
��
����	������

��������������
���

2 3 1

9 78 0



����

�����
	���
�$��+��)
	���
���#"'�

�����
*+(��
��� ��
	���
��!%��� ���
����
��!%�

1

���&�����&�



2

cS s B B

o JP B

h

c h

2

c h



東北大学・環境水質工学研究室

Members:

佐野大輔 准教授
アマラシリ モハン 助教
博士課程後期学生２名
大学院研究生１名
博士課程前期学生４名
学部生２名

Oct. 2018

3



��
	����������
健康リスク
研究グループ

事業性・法制度
研究グループ

水・物質循環
研究グループ
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地域性を考慮した
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おける微生物代謝による
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での
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Genetically closed strain revealed by

H A B 16S rRNA gene analysis (strain, similarity)

SENG-6 BGLB + + + 0.068 Enterobacter cloacae (ATCC 13047T, 99.9%)

NMCA1-7 BGLB + + − 0.920 Shigella flexneri (ATCC 29903T, 99.6%)

NMCA1-8 BGLB + + − 0.082 Escherichia fergusonii  (ATCC 35469T, 99.8%)

NMC18B1-3 BGLB + + − 0.091 Escherichia fergusonii  (ATCC 35469T, 99.4%)

NMC18B1-6 BGLB + + − 0.058 Escherichia fergusonii  (ATCC 35469T, 99.5%)

NMC20B1-4 BGLB + + − 0.821 Shigella flexneri (ATCC 29903T, 99.5%)

NMC20B1-6 BGLB + − − 0.302 Shigella flexneri (ATCC 29903T, 99.5%)

KKA1-1 EC + + − 0.465 Escherichia fergusonii  (ATCC 35469T, 99.8%)

KKB1-1 EC + + − 0.502 Escherichia fergusonii  (ATCC 35469T, 99.5%)

TZWH1-1 EEM + + − 0.502 Shigella flexneri (ATCC 29903T, 99.6%)

TZWH1-2 EEM + + − 0.089 Shigella flexneri (ATCC 29903T, 99.6%)

TZWH2-2 EEM + + − 0.515 Shigella flexneri (ATCC 29903T, 99.3%)

TZWH2-3 EEM + + − 0.570 Shigella flexneri (ATCC 29903T, 99.6%)

TZWH2-4 EEM + + − 0.568 Shigella flexneri (ATCC 29903T, 99.4%)

TZWA1-2 EEM + + − 0.532 Shigella flexneri (ATCC 29903T, 99.6%)

TZWA1-3 EEM + + − 0.504 Shigella flexneri (ATCC 29903T, 99.6%)

TZWA1-4 EEM + + − 0.257 Shigella flexneri (ATCC 29903T, 99.4%)

MURA1-1 Mossel − + − 0.407 Shigella flexneri (ATCC 29903T, 99.5%)

MURA1-6 Mossel + + − 0.428 Shigella flexneri (ATCC 29903T, 99.9%)

MUR18B1-4 Mossel − + − 0.367 Shigella flexneri (ATCC 29903T, 99.6%)

MUR20B1-4 Mossel + + − 0.263 Shigella flexneri (ATCC 29903T, 99.7%)

Strain Growth
medium

Blood Group antigens Min. OD600

with HBGA
positive

( 77 8/

77 8/

77 8/

)9 6
9 7 1  

)9 6 ) )9 6
69 0-

Strain
Blood Group antigens Min. OD600 with 

HBGA positive
Max. OD600 with 
HBGA negativeH A B

E. coli K12 + + + 0.251 −
S. epidermidis ATCC 35984 − − − − 1.357

G A C BEH
Miura et al., 2013. J. Virol., 
87(17), 9441-9451.
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Histo-Blood Group Antigen-Like Substances of Human Enteric
Bacteria as Specific Adsorbents for Human Noroviruses

Takayuki Miura,a Daisuke Sano,a Atsushi Suenaga,a Takeshi Yoshimura,a Miyu Fuzawa,a Toyoko Nakagomi,b Osamu Nakagomi,b

Satoshi Okabea

Division of Environmental Engineering, Faculty of Engineering, Hokkaido University, Sapporo, Hokkaido, Japana; Department of Molecular Microbiology and Immunology,
Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japanb

