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Diversity of polysaccharide-excreting bacteria as carriers of human noroviruses
in water environments
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Infectious disease caused by norovirus is occurring all over the world. In
order to control norovirus infectious diseases for which there is no vaccine or medicine, a system
that properly combines sanitary engineering technologies such as disinfection based on the life
cycle of norovirus needs to be established. As a key to understanding the life cycle of norovirus,
we have identified norovirus-binding bacteria that produce histo-blood group antigen (HBGA) -like
substance. The purpose of this study was to elucidate the existence of HBGA-secreting bacteria in
the aquatic environment and to evaluate the effect of norovirus on the aquatic dynamics of
norovirus. A total of 63 HBGA-secreting bacteria were isolated from environmental water, and
transposon mutagenesis, gene expression analysis, and Keio collection strains were used to identify
genes involved 1n HBGA secretion. As a result, genes related to the metabolism of galactose were
identified as HBGA secretion-related genes.
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J B ANV KD BEGEREN IR THEAEL TWD, 2012 K, RA Y HE TR
FXN TANBO ) a O A NVABYIET 7 h T LA BTN, ZHUIPED S O A%
WA F A% LTbDTHY, ZOAFINTKRIZE>THEEEINZZ EDNFERTH -T2
(Bernard et al., 2014, Eurosurveillance, 19(8), 20719) ., Z ®OFEHF|X, / v v A )L AEGLEN G
HEEIZB T 2 ETFTAKEY AT DEORHA T g OEAL, #AOFAE L)L TOxHL
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1. 2000 FELABEZIE L, 2010 FELIEIT 1EH7210 2000~4000 HFLE D4y BER 2 i S
TW5D, SHIT 2014 5 2015 FETT TH LWEBE R TT 572 £ (Yamashita et
al., 2015, Eurosurveillance, 20 (26), 21173) . HAIZIBWTE / B 7 A )L A RYE L6l 238 L
VRISV TN D, T 7 F U ROFFNIEDFAE L 72\ 1 & A )L R DJERYLE % Fili 5 5 7=
DX, /B UA NV AOEIRRE B L BT, JEEe & ofiAd TR 2@ IEIC
MAG ORIV AT AEfEE - & EEEZMDOTEAL TN 2 EBROLEND,

A INVADOAERR BT 570003, RYYEBRE S EE SN THHROMEE
\ZBIET D TOM. BEF TOMIC U OURREENEZRFELTWDO0 ] L0 ) InIcE
ZHZENRDOEND, TOHREEIFMAEL LT, AFZEORFE ST N E TOHFZEIC
BWT, Mg EdUR  (histo-blood group antigen : HBGA) ##/E ML T/ 2w A /LA
ZRERICHIE T D M E 3MFET 2 2 & 2 W L7z (Miura et al., 2013, J. Virol., 87(17),
9441-9451), Z D%, WF7EFE 51T, HBGA DWHE & 2 0 v A4 L ZANHFET 5 2 & T,
FEERAIBIC L DRENREN EAT52 LB A L2 (Amarasiri et al., 2016, Water Res., 95,
383-391), ZAUH DRKFIE, HBGA 3ibE 2 2 7 7 A )V A Z R RAIZHife 35 2 & T,
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EMMEET 2L ICHBARETHDLZLERL TS, LLARSL, Zh £ TIZ
HBGA 70l & L CHE SN OIER LN TR Y, Yok 5 ZfEED HBGA 7y il
N, KBEETOLZICEDREDETHEEL TWVLIONIHLNICENTE LT, 235
BRIZKERBEHIZ3C HBGA IS ) 0 A L ADF ¥ U 7 — & LTI TV D00
MEENTRWIRIICH - T,

2. WFEOHM
PLEIGHR AR FO S & ABFFETIE, KBREFIZEIT 2 HBGA 70 UWiE OfFESE
L

AR L. HBGA ZSWHHEE Y 2 1 A L AD/KEREEHENREIC 5 2 A 2% 3+ 5 =
HegE L7,

&
&

3. WD

(1) HBGA 3 usHiEE o g - [FE
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(2) HBGA & & T D RIE K O EEAT

