20/ /370328

A BRI R &
B DR ERERHEENT FTEE

B HLERBEGREMTORERT 7 74U
ZCHE U7 BERHERRERE Y X 7 A OFBE

=
a8
op
=2
5
&
Of
i

TRk 2 2 FE~ 2 34F

MRRERE =f =N

TRk 24 (2012) & 5H




R4 T R R FE R B &

Bibh DR EFERIEENT FIEE

B A KB SR R DBRE TSR T 7 4 U v
PG LT R F RS E L 2 7 A DS

WRREE &F EW

TRk 24 (2012) # 58



I. REERE
B REEERERTORRT e 77 A Y T
B U 7= RERA R FRGLFIE S 2 7 S ORFE

———————— 3

1. FRREOAFICET 52— &% ' 14

I11. BFEEmEOTIATH - BRI - 17



REZBHFMARFN S (B 0OZSMRAAEERFTER)

AN A 11N

MAERKE FF RN FASERFEGERFMELEM S X T LEH EJJ%Z

WREE

O157:H7 IZR&FE &N 5 & H M RIBERRYE (STEC BYWE) X THOH
M RBERIZA Y T, BRICAMEREEEER (HUS) OMERLDEE
EOHEZ %7 %, STEC @%Emififﬁﬁlﬂ%&iﬁﬁﬁﬁéﬁﬂ_é Shiga toxin
(StX)TH D, SXITABSEIDERT, Stxl & S2 D77 IV —nbRb ., Fh
ENBEEDONY T bbb, TEAEIIEREED Stx 2FFICELT S
TERHY, BEED Sx BELESNZBEOFN., EEABITRRB N L
BEHN TS, A IXZNE TIZ Stx OMIMEANEXZAET S Z & T Stx DF
M2 T DERATF M Stx FHEKZ BRI L. Stx O P ERRE S 5103 A%
QUERBICER T2 L WO RH LWEEES R Lz, AR CIEARBEEIT
BL. 1) Z&EF, FudRkd, BRESH»DS STEC i HBEL, EEShD T
TOSK 77 IV —RENEAY 7Y hERET S L. 2) & Stx ORI
REIE L Stx OBRIERMHIT 2 —EOTF 1k Sx EEXRET S 2 L,
WMEONT-_TF NMEREEDOHEEA V=X LDERAEITOIZ &, EHIT4 &
STECHROEAFER T 7 74 VU IS B LA REEROMELE LTS
REL, BREERICKITOIDRZFMTI L, 2HHE Lz, AFETIX
DWREFEFEND 171 £, fﬁ,ﬂ,&#:m 15 Bk, EEERERE 2> 5 90 ¥R STEC k% Bl
L7z, 43BE S 7z STEC BRIZIFIE stxl/stx2 3 5 M stx2 BEMBHEETH Y, &
51T stx2d, stx2e, stx20188 ZEERITHMH L7z, HonizEHRE b L2, 2) B
PR LSBT F K54 75 1) — i b NCH 2 iR LT BT
FR— MERBINZHAL, Sx2 XU T2 b TH B Stx2d IZHTHHEERT
F REF—T7ORBEITV. BEAIZS2d IZHR EE L. OS2 XV b Stx2d |
X L CEWHEESEE2 BT AT F REF—T7 2BERETA I LITHEIIL
2o 3)Stx [AERTF RO Sx BAERELHOMNCT B2 L E#BE LT,
THP1 #ifa % VT Stx DT R b — 2 RFEHAE DR & AHE I B HEA




TF ROPRERE Uiz, ZOREFR, X7 F Nk Stx FREA| (PPP-tet, MMA-tet)
X St IZEBTR M=V RAFBEICEDLOFOERILERE LRV L, OF
D& BT EEMELE L TWAREENRD D Z LR vis,

EREICL D, BERRTF RS54 75 Y —iE L SERSTF Fo— MR
BRERT5Z LT Stx XY TV MIHTBEESTF RORENFETH
B EWRENT, G, BA ST L THE Sk FAER ZBAEHOED Z &
T, BB EN-H# STEC BYWEREIENSHSI SN 5 LB shd,

LY
LI = RERIFSE AR
HABRETRIETIGER B
PR [ ST S A A T ST
HeeA L Bug
ot hE |
RAREFATE KBTI SRR
e A BRBERV TR BB

A. FRE®

KIBE O0157:H7 ITRREN B IHEH
M RBE(STEC)IZ & B RHuE, THI
LHMAERBRIZNY TR, BICE
MR BIEEMEE (HUS)OMES., &
BREPIELZHH T 5, Shiga toxin
(Stx)i% STEC B EAT 3 FERFHERER
FTHY., MAIEBA L Stx VB
O E OB AEEL, EEA
BHEZBI & Z 7, Stx IXABS & DE
FT., Stxl, Stx2D 22D 77 I Y —

ORI Stx2 OFHBERER E, fE

ROBEEESBERT I EEDN
TW5, Stx IZIZEEER_ANY TV
"KBFEELTEY ., BEROBERIZE -

Tk, BEDOREZRSTFZATD Sx &
EEL, ZOZ EBEROEEIZHE
RLTWBZ EBHALNIRY DD
HDHN, TOFEMZOVWTIIRATH
%, Stx IMERIMIME LIZFEET D8
JEE Gb3(gal-gal-glc-ceramide) IZ & &
L.ZFDOBYV 7=y b 5ERKITGb3
D7 aiR 3 FEHERRAIZERET D,
BY 7=y b 1T IEED S
R 3HEREEEAL (A F1-3) 2
BEL.SEATIIRKISHFDI 0
RIFEBFEE L, BEBEMEEZELL
TTEIETWSE, ZTOBKET T RE

R LV, Stx BN Gb3 IZHEE TS

L, Stx [T FYA =T RITKDY
FEREPNIZER D ZFh, /MEEREIC Ko
TINVE, PaE~EETND, £
D%, A VT 2= FBHREIZBT
LEEEZRBET D, ZOHWEREIID
W X7 B ONETTERE L IXH AR
THHZ EnbD, HiTHEL KT T
BY., Stx OFEMRBIUMEATDH D,
BxlzzhETiz, #hBEdkns 7
Z—hRERET DLMBTF K




