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Influence of symbiotic bacteria from lettuce on inactivation of norovirus
WU Kang—jun", LU Yu—jian , ZHOU Wen—jie, WANG Shu-jing, ZOU Song-yan, LIAO Ning-bo, MAO Hai-yan,
CHENG Dong—qing
*College of Medical Technology, Zhejiang Chinese Medical University, Hangzhou, Zhejiang 310053, China

Abstract: Objective To demonstrate the effects of symbiotic bacteria from lettuce on inactivation of norovirus (NV) . Methods
Symbiotic bacteria were isolated from the lettuces sampled from farmlands and supermarkets. NV mixed with symbiotic bacteria
was set as the experimental group, without symbiotic bacteria as the control group. After the inactivation by high temperature,
ultraviolet light (UV) and chlorine dioxide, the ratio of NV amount in the experimental group and the control group was
calculated to evaluate the effects of symbiotic bacteria. The mechanism of symbiotic bacteria was revealed by detecting their effects
on the protection of viral capsid protein from UV and on the adsorption of NV. Results Eleven symbiotic bacteria were identified
from lettuces, all of which were bacilli, mainly Pseudomonas. Ten symbiotic bacteria could improve the heat—resistant ability of
NV, with Microbacterium oryzae, Cupriavidus taiwanensis (SC061204) , Pseudomonas furukawaii, Enterobacter tabaci and
Pseudomonas resinovorans (SC061211) more significant. Eleven symbiotic bacteria could improve anti—UV ability of NV, with
Pseudomonas putida, Microbacterium oryzae and Enterobacter tabaci more significant. Only one strain of Pseudomonas putida
could improve anti—chlorine dioxide ability of NV ( Class I hazard) . Pseudomonas putida, Microbacterium oryzae and
Enterobacter tabaci could significantly reduce the damage of NV capsid protein. Nine symbiotic bacteria could promote NV
adsorption into lettuces, with the promotion rates ranged from 1.04% to 46.73% ; while Pseudomonas putida and Pseudomonas

resinovorans (SC061211)  could restrain NV absorption, with the promotion rates of —6.50% and -19.85% . Conclusion
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Symbiotic bacteria from lettuce may enhance the anti—inactivation of NV by protecting capsid protein and promoting adsorption of

NV. It is recommended to control the presence of symbiotic bacteria in the process of inactivating NV.

Key words: Lettuce; Symbiotic bacteria; Norovirus; Inactivation

2 B T SR IRTHE A A ] RE R B U Ui 2
Mgz — U, P ANTRR ) B i
APRAEIEIN, AR SIS SIS 2,
U E B T EURF AP IS 1) 2O R Z — 22
i et SRONREE R DU I AT T Y v U
BEA —E IR, A AP TR RO bl
IR AT S AR A AR, SN KT ROR
REWTTR/R, ERE IR . ORI 5E
R BELEIER . AN, RS R U W
ARG R P, ARSI E SR
AT RE . ASHTTE A SRy B S SR R, SR
INTER G, Ml AN R L RAL B, g
M 2E S AR B U REHT KT BE T B2 MR B A AL
i, PURERARIEL T

1 RS

1.1 A4 AR ECREE 4 4, #TRE | A
FEREh . ARG AR A B R R SRR A
Fag B Qg B SRR U 2 & VR A R T 4 o B R A8 e
(2015 JiR) ) ') bR . WA BEABRKE
TR (TSA) 3EFE3E (B AR ARG RA A,
HBO177) . BEEEFIRKRE NG (TSB) Kigkk (F 5
AR YR AR AR A W, HB4114) | AR GEE RNA
M & (EwAE T AEwARAA,
B518667) . One Step PrimescriptTM RT-PCR Kit [
HEAYHEA dba) HRAF, RRO64AT, HAbL
R R otrat . (X EEAER WU H A
FR/N ], HB-100) . ABI7500 SZ ¢ 5% 52 & PCR X
(Applied Biosystems, QuantstudioTM 12K Flex) .

