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Synthetic study of novel neuraminidase inhibitors (I) (Faculty of Engineering,
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HATANO, Ken; TERUNUMA, Daiyo; MATSUOKA, Koji
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Structural Analysis of the Interactions between Gb;-Containing Linear Polymers
That Neutralize Shiga Toxins and the Toxin B-Subunits

Miho Watanabe*, Kiyotaka Nishikawa*' **, Koji Matsuoka***, Daiyo Terunuma***, OYasuhiro Natori*
*International Medical Center of Japan, **PRESTO, ***Saitama University

Shiga toxin (Stx), the major virulence factor of enterchemorhagic E. coli, has a ABs holotoxin molecular
structure.  Stx binds via its B-subunit pentamer to the functional cell-surface receptor, globotriaosyl ceramide
(Gbs; Gala(1-4)-Galp(1-4)-Glep 1-ceramide). Highly selective and potent binding of Stx to Gbs is attributed to
the multiple interactions of the B-subunit pentamer with the trisaccharide moiety of Gb;. Three binding sites to
the trisaccharide are identified on each B-subunit, so that potentially 15 Gb; molecules could bind to the
pentameric B-subunit.

Several Stx neutralizers in which the trisaccharide moiety of Gby is combined with various core structures
in multiple ways have been reported so far. We previously demonstrated that linear polymers of acrylamide
with branches that consist of spacers and the trisaccharides at their termini (Gb;-polymers) are potent Stx-
neutralizers (Watanabe et af, J Infect Dis 189:360, 2004). The Gbs-polymers specifically bound to Stx with
high affinity, abolished its cytotoxicity in culture, and reduced the lethality of E. cofi O157:H7 toward mice
when orally administered after the establishment of the infection.

In the present study, we analyzed the essential structure of the Gb;-polymers for their binding to Stx using
the polymers with different density of the trisaccharide and different length of spacer between polyacrylamide
chain and the trisaccharide moiety. In addition, we also analyzed the binding site of Gbs-polymers on Stx using
recombinant Stx B-subunit mutants designed to specifically and individually inactivate the three trisaccharide
binding sites. For the analysis of the binding, we prepared histidine-tagged, wild type and mutant B-subunits of
Stxl and Stx2 (Stx1B and Stx2B), immobilized each of them on a Ni-fixed sensor chip, and measured the
binding of Gb;-polymers to the sensor chips by BlAcore system.

All types of Gbs-polymers similarly bound to wild type Stx1B. In contrast, the binding affinity of Gb;-
polymers to wild type Stx2B was dependent on the trisaccharide density and the length of the spacers: a decrease
of the density by a twelfth caused an increase of Kp value by ten times, and shortening of the spacer resulted in a
hundred times higher Kp value. These results suggest that the interaction of Gbs-polymers with Stx1B is
different from that with Stx2B.

Then we tested the binding of Gbs-polymers to Stx1B and Stx2B mutants. Gbs-polymers bound to Stx1B
mutants altered at sites | or site 3 similarly to wild Stx1B, whereas their binding to site 2 mutants of Stx1B was
weak, especially in the case of the polymers with less density of the trisaccharide. In addition, Gbs-polymers
bound to a double mutant at site 1/site 3, in which only site 2 is intact, with wild type affinity. These results
indicate that site 2 plays a central role for the binding of Gb;-polymers to Stx1B. The importance of site 2 of
Stx1B for binding to Gb; and some trisaccharide-containing Stx neutralizers has been suggested so far.  On the
other hand, Gb;-polymers strongly bound to site 2 mutants of Stx2B, but not to site | nor site 3 mutants, when
the trisaccharide density was low. These results indicate that site 2 has little effect on the binding of Ghbs-
polymers to Stx2B.

Based on these observations, we conclude that the essential structure of Gbs-polymers for neutralizing Stx2
is different from that for neutralizing Stx1, and that their binding sites on the toxins are also different. For the
development of better Stx-neutralizers and absorbents for clinical use, it would be necessary to study their
interactions with Stx2, the subtype clinically more relevant than Stx1.
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1) D.Terunuma, et al., Chem. Lett., pp. 59 (1998).