TAT TV —EEMBICHRE L, A%
ZRWTEHK EEEN L BEROBEND
Stx2 D7 v R 3FE-BEEELMD 12D
P4 b3 EEHNE LT Stx2 DEMSL
MEITHEHARRTF FHEEER
(PPP-tet) @ [E & IZ Bk 21 L 7=
(PCT/JP2005/012286 . K.Nishikawa
etal, FASEBJ.2008), =~ 7 & O
O157:H7 BRLEBRIZBUW T, PPP-tet
L Stx2 ITL B~ RDEFEHEEE L
<HHITAZ ERRENE, EHICHE
BRERVN T & 1T PPP-tet 13, Stx2 D)
Ml ~DOfEE ZEETT, TOMEN
Bk, B2 IO BN~ O
TERREHRMICAETSZZ LT X
D Stx2 OFMEEIHI LT, T2
Db, Stx OB PYERIZE D HIEIH AR
PUERRICER T2 Vo eHL
WEEEE RV LTs, AR A
WL DT ORRE, A,
BIRBYS, T Enh b STEC ¥k &%
BtL. STEC Mm%, Stx #ERT. Stx
NYTUhEREETDHI L, 2))THE
BNEEHRE D &I, ZMERTF R
SATT Y —kL., SEEICHE L
T2 BB TF R — b BRI
8 2010-01973) & FEA L, % Stx /N
TYMNIHT AEENEESRTTF R

EF—TRERTHIL, HSLIZH

EINT Stx FHERTF R Stx FiE
[HREMEBORITZITO L2 B/
T3, PEROEM T Stx DFREZLRH

HREBEPHEEICRETH- L LD
DABIFEIC & 0 HRIRRIEOHESLY
AREICR D L HIFF S D,

B. BFFEF5 &

1) BERBXURESEE STEC RO
S BER B

UVEME, TRFA. BEREDD
STEC #%x BHEEL, PCR EB LU~
NFT w7 A PCR T stx BlnF
BRI Y —=vIT5, KK
stxl/stx2 Bfo ¥+ u—7 Ao
Bo—N ATV FAEB—T 3 VIEIC
LY stx BPEE % BB L, PCR-RFLP
EBIZL Y stx B FORBIZRET S,

2) % Stx NU 7T v MEEAHE
SFOBRSE

— S BRI FRIAT TV -
EEMBANRTF P — P EREN
EHFR LIz Stx2 ) 7V MERM
RRTF FERERORE—

BRI LTD StxB 7 2=y +®
HUS BEHikn & BBt L7= STEC #
D55, Stx2d, Stx2d (act) EA M FER
ENTWVWBHRERAWT, B 7=y
NeREBERXRIF— 27 u—=vT 1L,
BEZITo, BONTLERF VLA
7 B V7= NOZEEBFEEREIX



ELISA 1 X O Biacore % VTR
Lz, E2[RIZ, Stx2dB 72 =
v D% A b 1(N16ABH) B 5\ i
P4+ 3(W20ABH) IZHEERICER
PEALLFER B VT a=y baE
L7z,

Stx2dB #7 2=y M EOZEERE
BEMLTHDYA b 1LITxT BHE
RTIF RERET B0, e XAFVV
27 A 1 ZEEE N16A(N16ABH)
L BERFTUUE T Stx2dB VT 2=
v F(2dBH) # AW\ TLRE A~ 7 F R
FTATZV—R7 YV —=v T %170
Teo ZMBNTF R4 77U —13IK
LITARTHEEEZ LD, VU UEREN3
OfEE LTBELEEEL L, RIFOD
TIJEIZAODDOXRTF RBFEES L
TeAfRTF REZRoTVD, XTI
VATA PN D 19 BEOT X B
BT FLIEET D, A7V —=V
TOFEZ. FERBY 72=y B
JOZEE B V7= MIERTAT
FJV—REIEmMENLELN
FERESE,. T/ BY—J A%
TV, BohiEF—T% 37T T2
TarT5HZ LT, &MEBICE X DAL
BETRbLEIEBRINEZTI VB
RET 5,

(MA-XXXX-AU),-3Lys

ABRTFRABBMS w ?000
& "vs,)r W‘Wl /

1 ZBMBRXTFRIIATTU—

IS MBINTF FERENR%
BA%E L 72 (4 RE 2010-019731), AHAf
i%. Intavis AG DT F FE R
ResPepSLD # VY, ERE/L R —X
v — b EICHR K 384 FEEDOSMEEL
BHNTF REARY hARTHZ
EBTED, ZDrE, —bFEIZ2
flid> 2T A HOBEEEEZ KT D
Z¢T, v bEDEAXTFRIZY
FRE—HPREMFESETVD (K
2), 1251 & L7z Stx2B 72 =
v b(2BH) ¢ 2dBH #HAWT, ¥— b
Lo 56 BIEBEAES| T F K & OfE
BEMEERE L, £7-. 41 Stx [
EXTF REERKL, NaffazAvn
T Stx MfEEETEMEAENRZRE L
2o U AD STEC REEEEERIT, 58
kO BALB/C &, STECO157V17
B (Stx1/Stx2) ZRAWTIT- 7,

2EATFR ARG

2 BERATTF v — AR

3) StxfHERTFF FoStxHF i
FLEHEHE D fEHT—StxIT X 2 M



FAFEH R & M SER S
FORFE—

THP1 4% Stx TLE L., a0
RREZERVEREIERIES T2 4

CINICHIESE 248 = /et 2 2%

L7z, Stx ZLEEHMAED Cell Lysate %
B, REL VI BORBEROND
ANR—BEEREEER V2 RAF T
v MEIZ L YT LTz,

(EE~DEE)

ARFTIL, RRAERE 72 D ONCHZE
SYHEDOFTBT B KY - FFRATICR T
%A% DNA EBRICEE L Tid, &K
% - BFEETOME 2 DNA ERETLE
BEELHEIID- L) BEIZ+4
B L CEREIT o0, HIERAREMRN
179 Stxl, &F& Stx2 BEAEOFHELZ
SONWTIL, BIEFRBRLEMREDE
“REERR Y BT AMICED IREES
IR ORER E1TV, CERM R R

BOL, EREFToL,
C. HREME

1) EERIB & CRESTBESTECKE D 4y

WAEETIZ, B 47 REMS 15
PR, B4 900 BRENDL 171 #R, &
REBE 1171 BiEN S 90 Bk STEC
NNz, FroEEINT

STEC ¥R MiEZEL X, 022:H8, 0130:H24,
017:H11, 0153:H25 T»H Y., stx Bi
F1X. 022:H8 & 0153:H25 X stxl &
stx2 OB, 0130:H24 & 017:H21
X stx2 BB CThH oz, BABE¥
@ STEC 7B 1X stx] BIMBMERR, stx2
BEMEEMERE . stxl/stx2 B PERR DR
Hahiz, BEHIFED STEC 26,
0157:H7, 0157:H- 026:H-, 026:H11,
0145: -2 &, stx BaFIi
stxl/stx2 ERGYERR ., stxl/stx2d Wil
PR, stx] BUBBBMEARR, stx2 BB
Pk, stx2d BMBBERR AR S hiz,
F7-, NUT v ML Stx2d, Stx2e,
Stx2-0118 ZfH L7z,