HAEE X 7= HBGA D WSHEERRIZ% L, HBGA &G T DRIEZIT 9 72912 3 DD
Mz L7z, 128 OHTIE Transposon mutagenesis Td ¥V . HBGA 4y W4l HLBERE 12 i
A LTHOEGTFREEEZST-, I~ Y VMG T2 RS T A N TV AR 2
L7 haiRlb—g i VEAL, hh~A 2 UiiME%E BT~ Enterobacter cloacae SENG-6
EREROBRERZELOCHEEEZT o2, FT7 AR Y L LT EZTn5"<kan-2>tnp
Tranposome kit (epicentre f1:) Z M L7z, Hifff L 722 5ARICHKS 5 HBGA BREUSR HILZ
X, iR BUREREF >~ N THh D ABOsphia (BB 7T 7 /= Ath) & Enzyme-linked
immuno sorbent assay (ELISA) %#1T-72, ZH O ORBR THRRHEENKTL TS LR
DONTEERKEA Ny 7 E LUTRIELTZ, SONTERKNG S /7 2 DNA ZHiH L,
RATEPCR %#17-7-, RATEPCR L3 AT v 7DV T NVT T 4~—PCRTHVY, ZIEK
D7) A DNAIZBWT, R T U ARY URTFASIALED DNA B 2 RS g5 5 0
To %, RATE PCR 4, 7 v —AF /VEKKENC LY PCR EEWMOA AL Lo, &&
2. & 672 PCR EMOBRINZT+5Z LIck ., FT ARV UNHASNT-EIGF
DOPLEZEE U, BEEDOMIZEIZ L - THH B 272 o TUN 5 Enterobacter cloacae SENG-6 £&
DOIEIERIN OB, BHAWVIIBLASTHRZICL > T, MU ARY UBRFHA SN & T
WARE L, ZOBIE T HBGA BRWE D3N 5 2 DB a2 B LT,

2 OB OEHMNITELE T REET CH 5, HEES 72 HBGA DWAIEK S BIsIIIZ
W% T, HBGA /b EN K E B2 5RO AE o (HBGA @70 WMk & HBGA (K5 WAtk
DA ) ZEFAMBIN Lo, BRITEFEZIC mRNA I 2170, 5 54072 mRNA %
WHR B RO K O MR Y — 7 AT 5 2 L TR T A7 U7 h—AfjiiT 21T 7=,

3OHDOHEMIFRFEDBEMLB TN 1OT D/ v I/ 70U NI RKGEED=a L7 v a3 T
% Keio collection DFIT&H 5, Keio collection 7> S CHIEEE 2/ v 7 T &
N2 B L C H PURIEEZ MR L. H JURTEEDNME T L TV AR K-> TV D ilfs 1
RS 5D Z & T, HBGA & EE T DFRIE Z AT,

4. WFFERCR

(1) HBGA 53l o g - [FE
TAREONIIIAKRZFEHR E LT 1398k GAIJIIK : 55, 7K : 84) @ HBGA FEIEHMIE %
BEL 72, 139 KR _RTOBBERRICR L T HBGA IGMERBR 21T - 7= f5 5. 23 D8k T HBGA 7%
PENBIZL S 72, HBGA IETEDNEIZE S 172 23 BRD 16SrRNA s F-BEeAfENT OfE F. 22 £k
N Escherichia J&. 1 ¥EDS Serratia & TH o7~ (1),

#* 1. HEERR O Rk & O HBGA TE1E

s e R —HOCEE
WA9 Escherichia coli SLK172 99% + + +
WBB1 Escherichia coli strain 2016C-3936C1 100% - ++  +++

WE6  Escherichia coli strain 2016C-3936C1 100% ++ ++ ++
WE7 Escherichia coli strain 2016C-3936C1 100% +++ +++ +++
WE8 Escherichia coli strain 2016C-3936C1 100% ++ ++ ++

SE3  Escherichia coli strain CCFM8336 100% - ++ ++
SFO  Escherichia coli SLK172 100% - ++ ++
DA2  Escherichia coli strain M9 100% - ++ ++
EA3  Escherichia coli strain D1 100% - ++ ++
EA8  Escherichia coli strain 06-00048 100% - + ++
FA11 Escherichia coli strain RCB456 100% - ++ ++
GA2  Escherichia coli strain 2016C-3936C1 100% - ++ ++
HA2  Escherichia coli SLK172 99% - ++ ++
HA12 Escherichia coli strain RCB456 100% - ++ ++
BB11 Escherichia coli strain S56 100% - - ++
BC6  Serratia sp. TSS 100% + +++  +++
BD1 Escherichia coli strain S56 100% - ++ +++
BD2  Escherichia coli strain VTM4R8 99% - ++ +++
BD5  Escherichia coli SLK172 100% ++ ++ ++
BE4  Escherichia coli SLK172 100% - - -

