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Abstract: [ Objective | Salmonella is a common foodborne pathogen. Studying its natural fungicide—viru-

lent phage has both theoretical significance and practical application value for preventing and controlling the
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food safety risk of Salmonella contamination.[ Method | In this study, Salmonella strains isolated from food was
used as host bacteria, a phage was isolated and purified from domestic sewage by double—layer plate plaque
method, and its biological characteristics and full genome sequence were identified. Finally, the inhibition of
Salmonella by the phage was evaluated in ready—to—eat duck neck.[ Results ] A lytic phage against Salmonella,
named JN-S202001, was isolated and characterized.The biological characteristics of JN=S202001 showed that
the optimal multiplicity of infection (MOI)was 0.01.The latent period and lysis period of JN=S202001 was 5 min
and 80 min, respectively, and the burst size was67 PFU/cell.JN=S202001 was relatively stable under the range
of temperatures (30-60 °C)and pH(2-11).It exhibited lytic activities against 9 out of 42 Salmonella strains.The
JN-S202001 genome had 111, 256-bp double—stranded DNA molecules, with a total of 184 open reading
frames (ORFs)and 40% of G+C content.No known virulence—associated , antibiotic and lysogeny—related genes
were identified in JN=S202001.The morphological and phylogenetic analyses indicated that JN-S202001 be-
long to the family Siphoviridae in the order Caudovirales.The number of Salmonella simulated contaminated in
JN-S202001-treated ready—to—eat duck meat reduced from the initial 4.1 Logl0 CFU/g to 2.07 Logl0 CFU/g
after storage 48 h at 4 °C, which was 1.3 Log10 CFU/g Salmonella less than that in the control group without JN—
S202001. The results indicated that JN-S202001 could significantly reduce the number of live Salmonella in
food (P<0.01).[ Conclusion ] A virulent phage JN—S202001, newly isolated and identified in this study, had ex-
cellent bactericidal effect on Salmonella , which can be used as a potential natural bactericide for the control of
Salmonella in food.
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1.1 #RSiKFH

TP QB B : ASBFSE % 2018—2019 4543 855K A a2 T AR B T 1 (W X TR FIfE TR A5 6, R AL AN
TEW S AH R E LT Y 5 YD1 G (ATCC BAA-708) X KA FT 18 0157 : H7(9490) B bk 11 56 Rk
AR B S FFE R Robert E.Levin ZAZ 151 ; V011 [ A (BNCC 185946 .BNCC336875) 14 H AL 9 E WA BR 2>
Al DAL BRI R T ARMER 2 -80 “CUKH o 15 /KBS TG4 R 2458 S I i A= 6 5 K b3 . B
B Ay T A

LB 5 3% 7 35 57 5 (b mt il B B R A BRIEAE A 7)) 5 PEG 8000 . 3% B 45 % 1 Y (4 (Jb st R 3 £ R}
H AR H]) ; DNase I, RNase A( H 2 TaKaRa A w) ) ; 73X DNA A% 2 4 B0 & (05 /R T = AR 2l A
B H]) 3 86 4R (saline magnesium , SM) 2 /i
1.2 NHB5E&

HFsafe—1200LC A= )% 245 (L 1 W R R A FRA D) ; UV 6100A 2840 0T W46 B (i oT

FrAL 25 A R F)) s pHS-3E pH i (AR B AR A BRA R ) 5 TS-2102C F8 IR IR (1 K 2 525X
il A PR A s SHP-160 B A AL BE 35248 ( 1 ifg = R BHAAER A BRA T ) ; GL-21M /= 3 7k B O ML (5 g
WG T Z A RA D
1.3 A =E
1.3.1 @i 3A  SHECE I B BT TR T 37 °C. 180 r/min 54 R FRERIG , VA 3% )
010 min, PITEEE T 1 mL K& EEK &
132 wEE ARG 5 AL S SCIRIL10 43 B 7 1, 2020 4F 11 SR 1 VLG A 0lk K 2% 3 i S B ik A=
157K 500 mL, &AL ES 2 29K B 1 mmol/L, R4 1R 2] J5 E R FH & 2 ho 4 °C,3 000 r/min .0 10 min,
FIE 2022 pm PERE L UE . HCIE TR 50 mL, A AR R R 2XLB WA HE SR AL FEINAE BUN TP T IR 3 mL,
37 °C, 180 r/min 35 354K o $FREFRI 4 °C,5 000 r/min, B0 10 min,  FIE 4 0.22 wm JEME I 1E ST , DB
B SAy W TR AR SRR