2) HStxNV TV NEENHEHE
4F DB

—SMEBRTSF RFAT 7V —&
EEMBRTF R — P EREM
BHALEStx2 Y TV MNERK
BRARTF FEEERDORIE— -

fER% L7z 2dBH @, Stx %7 Gb3
(globotriosylceramide) ~ D fit A B %
ELISA [z X W #&EF L. 2dBH 2% Gb3
EAEEMEEAETHAZILEER L
2dBH 0¥ + 1 ZRENI6ABH)IZ
SNT b FIBEIC, Gb3 fEARENHEE L
TW3 Z & Biacre (2 & Y 5 EfEtEE
ITHERFL TCWA Z 2R L, LT
ZMERTF RTIALTTIV—RTY



—=V AW,

Stx2dB EDH A b 1 FEEEARFE
HIEERTF FERET H7DIT,
N16ABH ¢ DOH 7 rF 7 a itk
DEMBIRTF RIATZV—RY
V==V 7B E T, 9477
U — 1T (MA-XXXX-AU)4-3Lys .
(MA-XXXRXXX-AU)4-3Lys .
(MA-XXRXRXX-AU)s-3Lys .
(MA-XXXRRRR-AU)4+-3Lys 2%
NWHWE (U=7 7 ~F3 B, X
I% Cys &< 19FHEOT I/ BE R
1), FORER, WThDIFTA4 7T
—ZRAWESEETH, XDERT TS
VTITEEET I B (Arg 721
His) @RI BZ e broTe,
WIZ, BMBIARTF Fo— b EREHHT
RV, & 56 B OEECS S M=
F Rizxtd4 5 1251 # 2dBH. N16A,
2BH OfEEEHELZEI L., £OFE
B BKANIC 2dBH IZR LBRWVEATE
a2 G5, 20 2BH, N16A L thEk L
EEBBEERBEVWEMATF REF
—7 % S FEERE Lz (BF|HHFEER
H), Wiz, Bbiz 8 EEDZAM~
TF REF—T7IZ2VT, Stx2,
Stx2d O~ o MEEETEMEIC ST 5 H
EHREENTLURN LI Z A, 4
BEORTF REF—713, Stx2d 7F
ETN o fifaAFER, 80%LL EERF
Lz, ¢RIZ2EBEOXRTFFET
— 72OV TIE, Stx2 XV Stx2d

iZxt L CHRWEEEEEZ TR T Z &N
BHoNnERo72(K3),

wiz, BEL_LVTORESRTF K
DHRERFTTHDIT, TT A
0157 BPEBRROMENLZToT0, ~
7 A2 O157TV1T #k & & 5%, <=1 b
A CEELILEZA, 10HE
IZ B0%LL ED~ 7 ANFET LTz, B
£, FEXTF FEEICHIT TEET
Thbd, '

Stx2 10pg/ml

<+ A(MMA-tet)
100 - =S j /%

Cell viability(%)

1000

1 10 100
Concentration (4M)

Stx2d

Cell viability(%)

1 10 100 1000
Concentration (uM)

3 ZELTF RO Stx MIEEERE
MEREEZN R

3) StxpAERTFF FOStxFEHE
ZHEOMIT—StxIZ X 2 HHRE



FEBE L MRERHE S T OBER

b MRMEEEKM B MR MAR THP1
AR A AT Stxl, Stx2 12K BT R
M= AFEOEEERT L, £D
R, Stxl., Stx2 W b {KERE
(5pg/ml) T 6 KFfEILANIZ THP1 #A
faio MR FET L, DL &
HAN—E 3 OIEMHLE PARP 4]
BBzl eBNbhot, 77,
Stx1, Stx2 MERIZ X Y MARFEFEE #
/37 B D FLIP BESLHIZERT S
é,. T s T Y —-LsHEHOD
MG132 12X Y FLIP Oo#EkB L
THP1 MO T R b— X i%3& < fE
EINDHZ ERbhotz, RIZ, Th
EFTRHEADPEBELERTF M
Stx2 FHEHA| PPP-tet, Stx1/Stx2 fHEE)
%l MMA-tet @ Stx (2 X% THP-1 7
W= AFHEICKHTIHEREBRE
L7z, EDORER, Stx 2 L5 THP1 #
o7 R b~ R iZ MMA-tet,

PPP-tet IZ L - CRHE SN A o7,

D.E&

MEEZEDBRAEE T, BERR LW
REFHNOELNTL stx BREFIE.
EE AL stx2 BUMBGMERR, MR
HThol, £72NY T2 MZoONT
%, TEREBAD D stx2d, stx2-0188,

stx2e, & HIZHEIB|TE 2 stxl Bfm
F% b o7 STEC B &Nz, BF
61 stx2d B SNz, 5%, &
bR T_XRTONY T v MExtT 5
FHENTF RERET S TETH D,
2)Tix, 2dBH & N16ABH %
T MBRTF RIA T T —RD
V—=V T ORERNL, EEMET I/
B (Arg, His) < BRI ND Z &
Bonol-, ZDOZ &id. 2dBH O
A LI FEET HDITITEE
W7 I VBENETHHILERL
TW5b, LaL7eds, 2BH ~DfE
BIZLEESET I VBIISNEATHD
TeHbroTRY, MEIFLELT
Wb, LR THIDOBEEERY,
ANUT v MNEAOMMREEE Rt
LREMHEOTVEENTF N2 IE

T ODEIEREDOHLTIIHETHD L

Ezbohl-, £Z T, Hi-clEELE
ZMBRTF R — NEREN % H
VN, 2dBH BEZB 27 F NEF—7
@J%‘é?é%%%c%cf:o Stx2dB 7=
M Stx2B 7= b & AT 2
TIVBERBITTERY, FHICH
Db b9, Stx2 & Stx2d Tld—&
DORTF FEF—T71Z5 L, Blrot
FEAEEERTIEEHLONE -
7o BAEHGIZ, 2dBH 12 FEA L.
Stx2d DFEMEEMFIFT DT F FEF
—TVERFHBERETHILHTE, &
HIZ Stx2 12 Stx2d IZxd A=