BF11 Escherichia coli strain M1 100% - ++ +++
BG4  Escherichia coli strain CRMY4 100% - ++  +++
RAB2 Escherichia coli strain GZEC-2 99% - - +

RBE6 Escherichia coli strain GZEC-2 99% - + ++
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HE ISR E B OV BLAST IC L A MR OFER, BRORIZEB W T, M7 U AR Y OffiAIL

KXo ThRbNI=BE TR a— R34 RV EERETDH I I Lz, 122304B £k
KﬁbfwébMDWfitf7~t(ﬂ@k%%)%\nme%ﬁK@LTwéﬁﬁﬁ
72 Bl HAERNICB T 22505 KICE#ET 285+ Thb, ZiLh DR HBGA
BEOERICEENICEEG L TWANEEERE CENTIEZ2WE DD, Enterobacter
cloacae SENG-6 ® HBGA BV IZHINES DO ZHEFIZAFET 5728, HBGA H:%'E Oifilask

ST 2D OEELE N RIEEICE S L CWARIREMEIT S W EEZ 2 b b, $7-. iR
DORBEICHEREND D LD LT 122903F iR ko @laFiE b7 v ARE—24
Wﬁﬁ%f%otouw%G%%H%®F%T%6 ED . ZOEfE 1% HBGA W
WL DOREMENFE VN EEZHND.

HBGA & fifigis 1 DRIEIZ F’a'éﬁ‘é 2OHDOT T u—F & LT, BlarREAMTEZIT2 -
72, BMIZEH T, HBGA DWENKE S B 5RO AEDE (HBGA &5tk &
HBGA 1§43 M%@ﬁ&Abﬁ)%#4ﬁ@RLto%HiP%% mRNA filfitH 2170, 5
ST mRNA % WR G S0 R ORI S — 7 o AT T2 2 E TR TR 7 ) 7 b —
LRAT 24T o T2, FOFER, HBGA &0 WMRIC I W TRERAIC R B T L TV B E T
ELTCE2ITRTEBIBTDELNT,

HBGA &z +ORIEICE TS 3 2HOT Fu—F L LT, HEDELEFN 127D
J oI T REINTERIBERROa L7 5 2 TH D Keio collection Z K L 7=, 312,
AW RRE O H HUTEMED BLISA IZ XD a2 r Lz, fEd e LT, futT, galF, galU,
@m\@m%\7:~x%ﬂ77% A7 D HBGA MRS 24 OB 5815
Ty 7T ML, H#E%ﬁ;ﬂﬁ?bfwt_k@%;éﬂtoﬁ_ymﬁo
galU 2B LTI, %035%%%@{&?75%&«51%”{%&# v MZ Lo ThHERINTZ, S5
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Top 20 upregulated Genes

Geneid

Description

KPNJ1_ 04114

Cadaverine/lysine antiporter

KPNJ1_02139

Threonine/serine transporter

KPNJ1_04932

hypothetical protein

KPNJ1_03021

3-hydroxybutyryl-CoA dehydrogenase

KPNJ1_00864

Oxygenase subunit of ring-hydroxylating dioxygenase

KPNJ1_02141

Keto-acid formate acetyltransferase

KPNJ1_01824

Dipeptide transport system permease protein dppC

KPNJ1_03350

Putative cytosolic protein

KPNJ1_03810

Hypothetical protein

KPNJ1_04111

Lysyl-tRNA synthetase

KPNJ1_02916

2'-(5"-triphosphoribosyl)-3-dephospho-CoA synthase

KPNJ1_04942

5-deoxyglucuronate isomerase

KPNJ1_03024

Flavodoxin reductase family protein

KPNJ1_04220

Hypothetical protein

KPNJ1_04933

5-dehydro-2-deoxygluconokinase

KPNJ1_01261

Outer membrane usher protein fimD

KPNJ1_03808

Hypothetical protein

KPNJ1_04943

Malonate-semialdehyde dehydrogenase (acetylating)

KPNJ1_00115

TRNA (Guanosine-2'-O-)-methyltransferase
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