Histo-blood group antigens (HBGAs) have been suggested to be receptors or coreceptors for human noroviruses (HuNoVs) ex-
pressed on the intestinal epithelium. We isolated an enteric bacterium strain (SENG-6), closely related to Enterobacter cloacae,
bearing HBGA-like substances from a fecal sample of a healthy individual by using a biopanning technique with anti-HBGA an-
tibodies. The binding capacities of four genotypes of norovirus-like particles (NoVLPs) to Enterobacter sp. SENG-6 cells were
confirmed by enzyme-linked immunosorbent assay (ELISA). Transmission electron microscopy demonstrated that NoVLPs
bound mainly to extracellular polymeric substances (EPS) of Enterobacter sp. SENG-6, where the HBGA-like substances were
localized. EPS that contained HBGA-like substances extracted from Enterobacter sp. SENG-6 was shown by enzyme-linked im-
munosorbent assay (ELISA) to be capable of binding to NoVLPs of a GI.1 wild-type strain (8fIIa) and a GII.6 strain that can rec-
ognize A antigen but not to an NoVLP GI.1 mutant strain (W375A) that loses the ability to bind to A antigen. Enzymatic cleavage
of terminal N-acetyl-galactosamine residues in the bacterial EPS weakened bacterial EPS binding to the GI.1 wild-type strain
(8fIIa). These results indicate that A-like substances in the bacterial EPS play a key role in binding to NoVLPs. Since the specific
binding of HuNoVs to HBGA-positive enteric bacteria is likely to affect the transmission and infection processes of HuNoVs in
their hosts and in the environment, further studies of human enteric bacteria and their binding capacity to HuNoVs will provide
a new scientific platform for understanding interactions between two types of microbes that were previously regarded as biologi-
cally unrelated.

Human noroviruses (HuNoVs) are major causative agents of
nonbacterial acute gastroenteritis in humans, which consti-

tute a substantial disease burden worldwide (1). Noroviruses be-
long to the genus Norovirus in the family Caliciviridae. The genus
Norovirus is divided into five genogroups, i.e., GI, GII, GIII, GIV,
and GV, and the strains in each genogroup can be further divided
into genotypes (2). GI, GII, and GIV NoVs, which include at least
15 genotypes, 18 genotypes, and 1 genotype, respectively (3), in-
fect humans of all age groups, causing symptoms such as nausea,
vomiting, diarrhea, abdominal cramps, headache, and fever (4).
Human-to-human infection is the main transmission route of
HuNoVs, but contaminated water and sea products such as oys-
ters are reported to be sources or vehicles of infection (5, 6) be-
cause of environmental contamination with domestic wastewater
(7, 8).

The lack of tissue cells for replicating HuNoVs has impeded the
study of the life cycle of this important human pathogen. One
major finding related to productive infections with HuNoVs is the
interaction with histo-blood group antigens (HBGAs), which
have been proposed to be receptors or coreceptors of human small
intestinal epithelial cells for HuNoVs (9, 10). HBGAs comprise
ABH and Lewis antigens, which are structurally related oligosac-
charides, and each HuNoV genotype or strain has its own HBGA
recognition pattern profile (11–13). For example, virus-like par-
ticles (VLPs) of Norwalk virus (NV/68), a genotype 1 strain in
genogroup I (GI.1) and the prototype strain of norovirus, bind to
HBGAs in saliva from secretor-positive individuals and preferen-
tially bind to H type 1, Lewis b (Leb), and type A carbohydrates
(11, 14). Furthermore, VLPs of GII.4 (r104) can recognize a
broader range of blood group carbohydrates than other genotypes
(12) although the ligand binding patterns have changed over time

(15). The importance of the HBGA recognition pattern for
HuNoV infections has been emphasized because GII.4 strains are
the most prevalent etiological agents of infectious diseases caused
by norovirus, probably because of their broad HBGA recognition
profile.