2) K Matsuoka, et al., Bull. Chem. Soc. Jpn., 71, 2709 (1998).

3) H.Ling, et al., Biochemistry, 37, 1777 (1998).

4) K. Nishikawa, et al, Proc. Natl. Acad. Sci. USA, 99,7669 (2002).
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Conference Abstracts

sulfate and heparan sulfate-derived disaccharides were determined from
Drosophila. It is very interesting that the profiles of disaccharides generated
by chondroitinase treatment of Drosophila material resemble those
generated from treatment of human bikunin, a blood plasma protein
comnponent of the inter-alpha-trypsin inhibitor family. Heparin lyases
treatment of glycosaminoglycans from Drosophila released unsaturated
disaccharides bearing N-, 2-O- and 6-O-sulfated species, including mono-,
di- and tri-sulfated forms like vertebrates. Further examinations revealed
that Drosophila showed tissue- and stage- specific modifications of
glycosaminoglycans. Therefore, Drosophila has been recognized as a useful
model organism for the structural and functional study on
glycosaminoglycans/proteoglycans. The next question for us to consider is
to determine whether Drosophila could provide a model system for the
other glycoconjugates. In this study, we established a sensitive method for
compositional analysis of amino and newtral sugars in very small amount of
Drosophila. Ten flies were applied to pretreatment procedure, then, under
one tenth of the materials were loaded ontoe a HPLC system for
monosaccharide determination. We found that the monosaccharide
compositions of Drosophila glycoconjugates mainly consist of GalN, GleN,
Fue, Gal, Man and Xyl as vertebrate systems. Furthermore, we are planning
to try micro-determination of N-linked oligosaccharides in Dresophila for
the investigation of functional glycomics using this excellent model
Crganism.

(499) Analysis of Glycosaminoglycan Oligosaccharides by Ion-Spray
Mass Spectrometry
Kaoru Kojima'?, Atsushi Ken', Ikuko Kakizaki', Yoshiaki Kudo' and
Keiichi Takagaki'

{1] Department of Biochemistry, Hirosaki University School of Medicine, §
Zaifu-cho, Hirosaki 036-8562, Japan, {2] KUSHIRO Research Laboratory,
KAKUHIRO Co.Ltd, 13-1 Otanoshike, Kushire 084-091 7, Japan.
Proteoglycan, a complex glycoconjugate that is composed of core protein
and glycosaminoglycan (GAG) chains, are major compornent of
extracellular matrix. It is known that GAG has various important
physiological and pathological functions including cell migration,
morphogenesis, inflammation, and wound healing. GAGs are sulfated
polysaccharides made of repeating uronyl-N-acetylhexsosamine
disaccharide units. The length and sulfation pattern of GAG are different in
each kind of cell, reflecting the diversities of PG functions. Therefore, exact
determination of molecular length and extent of sulfation are crucial for the
elucidation of GAG functions. Recently, it has been reported that ion-spray
mass spectrometry is useful tool for structural analysis of hyaluronan
oligosaccharides (4-52 mer). In this study, we have applied ion-spray mass
spectrometry for analysis of GAG including hyaluronan and chondroitin 6-
sulfate oligosaccharides. GAG oligosaccharides were prepared by enzyme
digestion with testicular hyaluronidase, followed by purification utilizing
HPLC (Polyamin-II column). Each oligosaccharide with various molecular
weights was applied to quadrupole mass spectrometer equipped with an
atmospheric-pressure jonization source (API-100 and 300, PE-SCIEX). All
mass spectra of each oligosaccharides were infused into ionization probe
and operated in the negative ion mode. A@As a results, the molecular
weight of each hyaluronan oligosaccharide, determined by ion-spray mass
spectrometry, coincides with their theoretical mass, and up to 142-mer was
applicable to this method. Furthermore, chondroitin  G-sulfate
oligosaccharide was labeled with 2-aminopyridine to elucidate its structure
and subjected to MS/MS analysis. The presence of the suflate residue was
confirmed and its binding site was also exacily determined, Therefore, these
results strongly indicated that analysis by ion-spray mass spectrometry is

useful method for the structural determination of GAG oligosaccharides.