EROBNRTF REF—T% 28  ZStxmMEE#RELHE L TV ARE

FE LTz, ZOfERIT, KikzHWT
NY T NERMREESNTTF N E
ZxRETDHZENERBEHIZARET
HHZEEIHLTNWS, 5%, £D
oY T2 MO ThH, [EART
FRERIETDHIENTENIX, &F
X¥7 STEC BRizL v 5I&EfZ &h
BHEFMBESIIX L, TOEARRICE
SV TEBEL S NIz FHRIRRIEDOR
MNFIREICAR D LRI END, ok
. ZhECICRES N Stx2 [E
- NS R PPPtet A%, HAATENTD
Stx2 OBIEEMELZEEIZIHIT D Z
N FE OBH O h &k
(Steams-KurosawaD.dJ et.,Pediatr.
Nephrol.,2011), 4. PPP-tet %
G, FDMO—ED Stx PLERTF
ROBERISARHrREEND,

MNZONT, ZTNETIBELNTE
7 Stx E~TF i, Stx OB
JA~DBRAZEET 2O TR, £
DYER AT Stx DHIFENEIS 21X U
LT BREAA R MZh B T LA
B ST 2 TWERNZE DFEMIEAR
BHTholz, 4E, Stx HEXTSF K
Tdh 5 PPP-tet, MMA-tet V7=
#1725, PPP-tet, MMA-tet I3\ 9
NHFPRIZKLTSXIZED TR b—
VAFEICEDb D FOER{EE R
LRV Lo, ZOT Lt
PPP-tet 35 & T8 MMA-tet i34 < #i7

10

HRHDZLEERLTND,
E. &

FHEFEME, TRFA. BEREMD
STEC ¥kt 276 ¥ & B L 7=, DS
7= STEC ¥kiZ. 131 stx1/stx2 5
MEH DT stx2 BMBEHE TH-o
2. N U T v ML ostx2d, dtx2e,
stx2-0188 ZHH L7z,

EER BB SED STEC #RD 9 b
Stx2d, Stx2d(act)®> B 7 ==v k
DORER, RN 21To 7. L BY
Taz=y hOZFEBEEMERKE
R EHEEER Lz, 2?5 b Stx2d
Y4 b 1EEAE NI6ABH VT
HRIRTF KT T 7V —E, BLY
LA R TF R — F AR &
BAY Y —= v T EITRV, BRI
Stx2d DV b+ 11T FEE L. Stx2
L Vb Stx2d TR L TERVWVEETEXE
EHLOSMRTF REF—TH2HE
HRE LT, |

INETIIHRLVBHEELERTTF
R Stx FEZEH| PPP-tet, MMA-tet O,
Stx BHEEEMEMIZ, Stx ITX DT R
h— v R BRE S F OFEMEAREFIC X
bRV T2 IR BB O FTREME DS B
Do

F. BELRE#



Bz L

G. HrEFER
L HER

1)_Watanabe-Takahashi M, Sato T,
Dohi T, Noguchi N, Kano F, Murata M,
Hamabata T Natori Y .
and Nishikawa K.  An orally applicable
Shiga toxin-neutralizer functions in the
" to inhibit the

intestine to intracellular
transport of the toxin. Infect. Immun.,
2010,78, 1, ppl177-83.

2) Y. Wu, A. Hinenoya, T. Taguchi, A.

Nagita, K. Shima, T. Tsukamoto, N.

Sugimoto, M. Asakura, and S. Yamasaki.
Distribution of virulence genes related to
Shiga

toxin-producing Escherichia coli strains

adhesins and toxins in
isolated from healthy cattle and diarrheal
patients in Japan. J. Vet. Med. Sci., 72:
589-597, 2010. | |

3) Kim S, Ohoka N, Okuhira K, Sai K,
Nishimaki-Mogami - T, Naito M.
Modulation of RIP1 ubiquitylation and
distribution by MeBS to sensitize cancer
tumor necrosis  factor

cells to

alpha-induced - apoptosis. Cancer Sci
(2010) 101: 2425-9.

4) Itoh Y, Ishikawa M, Naito M,
Hashimoto Y. Protein knockdown using
methyl bestatin-ligand hybrid molecules:
design and synthesis of inducers of

ubiquitination-mediated degradation of

11

cellular retinoic acid-binding proteins. J
Am Chem Soc (2010) 132: 5820-6.

5) Okuhira K, Fitzgerald ML, Tamehiro
N, Ohoka N, Suzuki K, Sawada J, Naito
M, Nishimaki-Mogami T. Binding of
PDZ-RhoGEF to ATP-binding cassette
Al (ABCAl)
efflux  through
activation and prevention of transporter
degradation. J Biol Chem (2010) 285:
16369-77. |

6) Demizu, Y ., Okuhira, K., Motoi, H.,
Ohno, A., Shoda, T., Fukuhara, K.,
Okuda, H., Naito. M. & Kurihara, M.:

Design and synthesis of estrogen receptor

induces
RhoA

transporter

cholesterol

degradation inducer based on a protein
knockdown strate gy. Bioorg Med Chem
Lett 22, 1793-1796 (2012)

7)Okuhira, K., Ohoka, N, Sai, K.,
Nishimaki-Mogami, T., Itoh, Y .,
Ishikawa, M., Hashimoto, Y. & Naito.
M.: Specific degradation of CRABP-II
via cIAP1-mediated ubiquitylation
induced by hybrid molecules that
crosslink cIAP1 and the target protein.
FEBS Lett 585, 1147-1152 (2011).

8) Itoh, Y., Ishikawa, M., Kitaguchi,
R., Sato, S., Naito. M. & Hashimoto,

Y.. Development of target protein-selec

tive degradation inducer for protein kn
ockdown. Bioorg Med Chem 19, 322
9-3241 (2011)

9) N. Sugimoto, K. Shima, A. Hineno



va, M. Asakura, A. Matsuhisa, H. Wat
anabe, and S. Yamasaki. Evaluation of
a PCR-Restriction Fragment Length P
olymorphism (PCR-RFLP) Assay for
Molecular Epidemiological Study of Sh
iga toxin-producing Escherichia coli. J.
Vet. Med. Sci., 73: 859-867, 2011

2FEEHR

1) s FIERATF R Shiga
toxin fREZR D A BN VEF#E O FEHA.
% 83 [ H AHIEE Fie. 20104 3
A 298, #ik

2) ; FHE_7F F#:Shiga t
oxinfHZEZK L Stx & DS FHED
. BARFEFERELIZ1ES, 201143
A30R. ¥

3) ZHEB, EAN, BEEM. WL
g =, mIIERE; . NVT M
B Stx [HEEKBR DD DOHHE AR 7
)—=V JEOB%. £ 15 FEREH
MK AFEIRYERF 74, 2011 4 7
A 15 8, KK

