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Development of Carbosilane dendrimer—Carbohydrate Composite Materials
: Application for Neutralizer of Vero Toxin producing £. Coli

WEERE, ARFETER]. K
Ken HATANO, Koji MATSUOKA and Daiyo TERUNUMA

Carbosilane dendrimer periphery bearing globotiaose were synthesized by Sn2 reaction of
thiolate anion at aglycon of globotriaose and brominated carbosilane dendrimer. Binding assay of tree
shapes of carbosilane dendrimers [Fan(0)3, Dumbbell(1)6 and Ball(1)12] were carried out. Vero toxin
classified into two closely related subgroups, Stx1 and Stx2. Dumbbell(1)6 and Ball(1)12 markedly
inhibited the cytotoxic activity of both Stx1 (0.22 and 0.16 pg/ml respectively) and Stx2 (2.3 and 1.3 pg/ml,
respectively) toward Vero cells; whereas the ICs0 of Fan(0)3 was more than 100 pg/ml. The result of the
binding assay of these toxins suggested that Dumbbell(1)6 and Ball(1)12 bind to both Stx1 and Stx2 with
high affinities. Furthermore, inhibitory effects of these dendrimers on the lethality of intravenously
administered Stx2 in mice were investigated. Dumbbell(1)6 completely suppressed the lethal effect of
Stx2 when administered along with the toxin. The dendrimer treated mice survived more than 2 months

without any pathological symptoms.
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Fig. 1 View of showing frame a format of Vero toxin.
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Fig.2 Structure of globotriaosyl ceramide.
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dendrimer.
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Scheme 2 Synthesis of Dumbbell(1)6.
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Fig. 3 Structure and molecular

Dumbbell(1)6 and Ball(1)12.
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Fig. 4 Docking model of Dumbbell(1)6 and B subunit.
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Table 1. Binding assay of SUPER TWING for Vero toxin
(ICsp: pg/mL).

Fan(0)3 | Dumbbell(1)6 | Ball(1)12
Stx1 43 0.22 0.16
Stx2 >100 2.3 1.3

MNEIZEMEZREHZ T 5 X e ERICIT Stxl BIW
Stx2 LAEFLEIND 2FENH Y | KT Stx2 [ XFR
ERZTRT, Lid> T, Stx2 ISk 55V g
M2 R TEAORBENEEN TS, £7 . SUPER
TWIG; Fan(0)3, Dumbbell(1)6, Ball(1)12, ®-X &
BRI T DREABLEIEERER (in vitro) OFER%
# 112”7, Fan(0)3 1 Stx1 35 X O Stx2 iz zh iR
MK <. Dumbbell(1)6 ¥ X O Ball(1)12 1320 R 235
WZENRTERNS, $RlZ, Stx2 125 220 RI0HE
H9 % &, Fan(0)3 @ ICs01% 100 LA ETH Y N1 5
FHMICZED Fan(0)3 B’ ETHDHZ L &R LT
W5, ZHUZ% LT Dumbbell(1)6 3 X O Ball(1)12
D ICs0 1%, ZNEh 2.3 BLU 1.3 LIZIFR%DOE
W AR L, & 512 Fan(0)3 O ZFNICH~S & 2
Hi/NSWZ &3 note, ZiLH D ICs D%, [E
P, INFTHEINTOWDEIRI—HD5WET v
RU~—%fks LTY oR e e Lz ey
D ICs0 & Il % Z &1d, ENENDOMZETHEM L
TN D Rl 7 108 B 7 2 72 3D i 7 Bk IR IR B C
HON, WTHLHIZEREOE LR D, Lo
L. 2RO TICHE SN TWDEIRY ~—FICERH
L LIALEWIE, in vivo TORu FEHE PRGN 2R
LTWeholz,