(500) Synthesis and Biological Evaluation of Glycopolymer as Shiga
toxin Neutralizer .

Koji Matsuoka', Atsushi Miyagawa', Kiyotaka NishikawaZ, Miho
Watanabe®, Yasuhiro Natori?, Eiji Kita’, Tetsuo Koyama', Ken Hatano' and
Daiyo Terunuma'

{1] Dept. Funcrional Materials Sci., Saitama Univ., Saitama 337-8570,
Japan, {2] Depr, Clin. Pharmacol., Res. Inst., International Med. Cent. Jpn,
Tokvo 162-8653, Japan, [3] Dept. Bacteriol., Nara Med. Univ., Nara 634-
8521, Japan.

Oligosaccharide chains in glycoconjugates such as glycoproteins,
glycolipids, and proteoglycans play an important role in biological systems.
Globotriaosyl ceramide (Gb3: Galal-4Galal-4Glef1-Cer), one of the
major glycolipids, is known as a carbohydrate-based receptor for Shiga
toxins (Stxs), which are produced by Shiga toxin producing Escherichia
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coli (STEC) O157:H7, Stas are belonging to bacterial ABS toxin families
and are classified into Stx1 and Stx2. The toxins have a number of binding
sites in the holotoxin, therefore, the toxin displays multivalency. As to
enhancement of week binding efficiency between Gb3--Stx by means of
sugar cluster effect, we had reported design and synthesis of a new class of
glycodendrimers as the toxin neutralizer '* and demonstrated those potential
activities against both Stxs in vitro as well as vivo ®. One of the
glycodendrimers having six trisaccharide moieties of Gb3 and appropriate
spacer length from the branching point of the dendritic core scaffold
showed complete neutralization potency both Stxs, and rescue of mice
infected by native E. coli O157:H7. These results strongly suggested that
multivalent-type globotriaosyl residues and topologically controlled
positions of the sugar residues were key factor, In this paper, we describe
the synthetic approach for construction of different type of glycocluster as a
potential Stx neutralizer and their biological responses against Stxs as wel]
as £. coli O157:H7. In brief, glycopolymers having lactosyl or globotriaosyl
residue as the carbohydrate receptor for Stxs were prepared via usual radial
polymerization protocol from slightly modified carbohydrate monomers,
respectively”. Since these glycopolymers showed efficient solubility in
water, biological activities of the polymers for a couple of Stxs were
evaluated in homogeneous conditions. The results of the giycopolymers--
Stxs interaction in vitro showed high binding affinity and strong inhibitory
potency of eytotoxic activities of the toxins. In addition, oral administration
of the glycopolymers into mice was tested after infection by E. coli
O157:H7". These results will also be presented. References 1) K.
Matsuoka, et al., Tetrahedron Lett., 40 {1999) 7839-7842. 2) K. Nishikawa,
et al,, Proc. Natl, Acad. Sci. USA, 99 (2002) 7669-7674. 3) A. Miyagawa,
et al., Carbohydr. Polym. (2004) in press. 4) M. Watanabe, et al., J. Infect.
Dis., 189 (2004) 360-368.

