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The relationship between the metabolism of sphingomyelin species

and the hemolysis of sheep erythrocytes induced by C/ostridium

perfringens alpha—toxin

MERKRE
/NEH EfE  (0DA  MASATAKA)
BESEKRF - 2 - B
HREES : 00412403

WFITR R OB

AAFFETIE, TEMNKHME TS Aoy Ty 2 @I LD 0 AZEOFEE R RRRK

FTH D amHIC & DMIEEMIEIER & U )

it & OBIRICIER LARHT LT, o %3200

PIZRBATY 5 L MEOWIMAZ RS Z &b ARMERIARENE M 2 FRER ICRET Lo, £ ORER,
ARERIL, AEAEIREA T2 VIFEZFRACAETESE L Z LIk mERIEDE
HIEOMGHEZ T2 L TWD Z LI LTz, £, Aaffiaz a9 2 Y CIREOHEIE, M
RREDRZEAL, DD WIE, BFHEDIRIEL 725 2 & bR S LT,

AR
(BHEHAL - 1)
[ERES Y Rt & &
2007 4E 1, 600, 000 0 1, 600, 000
2008 4 1, 600, 000 480, 000 2, 080, 000
AP
A
PR
o Et 3, 200, 000 480, 000 3, 680, 000
WFFes 8« [E R

P o453 - #iH -

RS - W (FEET)

F—U—F: U AT a2l ami, Wi, A7 ¢TIz R, C241-ET IR

1. WFIERHAE S DO 5

VNV aWOEAT D o mRIL, AE
\Z X BT ABEE O EERREE T, EWiE
P& LT, BOE, #50, £ LT, BmiEEE
AL, bz, BERIEEE LT, AAxAT7# Y
NR—F C, T, 27 4 vad3x)F—+F
(SMase) WEMHEZH L TCW5, Filad 20138
ETIL, o mROMMRE, $72b6, Ml
EOET L E L CEWRIMERICER L, &
MR OW TR L C& 7=, BRI, AEE
DU XIRMERICAERT 5 &, B H %R LK
=M GTP A5 A2 2 X7 (Gi) &4 L CTNIRIME

RATZ 4 U R—=BCEEHILL, FAT 7T
NA )T = 2= VERE TS
To—n (DG) &A /> b= 3-U RIS
5L, ST, AR L D6 1T X
DNRPER A7 4 U —1 D {EERNTHE L,
Y FRMEKFEFIZZ S FENTNDHHRR
Ty FIONaY NIRRT 7 FOUBRICA
B, A EEI SN EHELTE
7= [Infect. Immun. 62, 717 (1994). Infect.
Immun. 64, 3930 (1996) 1, FAIE. HH e
WCHRATZ 7 FUNa) BT EAEEET,
ZBEODAT 43T (M) 2546795



b Y URIMERIZHAT D o FROEEITOW
TR LCE 7, a BRIF, B UIRIMmEREE
WREAT 5 &L Gl 2 L CHRIMERIE H o> PNIXI
P SMase Z1EMEAL L. SM AR 2T LT 5
Tk, IBIT, EORKEEM THLAT 4
T 1Y UBBARBRIZEDELOE S
VRAvEUV Yy —E LTHERTAZ LR
U7 [ ). Biol. Chem. 279, 12181 (2004)],
AREERIENE & SMACHSR OBIRZFEN] L7=23,
SM i, BERERARIEE D [k FEEL DIE WO FOfG
BOEMICEY ZE 2 THENGFET D Z
L. EBIT, MIBRANY ST IRED T T v b
T —hL KA ELTHOENTWSE T 7
MIELFIELTWDZ L2 EET L L, &
RGO A =X NT, RAZRENRZ D, F
7o SM 53 1-Flt & AR BRYEME D BRFRIC DUV T O BF
2, IEFEAEREINTELT, ARIFZRIL,
FERINCKREBMTE S 525,

