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Prevention of infectious disease by sugar chains and functional foods and their components
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™ Introduction

Emerging and re-emerging infectious diseases are important in
the 21st century. Biological recognition systems involving
carbohydrate interactions may have contributed significantly
to the evolution of interaction processes between
viruses/microbes and host animals. Our first aim in this project
was to elucidate the mechanism of interaction between sugar
chains and influenza virus infection. The second aim of our
study was to contribute to a new field of science, "Disease
control and prevention by functional foods and their
components'.

™ Results

Highly pathogenic avian influenza viruses (H5N 1), having
become entrenched in poultry in Asia, Europe and Africa,
continue to pose a pandemic threat. In this project, we
determined the molecular mechanism for the switching from
avian type receptor (Siaa2-3Gal) to human type receptor (Sia
a2-6Gal), specificity being a critical step in the adaptation of
avian viruses to human hosts. First, we analyzed N-glycan
structure in the intestines of chickens and quails, and identified
both avian and human type receptors. We also found that the
major influenza virus receptor sugar chains in swine
respiratory organs (trachea and lung) were human type
receptors. These facts strongly indicate the possibility that a
novel H5N virus with human-type receptor-binding
specificity will emerge from chicken, quail and swine in the
future. In fact, we found that highly pathogenic HSNI, which
has human type receptor binding specificity, has already
emerged from chickens (Fig. |) in Egypt and swine (Fig. 2) in
Indonesia (Fig. 3).

We also isolated several new molecules from food materials
that inhibit infection by influenza viruses. The mumefural (Fig.
4) from Japanese apricot fruit juice concentrate has multiple
inhibitory effects on 2009 pandemic influenza A (HINI) virus.
We found and determined at least 39 structures of N-linked
sialo-sugar chains that bind to influenza virus hemagglutinin
(open Glycoscience, in press).

™ Perspectives

HS5NI naturally mutates in two ways. First, this project has
confirmed that H5N | can undergo a genetic point mutation
involving an amino acid substitution in the hemagglutinin
molecules, through which it acquires transmissibility to
humans. Second, H5N | can mutate to form a genetic
reassortant with the seasonal influenza virus or pandemic
HINT virus of 2009. We will continue to explore the second
possibility in order to establish a system for controlling the
next pandemic. This project enabled us to develop a sensitive
and easily used kit to assess for acquisition of human-type
receptor binding specificity of H5SN .

We also developed new techniques for discovering
anti-influenza drugs and are now investigating their
relationship to various new food materials.
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[Figure 1]

Identification of new H5NI strains that bind human-type receptor and were isolated
from chickens (B, C) in Egypt and pigs (D, E) in Indonesia. Seasonal hurnan influenza virus
preferentially binds to human type receptors (A). Normal H5N | isolated from chicken
and pig binds avian type receptors (a2-3) (B, D), but new strains (C, E) also bind to
human-type receptors (a2-6) (PLos Pathogens, 201 |; Emerging Infect. Dis, 2010).
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[Figure 2]
Process of mutation that enables avian influenza virus transmission between humans
(. Disaster Res, 201 1),
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[Figure 3]

Structure of mumefural isolated from traditional Japanese apricot fruit juice
concentrate. It inhibits infectivity and the function of hemagglutinin and neuraminidase
in the 2009 pandemic influenza virus (HIN) (Food Chem., 201 1),
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