4) =HEB BEEN. L=,
EJERZE ; NV 72 MEEM Stx B
EXTF ROFHRRAI ) —=v Tk
DL, % 85 [ A AMEZEARE,
201243 A 29 B, BlF |
5 AR, BEEN. EiRE, @)
BERE  RABEEGWMEZEN L LTz
FHRa L IBRMEEROKMSE. & 85
Bl B AMEFSHme, 20124 3 A 29

A, RIF

6) AREFA E R B HA
HaEE, KARE, LEHE_: b
By o o L EEBRELE
HERBEICBIT 5 HREFORER
MOfENT 5 14 EIE L LERGE
RYLERFZES 201047 H, BiE

E=

TN

7)  Okuhira, K., Ohoka, N.,
Nishimaki-Mogami, T., Ito, VY.,
Ishikawa, M., Hashimoto, Y.,

Naito, M. :CRABP degradation based on
a protein knockdown strategy.. 2
69 [B] B A F MR (2010.9) (K
BR) '

8) K i@, NE BE.:
Molecular analysis of regulatory
of TNFalpha—inducible

mechanism
apoptosis increased by depletion of
cIAP1 expression, % 69 [B] HAE
RLARA (2010.9) (KKR)

0) PEERES  HIRASERRE & o /% FLIP
Ik B Wnt v F RIS, 5 33
B A ARG FAEMFSFER, % 83 EH

 AAEREERE AFKS (2010.12)

12

(#7)

10) ARES FEAT, KRE f0E,
W, T B, B #E Vb
XLV BY T2y Mok BT
FEME BAERESE 132 £2
(2012.3) (FLigE)

11) BB fE—BR, HK B, KA
3@, 2@ WA, ¥ &7, KE



(E%) &7, EE EH, BA K

AT A=A Y
LI EAZ R bl LS A
— D4R B 70 B B AEZE R
£ (2011.10, &HR)

12) NEEBREE - HISAUE]. BADTFHE

BIRRE DO ERBE T & EEImHE D 4
TFHME 5 55 [B B AIEELSBIHE
KE (201110, A48

13 BRHER E,. B BF. ER
B, AP, mER =, V)R
%, SREE, LEH_ : HERFEIC
BT OEEEREEMEKRBE OB
KI5 152 [B] B ABREF S ZEMES .,
201189 A, KRR

H. 50 FO Rt BEAE O HBE - BT

1SS
7L

o E R
2L

3.% DOt

1) EHOLF ; CaMKII [RE~TF
FBIOZINEZEH TS CaMKII fH
ZH, BHEHEES , BE
2011-017295. FHE ; HIERZE,
EEEN. FEAEE, SR, RRERE
Z. ELRBEA ; FRIEAREL, H
MRFEARKER BRI K%, HE
H;201141H28H

13

2) BRDOL ; XTFRORT Y —
=7 HE, BFETHEBEES  BE
2010-019731, FEHE ; BIIEMNE,
EEEN. MEERF. HREA ; F5
EAFER, HEER ; 201041 A 29
H . .
3)FADLF ; Stx BHEHEETSF K
BLO Stx ICREE T 2 EBDIREE,
Frr AR5 ; FFFE 2010-019728, %
A% ; BE)IERE BEEN, ExR
—&., HEA ; FRIEARSHL, #H
H20104 1 H 29 A (EEL25H
& ; % 2009-212480)



R DOTITIZE T 5 —HE

&5
EHE | RLEA MV | BESEO | BEA4 | MRS | IR | HARE | -
Za 4 mEE 4
L
M
HERE KA RMXEA MNVA FReEA EBE | =V | HERE
Watanabe-Taka | An orally applicable Shiga| Infect. Immun. | 78(1) | 177-83 | 2010
hashi M, Sato 7 toxin-neutralizer functions
Dohi TNoguchi N,| in the intestine to inhibit
Kano FMurata M,| the intracellular transport
Hamabata T Natori| of the toxin.
'Yand Nishikawa K.
Y. Wu, Hinenoya,|Distribution of virulence J. Vet. Med. Sci. 72 1589-97 | 2010

_A, Taguchi T )Na
gita A, Shima K,
Tsukamotol T, Sug
imoto N, Asakura
M, and Yamasak

iS.

genes related to adhesins
and itoxins in Shiga toxin-
producing Escherichia coli
strains isolated’ from
healthy cattle and diarrheal

patients in Japan.

14




2010

Kim S, Ohoka N,iModulation of RIP1 Cancer Sci. 101 |2425-9
Okuhira K, Sai [ubiquitylation and
K, Nishimaki-Mog|distribution by MeBS to
ami T, Naito M. |sensitize cancer cells to
tumor necrosis
factor alpha-induced
apoptosis.
Itoh Y, Ishikawa |Protein knockdown using |J Am Chem Soc 132 | 5820-6 | 2010
M, Naito M, |/ thyl bestatin-ligand
Hashimoto Y.
hybrid molecules: design
and synthesis of inducers
of ubiquitination-mediated
degradation of cellular
retinoic acid-binding
proteins.
Okuhira K, Binding of PDZ-RhoGEF |J Biol Chem 285 |16369-7| 2010
Fitzgerald ML, to ATP-binding cassette 7.
Tamehiro N, transporter A1 (ABCAL)
Ohoka N, Suzuki |induces cholesterol efflux
K, Sawada J, through RhoA activation
Naito M, .
and prevention of
N%shlmakl-Mogaml transporter degradation.
Demizu, Y., Okuh|Design and synthesis of est|Bioorg Med Chem|22 1793-17|2012
Lett 96

ira, K., Motoi, H.,
Ohno, A., Shoda,
T., Fukuhara, K.,
Okuda, H., Nait

0. M. & Kurihara,
M.

rogen receptor

degradation inducer basedon
a protein knockdown strat

egy.

15




Okuhira, K., Ohok|Specific degradation of CR

a, N., Sai, K., Ni
shimaki-Mogami,

ABP-II via cIAP1-mediated
ubiquitylation induced by

T., Itoh, Y., Ishik|hybrid molecules that

awa, M., Hashimo
to, Y. & Naito
M.

crosslink cIAP1 and the
target protein.

FEBS Lett

585

1147-11
52

2011

Itoh, Y., Ishikawa, Development of target

|Bioorg Med Che|19

3229-32|2011

RM . éalgtasguil;i’ ¢ protein-selective degradation 41

o M. & Hashimo inducer for protein

to, Y. knockdown.

N. Sugimoto,. K. |Evaluation of a PCR-RestrilJ. Vet. Med. Sci. |73 859-867 2011

Shima, A. Hineno
ya, M. Asakura,
A. Matsuhisa, H.

ction Fragment Length Poly
morphism (PCR-RFLP) Ass
ay for Molecular Epidemiol

Watanabe, and S. |ogical Study of Shiga toxin

Yamasaki

-producing Escherichia coli.