2. WstoHBY

o BHRITLX DY URMKEMIC BRI
BIRT % SM RHRICIER L. BERAICH
ENDSMEERTDHET I RO,
&Y, KERIZLVIEEILSDNEME
SMase DIEMEALEERS D HENT,

3. WD L
(1) &> PIRIMERNE SM 45 Fl D [A]

b Y VIRIMEK A Pevgi4 . Bligh-Dyer I
K OBIBEZRH L, /JBonmiEEEZ Y
BTN 60 T TTT7A4%, Zuakiy
AL, T IS, A —NLOIRIZEHL, Y
VIEE A ST AR ) — SR EEIRT 5, S
BT, AZ ) — S EEZaaR/LA - AX
J—)v - liRfg - ZREEK (25 :15:4:2) O
K ToHE L, &% TLC THifi%, =6
W2, BRIk o~ 7T 2K SM E Sy
ZOBEL. EOSEEZFRDON T LE AT
/ LC-MS/MS TEHT3 5.

(2) In vitro kinase assay

H o7V (1K) 12, kinase assay #& 1
K99 ul, Y, b b—H—IHE 1 ul 200 % .
A ALERE. . 30°C T 30 AfElA v 22—
g L, WIZZaaR)Lh - XA ) —)b
(1:2,vIv)450 pl 2z, ISEEE, &5
(2, Zaadibs KO, 1% PCA % 150 ul
TOWML, +43IZiEfM%, 1,000 rpm T 10
oo Uiz, mO%, EEidbks, TEZ
TR RV T Fa—TIHEL, TV —
2 —Z W, Wik ER LI, BRiEx 7
o)L 50 pl ICEfE L, Zivx: TLC 7'
— MIARy bL, 7 I NooBEHRBIEL
ZHWT, TLC 21772, BB, st
72 TLC 7L —hE2A A=V 77— C
#J L. FLA2000 Cf#hT L7z,

() T I ROEEE

Pt as 2 v Y VARIMER (2.4 X 1010 {§#/200
W) % 75 uM NOE(t 7 3 #—PHEH) T
ATALERTS . 5% DIRED a mR L2 IRIMNL .,
37°C. 30 &Gl A v FaX—r gL, #
D%, Zuak/Lh - A% J— (1:2,vIv)
600 pl % vortex L2 HIRANL, HH\ T,
sunruiR/Ls, 5 mM EDTA - 0.2 mM KCI1
% 200 ul o0 %, vortex TiEFIt%, 2,000
rpm T 10 ZrfiiE D Uiz, @04, BEEE
Y k& . Bligh-Dyer fEE ik 2 400 pl AN
A, vortex TIEME., O 2,000 rpm T 10
i Lz, FEEZEEE VRS, TEE
TRV TFa—TICB LR, T7
— A —ZHOWTEE AL LS, /JBoNTE
E'HE % in vitro kinase assay | & ¥ fi#hr L7z,

(4) Sph 1-P OEEE

Vel i 7 & VIR IMLER (2.4 X 1010 {#/200
ul) % B-escin T 37°C, 10 73 A »F a2 —
va sk, FxOREOEF Cer ZIRML,
37°C. 1HEfHEA > Fa—T g Lz, KM
Ol TEIIBRVERNKRED e EH (B
ng/ml) Z¥AN L. 32P-ATP /71 F T, 37C,
30 oflA ¥ a_— g %, ZraRLh
- RAE )= -T =7k 1:2:0.04,
v/v) 600 ul % vortex L7223 HERANL v T,
suawvk/bA, 5 mM EDTA - 0.2 mM KCI
Z 100 ul "2/ %., vortex TIEFM%Z, 7>
E=7K 75 pl Mz, O vortex Z4TV>,
2,000 rpm T 10 srfEiE L Lz, @mO0%, b
BrTy X RNV T7Fa—TIBL, Z7uo
A% 200 pl, KTV, conc.HCl & 150 pl
Iz, vortex #% . 2000 rpm T 10 Zy [0 L,
FEZzEEE VRS, TRy FLr>
Fa—TWZB L, T —&—CREx - E
SHe, Zuanmkivs b0 pl IEMEG, HEiE
WIZAR Y KL, n-7 &/ —/b - Bifie - Bk
(7:1:1, viv) CEEZITo7, #EEkEZ X
SHMBpIET%, A— TV F 77 4—7T
fEMT LT,