V8 55 P A SR P S8 i 2 10 A5 0 R R 2830 VR B3 . TR RV 100 L 5 SR R HR B V0 1)
QTR AT, #7815 min J5 5 7 mL A9 LB 2 [R5 32 3R A1 B LB KRR 3258 1 R A1) 37 “CHIE R 5%
HE P R B

FH G A S Pk BOCRC 1 325 W A 195 B8 BE T 1 mL SML 2% #hiig 1, 37 °C, 200 r/min 523533 % . UK H ¥ SM 2%
4 °C, 12 000 v/min 5.0 10 min, B IEW 100 wl 55K BHEEOWV T ICETR 215 A S mL LB 4
BRI 37 °C,200 o/min B5 55 BRARE T . WRWA R B O, B EHRZ0.22 wm BEMSEE . JEBH
SM 2 PR 10 47566 3 R il BUZ P-4, 37 “CAR & 35 Rl 5 PR R B . A Rk E 3~5 1k, EL
F WP BEIE A K NIEAR —B, RBUZ PRI o W AR, BB A 3K
1.3.3 " A R A 2 8 4 (multiplicity of infection, MOI) 5% Wang S5 J7 i , VAR V1) B BRI Mk B
2 1x10° CFU/mLo  FH SM 22 i i8] 5 W3k GRTAAS A, i e 2 Wk R AR 1) JE% e 52 285 100~0.000 001 43 51| B
BB ANTE £ W45 500 LIRATFRE 15 minJ5 iIIA LBAART SRS mL, 37 °C, 200 r/min 15754 he B2
SRR TSR AN, B 3AS AT U B e Y R R R S
134 HEA—F AR mE SIS B B AR S 8 BBV TR 45 1 mL % e fd:
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MOI(MOI=0.01)JR %] , #+ & 10 min J7 12 000 r/min £5.0> 2 min, JUIE M LB KR 2 B yE K 2 G EE T
37 CHY 10 mL LB 30 37 °C,200 /min 1535 185 min, 7£0,2,5 min B 28 BIURE , 5~15 min B 45
B% 5 min BUFE 17K, 15~45 min B 5EPE 10 min BURE 17X, 45~185 min A 45 5% 20 min BORE 1 Yk FE S B Ooat i
Ji LR RUZ AL T AR AR A E A 3K

135 @At R RBERCE (efficiency of plating, EOP) B0 & W B A 2L . EOP {1 278 Wi T4
PRI AN R 20 1R 7™ A AR AR I RE 7 o EOP {8 e DU W5t T 1A KT 12 240 7 1) 246 i 01 3 : EOP=>0.5 Ty
B SURAE ST ,0.1<SEOP<0.5 N h 2524 AE 11 ,0.001<SEOP<0.1 MR AL RE 11, EOP<0.001 K Ky L2417 fE 11,
1.3.6 “EH R pH A A AL T SHEERFDNITNE BN 20 10° PRU/mL W TR R 5325 2
124 1.5 mL JC R B0, B4 300 wL, T 30~80 “CIAZK 48 Fh /K 1 b, Fifi J5 LA SUZ - #ik ) 5E Hosk
Y, B SE9 EAE 3, I HCL AT NaOH 38755 SM 22 /i pH 2 2~13, 73 51| B 100 L W BRI AA 900 L.
2% pHAE Y SM ZZ 3, 37 *C oK 1 h, Bl 5 LASUZ SEAE I e HA A, B S B0 T 31K