12 Fik

1.2.1 HARSERFMEE 230k (7). B3
VR BIE, ZBFRE AW (PBS) YRR (RTENR
% 15 min) RS, RIGEW . B 50 pL B,
FHURAGIEFERD T TSA $557 0, 37 CHEJ% 48 ho R
FPETE, A /S EEFIT 1 mL TSB #5375, 37 C
180 v/min #R3% 5537 EWOLEEE (OD) 2k 0.46 ~ 0.50,
# M. 165 rfRNA %] RT-PCR 9 W5 % % |
WA T AR Y, il Blast 781 T4 5E
1.2.2 R s ER 2% 30wk [8-9] . Heulid
45 & U5 Un 5 B RNA, A One Step PrimescriptTM

RT-PCR Kit #17 PCR ¥ ¥ & 45 . 51 AIRE i it
HETAEMARAFER, FHSIYITF5 R 5'-CAA
GAGTCAATGTTTAGGTGGATGAG-3', T iiE5| ¥ %4
} 5'-TCGACGCCATCT TCATTCACA-3', REFFH N
FAM-AGATTGCGATCGCCCTCCCA-TAMRAR., JZ Jif
A Z 3L 25 pL: 2 x One Step RNA PCR buffer 12.5 uL,
Wi S 0.5 wL, Taq DNA 58 0.5 wL, EF5
Y (20 pmol/L) . FU5I4 (20 wmol/L) %5 0.6 wL,
WEF (20 pmol/L) 0.3 wL, BERFH 5 pL, ddH0
5 who JOWZcAF: 55k 42 °C 30 min; THAE T
95 °C 2 min; 8P 95 °C 5 s; iR KHEAH 55 °C 35 s;
40 TG . AR PR AR HE R 2R, B Co fE R 55
lgcopies DUE ik .

123 s EE KR S % ek [10-11] .
80 L AR S 20 pL im AN FEIRIR A, I PBS
WA 500 pl, 37 CHE 1 h, 90 C4JEH 2 min,
57 9 000 pwW/em? 28 AMZE BE 5T 30 min, 3K 500 mg/L
TSI 10 ming AINALAE FETE AN EERAE N
XTRAZH 8 A A AN BE, THE S A S R B2
W g i PR, MRS L /NP . <1 BT
1~ <5/ %fEE; 5~ <10 M MRMEE; 10~ <15
NMKSaFE; =15 WVFEE,

1.2.4 RS RE S MR IR AR R S
FEEWR S, 43912 9 000 wW/em? 2842 BRI 0.
0.5. 1. 3hJi, JMA 3.5 pL RNase A (7 000 U/mL)
37 CHFE 1 h LABEMRDYL 28 A S il PR AC S B8 P R i
(IR 5 RNA, 28 11 B R A Jo o A A0 28, oK
INFEAE B b A FE R E X BEAL, THARSE B0 20 5 )
HEZH T s 2 5t U AR

1.2.5  IEE R RE A &S0k [10,12]
100 wL A H B 5 100 pL iEWRFROE S,
PBS % 500 pL, 37 °C 180 t/min M7 1 ho 10 000 x g
B0 5 min, BCRIEW, EEAIA . LL PBS
B A R Ty 28 R IR, 1 A A g
BEMIIR B R, R R (%) = [ IE4Lii
- LIRAR )/ XRARER] x 100%.

2 # X

21 AREAWERER MEFLN B EHRG
21 BRIGZE R, XA 11 RIS J7 B i A R A T 2



THBTBESE 2019 47 %5 31 %45 7 W Prev Med, Jul. 2019, Vol31,No7

< 663 -

E o 1 AREBNATE, MBSy, Hb 3

7, RiDEH. W& 1.