(5) I F~YL o EFEOFELIT 1L
4°CIZmAILT= 0.1 M Borate buffer (pH
8.5) 1000 ml # T, Dialysis membrane,
size 8 ZH W\ T a®# (100 pg/ml) 300 ul
Z—WeZHT L7=, &IZ, Bolton and Hunter
reagent 5 pl Z No W A T E L 7o BRE 12,
BT L7 a B8 80 nl ik, kTl
BEfE] A % 2 _X— 3 1R, REURDRIEL
% < 72 ¥ . Bio-Spin 6 Chromatography
Column (27 774 L. 3,000 rpm, 5 5tz
D U7z, a@m#En BT THN S0
WERT D7, IR I T~ amEH 5 ul
& SDS sample buffer 20 pl Z{Ef1 L., 37C
T10 DA v FaX— a2 1%, CBBIAMK
1ul ZI0%. 10% SDS - PAGE & Gel dry %




17\, Imaging plate (28 L, FLA2000 C

fiEtT L7,

(6) 77 Ml OGS
SMC%I%EUGBST%@LKEVV
FRIMER (6 X 10" f# 7500 pl) 12, PI F~L
aBHEELMZ, 37°C. 30 45, B LAenS
A Fax—ar iz, D%, BERL
a7V, Rl EBRE S, 2% Triton X-100
- TNE-PI % 0.5ml (KIREE 1%) Nz, 4°CT
1 R L2 6/ vFa—2 g LT,
BTN 80% A7 u—A% 1 ml Nz (§&
TEEE 40%) . vortex . BE LT = — 71T
ML, SHIZED FIZ, REEPILS 20
E91236% A7 ua—RA1.2ml, 5% A7 ua—
A 1.2ml ZEELE, BELTF2—T7%n0
— X2 —|Z[EHE L, 4°CT, 45,000 rpm, 16 I
%ﬁﬁbbkoﬁﬁbﬁ\ﬁb%z—f@i
5 0.4 ml § o/ NGRERE I/ LT,
77 NoBERABERZORE T T a vk
vortex L, £ON®D 25 ul %453 Eﬁ% [FlE&D
SDS sample buffer Z Mz, 3 Zr& .
SDS - PAGE %17~ 7z, 1§47z SDS v %7
JL RZ A4 L. Imaging plate |Z—BrgEE1%.
F =W T TOFT T T 4 =TT LTz,

(1) &> PHRMERIE Gi D5 ke

a mRLE, B DHVIE, RAHE Y PRI
Bk (12X1010 f#/ml) % T 37CTHRIEL T
B 7= Lysis buffer TIEfiE#% . anti-Gi
antibody % 10 ul 7N L, 37°C T 1 IRfATALER
L7z, %t T, Protein G-sepharose % 20 pl
Mz, 87TCT 1 FfflA ¥ aX— 3 U,
8,000 rpm, 37°CT 14MiEL Lz, RiE%x
Y B, B Lysis buffer TiEfig L. 8,000
rpm, 37°CT 1% W$®¢5L£®%W%3
Bl D R L7z,

