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The Biofunction of Bacterial Glycoconjugates in Innate ‘
Immunity

Innate immunity is a phylogenetically ancient defense mechanism against microbes. The recognition
by innate immune receptors of molecules specific to microbes is a fundamental process in innate
immunity. Bacterial cell-surface glycoconjugates such as lipopolysaccharides (LPS) and peptidoglycans
(PGN) are known to be strong immunopotentiators. Our laboratory has demonstrated that the active
principle of an LPS is its lipid part (lipid A), and the minimal active structure in a PGN is muramyl
dipeptide (MDP).

LPS is a cell surface glycoconjugate found in Gram-negative bacteria. Various structural analogues,
including radio- and fluorescence-labeled derivatives, have been synthesized to elucidate the mechanism
of immunostimulation. Recognition of lipid A by the LPS receptor, a complex of toll-like receptor 4
(TLR4) and its association protein MD-2, was observed by using these synthetic probes. X-ray
crystallographic analysis of co-crystals of MD-2 with tetra-acylated lipid A showed that MD-2 plays a
principal role in LPS recognition.
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LPS of Helicobacter pylori, often found in patients with chronic gastritis, ,2£" K
shows much lower activity than Escherichia coli LPS. We synthesized the LPS “m

partial structures of H. pylori and found that both H. pylori Kdo-lipid A and the é&/h%\\
lipid A part showed antagonistic activity. This suggests that the antagonistic effect gHN o POH
of these LPS is one of the causal factors of their pathogenicity.

Peptidoglycan (PGN), a major component of cell walls, is a mesh of alternating
B(1,4) linked muramyl-glucosaminyl glycans that are crosslinked by peptide
chains. We have synthesized various PGN partial structures, i.e., mono-, di-, tetra-
and octasaccharide fragments and found that the intracellular protein NOD2 |y
recognized the partial structures containing the MDP moiety. H.pylori Kdolipid A

We showed that NODI recognized the dipeptide y-D-glutamyl-meso-diaminopimelic acid (iE-DAP),
which exists in Gram-negative bacterial PGN. Nodl function in vivo has been investigated using the
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potent Nod1 agonists that we have developed.

Efficient Synthesis of Oligosaccharides

Synthesis of oligosaccharides and glycoconjugates has played an important role in the elucidation of

their biological functions. However, substantial time and effort is often needed. Extensive efforts have
therefore been made to establish an efficient synthesis for oligosaccharides. To this end we have studied
solid-phase and tag-assisted methods of oligosaccharide synthesis. The solid-phase synthesis of N-linked
glycan in glycoproteins has been investigated to aid in the elucidation of their biofunctions. Our synthesis
features the highly stereoselective B-mannosylation and microfluidic a-sialylation as well as (ii) the
efficient glycosylation of the sugar units on polymer supports. Furthermore, (iii) a new radical-mediated
deprotection of the N-trichloroethoxycarbonyl (Troc) group on the solid phase has been developed and
successfully applied to the synthesis of N-linked glycans.
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OH microfluidic a-sialylation

OAc HO , ACO  opc
OAc CO,Me o 1.00 mL/ min CO,Me
N NPh BzO OAc
PhtN 0/~ T : .
BzO = PhtN 9/ o

AcO CF3 OAllyl
in CH,CH,CN Yy tube reactor AcO  HO
$=1.0mm,/=10m 0
. . BzO
micromixer
-78 °C
TMSOTf in CH,Cl, quant. (a only) BZ05 iyl

1.00 mL / min

References (main papers in 2007)
|

Crystal Structures of Human MD-2 and Its Complex with Antiendotoxic Lipid IVa, Umeharu Ohto,
Koichi Fukase, Kensuke Miyake, and Yoshinori Satow, Science, 316, 1632-1634 (2007).

Synthesis of immunoregulatory Helicobacter pylori lipopolysaccharide partial structures, Yukari
Fujimoto, Masato Iwata, Noriko Imakita, Atsushi Shimoyama, Yasuo Suda, Shoichi Kusumoto, and
Koichi Fukase, Tetrahedron Lett., 48, 6577-6581 (2007).

Inhibition of lipid A-mediated type I interferon induction by bactericidal/permeability-increasing
protein (BPI), Masahiro Azuma, Aya Matsuo, Yukari Fujimoto, Koichi Fukase, Kaoru Hazeki,
Osamu Hazeki, Misako Matsumoto, Tsukasa Seya, Biochem. Biophys. Res. Commun., 354, 574-578
(2007).

Chemical synthesis of peptidoglycan fragments for elucidation of the immunostimulating
mechanism, Yukari Fujimoto, Seiichi Inamura, Akiko Kawasaki, Zenyu Shiokawa, Atsushi
Shimoyama, Takashi Hashimoto, Shoichi Kusumoto, and Koichi Fukase, J. Endotoxin Res., 13,
189-196 (2007).

Nod1/RICK and TLR Signaling Regulate Chemokine and Antimicrobial Innate Immune Responses
in Mesothelial Cells, Jong-Hwan Park, Yun-Gi Kim, Michael Shaw, Thirumala-Devi Kanneganti,
Yukari Fujimoto, Koichi Fukase, Naohiro Inohara, and Gabriel Nunez, J. Immunol., 179, 514-521
(2007).

Various human epithelial cells express functional Toll-like receptors, NOD1 and NOD?2 to produce
anti-microbial peptides, but not proinflammatory cytokines, Akiko Uehara, Yukari Fujimoto, Koichi
Fukase, Haruhiko Takada, Mol. Immunol., 44,3100-3111 (2007).

A Role of Lipophilic Peptidoglycan-related Molecules in Induction of Nodl-mediated Immune
Responses, Mizuho Hasegawa, Akiko Kawasaki, Kangkang Yang, Yukari Fujimoto, Junya
Masumoto, Eefjan Breukink, Gabriel Nunez, Koichi Fukase, Naohiro Inohara, J. Biol. Chem., 282,
11757-11764 (2007).

Acceleration of Cu(I)-mediated Huisgen 1,3-dipolar cycloaddition by histidine derivatives,
Katsunori Tanaka, Chika Kageyama, Koichi Fukase, Tetrahedron Lett, 48, 6475-6479 (2007).
Efficient procedure for reductive opening of sugar 4,6-O-benzylidene acetals in a microfluidic
system. Katsunori Tanaka, Koichi Fukase, Syn/ett, 2007, 164-166..

(10) Large-Scale Synthesis of Immunoactivating Natural Product, Pristane, by Continuous Microfluidic

Dehydration as the Key Step, Katsunori Tanaka, Shinya Motomatsu, Koichi Koyama, Shin-ichi
Tanaka, Koichi Fukase, Org. Lett., 9,299-302 (2007).
For other papers, see: :  http://www.chem.sci.osaka-u.ac.jp/lab/fukase/index.html

-20 -