4 B 45 7= . Fan(0)3, Dumbbell(1)6, & X O
Ball(1)12 #h FnicHonW T #H#E & SUPER
TWIG % FRIRfIC~ U AT 2 EREITTo T2, £
DFER %K 21277, Fan(0)3 13 in vitro DFER NS
Ly ENnNEBY, arybe— v RELIFEA
ERICHERTH 72, —JF. Dumbbell(1)6 |LX
THRWHRFITEEZ R L, T X TO~Y T R EERITHK

43

M ARERE S 2, IRk REEE AT DY
B ERITS L TR RERET S5 L2 RN
LEEm#IOBITHD, L, RAEERZ LI
Dumbbell(1)6 & [F%5LL > ICs0 %71 L 7= Ball(1)12
X1 HREEEDOIEMNFILH D ODOFHNHFFIZhE L
MREIpno Tz,

Table 2. Neutralization test (in vivo) of Vero toxin utilized

SUPER TWIG."

Fan(0)3 Dumbbell(1)6 | Ball(1)12
Dead within Alive over | Dead within
4 days 2 months 5 days

" Intravenous injection of the each dendrimer together with E. coli
on mice. All of control mice were dead within 4 days

Fan(0)3 OZhEBMENZ &30 TV A AR/ hEnZ
EMBEHE L TEZOINDN, In vitro T ICs0 23F
IZ[F1% ® Dumbbell(1)6 & Ball(1)12 O IZZE L4
ROFEWDIFBLT HBH T 60T,

ik, NemBofhfifERICH L TRy T
TR —OBENRVNEELEX D2 2R 5
MWETHZ EnHkTZ, BT, in vivo THRWIEMEE
IRTZ LDy o 72 Dumbbell(1)6 DOEERK E LT
DR ZRET D720, RERSVERKRFEHR - &
ZELIRBE L TR HBRIE RS~y 22
W, % 3 B ES 4 A Dumbbell(1)6 O #¢
H552iTol, TOREHR, 2 he—~U XX 14 H
BIZT R TIHIZE > 7270 Dumbbell(1)6 Z#&5-L7-
VU AT RTAERFLET S LB ahol, 20
FE L Dumbbell(1)6 7312 FR R Y14 D IRREK &
LTHEMTHDHZ EERLTND,

3. £&¥

BT A FALLOBENDHRNUE, DIVRY T
TV R =T EOWE T, RSN TR
WREEZ AL, AR ES Tbd D, o, v
R TZ Ty R =—320H A X, BRE LUK
IHE RE R BTEICTERTRE Ch 5, 7 m AR =
FANKRL T o7 R) =2 FZERICERGLE LT
R 2720121, ZoR fHEEI LR T 0T
¥ R~ —DAEENTOEE) R LEEEIC oW



HANRL T T o R)~— FEREE MBI ORI —RIBEO15TORE T 5\ ma & fnA ~DISH— 44

TORBERFAENLETIIS D0, SRIOMIEIZ L
D Bz 72 EAIBRFE~DEAR 2 2T FO—2 %
ELE-bDEEZTND,

—J, wilt, Fx OFEHEBERNTEED 50T
AV ADREYAERIC B W TR DB e
ERIZLTCWDZEBRHLNIENSOH D, LT
Do T, DIVKRYT T R ~—id, TOKRMIIZ
BEREVEREBH Z FF T D 2 itk » T, E LT 55
KOOIV ANREIYA X - R EEZEGHM
PG 27200k LT, e S 5
FHBLE N OENIMBTHL LB DI, 5
DFEVRHFIND,

HEE

ARUFFRITHEREAA B LR, BlRoLE (o) #Bdzo
RETHODONE Lz, Z 210 L TUESE L £,
AHFFRILTRL 1 4 D B JEAE 57 B2 Je i Bh
& (B Sen R BT e S ) 2 ) CIENLE
BREFE o Z —WFEETE R A4 R | SR,
i EAEEL, X7 T Y (K #E. F
ol EDFLFEMIEE LCHEisNE LT, 7
AEHWDLEREITS CTHEE LERBENIER K,
BLW HIRIRMBELET, 2 0ZHE L
BREDNVEY T TV R ~—OEEIRREICET
LEMEAE L CHE E LoRrEREE () BINEES
. IARIAARICEH B L £ 77, A2 HedE 5
DIZHTED, WL W EE LB ERFERE
BEtd % 8 - ATHTERFR O PGS I T2 L E T,
F 72 ALK 16— 18 4EFE B TR ER A Ferk
WAFgE 7 1Y = 7 MliBh & & kRIS = T EEM L
THEY ET,