(501) Semisynthesis of Homogeneously Glycosylated Human

Interleukin-2
Yu-Ying, Yang, Thomas J., Tolbert and Chi-Huey Wong
The Department of Chemistry and Skaggs Institute for Chemical Biology,
The Scripps Research Institute, 10550 North Torrey Pines Road, La Jolla,
CA 92037, USA.
Human Interleukin-2 (IL-2), also known as T-cell growth factor, is a
powerful mediator in immune response. Purified human IL-2 derived from
healthy donors was found to exist in three major forms. Two of them were
glycosylated polypeptide species (16.5 kDa), in which their glycan
structures have been identified as NeuAc(£12-3)Gal(£]1-3)GalNAc and
NeuAc(£12-3)Gal{£]1-3)[NeuAc(£12-6)]GalNAc. The third major form
(14.5kDa} is unglycosylated and has been utilized to treat cancer patients
with metastatic melanoma and renal cell carcinoma. Several experimental
results have shown that modifying unglycosylated IL-2 with polar groups,
sugars for example, can significantly improve its solubility at neutral pH
and increase half-life time in plasma. These improved physical properties of
human IL-2, which may lead to low-dosage regimen in its clinical use, were
expected to be able to ameliorate the dose-related adverse effects happening
in those cancer patients administrated with unglycosylated [L-2. Qur
interest is to attach IL-2 protein fragment with its native sugars, and explore
their function in stimulating various immune cells. To this end, various
glycopeptide thioesters were synthesized and chemical native ligation was
employed to chemoselectively couple these synthetic glycopeptide
thicesters to the expressed protein IL-2 fragment. An established quantitive
IL-2 assay will be used to examine the bioactivities of these glycosylated
IL-2.

(502) Development of Methodelogy to Identify Cell-Surface
Glycoproteins
Vinita Marathe and Bruce.A Macher
San Francisco State University, 1600 Holloway Avenue, San Francisco, CA-
94132,
Cell surface proteins are important therapeutic targets and have been
exploited for targeted treatment in several diseases including cancer. Thus,
identification of cell surface proteins as therapeutic targets has been a prime
area of interest in the proteomics field. However, technical challenges have
hampered efforts to effectively isolate and identify cell surface proteins.
Numerous studies in the literature have shown that many cell surface
proteins are giycosylated, Therefore, a strategy integrating lectin affinity
chromatography into a proteomics approach for the identification of cell
surface proteins would seem to have merit, We present an initial assessment
of protocols that use a selection of lectins to enrich for membrane
glycoproteins that can be effectively coupled with protein identification via



Joint Meeting of the Soclety for Glycobiology and the Japanese Soclety of Carbohydrate Research

culture medium was assayed by ELISA. Production of T cell-derived [FN-
gamma was also strongly suppressed by treatment with mucin. Taken
together, there results suggest that mucins enhance the production of PGE2
from macrophages, leading to suppress Thi-related immune responses and
augment Th2-related immune responses.

(137) Heparan Sulfate Proteogiycans Interact with Neurocan and
Promote Neurite Outgrowth from Cerebellar Granule Cells
Yuki Hosoki', Kaoru Akira', Munetoyo Teda', Mizue Inoue!, Shinji
Fushiki®, Atsuhiko Oohira®, Minoru Okayama' and Hiroshi Nakada'

[1] Dept. biotechnology, Kyoto Sangyo Univ, [2] Departiment of Pathology
and Applied Newobiology, Kyoto Prefectural University of Medicine
Graduate School of Medical Science, [3] Institute for Develapmental

Research, Aichi Human Service Center.