16




INFECTION AND IMMUNITY, Jan. 2010, p. 177-183
0019-9567/10/$12.00 doi:10.1128/IA1.01022-09

"Vol. 78, No. 1

Copyright © 2010, American Society for Microbiology. All Rights Reserved.

An Orally Applicable Shiga Toxin Neutralizer Functions in the
Intestine To Inhibit the Intracellular Transport of the Toxin"

Miho Watanabe- Takahashl

Toshio Sato Taeko Doh1

NOI'IkO Noguchi,* Fumi Kano,

Masayuki Murata,’ Takashl Hamabata, Yasuhiro Natori,” and Kiyotaka Nishikawa*

Department of Molecular Life Sczences, Faculty of Life and Medical Sciences, Doshisha Unzverstty, Kyoto, Japan; Department of
Infectious Disease, Research Institute, International Medical Center of Japan, Tokyo, Japan®; Department of Gastroenterology,
Research Institute, International Medical Center of Japan, Tokyo, Japan Department of Systems Life Sciences, Faculty of
Life and Medical Sciences, Doshisha University, Kyoto, Japan®; Department of Life Sciences, Graduate School of
Arts and Saences, The University of Tokyo, Tokyo, Japan®; PRESTO, Japan Science and Technology Agent, Saztama,

Japan®; and Department of Health Chemistry, School of Pharmacy, TIwate Medical University, Iwate, Japan’

Received 8 September 2009/Returned for modification 4 October 2009/Accepted 20 October 2009

Shiga toxin 2 (Stx2) is a major virulence factor in infections with Stx-producing Escherichia coli (STEC),
which causes gastrointestinal diseases and sometimes fatal systemic complications. Recently, we developed an
oral Stx2 inhibitor known as Ac-PPP-tet that exhibits remarkable therapeutic potency in an STEC infection
model. However, the precise mechanism underlying the in vivo therapeutic effects of Ac-PPP-tet is unknown.
Here, we found that Ac-PPP-tet completely inhibited fluid accumulation in the rabbit ileum caused by the direct
injection of Stx2. Interestingly, Ac-PPP-tet accumulated in the ileal epithelial cells only through its formation
of a complex with Stx2. The formation of Ac-PPP-tet-Stx2 complexes in cultured epithelial cells blocked the
intracellular transport of Stx2 from the Golgi apparatus to the endoplasmic reticulum, a process that is
essential for Stx2 cytotoxicity. Thus, Ac-PPP-tet is the first Stx neutralizer that functions in the intestine by
altering the intracellular transport of Stx2 in epithelial cells.

Infection with Shiga toxin (Stx)-producing Escherichia coli
(STEC) in humans causes gastrointestinal diseases that are
often followed by potentially fatal systemic complications such
as acute encephalopathy and hemolytic-uremic syndrome (12,
22,25, 26). Stx is produced in the gut, traverses the epithelium,
and passes into the circulation. Circulating Stx then causes
vascular damage in specific target tissues such as the brain and
the kidney, resulting in systemic complications. For this reason,
development of a neutralizer that specifically binds to and
inhibits Stx in the gut and/or in the circulation ‘would be a
promising therapeutic approach.

Stx is classified into two subgroups, Stxl and Stx2. Stx2 is
more closely related to the severity of STEC infections than
Stx1 (6, 23, 31, 33). Stx consists of a catalytic A subunit and a
pentameric B subunit. The former has 28S rRNA N-glycosi-
dase activity and inhibits eukaryotic protein synthesis, while
the latter is responsible for binding to the functional cell sur-
face receptor Gb3 [Gala(1-4)-GalP(1-4)-Glcf1-ceramide] (11,
17, 25). The crystal structure of Stx reveals the presence of
three distinctive binding sites (i.e., sites 1, 2, and 3) on each B
subunit monomer for the trisaccharide moiety of Gb3 (7, 16).
Highly selective and potent binding of Stx to Gb3 is attributed
mainly to the multivalent interaction between the B subunit
pentamer and the trisaccharide. This so-called clustering effect
has formed the basis for the development of several synthetic
Stx neutralizers that contain the trisaccharide in multiple con-
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figurations (3, 5, 14, 18, 19, 36). These neutralizers can strongly
bind to Stx and inhibit its cytotoxic activity. Some are also
effective in STEC infection models (18, 19, 36). However, the
clinical application of these neutralizers has been substantially
hampered by the synthetic complexity of the trisaccharide
moiety.

We have recently screened a library of novel tetravalent
peptides that exert a clustering effect and have identified four
peptide motifs that are superior to trisaccharide in binding Stx
(20). Tetravalent forms of these peptides bind with high affinity
to one trisaccharide-binding site (site 3) of Stx2 and effectively
inhibit Stx2 cytotoxicity. This is particularly true of the neu-
tralizer designated PPP-tet, which contains four Pro-Pro-Pro-
Arg-Arg-Arg-Arg motifs. PPP-tet protects mice from a fatal
dose of E. coli O157:H7, even when the peptide is orally ad-
ministered after the establishment of infection (20). Moreover,
the addition of acetyl groups to all the amino termini of PPP-
tet (yielding Ac-PPP-tet) makes this compound resistant to
proteolysis and markedly enhances its protective activity
against STEC infection, indicating that Ac-PPP-tet holds
promise as a therapeutic agent for STEC infections.

After binding to Gb3, Stx is first transported to the Golgi
apparatus in a retrograde manner and then transported to the
endoplasmic reticulum (ER). On the other hand, the Stx cat-
alytic A subunit is released into the cytoplasm, where it inhibits
protein synthesis (27, 29). The retrograde transport of Stx is

~ known to be essential for Stx cytotoxicity (2, 27, 28). In Vero

177

cells, one of the cell types most sensitive to Stx, PPP-tet pre-
vents Stx2 cytotoxicity by inducing the aberrant transport of Stx
from the Golgi apparatus to an acidic compartment rather
than to the ER, leading to the degradation of Stx (20). An
advantage of PPP-tet is its ability to partially permeate cells,
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which allows it to inhibit the cytotoxicity of Stx2 already incor-
porated into cells (20). Nevertheless, the precise mechanism by
which PPP-tet and Ac-PPP-tet function in vivo, as well as the
identities of the organs or cells targeted by these compounds,
is unknown.