BE R
1)  a)E. Stein, A. Boodhoo, G. J. Tyrrell, J. L Brunton,
and R. J. Read, Nature, 355, 748; 1992. b) H. Ling,
A. Boodhoo, B. Hazes, M. D. Cummings, G. D.
Armstrong, J. L. Brunton, and R. J. Read,
Biochemistry, 37, 1777, 1998
2)  A. Kiarash, B. Boyd, and C. A. Lingwood, J. Biol.

Chem., 269, 11138, 1994; b) B. Boyd, G

3)

4)

5)

6)

7)

8)

Magnusson, Z. Zhiuyan, and C. A. Lingwood, Eur.
J. Biochem., 223, 873, 1994

C. Lee, R. R. Townsend, M. R. Hardy, J. Lénngren,
J. Arnarp, M. Haraldsson, H. Lonn, J. Biol. Chem.,
258, 199, 1983

G. D. Armstrong, E. Fodor, and R. Vanmaele, J.
Infect. Dis., 164, 1160, 1991; b) Y. Nishida, H.
Dohi, H. Uzawa, and K. Kobayashi, Tetrahedron
Lett., 39, 8681, 1998; c¢) H. Dohi, Y. Nishida, M.
Mizuno, M. Shinkai, T. Kobayashi, T. Takeda, H.
Uzawa, and K. Kobayashi, Bioorg. Med. Chem., 7,
2053, 1999; d) P. 1. Kitov, J. M Sadowska, G
Mulvey, G. D. Armstrong, H. Ling, N. S. Pannu, R.
J. Read, and D. R. Bundle, Nature, 403, 669, 2000;
e) G. L. Mulvey, P. Marcato, P. I. Kitov, J. M
Sadowska, D. R. Bundle, and G. D. Armstrong, J.
Infect. Dis., 187, 640, 2003

a) Zeng and S. C.Zimmerman, Chem.Rev., 97, 1681,
1997; b) K. Lorenz, D. Holter, B. Stuhn, R.
Mulhhaupt, and H. Frey, Adv. Mater.,8, No.5, 414,
1996; c¢) THFER, HIREEE, W, @
g =, FARK, B¥dEe, TARE, BE
K. A2 FimXZE. 60,561,2003

a) D. A. Tomaria, H. Baker, J. Dewald, M. Hall, G.
Kallos, S. Martin, J. Roeck, J. Ryder, and P. Smith,
Polym. J., 17, 117, 1985; b) K. Aoi, K. Itoh, M.
Okada, Macromolecules, 28, 5391, 1995

a) K. Matsuoka, M. Terabatake, Y. Esumi, D.
Terunuma, and H. Kuzuhara, Tetrahedron Lett., 40,
7839, 1999; b) K. Matsuoka, H. Kurosawa, Y.
Esumi, D.
Carbohydrate Res. 329, 765, 2000; ¢) PR K5,
ARG E], WEEF R, 21 HALOAHES A Fib
¥ —HEEMEYEORFOER -, — T A
—HR, 258, 2004

Nishikawa, K. Matsuoka, E. Kita, N. Okabe, M.

Terunuma, and H. Kuzuhara,

Mizuguchi, K. Hino, S.Miyazawa, C. Yamasaki, J.
Aoki, S. Takashima, Y. Yamakawa, M. Nishijima,
D. Terunuma, H. Kuzuhara, Y. Natori, PNAS, 99,
7669, 2002