It is known that syndecan-3 is a membrane bound heparan sulfate
proteoglycans (HSPG) and expressed on the growing axonal surface during
brain development. First, we performed a ligand overlay assay with
biotinylated soluble syndecan-3 to detect binding proteins for syndecan-3.
One of the binding proteins was purified from mouse brains and aralyzed
biochemically. Treatment of the binding protein with chondroitinase ABC
produced three molecular species exhibiting molecular weights of 260 kDa,
150 kDa and 130 kDa on SDS-PAGE. Sequence analysis of 260 kDa and
130 kDa components was revealed to be the same amino terminal sequence,
i.e. DQPTQDTTA, which coincided with that of newrecan, indicating that
these core proteins correspond to the whole molecule and the N-terminal
fragment of neurocan, respectively. The N-terminal amino acid sequence of
the 150 kDa core protein was LRAPKLWLP, which coincided with the N-
terminal sequence of the C-terminal fragment of neurocan. Next, we asked
whether neurocan could bind to other HSPGs or not. We tried to isolate
neurocan binding protein using neurocan-Sepharose. Eluates from
neurocan-Sepharose was subjected to SDS-PAGE before or after treatment
with heparitinase I followed by immunoblotting. The major core band with
62 kDa was revealed to be glypican-l by sequence analysis and
immunareactivity to anti-glypican-1 antibodies. It has been reported that
these HSPGs interact with some extracellular matrix components and these
interactions are probably involved in some biological functions such as cell
adhesion, cell migration and neurite outgrowth., Thus, we investigated
binding property between HSPGs and neurocan and its biological
significance. The binding of these HSPGs to neurocan was prevented by
treatment of these HSPGs with heparitinases [ and II, but not by treatment
of neurocan with chondroitinase ABC. Scatchard plot analysis indicated
that neurocan has two binding sites for these HSPGs with different
affinities. It is known that neurocan in the rodent brain is proteclytically
processed with age into N- and C-terminal fragments. When a mixture of
whole neurocan and N- and C-terminal fragiments prepared from neonatal
mouse brains or recombinant N- and C-terminal fragments were applied to a
hepatin column, the whole molecule and both the N- and C-terminal
fragments bound to heparin, Centrifugation cell adhesion assay indicated
that both the N- and C-terminal neurocan fragments could interact with
these HSPGs expressed on the cell surface. To examine the biological
significance of HSPGs-neurocan interaction, cerebellar granule cells
expressing these HSPGs were cultured on the recombinant neurocan
substrate. Prominent increase of neurite outgrowth was observed on the
wells coated with the C-terminal neurocan fragment, but not with the N-
terminal one. Neurite outgrowth-promoting activity was inhibited by pre-
treatment of neurocan substrate with heparin or addition of heparitinase |
into culture medium. These results suggest that HSPQs such as syndecan-3
and glypican-1 serve as the cell surface receptor of neurocan, and that the
interaction of these HSPGs with neurocan through its C-terminal domain is
involved in the promotion of neurite outgrowth*. * K. Akila et al. Biochem.
I, in press

{138) Synthesis and Property of Carbositane Dendrimers
Functionalizing Peripheral Mannose Moieties
Tomonori Mori'?, Ken Hatano!, Koji Matsuoka', Yasuaki Esuni®, Eric J,
Toone* and Daiyo Terunuma!

[1] Deparnment of Functional Materials Science, Saitama University, 2]
Japan Association for the Advancement of Medical Equipment, [3] The
Institute of Physical and Chemical Research (RIKEN), (4] Department of
Chemisnry, Duke University.

Mannose is one of the important component of N-glycans. In particular, the
N-glycan, highly accumulating mannose, is called high mannoss type.
Clustering peripheral mannose on carbosilane dendrimer would be able to
mimic the high mannose type N-glycan and the cell surface of HIV or
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bacteria. In our ongoing synthetic study of neoglycoconjugates (artificial
glycoconjugetes), synthetic assembly of carbohydrate moieties using
carbosilane dendrimers have been achieved using lactose, globotriaose,
sialyllactose, and so on. So we are described herein the preparation and
characterization of a series of carbosilane dendrimers carrying mannose and
its oligomeric derivatives, which have a-glycoside bond of the aglycon
moiety. Mannose monosaccharide derivative, 1-O-(3"-acetylthiopropyl)-D-
mannopyranose {Man), was synthesized by three steps reactions from D-
mannose; acetylation, l-allylation, and then thicacetylation of olefin
moiety. Mannose disaccharide derivative, 1-O-(3"-acetylthiopropyl)-2,4,6-
tri-O-acetyl-3-0-(2,3,4,6-tetra-O-acetyl-D-mannopyranosyl) D-
mannopyranose (Man-1,3-Man), was synthesized starting from D-mannose.
Bromo 2,3,4,6-tetra-O-acetyl-D-mannopyranose (Man-Br) was prepared
from D-mannose. This is the key compound for the disaccharide synthesis
because Man-Br itself was used as a glycosyl donor and 4,6-O-benzylidene-
1,2-O-ethylidene-D-mannopyranose was synthesized by three steps
treactions from Man-Br and used as a glycosyl acceptor of the mannose
disaccharide derivative. Protecting groups of this disaccharide derivative
were exchanged for acetyl group, Man-1,3-Man was synthesized after 1-
altylation and following thioacetylation of olefin moiety. Mannose
derivatives were introduced in carbosilane dendrimers of which generation
was the zero and first. The zero generation carbosilane dendrimer scaffolds,
which consist of Fan(0)3 type (three-branched) and Ball{C)4 type (four-
branched), were synthesized using triallylphenylsilane and tetraallylsilane
by following three steps reactions, hydroxylation, mesylation, and
bromination. On the other hand, the first generation carbosilane dendrimer
scaffold was prepared allylation of dichlorodimethylsilane, next
hydrositylation having the first generation skelton, following reactions were
the same as the zero generation carbosilane dendrimer scaffolds. This type
of dendrimer was named Dumbbell{1)6 type (six-branched).