(8) SIETEMM D SMase iEMEDHIE 5 ik
7L SM 1.5 ul (1.39 KBq) %= v~

NVT7F 2= L, Ty r—4— Tl
¥ E%, SC-TB (FIREE : 0.8%) % 4.,
THALER L 7=, %EV ) C. anti-H148G antibody
FIET. HD0E, FEGFETT Gi ORZEL
etz 37°C. 30 oA v FaX—Tvar L
72 Bligh-Dyer {EIZfEVy, 7 m R/ L - A
27— (1:2,vlv) 600 pl ZiRIN4 252 &
W2 &0 RIS EAFE IS, 30 #P[H] vortex &#4T
W PCA &7 tmik/v % 150 ul 20z,
30 [ vortex & 3 Bl v & L 7=, ¥&kiZ, 2,000
rpm T 20 fiE LT 52 8 TT7UL SM D

DIREMTH D Cer (FhE) &7~V AKRRAT
+Unaly (BE) #0 L. 7Lk A
T I N rBEEIREK CTFL—a s
B —IC L RE LT,

4. WFICRE

(1) Y UIRMmEKEE SM 5 FREDFE

b VRIMER 2 BEV$#% | Bligh-Dyer 12
DIIEEEZIN L, BSonlikiEEE Y iJ
TN 60 hThTu~ hNTTT7 40—t
ruauafR)vh, TN AKX —ILDEIC
WH L, VVIREZ ST A X /) — Vo4 A
INL7=, E6IT, AZ J—)Vo3E%Z 7 aak
Vs - A K ) —)v - WElE - ZAREK (25 1 15 ¢
4:2) OEHKTHEL, &45#E% TLC T
sy Bt . Dittmer - Lester I A AT
B # Yt Uiz, SM S, (Nacalai) & [RIfE
@ Rf % 7R3 155 % 2> ’a“ Ly, HPLC (2 &
v SM [H5y DHE % feift% . LC/MS/MS ﬁ%ﬁ
BiToT2, FOREE., v VIRMEREFIZ
IRFE 14 75 26 £ TORAFN, Tﬁ’eﬁﬂﬂ%ﬂﬁﬁ&
AT 5 18 FEEO SM 45N TFET D Z
EBH BT o 72(K 1), HEVT, 18 FiE
D SM RO 2B U7 R. 5l
8853 C16:0 DL AL SM 2% 19%.
C24:0 ®Y 7 7 U )L SM » 8%. %L“C
C24:1 DX VR AV SM M 49% T, 215
3@%@8Mmt//fm%%SM@££ﬁ
SM ThHsHZ ENHLNTR- T,

X1

Identification of sphingomyelin molecular species with LC/MS/MS
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Formation of ceramides induced by alpha-toxin
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Effect of palmitoyl-, lignoceryl- and nervonoyl-ceramides
on hemolysis induced by alpha-toxin
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Formation of sphingosine 1-phosphate induced by alpha-toxin in sheep erythrocytes
treated with palmitoyl-, lignoceryl- and nervonoyl-ceramides
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Localization of alpha-toxin and GTP-binding protein in sheep erythrocytes
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Effect of pertussis toxin on ceramide formation
induced alpha-toxin in sheep erythrocytes

A) Alpha-toxin B) Pertussis toxin 4+ Alpha-toxin
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Lysated sheep erythrocytes were incubated with or without 20 pg/mL pertussis toxin at 37°C for 2 hr. They were incubated
with or without 50 ng/mL alpha-toxin at 37°C for 30 min, and then sonicated for 30 sec. The lysates were adjusted to 40%
(wiv) sucrose, overlaid with 1.2 mL of 36% sucrose and 1.2 mL of 5% sucrose in HBSS, followed by centrifugation at
45,000 rpm (250,000 % ) for 18 hr at 4°C, and fractionated from the top (450 uL/fraction). The lipids extracted by the
method of the Bligh & Dyer were phosphorylated by diacylglycerol kinase from Escherichia coli. Phosphorylated lipids

were separated by TLC (CHCI3 : MeOH : AcOH =10:85:5)
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Interaction of GTP-binding protein with endogenous SMase in sheep erythrocytes
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Sheep erythrocytes were incubated with or without 50
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solvent for liquid scintillation counting.
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