PRy 2 BIPERTR, R RO KA, A%

R MRS R ESER

kG5 FE SR EEL/EZ TN W
SC060601 A G-, BAFE, WAaBEIE, JhaER/INETE, DGEEST, KDL 2 B AR BRI
SC060602 A< H G+, JIHTE, WREGIRIY, /INEW, NG, Rt PR LN ofz)
SC060603 A H G-, KAFW, A®BE, BRWE, NgEsT, Rt [RESFEN 0fz)
SC060604 A< G-, JHE, AEBEDE, haE MRS, H%ET, Rt I S A T
SC060605 AR H G-, FH, AaRIE, KE%E, D%, Fimiks LA R I B M T
SC060606 A H G-, JHE, WEINABDE, /NEVE, %5, RiEDLHE BT AR
SC061203 A< G+, BRFFEE, (@S, A KEyE, gaEsT, Rt e HH I T B
SC061204 A H G-, FFI, WESMARDE, haEm/NER, GRS, REDLHE B A I
SC061205 A H G-, FFH, AGBEIE, /NEwE, LEEST, RADGH HR B AT B
SC061209 it G+, AR, NBESMA, PERROREETE, A4S, RHES B R
SC061211 ik G-, FFH, A@RE, NV, D885, RitiE TR A5 P B

22 AFEARMNELRERREERNGH®  BR
1 BRE TR SR M pi S JC T pR S Ah 10 BRILA: B Y
REFE i W A B R TR TG RE T o A FH Il ol 1
B TUH T (SC061204)  Flty JIE 2R BE A IV 2 fE
T 11 BRI AR TR BE AR R v W B P SR A KT

REST, AP SLBA MR L AR AT R A EL
FAFF iR T B T SR B P R R oo A s 27
WAL EKIERE S, b T 9es, Hifth 10 BRILA:
WHEATCE . Wik 2.

R2 11 MRS R U REHT KIS BE T BO52

1= 1k £HME AR

kR [P (90 °C, 2 min) (9 000 wW/cm?, 30 min) (500 mg/L, 10 min)

HAE LY HAE R HAE FR
SC060601 S RN TS 1.39 I %% 7.27 %% 0.74 E
SC060602 RIEY X o) 3.23 149 11.57 4 1.02 1%
SC060603 [FES(FEN0fz) 1.23 I %% 6.67 %% 0.70 TE
SC060604 LSSl BNl ) 1.18 1% 6.21 1 %% 0.55 P
SC060605 ARG A B 0.76 iE 3.28 1% 0.43 ok
SC060606 BV ST 122 I % 2.53 I % 0.56 T
SC061203 g FH I AT 12 28.83 IV 11.57 1|23 0.91 JoE
SC061204 BV ST A 17.15 \E3 6.21 I %% 0.54 P
SC061205 JRA EU AT 1A 10.04 1| 24 12.52 %% 0.32 JoE
SC061209 BRI P 17.29 V2% 3.28 1 %% 0.55 P
SC061211 BRI R TR 13.65 4% 1.88 1% 0.43 JoE

23 AFEEAWREINE T BEmEREEGGK
FAER R R AR . R o R B A
HEA B AF B AR, SRR IR A5 A&
(9 000 pW/em?) 433l G 0. 0.5, 1. 3 h, KIXS
FEZH 0~ 1 h (NI B R ORI, 2 3 h i1
%, MSLIA 0~3 h NIFUREETFZ FFE. W
B 1, RAMEREEF 0.5, 1. 3 h B S A5 BRI 1 4H 1
WG FLE 90 16.08 . 13.49. 25.76; F¢ HH -tk
FFE4 43508 13.08., 5.73. 16.57; Mk &@Um T iE4H
3510 1029, 5.84, 10.64.