In this study, we focused on a group of human enteric bacteria
that produce HBGA-positive extracellular polymeric substances
(EPS). EPS comprise organic macromolecules such as polysaccha-
rides, proteins, nucleic acids, lipids, and other polymeric com-
pounds located on or outside the cell surface (16). Humans pos-
sess immunoglobulin M (IgM) antibodies against nonself HBGAs
in the blood, which is attributable to the presence of enteric bac-
teria with blood group activity (17). This led us to speculate that
human enteric bacteria may capture HuNoV particles via specific
interactions with HBGA-like bacterial substances. To elucidate
the specific interaction between HuNoV particles and HBGA-like
bacterial substances, we screened blood group-active human en-
teric bacteria from human feces using a biopanning technique
with anti-HBGA antibodies. We tested the binding capacity of
four genotypes to norovirus-like particles (NoVLPs) for bacterial
cells using enzyme-linked immunosorbent assays (ELISAs).
NoVLP binding to bacterial cells was observed by transmission
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and GV, and the strains in each genogroup can be further divided
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Human-to-human infection is the main transmission route of
HuNoVs, but contaminated water and sea products such as oys-
ters are reported to be sources or vehicles of infection (5, 6) be-
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The lack of tissue cells for replicating HuNoVs has impeded the
study of the life cycle of this important human pathogen. One
major finding related to productive infections with HuNoVs is the
interaction with histo-blood group antigens (HBGAs), which
have been proposed to be receptors or coreceptors of human small
intestinal epithelial cells for HuNoVs (9, 10). HBGAs comprise
ABH and Lewis antigens, which are structurally related oligosac-
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recognition pattern profile (11–13). For example, virus-like par-
ticles (VLPs) of Norwalk virus (NV/68), a genotype 1 strain in
genogroup I (GI.1) and the prototype strain of norovirus, bind to
HBGAs in saliva from secretor-positive individuals and preferen-
tially bind to H type 1, Lewis b (Leb), and type A carbohydrates
(11, 14). Furthermore, VLPs of GII.4 (r104) can recognize a
broader range of blood group carbohydrates than other genotypes
(12) although the ligand binding patterns have changed over time

(15). The importance of the HBGA recognition pattern for
HuNoV infections has been emphasized because GII.4 strains are
the most prevalent etiological agents of infectious diseases caused
by norovirus, probably because of their broad HBGA recognition
profile.

In this study, we focused on a group of human enteric bacteria
that produce HBGA-positive extracellular polymeric substances
(EPS). EPS comprise organic macromolecules such as polysaccha-
rides, proteins, nucleic acids, lipids, and other polymeric com-
pounds located on or outside the cell surface (16). Humans pos-
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in the blood, which is attributable to the presence of enteric bac-
teria with blood group activity (17). This led us to speculate that
human enteric bacteria may capture HuNoV particles via specific
interactions with HBGA-like bacterial substances. To elucidate
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bacterial substances, we screened blood group-active human en-
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This picture is licensed by Dr. Makiko Watanabe, University of Florida 
(http://first.lifesciencedb.jp/wordpress/wp-content/uploads/2014/11/Watanabe-Science-14.11.7-
Fig.2.jpg). 
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Rachmadi et al., to be submitted
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Andri Taruna Rachmadi
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Water/Wastewater 
disinfection Host

: Disinfection-susceptible strain : Disinfection-resistant strain
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Genetic diversity

Mutation 

Selection 
(mainly caused by 
immune pressure)

Host

Genetic Drift

increased decreased
or

RecombinationGene flow

Enteric 
virus

Genetic Drift

Gene flow

Selection

Environment
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NGS analysis

Infectious titer 
measurement

Gene number 
measurement

Growth with 
host cells

RAW 264.7 cells

Purification 
of viral 

particles NaOCl

Free chlorine 
treatment

22.5�mg/L�min)

Test virus�Murine norovirus�MNV�S7-PP3 
as human norovirus surrogate
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Cycle 

Cycle 

1

2

3

4

2

1

3

4

0

0
1

1 2

2 3

3 4

4

5 6

65 7 8 9 10

7 8 9 10

Rachmadi et al., 2018, AEM

Exposed

Non-exposed
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Ori = Original population
TP = Free chlorine-treated population

NP = Control population
1st and 2nd = First and second trials

Rachmadi et al., 2018, AEM
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First trial Second trial

T7280C (VP2:F200S) was shared between 
these two trails

Rachmadi et al., 2018, AEM
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tio

n 
ra

tio

1.0

1.5

2.0

Control clones vs 
free chlorine-treated clones

Maximum

Outlier 

Median

Manuscript is published in Applied and Environmental Microbiology
Rachmadi AT., Kitajima, Watanabe K., Yaegashi S., Serrana J., Nakamura A., Nakagomi T., Nakagomi O.,
Katayama K., M.,Okabe, S., Sano, D. 2018. Free-chlorine disinfection as a selection pressure on norovirus.
84:e00244-18, doi:10.1128/AEM.00244-18.

Upper quartile

Minimum

Lower quartile
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Original 
plasmid

C1724T
[ORF1:1579P]

G6290C
[VP1:V412L]

T7280C
[VP2:F200S]

HUH7 or 
VERO cells

Sensitivity test
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