To understand how orally administered Ac-PPP-tet func-
tions in vivo, we investigated the effect of Ac-PPP-tet on fluid
accumulation in the rabbit ileum caused by the direct injection
of Stx2. The rabbit ileal loop system is highly valid for evalu-
ating the toxicity of Stx2 produced in the intestine after infec-
tion. We also examined the localization of the tetravalent pep-
tide and Stx2 in the intact rabbit ileum, cultured ileal
specimens, and Caco-2 intestinal epithelial cells. Our results
reveal that Ac-PPP-tet functions as a potent Stx2 neutralizer in
the intestine by altering the intracellular transport of Stx2 in
epithelial cells.

MATERIALS AND METHODS

Materials. Recombinant Stx2 (21) and cholera toxin (34) were prepared ac-
cording to published methods. Ac-PPP-tet and biotin-PPP-tet were prepared as
described previously (20). Streptavidin-Alexa 488 was obtained from Invitrogen
(Carlsbad, CA). Anti-Stx1 and anti-Stx2 mouse monoclonal IgG was obtained
from Toxin Technology, Inc. (Sarasota, FL). Japanese white rabbits were ob-
tained from Japan SLC (Shizuoka, Japan). The WST-1 cell counting kit was
obtained from Wako Pure Industries (Osaka, Japan). Mouse anti-GM130 IgG
monoclonal antibody was purchased from BD Biosciences PharMingen (San
Diego, CA), and mouse anti-Hsp47 monoclonal antibody was purchased from
StressGen (San Diego, CA). Rabbit anti-Stx2 antiserum was provided by S.
Yamasaki (Osaka Prefecture University, Japan). Stx2 conjugated with Alexa
Fluor 488 at the amino groups, as well as Ac-PPP-tet conjugated with Alexa
Fluor 555 at the single carboxyl group, was prepared using the Alexa Fluor
protein-labeling kit (Invitrogen).

Cell culture. Caco-2 cells were obtained from the American Type Culture
Collection (Manassas, VA) and were maintained in Dulbecco’s modified essen-
tial medium (Invitrogen) supplemented with 10% fetal bovine serum, 100 U/ml
penicillin, 100 pg/ml streptomycin, and 25 pg/ml amphotericin B. Caco-2 cells
were plated at a density of approximately 10° cells/ml, grown to confluence for 3

days, treated with 2 mM butyric acid sodium salt for 4 days, and then used for

experiments.

Measurement of fluid accumulation. Fluid accumulation induced by Stx2 in
rabbit ileal loops was examined as described previously (8, 9). Conventional
Japanese white rabbits (1.5 to 2 kg) were subjected to fasting for 18 h before
surgery. Rabbits were anesthetized with thiopental sodium, and the intestines
were exteriorized through a midline incision. In each loop, 8 to 10 segments
(about 10 cm each) were ligated. One milliliter of saline or a solution of Stx2 (10
wg/ml saline) and a dose of the peptide compound were simultaneously injected
into the loop. Cholera toxin (500 ng/ml saline in a 1-ml volume) served as a
positive control. Eighteen hours after injection, rabbits were killed and the loops
were excised. The ratio of the weight of the fluid-containing loop to the length of
the loop (the fluid accumulation ratio, expressed in grams per centimeter) was
calculated.

Intestinal histopathology. A portion of the ileal loop prepared as described
above was removed, washed with cold phosphate-buffered saline (PBS), and
immediately fixed with 4% paraformaldehyde in PBS. The tissue was then em-
bedded in paraffin, sectioned, and stained with hematoxylin and eosin.

Preparation of freshly isolated ileal blocks. Fasting rabbits were anesthetized,
and the ilea were exteriorized as described above. Small blocks (about 0.8 by 0.8
by 0.2 cm) containing the intestinal villi were collected from the ilea, washed with
PBS, and cultured in a 24-well plate in Dulbecco’s modified essential medium
supplemented with 10% fetal bovine serum. After a 1-h incubation of the blocks
with Stx2 (10 wg/ml) and/or biotin-PPP-tet (1.4 mM), the blocks were fixed with
4% paraformaldehyde, embedded in paraffin, and sectioned. The sections were
then stained with hematoxylin and eosin.

Localization of biotin-PPP-tet in the ileum. Sections obtained from the em-
bedded specimens were deparaffinized, and the endogenous peroxidase activities
were blocked by incubating sections in a hydrogen peroxide solution for 20 min.
Biotin-PPP-tet was detected with streptavidin-Alexa 488.

INFECT. IMMUN,

Immunocytochemical staining, Sections prepared from ileal blocks were
deparaffinized, and endogenous peroxidase activities were blocked with a 20-min
incubation in a hydrogen peroxide solution. For $tx2 immunostaining, sections
were treated with blockase (DS Pharma Biomedical Co., Ltd., Osaka, Japan) for
30 min and then incubated with mouse monoclonal anti-Stx IgG (1 ug/ml) for3h
at room temperature. The sections were then treated with anti-mouse IgG-
tetramethyl rhodamine isocyanate for 1.5 h at room temperature.

Cytotoxicity assay. Caco-2 cells grown in a 96-well plate were treated with St2
(100 pg/ml) in the absence or presence of Ac-PPP-tet for 48 h. The relative
number of living cells was then determined using a WST-1 cell counting kit
according to the manufacturer’s instructions.

Intracellular localization of Stx2 and Ac-PPP-tet. Caco-2 cells grown in a
glass-base dish (35 mm in diameter) were treated with Alexa Fluor 488-labeled
Stx2 (1 pg/ml) in the absence or presence of Alexa Fluor 555-labeled Ac-PPP-tet
(16 pM) for 1 h at 4°C. The cells were then washed, incubated for the indicated
time at 37°C, and analyzed by confocal laser scanning microscopy with an in-
strument from Olympus (Melville, NY). To examine the colocalization of Stx2
with a Golgi apparatus marker or an ER marker, we exposed Caco-2 cells to Stx2
(1 pg/ml) in the absence or presence of Ac-PPP-tet (49 uM) for 1 at 37°C and
then fixed the cells with 3% paraformaldehyde. Stx2 immunostaining was carried
out by successively incubating cells with rabbit anti-Stx2 polyclonal antibody and
Alexa Fluor 488-labeled goat anti-rabbit IgG. Immunostaining for GM130, 2
Golgi apparatus marker, was performed using mouse anti-GM130 IgG mono-
clonal antibody and Alexa Fluor 546-labeled goat anti-mouse IgG. Immunostain-
ing for Hsp47, an ER marker, was performed using mouse anti-Hsp47 mono-
clonal antibody and Alexa Fluor 546-labeled goat anti-mouse IgG.