Introduction of Man and Man-1,3-Man to carbosilane dendrimer scaffolds
were done on the condition of Zemplen's manner, that is, using sodium
methoxide/ methano!l and N.M-dimethyiformamide. As a result, six types of
carbosilane dendrimers were functionalized by acetyl-protected derivatives
of mannose or mannose disaccharide (Man-1,3-Man). Yields of the
introduction of mannose monosaccharide type carbosilane dendrimers were
62-76 %, and those of Man-1,3-Man were 30-35 %. Deprotected products
were synthesized by deacetylation using sodium methoxide/ methanol, then
saponification to afford comresponding carbosilane dendrimers having
peripheral mannose and mannose ‘disaccharide, and purificated by gel
filtration. All six types of carbosilane dendrimers functionalized peripheral
mannose moieties were synthesized and characterized by the measurements
of 'H and *C NMR, and high resolution mass spectrometry. NMR data
showed that the w-glycoside bond between the anomeric position of
mannose and the aglycon moiety is kept after the formation of carbosilane
dendrimer and deacetylation. Isothermal fitration calorimetry (ITC) was
done for assuming binding assay between carbosilane dendrimer and
concanavalin A (Con A). It was found that carbosilane dendrimers were
binding to Con A more than free mannose (Man-OMe) and mannose
disaccharide (Man-1,3-Man-OMe).

{139) An Endogenous Heparin-binding Growth Factor, Pleiotrophin,
Mediates Neuritogenic Activity of Embryonic Pig Brain-derived
Chondroitin Sulfate/Dermatan Sulfate Hybrid Chains Toward Mouse
Hippocampal Neurons in Culture
Xingfeng Bao', Tadahisa Mikami', Shuhei Yamada', Takashi Muramatsu™
and Kazuyuki Sugahara'

[1] Department of Bicchemistry, Kobe Pharmaceutical Univeristy, Kobe,
Japan, 2] Department of Health Science, Faculty of Psychological and
Physical Sciences, Aichi Gakuin University, Nisshin, Japan, [3]
Department of Biochemistry,

Nagora University School of Medicine, Nagoya, Japan.
Chondroitin sulfate/dermatan sulfate (CS/DS) chains, major heterogenous
polysaccharides of the extracellular matrix in the central nervous system,
play important roles in newronal cell adhesion, migration and neurite
formation (1,2). CS/DS hybrid chains purified from embryonic pig brains
(E-CS/DS) bind various growth factors and promote neurite outgrowth
toward cultured embryonic mouse hippocampal neurons (3). However, the
mechanism underlying the neuritogenic activity of the E-C8/DS chains is
poorly understood. Here, we show that pleiotrophin, a heparin-binding
growth factor, is the predominant binding partner for E-CS/DS in the
membrane-associated protein fraction of neonatal rat brain, and is produced
by the hippocampal cell culture system. Subfractions of E-CS/DS, separated
using a pleiotrophin-immebilized affinity column, exhibited distinct effects
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Synthesis of Carbosilane Dendrimers Having Periphéral Sialyllactosamine
Tomonori Mori'?, Ken Hatano', Koji Matsuoka', Yasuaki Esumi’,

, Kazuya Hidari*, Yasuo Suzuki®, and Daiyo Terunuma'