24 AFAARSEAERAREIGTH HI
PR A TR BB AR UE v W BB, e PR AR a0 23l
SRR U Sy e F - G5OFF D 46.73% . R0k UM A 1R
4371% . BGIETTHE (SC060606) 36.66% . 75T
BB (SC061204) 35.65% . i JIMIR PR M 27.01% |
B M SE T ORI T 23.68% . £ B IS R MM
(SC060605) 12.98% . Tif FE 5 F I TR 5.86% Fl 44 Ei i
BT 1.04% 5 1108 AR BRI TRT R £ 4 i A5 BRI AT
(SCO61211)  REM il v U g =2 W BF, W2 BiFRE a3 43331
N -6.50%7F1 -19.85%,



THBTBE 2019 457 %5 31 %45 71 Prev Med, Jul. 2019, Vol31,No.7

. 664 -
- -o- SC060602
-= SC061203
-~ SC061205
2 - XA
;_; )
0
4
) 1 2 3 4

Tt [ ()
B AR PR AN R TR AC TR 1 REAE

AWPFEEE T 11 BRAESEILAET, F2Oh TR
BRI AR, DR E RS2, ¥y R
VT RIS | & PN~ O

S A TR REHR R v AR RE BT KIE RE ). 10 Bk
A SRR TR BESR W v AR TR ST I (90 °C, 2 min)
KAGRE ), Hoh R H RO R . BT U
(8C061204) | ity JIMECHA TR . HEAT EU AT T2 A £ AR
RIREMEE (SC061211) MfaHFAR . RN
TR FH P06 AT R AR AR Ry U AT T T i v i 2 2
PUERANKTERE ), SRAMEIRYS 3 h 5, WdEa HufE
AL FH R K o ASUE AR TE B4R = i A T 0T
THEMAKTERE S, HAEESSON T 9. L, A7
B BOK IR AP A VA, 2 E 2 A BR T B
(A2 55) I AR T 25, A R Tk an
o B ) KT

A SR R R U W R DTS RE ) ROALER AT fiE
2 D R A T C A T A DR B o 2 IR S ) £ 1 A
Ko PaiE, RN ] LIFRAH L BT A
(histo—blood group antigens, HBGAs) , i@ bi5as —
R S I R A LY BT TR
B R R, v Q00 BE R EE AR UKL (virus-like
particles, VLPs) TR T HBGAs 22k 4 A1 SH
REWY (extracellar polymeric substances, EPS), jXi&
EPS MIHEIE A JE 2B F HBGAs F19 4+ 51 GAO
g Dol BRI AN RE G 1.4 B VLPs A] LUFIA: 3¢
A REZHELS &, b 2D i RIBZ AR [F A R
AEMIT HBGAs FERY I F-45#40 . LISE 17 R BUAREL
T AR HBGAs B4 TA 805 JCANTF , 1K HBGAs
RN B T 2 AR B (90 °C, 2 min) BY G 1.1
BUFN G 1.4 BAVE Qs A 0K A4 52 S v AT B S8 Ok
VER s B3 — 35T AR A T 5 i o 2 2 U 2 ) 2

WL BRI S B S ZE R 0 BRIV AH A
BIIAE, SIHEIRRENSSRE T BEE—ELES,
ARHIFFE A 11 A A S A T o G 2 R B ) 2 ) £
255, HRFDY AR, | ROE S s
BRI, 55 1 RREDIDEILEN . AMARASIRI 45 %) &
B, ik HBGAs A0 TR X b U 2 B W5z oA o J2 gk
PEVESZ HBGAs )AL B (4 EPS Al 20 i
Wi, X AR R HE A R Rl . HBGAs 2835 g W 2 7Y
T 22 S8R AT RESZ I W A 2 Rl AR EAE L, S22 AR Bt
Setbsem, VERISRIE Koy St R A M AR T
AR T, ZHUE SR DA —E
JE T i A AR BT IS B RE T, LA =2 0] R i B
YERAATEZE S o T AR IE R AW AR S 3t A 1R
HBGAs W) FRIBME 0L, 1 Joikff 45 R & 7552 HBGAs
TR T 0, A RS IR A B
K IE T, A S AR ERE .