1.3.7 EHABAUE  S% LSO, & L5 W R AR BN A DNase TF1 RNase A LK N
1 wg/mL,37 C/KIE 1 he SRIG I ALHE H 1 mol/L G ALEN IR 2S5 VKIE 2 h, 4 °C, 12 000 r/min 50>
15 min, BCEIEWRIMAZLIREE R 10% 1) PEG 8 000, PKIEIEFEA , MG R A 7R/ UT3E. K H 4 °C,15 000 r/min
B0 30 min, 37 FIEVR, UITE ] 2 mL SM 2 i T, WUZ T 0 2 00 o v 406 I P s A 8P I O e
1) SM 2% MR B 28 10° PFU/mL 40 I 76 I DA AR i 6 5 min Ji5 G B TR AR L T4 2 min, FREE4R 9
A 3% BEESR PR 2 min, BUH T8 S min, 7E B 5T LR T OULSE
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PR R S 28 i A R A BR S Rl A T 4 2 ALY . H BLAST-N(NCBD) 2 Hr i iR e 51 . i
RAST (https://rast.nmpdr.org/) FU Ff- 73 BEFF L B HEHELE (ORF) o Wk P A S R 4 (133 By CGviewServer (http://
cgview.ca/) MRS A BT AE 2 24 PR DR A 2 (http://arpcard.mcmaster.ca) I S R 58 (http://
www.mge.ac.cn/VFs/) FEATHU A 2 245 PE A EE ) A OCRE R B i 6 o {8 1] MEGA Version 7.0 #1044 LA
2 000 ¥X bootstrap H5Z i UPGMA J7 iyt R G0 4 B W™,

1.3.9 W& AR Bp A b B P S TR e ap R R B LRI R K 100 WL I T (AR T (4R i
9 10° PRU/) BN 2 10 o V011 G T M4 A i 86 3 ek D120 i S 09 2, LA SML 2% op g Ab BEAE M S R A . SRR
G IN AL FE SR 10° CFU/g #110° CFU/g VD T IRTA o A i 72 25 1 T 5 10 min BT R 10K 73 )5, 76
4 CHMTARAF 48 ho B 24 hoRAERESD 1R AR 205 A5 BUS B 100 wL iRk A T SSBAR R F 5 [ ,37 °C
18] B S SR E VRO T T IR TRV

1.3.10 Sk BRI 5 REBFRCR EOP A AT

I ARSI (phage titer) =I5 A BEA 5L (PFU) xH A% %1/0.1 mL (1)
BLBERCR (EOP ) =M TR AR X 0k 0 240 BT P 2080 ¢ /s P A% i 3 20 TR A RA (2)

2 HERESSMH

21 BEES B4R EHHENE

PIVD T EG TR 2089b Sk 1 2 TR, DA 196 2R 7K v 43 B 38— MR S0 U 1] BRI I B A4, i 44 R IN=S202001 .
WUZ-A I B RE R B SR INEAR— 3, BEUA A AN 2B (KT 1A) o BERARZLH 4 9.0%10° PFU/mL
25 S H AR ML BR 45 R, IN=-S202001 ELA AR 2 73 nm S SEARX FREEF Y Sk 3, K29 233 nm AU H R
PR 456 A R R H A R W ABHFE (1 1B) .
2.2 BEERERREH(MOI)R—FHEKEZLNE

ANTF MOT T W R A R0 DL 1. MOT H 100 [ 2 0.01 B, I8 R RS0 AN T 5, 78 MO1=0.01 i 15
F| e KB 7.5%10"° PFU/mL, W] JN=-S202001 fzfH MOI 4 0.01,

— A K M A5 R R, IN=-S202001 AR A AT, o4 5 min, # & W 22 i) [A] 30K, 4L 80 min, 7
85 min /7 47 ik B AR ], 24 1 O SR A I I TR AN (1.6x10° PFU/mL) 5 S8 G447 1 1 3 TR 1 (2.4
10'CFU/mL) Z I, 2967 PFU/cell (K] 2) .
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Plaques in a double—layer agar plate (A )and transmission electron micrographs (B)of JN-S202001

Fig.1

JN=S202001 XJZ -4 W & B (A) B B o 58 FIE A (B)

F1  JN-S202001 5 B E N E
Tab.1 Determination of the optimal MOI of JN-S202001

AR/ (CFU-mL™) W AR/ (PFU »mL™) R Wi A28/ (PFU L)