Department of Functional Materials Science, F. aculty of Engineering, Saitama
University, 255 Shimo-ohkubo, Sakurg-ku, Saitama 338-8570, zJapan Association for the
Advancement of Medical Equipment, *The Institution of Physical and Chemical Research

(RIKEN), and *Department of Biochemistry, University of Shizuoka School of

Pharmaceutical Sciences

Peripheral sialyllactosamine clustered on a carbosilane dendrimer would be able to be
developed as new potential anti-influenza drugs or influenza virus-trapping agents. It is
described herein the preparation and charactetization of a carbosilane dendrimer having
three peripheral sialyilactosamine moiety.
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syawotzﬁﬁﬁéﬁﬁb,%%?5:&K;D$¢m@%16:&ﬁﬂ6
nf‘/'\%o ﬁb@ﬁ%if\‘i\ ﬁl:\ T\/7l) )]/-37 }""Z%ﬁﬂ/lﬁt‘/‘ﬁ ‘/":-Jﬂ"“/' F-
Uv—tﬁ%éﬁ%ﬁ%ﬁﬁkéﬁé:tﬁg4y7w:y$74wzm%ﬁ%
HISBBY TR —-DEREFT>T )y ABRTUE. 42T T g
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[R-BR] N7EFL/) 4538 p-5s P—REREBELTY 7L
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(Scheme 1) ,
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1) K. Matsuoka, H. Oka, T. Koyama, Y. Esumi, and D, Terunuma, Tetrahedbon Lert, 42,
3327-30 (2001).
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Synthetic Studies of Carbosilane Dendrimers Functionalized with Sugar Moieties (VI)
Akihiro YAMADA, Ken HATANO, Koji MATSUOKA, Daiyo TERUNUMA, Yasuaki ESUMT’, Kazuya
HIDARP, Yasuo SUZUKP, Kiyotaka NISHIKAWA', Yasuhiro NATORI® (Department of Functional
Materials Science, Faculty of Engineering, Saitama University, 255 Shimo-ohkubo, Sakura-ku, Saitama
3388570, Japan; °The Institute of Physical and Chemical Research {(RIKEN); bDepan‘ment of
Biochemistry, University of Shizuoka School of Pharmaceutical Sciences; ‘Department of Clinical
Pharmacology, Research Institute, International Medical Center of Japan)

We have recently found that lactoneotetraose blocked the uptake of dengue virus. In the course
of our investigation, we have interested in the preparation of the carbosilane dendrimer having
lactoneotetraose derivative. The preparation and biological assay of carbosilane dendrimer
having lactoneotetraose derivatives will be discussed in this paper.

<HE>EE BEOY DEEEE L YR CRRI NS5 X F=3RAEE R ED . BA
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AVEL S T RY ¥ —RUROIRC S HEOFHENEETH S REOKENHS,
ZDB. AVERYI VT Ry TR THSEZSRILLA5S . Ehed2y AN -BE
OREBEESEIZB L 7= 7 BabpiF 2 F—F—THEETH Y Fil 2MERME L 122 = & S
HTED, =B By RITRIBER AL RL S o570 1Y YR OFRIZML invive Iz
BUTORGEEEEERT o L2 B LW AR TRFT I A VR L T2
EHRER LRSI hRrETF RS F—2 EERLAVKRY T 70 k) v—aptigir s
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Fig. 1 A Series of Carbosilane Dendrimers Functionalized with Sugar Maoisties
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1) K. Nishikawa, et al., Proc. Natl. Acad. Sci. USA, 99, 7669-7674, (2002).
2) K. Matsuoka, et af., Tetrahedron Lett., 40, 7839-7842, (1999).
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Scheme 1. Synthesis of L-aspartic acid derivatives.
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Scheme 2. Synthesis of N-acetylglucosamine derivatives.
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Synthetic Studies of Carbosilane Dendrimers Having Peripheral Sialyllactosamine