S 3Lk

[1] BAE Y M, ZHENG L, HYUN J E, et al. Growth characteristics
and biofilm formation of various spoilage bacteria isolated from fresh
produce [J] . Journal of Food Science, 2014, 79 (10): 2072-
2080.

(2] XUZx, Thmde, JAEPC AREEE i i RE TS Y S 1E R R
WEEHER ] . BB, 2017, 8 (1) 1-5.

(3] RE, REE, THM, & WA ERREANLE DA RIRE
b [0 . WipiERaE, 2018, 30 (1): 16-21.

[4] JONES M K, WATANABE M, ZHU S, et al. Enteric bacteria
promote human and mouse norovirus infection of B cells [J] .
Science, 2014, 346 (6210): 755-759.

[5] DENG W, ALMEIDA G, GIBSON K E. Co—culture with
Enterobacter cloacae does not enhance virus resistance to thermal and
chemical treatments [J] . Food and environmental virology, 2019:
1-9.

(6]  BEIGEL, ffli, Bk, S5 VU ARG AR A IR A R
AfEw (2015 B [J] . R R Ak, 2015, 5 (6) -
448-458.

[7]  JACKSON C R, RANDOLPH K C, OSBORN S L, et al. Culture
dependent and independent analysis of bacterial communities
associated with commercial salad leaf vegetables [J] . BMC Micro—
biology, 2013, 13 (1): 1-12.

[8] 1SO. Microbiology of food and animal feed—horizontal method for de—
termination of hepatitis A virus and Norovirus in food using real-time
RT-PCR. Part 1: method for quantification, 1SO 15216-1: 2017
(E) [S] . Switzerland: International Organization for Standardiza—
tion, 2017: 24-25.

(0]  Zhl, TEAEEK, BREE, SFARNERE AR G I B0 AnE 7 A
e ok g (1) . R AR, 2015, 27 (3) -
242-246.

[10] RAJKO-NENOW P, KEAVENEY S, FLANNERY J, et al. Char—



THBTBESE 2019 47 %5 31 %45 7 W Prev Med, Jul. 2019, Vol31,No7

- 665 -

acterisation of norovirus contamination in an Irish shellfishery using
real-time RT-qPCR and sequencing analysis [J] . International
Journal of Food Microbiology, 2012, 160 (2): 105-112.

[11] DE ABREU C A, MIAGOSTOVICH M P. Optimization of an ad-
sorption—elution method with a negatively charged membrane to
recover norovirus from lettuce [J] . Food and Environmental Virolo—
ey, 2013, 5 (3): 144-149.

[12] ALMAND E A, MOORE M D, OUTLAW J, et al. Human
norovirus binding to select bacteria representative of the human gut
microbiota [J] . PLoS One, 2017, 12 (3): 0173124.

[13] MULCAHY L R, ISABELLA V M, LEWIS K.Pseudomonas
aeruginosabiofilms in disease [J] . Microbial Ecology, 2014, 68
(1 1-12.

[14] Bds, AB=S, INER, A% 9L MR SR NBR A 79~ R AIE K
Mf2ytt [J) . ek, 2017, 16 (12): 1185-1188.

[15] TAN M, HUANG P, MELLER J, et al. Mutations within the P2
domain of norovirus capsid affect binding to human histo—blood group
Antigens: evidence for a binding pocket [J] . Journal of Virology,
2003, 77 (23): 12562-12571.

[16] GAO X, ESSEILIM A, LUZ, et al. Recognition of histo—blood

[17]

(18]

[19]

[20]

group antigen—like carbohydrates in lettuce by human GII.4 norovirus
[J] . Applied and Environmental Microbiology, 2016, 82 (10) :
2966-2974.

LI D, BREIMAN A, LE PENDU J, et al. Binding to histo—blood
group antigen—expressing bacteria protects human norovirus from
acute heat stress [J] . Frontiers in Virology, 2015, 6: 659.
AMARASIRI M, HASHIBA S, MIURA T, et al. Bacterial
histo—blood group antigens contributing to genotype—dependent
removal of human noroviruses with a microfiltration membrane [J] .
Water Research, 2016, 95: 383-391.