Bacterial concentration Phage concentration Multiplicity of infection(MOI) Phage titer
1x10 1x10° 100 (2.0+0.13)x10°
1x10 1x10* 10 (5.0+0.21)x10°
1x10 1107 1 (1.2+0.15)x10’
1x10 1x10° 0.1 (3.6+0.20)x10’
1x10 1x10° 0.01 (7.5£0.24)x10"
1x10 1x10* 0.001 (3.5£0.17)%x10"
1x10’ 1x10° 0.000 1 (7.5£0.19)x10°
1x10’ 1x10° 0.000 01 (2.320.13)x10°
1x10 1x10' 0.000 001 (2.840.21)x10°

2.3 BEEEHFEE M pH R E A E
I BT M 7E 30 ~50 °C 2 AT {8 5 42 3 204
(>10° PFU/mL),60 ‘CH} FF££92.0 log,, PFU/mLe
70 CHf HA /DR A A (1.9 log,, PFU/mL),
T TR 21 80 “CH I P R 4 2 % (K1 3A) o 7E
pH 2~11 PN I BRI AR B M 8 R e, EHF 7 10°
PFU/mL Zc 45, 24 pH=12 I W B 4% 4 28041 s A7
TRE,7E pH=1 F1 pH=13 {1 FR 55 v 1 7R 423
536 (F3B) o
24 BEERELNE

JN=-S202001 X 42 ¥R V017 TR H Y 9 #k H
AR BE T, R LR 21.4% o 7T 2405 1
QRRVDITICHE 7 Mo Z E A R 245 Ak

Zifi(log,, PFU-mL™)
Phage titer

20 40 60 80 100 120 140 160 180 200
) /min Time
F2  IN-S202001 f—A A K il 2k
Fig.2  One-step growth curve of JN-5202001

4RRNS 8 PP A R BAR 25, 3RS 4 Rl LA R BA MR 2545 (e 2) o IR I AT S5 28 AR AT 1 — MR K
FFIR 0157 HT Fl42 B (A 4 BRIA JC 2L RE ) o 45 RR W, IN-S202001 REAS 24 2 10V 1T IR MK , AU 45

ZHYUE R 2GRk

2.5 JN-S202001 MEREEFII R RGEEZEM O

JN=-8202001 FY#% 1% 7] L9k DNase T4k, fH A RNaseA 4k, 8 H R DI 41 2 DNA 70 1, %L
I 4T IH , IN-S202001 AYFEPI L H 111 256 bp I XUEE DNA 41 A%, G+C 75 1 29 4 40% ( GenBank &
S :0L502173) 0 4ifi% 1844 ORF (IE4% 1384, sk 46 4> ) , 045 24 1 t(RNA JE K 147 4~ 5 B HGE 9 )
REFL R 8 R R PE R i g B L B R . R P 4 IRV PR 20 BT 6 BH L IN=-S202001 1) 3 PR 4 I8 4 i 2
IR ZR N 2 A R DR, ARG T 381 5 0 T AR S DM A DG R 6 K . BLAST-N 43 #ir %2 B, IN-S202001
LR 5 KRV AR Demerecviridae ARG ARV 1T EC B WE B A SP76 [RIE 4 i 55 , 34 99.07%
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El3  JN=S202001 f#ve e (A FlpH R E TE(B)
Fig.3 Thermal (A )and pH(B)stability of JN-S202001
F2  JN-5202001 RfEENE
Tab.2 Determination of host ranges of JN-S202001
T R bR G PR R 251 JEIERCR (EOP) HHAES]
Strains of Salmonella Antibiotics resistant Efficiency of plating Lytic activity
1093a TET/FFC/CIP/SXT 1.00 +++
1080a AMP/TET/GEN/NEO/FFC/CIP/NAL/SXT 1.09 +++
1086 AMP/CTX/TET/FFC 1.00 +++
2016a AMP/CTX/TET/GEN/FFC/CIP/NAL/SXT 0.52 +++
2042a AMP/AMC/TET/GEN/FFC/CIP/NAL/SXT 0.50 +++
2015a AMP/AMC/CTX/TET/GEN/FFC/CIP/NAL 0.30 ++
1096 AMP/CTX/TET/FFC 0.02 +
BNCC185946 0.29 ++
BNCC336875 2.04 +++