Tomonori MORI', Ken HATANO', Koji MATSUOKA', Yasuaki ESUMP, Kazuya HIDARI?, Yasuo SUZUKT',
and Daiyo TERUNUMA' ('Department of Functional Materials Science, Saitama University, 255
Shimo-ohkubo, Sakura-ku, Saitama 338-8570, Japan, “Japan Association for the Advancement of Medical
Equipment, *The Institute of Physical and Chemical Research (RIKEN), and “Department of Biochemistry,
University of Shizuoka School of Pharmaceutical Sciences)

'Tel and Fax: +81-48-858-3535, E-mail: unori@fms. saitama-u.ac.ip .
Key Word: carbosilane dendrimer/ glycocluster/ sialyllactosamine/ sialic acid/ thioacetate/ influenza virus
Abstract: The sialyllactosamine sequence, which composes of NeuSAc(a2—3or 6)Gal(B1—4)GlcNAc-, is
known as one of the receptor of hemagglutinin on the surface of the influenza virus. Peripheral
sialyflactosamine clustered on a carbosilane dendrimer would be able to be developed as new potential
anti-influenza drugs or influenza virus-trapping agents. It is described herein the preparation and
characterization of a carbosilane dendrimer having three peripheral sialyllactosamine moiety.
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Development of Verotoxin Neutralizer having Multivalent-type Carbohydrate Chains
Koji MATSUOKA', Atsushi MIYAGAWA', Ken HATANO', Daiyo TERUNUMA', Kiyotaka NISHIKAWA?,
Miho WATANABE?, Yasuhiro NATORF, and Eiji KITA® (' Dept. Functional Materials Sci., Saitama Univ.,
Saitama 338-8570, Japan, *Dept. Clin. Pharmacol., Res. Inst., International Med. Cent. Jpn., Tokyo 162-8655,
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'Phone & Fax: +81-48-858-3099, E-mail: koji@fms.saitama-u.ac.jp
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Abstract: We describe herein the synthetic approach for development of potential verotoxin neutralizer and
their biological responses against verotoxins as well as E. coli 0157:H7.  In brief, glycopolymers having
lactosyl or globotriaosyl residues as a receptor for verotoxin were prepared via usual radial polymerization
protocol from slightly modified carbohydrate monomers, respectively. Since these glycopolymers showed
efficient solubility in water, biological activities of the polymers for a couple of verotoxins were evaluated in
homogeneous conditions.  The results of the glycopolymers—verotoxins interaction in vitro showed high
binding affinity and strong inhibitory potency of cytotoxic activities of the toxins. In addition, oral
administration of the glycopolymers into mice was tested after infection by £. coli O157:H7. These results
will also be presented.
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Syntheses of Carbosilane Dendrimers bearing N-Acetyllactosamines
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Abstract: We designed carbosilane dendrimers bearing N-acetyllactosamines as an inhibitor of influenza virus.
Three different core structures of carbosilane dendrimer having N-acetyllactosamines were prepared. The
preparations and biological assay of the carbosilane dendrimer derivatives will be discussed in this paper.
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Synthesis and Property of Carbosilane Dendrimers Functionalized Peripheral Mannose Moieries
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Abstract: Mannose is one of the important component of N-glycans, of which highly accumulating mannose are
called high mannose N-glycans. Peripheral mannose clustered on carbosilane dendrimer would be able to
mimic the high mannose N-glycans and the cell surface of HIV or bacteria, It is described herein the
preparation and characterization of a series of carbosilane dendrimers having three, four, and six peripheral
mannose and its disaccharide derivatives. Isothermal titration calorimetry (ITC) was done for assuming
binding assay between carbosilane dendrimer and concanavalin A (Con A). Carbosilane dendrimers were
binding to Con A more than free mannose (Man-OMe) and mannose disaccharide (Man-a-1 J-Man-OMe).
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Synthetic Studies of Carbosilane Dendrimers Functionalized with Sugar Moieties (VI)
-The Synthesis and Biological Assay on the Dengue Virus Inhibitors-
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Abstract: We have recently found that paragloboside blocked the uptake of dengue virus. In the course of our
investigation, we have interested in the preparation of the carbosilane dendrimer having paragloboside derivative.
The preparation and biological assay of carbosilane dendrimer having paragloboside derivatives will be
discussed in this paper.
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