To examine the complex formation by Ac-PPP-tet and Stx2 in Caco-2 cells, the
cells were treated with Alexa Fluor 555-labeled Ac-PPP-tet (16 pM) for 30 min
at 37°C. The cells were then washed and further incubated for 30 min at 37°C.
The cells were cultured for 30 min in the presence or absence of Alexa Fluor
488-labeled Stx2 (1 pg/ml) and analyzed by confocal scanning microscopy.

RESULTS

Tetravalent peptides inhibit Stx2-induced fluid accumula-
tion in the rabbit ileum. First, we examined the effect of Ac-
PPP-tet (Fig. 1A) on fluid accumulation in the rabbit ileal loop
caused by the direct injection of Stx2. Treatment with Stx2
induced marked fluid accumulation and bleeding, both of
which reflect toxicity to ileum epithelial cells (Fig. 1B and C).
The positive control, cholera toxin, also induced fluid accumu-
lation. Coadministration of a high dose of Ac-PPP-tet (1.6 or
4.9 wmol) with Stx2 completely inhibited fluid accumulation,
though coadministration of a low dose of Ac-PPP-tet (0.16 or
0.49 pmol) had less effect (Fig. 1B, C, and D). Biotin-PPP-tet
had an inhibitory effect similar to that of Ac-PPP-tet (Fig. 1C),
showing that biotin substitution for the acetyl groups at the
amino termini of the tetravalent peptide does not alter activity
against Stx2. Fluid accumulation levels in ileal segments
treated with saline and those treated with either tetravalent
peptide alone were comparable.

Histological analyses were performed on the ileum speci-
mens used as described above to determine the effect of Ac-
PPP-tet - or biotin-PPP-tet on Stx2-induced pathological
changes. Stx2 treatment was associated with severe ileal dam-
age, particularly the extensive loss and degeneration of intes-
tinal villi. Consistent with the ability of the tetravalent peptides
to inhibit fluid accumulation, coadministration of Ac-PPP-tet
or biotin-PPP-tet with Stx2 markedly reduced this damage
(Fig. 2A). No damage was observed in ileal segments treated
with saline or either tetravalent peptide alone (data not
shown).

Analysis of the localization of biotin-PPP-tet by using
streptavidin-Alexa 488 revealed that, in the presence of Stx2,
biotin-PPP-tet efficiently accumulated mainly in the ileal epi-
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FIG. 1. Tetravalent peptides inhibit Stx2-induced fluid accumulation in the rabbit ileal loop. (A) Structure of Ac-PPP-tet. Me, methyl. (B and
C) Ileal loops were treated as indicated below and were excised after 18 h. (B) Segment treatments: 1, saline; 2, Stx2 (10 pg); 3, Stx2 (10 pg) and
Ac-PPP-tet (1.6 pmol); 4, Stx2 (10 ug) and Ac-PPP-tet (0.49 wmol); 5, Stx2 (10 pg) and Ac-PPP-tet (0.16 pmol); 6, Ac-PPP-tet (1.6 wmol); 7,
saline; and 8, cholera toxin (500 ng). (C) Segment treatments: 1, saline; 2, Stx2 (10 pg); 3, Stx2 (10 pg) and Ac-PPP-tet (1.6 pmol); 4, Stx2 (10
pg) and Ac-PPP-tet (4.9 wmol); 5, Ac-PPP-tet (1.6 wmol); 6, Stx2 (10 pg) and biotin-PPP-tet (1.4 pmol); 7, Stx2 (10 pg) and biotin-PPP-tet (4.3
wmol); 8, biotin-PPP-tet (1.4 wmol); and 9, cholera toxin (500 ng). (D) Effect of Ac-PPP-tet on Stx2-induced fluid accumulation in ileal loops. Ileal
loops were treated as indicated, and fluid accumulation ratios were determined. Values are means * standard errors of three determinations. *,
P < 0.01 for comparison to control, and #*, P < 0.05 for comparison to treatment with Stx2 alone by an unpaired ¢ test.

thelial cells rather than in the lamina propria. Much less ac-
cumulation of biotin-PPP-tet was observed in the absence of
Stx2 (Fig. 2B). Previous in vitro studies by our laboratory have
shown that both Ac-PPP-tet and biotin-PPP-tet (data not
shown) form complexes with Stx2 and that these complexes are
incorporated into Vero cells (20). This finding, taken with the
present results, suggests that in the ileum the tetravalent pep-
tides and Stx2 form complexes that are incorporated into and
accumulate in ileal epithelial cells. .

Tetravalent peptides accumulate in ileal epithelial cells only
in the presence of Stx2. To understand whether tetravalent
peptides may form complexes with Stx2 in ileal epithelial cells,
we investigated the colocalization of biotin-PPP-tet and Stx2 by
using freshly isolated ileum blocks cultured in medium. After a
1-h incubation of the ileum blocks with Stx2, no pathological
changes were observed (Fig. 3A), indicating that this incuba-
tion time is suitable for examining the distribution of Stx2 in

Saline Stx2

A

Ac-PPP-tet

B biotin-PPP.tet tissues in the absence of any tissue damage. A 1-h incubation
- with biotin-PPP-tet and Stx2, but not biotin-PPP-tet alone,

» ‘ Stx2 ; induced marked accumulation of the peptide in ileal epithelial

saline W () cells (Fig. 3B), consistent with the Stx2-dependent accumula-

tion of biotin-PPP-tet in the ileum described above. Immuno-
histochemical analysis using a Stx2-specific antibody confirmed
that, after this time, Stx2 was incorporated into the villi,
primarily the ileal epithelial cells lining the villi (Fig. 3C,
panels a and b). In blocks treated with Stx2 and biotin-PPP-
tet, the localization pattern of Stx2 merged well with that of

FIG. 2. Effect of Ac-PPP-tet on Stx2-induced ileal damage.
(A) Hematoxylin and eosin staining of sections from the ileal loop
subjected to the following treatments: a, saline; b, Stx2 (10 pg); ¢,
Stx2 (10 ng) and Ac-PPP-tet (1.6 pmol); and d, Stx2 (10 wg) and
biotin-PPP-tet (1.4 pmol). (B) Localization of biotin-PPP-tet in the
ileal mucosa by using streptavidin-Alexa 488. The ileal loop was
subjected to the following treatments: a, saline; b, Stx2 (10 pg) and
biotin-PPP-tet (1.4 pmol); and c, biotin-PPP-tet (1.4 p.mol).

biotin-PPP-tet, suggesting that tetravalent peptides do in
fact form complexes with Stx2 in ileal epithelial cells (Fig.
3C, panel c).

Tetravalent peptides inhibit Stx2 cytotoxicity by inducing
aberrant cellular transport of Stx2 in epithelial cells. To de-
termine the precise mechanism by which tetravalent peptides



