDA
Ty 7 e LT, F H & O PLCIEMEDS AN [ C DAG ZFEAL , GMla DT AL —
JERZER | &SI, TrkA 2 H CVVBRIET 5, D%, 2 DHDAT Y7 EL T, R
b7z TrkA ZJr L CHRIPE PLC Z0E (L L . 5725 DAG PEAZEEL , WA
C72 DAG 75 TrkA Z R )2V Ak 27583545 2 Hivd, Obermeier 5(98, 99)13
TrkA |3 PLC-y LA EAEA 352 L&A L TVD, 22T, a BRICEVIEELSLD
WK PLC D4y 7% R T 571, PLC-yl, PLC-y2, )2 T}, PLC-B3 IZF& H L,
INHOH BT URZ TR 28, AL, PLCyl ZAFRAICY U HE1L
L., —7J7, H148G AL TIE, WTNDOVBRELRRO LRI T, SHIZ, o BHHRE
WUBRUT-ABRCrE, MBERE T2V (b PLCy1 OEFEBILEES L, siRNA T
PLC-yl 38i& /v /2w Ui- A549 Mifd Clx, RERICLDMIEE _ETo GMla @
IIAL =T, KO IL-8 WEBED P HE Sz, T b, AEHABH DA T5H PLC
[EMED MR OV R EZ 9L, Mk ETo GMla D7 T A2 — A& (e
L. ZDHIFN TrkA OB VB bZFHEL | TrkA O Ty 7 F V43 F ThoHNE
P PLC-y1 2MEMELS AL, DAG MBI FEASNAZEITLY | IL-8ERENE R IND
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EBEZHIND,

ZIETOMMBHREREY, « BHFR D DAG FEAMERIL, IL-8 il 5352 0%
HBZL TS0, DAG OZEFhEREIDFHAMIZOWTIARHTHD, TZ T, PKCy
D C1A, XX, C1B RALUNZ EYFP N7 2—ar Li=Z 37101 e~—H—EL T,
a #HRIZED DAG OZEFTHOWTIT 21T o7, ZORG R, Ml TRIEL TV
EYFP-CIAB (%, A#FHHFLIZLOMINE E~LRENE LTz, bbb, KEHR
I, HIERIE L CRIMIZ DAG ZFEAL TWDIEINHIB LT, WIZ, Mg CrE
AL DAGIE, IEOREIEE S, 7y T -Tay 7 g i Lt ST
%(95), 2T, M ECTORAT7F v (PS) DB ET VY7 -7y 7 D
FIELL TR T 2L, o BRI, MK ETo PS OFHEZFE L, UL ELY, A
R AP LIRS B T DAG MBIEOFENIEIZZbE 5 2 GMla D77
A=A ED—HEDIEMAZFHE T HEE 2 HD,

[ ]

o B 1E, Fig. 3212398912, AS49 MDA FIZAFTET 2 GM1a 2R 1Y
2R G %, B EH SO PLC JEMEIC > TllasN g oV I E 2 UL T DAG %
PEET D, AEUT- DAG 13, MO BN M2 LS Y, GMla OV AZ —{b A 758
L. TORIED TrkA O B BV f{bZ2 5| &SI, IHM Sz TrkA 13, £ O T
\AFAET DRI PLC-y1 Z0E ML L C MR ECE5H72% DAG FEAEZ TLESE D,
Z D%, MLl T REIZA U7z DAG 3, TrkA 2 X0 — g IZiEH kL | Fig. 15
\RT I, ZD Ty 77 /1@ ERK1/2, LT, p38 MAPK OiEMHALZ#HE T 5,
IEPE(EE 72 ERK1/2 14, IL-8 15T DHA G K 7T D NF-xB DENBATAIRIEEL |
IL-8 mRNA DEGZFHFEL ., IL-8 DARL, KO, Mgt~z HiE 352 L3
B E72oTz, T H | ULy 2 W ORRGUZ LD~ DA P EROERIT, o
BRI LD D AN =X L2 LT EEGHIAG IL-8 Oz R IFFE T 528
G| &L DT ENHILT,
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