YAMAOKA H, NAKAYAMA-IMAOHJI H, HORIUCHI I, et al.
Tetramethylbenzidine method for monitoring the free available
chlorine and microbicidal activity of chlorite—based sanitizers under
organic—matter—rich environments [J] . Letters in Applied Microbi-
ology, 2016, 62 (1): 47-54.

LOPEZ-GALVEZ F, TRUCHADO P, SANCHEZ G, et al. Occur—
rence of enteric viruses in reclaimed and surface irrigation water: re—
lationship with microbiological and physicochemical indicators [J] .

Journal of Applied Microbiology, 2016, 121 (4): 1180-1188.

IFR B 2019-02-26 {EEIHHI: 2019-04-12 ZRCHEE: 1RO

(L#5%5 660 T7)

S5 3Lk

[1]  World Health Organization. Injuries and violence: the facts 2014
[R] . Geneva: World Health Organization,2014.

[2] WANGSY, LIYH, CHI G B, et al. Injury-related fatalities in
China: an under—recognised public health problem [J] . Lancet,
2008, 372 (9651): 1765-1773.

(3] ARMERT, ABICH. B 055E Fr B T e L AR A A TR 2 B
] . rhfegapEhizei, 2016, 20 (5): 495-499.

(4] WIENE, AREME, Ewik, S hETLS DN LEASSEE F
RARPSEW R RNE [J] . PRRATR K, 2011, 32
(8): 773-776.

[5] FEIF R, ZHONG J M , YU M, et al. Impact of injury-related
mortality on life expectancy in Zhejiang, China based on death and
population surveillance data [J] . BMC Public Health, 2018, 18
(1): 24.

(6] Ay B e ot T U Sl 2. LT PUE bR ERY UL E
L] . et ek, 2011, 15 (1) 9.

(7] By, Gk, aril, S WiiaRRGFRIEE ] .k
AR PRI, 2011, 32 (2): 205-206.

[8]  JEIEtE. 2015 AF R i e R F A s ol i A 047 [D] . K
e RIEERIR, 2017,

(9] BOY, skess, Asbih, S RIS 2011 440 3 ity BLR Ay
AT AT (] . P e B S, 2014, 22 (5):
577-579.

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

WINTS, R, X0, S RV RO R R R A R G
W U] . EASETA, 2017, 33 (7): 1096-1100.
Xgak, TAbm, BEALEE, 45 VLIRS E R E & AR LR
ot ] . P ERIgC A G, 2011, 25 (2): 58-60.
BRI, B, B, SE. RN TR R E A T AL A BT
[J] . WipiBE~4, 2016, 28 (11): 1136-1138, 1141.

FR, S . D ERAE A E K AR Meta 2307 [J] . TR
IR, 2017, 23 (11): 825-828.

HErs, Bald, g, 2. 2008—2013 454 (i % Wi R 45
Bl / AVERRGIRAE A BT [J] R ARIRATR S, 2015, 36
(D) 12-16.

W, WInYE, FEEH, . 2009—2010 4EUT T AR AR
{5/ BAVE D AT AR AT (0] . PR, 2012, 28
(4): 262-264.

SAADAT S, HAFEZI-NEJAD N, EKHTIARI Y S, et al. Incidence
of fall-related injuries in Iran: a population—based nationwide study
[J] . Injury, 2016, 47 (7): 1404-1400.

WU C C, CHI H C, CHING H L, et al. A retrospective popula—
tion—based study of injury types among elderly in Taiwan [J] . In—
ternational Journal for Consumer and Product Safety, 2014, 21
(1): 3-8.

BE, BT, BRIZHI, 5. M 2 2009—2013 45 R 3
SET IR M AR A R A (D] . Wi R, 2016, 28
(1): 47-49.

KFEHE: 2019-01-23 fEEIBHE: 2019-03-17 ZARHEE: TR0