AMP:ZR UK AMC: B SE Y AR CTX : Sk AHEG ; TET: PUFRE ; GEN: R B2 s NEO: Ji 85 3% FRC AR JE % 5 CIP: 3
NP s NAL: Z50EMR s SXT: T #ik Wl .
+++: EOP>0.5, ++:0.1<EOP<0.5, +: 0.001<EOP<0.1, - : EOP<0.001AMP: Ampicillin; AMC: Amoxicillin; CTX: Cefotaxi-
me; TET : Tetracycline ; GEN : Gentamicin; NEO : Neomycin ; FFC: Florfenicol ; CIP: Ciprofloxacin; NAL: Nalidixic acid ; SXT': Sulfa-
methoxazole.

FIFH IN=-S202001 B 241 B2 JE TR IR R G0k B b (1815) , 25 5381, IN-S202001 5 V01T IR
B MR 100268 _sal2(NCBI & 55 : NC_031902. 1) [R5 1H: 5 155 -

Hypothetical protein
W RNA

B CDS

W GCfmBE+

W GClmBE-
BGCEE

YP 0093207671 Saimonelia phage 100268 sal2
& Sabmonella phage IN-5202001
YP 009805236.1 Salmonella phage S116
YP 009145980.1 Saimonelia vims Stitch
QIO01957.1 Salmonella phage filkor
YP 009858684.1 Salmonella phage bastian
YP 0098520201 Salmonelia phage atrgjo
YP 001836966.1 Escherichia virus EPST
YP 006868.1 Escherichia virus T
ECP6930427.1 Salmonelia enterica
YP 009849721 .1 Saimanslla phage Thl
QGH45158.1 Bactennophage Eos
QCG76321.1 Kighsiella phage vB KpnS FZ41
e L QEG11294.1 Kiebsiella phage KPN4
7 3214 Tebsiell ¢ i
(S TR R e E NS SIOR el ot
YP 0091946851 Salmonelia phage Shivan

| JN-5202001 3
= #7%P111256 bp P | ¥
401 o/ [

e, e0kop
g

Arrow represents ORF's, the direction of arrow

represents direction of transcription. ) o
B4 BRI TN=S202001 JFE 20 P i 5 JN-S202001 2L G 11 & JEALR
Fig.4 Genomic map of phage JN-5202001 Fig.5 The phylogenetic tree of JN-S202001 Lysin
g. ye © ma g :
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2.6 JN-S202001 3t E) = RS B2 5 S B30 7] R W HD ) 3R

K28 IN=S202001 420 B A8 fi 75 Y 289 E N 2.0 Log,, CFU/g BITP T TR , 4 CAEAFE 48 h 70T R B Mk

JE % & 1.3 Log,, CFU/g; 1 IN=S202001 4b 3 20 7 4 “CAEAT 48 h J AA I ) 0 1] G (P<0.01,1,,,=87.64)

(F16A) . HLHRIE 4.1 Log,, CFU/g BIVD T T IR P HEAD THG i, X BRAL VDT T IR MR BE7E 4 ChtifF 48 h G [ 2

3.3 Log,, CFU/g; IN-S202001 &b 320 7E4ifi 47 0 h B V0 [T [Q TR % %8 3.3 Log,, CFU/g, i 7 48 h 5 VD 1] IR B
% 2.0 Log,, CFU/g, 5 X} BRA1AH bb 22 4 ik 2% (P<0.01,t,,,=35.03) (K 6B) .

A 3r W B4 Control group B 5

O s34 Experimental group
* %k

EES
[ \ sesk
1 Irl 1 I J
0 24 48

o~

2
T
w

2

T
Salmonella concentration

IR BB/ (log,, PFU-g7™)

Salmonella concentration

DI RE B /(log,, PFU-g™)

—_

0 24
BflH)/h Time BflH)/h Time
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