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Abstract: A hypervirulent persistent genotype (HVPG) Yersinia enterocolitica strain Y2844 was selected as the host

for the isolation of a novel lytic Y. enterocolitica bacteriophage, vB_YenP. WW1 (WW1), from sewage samples collected

from Guangzhou, China. Genome sequencing revealed that phage WW1 possesses a complete genome of 39,589 bp and

shares the highest nucleotide sequence similarity (92.77%) with Escherichia phage P483. Phage WW1 exhibited tolerance to

a broad range of temperatures (4~50 “C ) and pH values (5~11). Bactericidal assays revealed that WW1 effectively inhibited

Y. enterocolitica growth in LB broth at 28 ‘C for up to 8 h. Following 24 h of phage treatment at 4 'C, WW1 reduced viable Y.

enterocolitica counts on raw pork surfaces from 3.82 log CFU/mL to 2.67 log CFU/mL and decreased viable Y. enterocolitica

counts in milk from 5.41 log CFU/mL to below the detection limit. Furthermore, phage WW1 significantly inhibited

biofilm formation by Y. enterocolitica on polyethylene and stainless steel surfaces. These findings suggest that phage WW1

possesses strong environmental tolerance and considerable potential as an antimicrobial agent for controlling Y. enterocolitica

contamination in food matrices and food processing factories.
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122 "E AR B4
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TEWAH 0.45 pm VA 25 4 2 08 I i 1 S R AT i
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A5 FH R P B U SO e BB AT B S 10 min, B JS
FH— VR S B2 0.22 pum Y83k 3k AT 1 JE R T
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PR Al I W TR AR, S 0tk B A Al A T AT
R, H LB BRI, FH R A G 1 AT T
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FU B R AR R, 4B 0, WE 30 mL
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PR 2 RE], REET 4 CER. B -H, BN
BEHATE L, 12 000xg, 4 ‘CES L 20 min, /] 1 mL
SM buffer B2 PTUE, MM #3 I W B AR IR AT 1)
WAER N DNase 1 il RNase A, 37 ‘C FiE&E
60 min. {5 I\ 20 uL 10 wt.% SDS. 1 uL 2K [ K.
20 uL EDTA, T 65 CHEE 1 h IREVRE K. A
Tris MAEYAT, EiRED GO 5 min, WHEZ
AT BB L F, B JE A SRR 2R - &
fj — FIRELR Y (25:24:1) HREUEF 1A DNA.

12.6 EHRERE L8047

I B A L DR 2 R ) Tlumina ~F & 2E47 00 77,
FF )5 15 2 1Y reads il SPAdes v.3.13.1 $F 8% 4 X ¢
FIHATHHEE, HBEEAAN 2R HAF ] (fasta
A dE T NCBI % # JF  (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) # 17 /57 %1 Lt XF. M NCBI £~
17 TR A2 R TR AR ABL R R T 80% 118 At R T A 4
FF AR5, 4 H ANIm #4708, 20 b1 4s 1
TBtools il #v &, it 5 /1 K44 % (Virulence
Factor Database, VFDB) Al $it 4= & i 24 14 B 4 2
(Antibiotic Resistance Genes Database, ARDB), X
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Wk A A Hh 1) B 0 R IR T 24 B R AT o b R AE
2R KA prokka X BN LA 20 E AT %5 €, {#H blastp
(Protein-Protein Basic Local Alignment Search Tool)
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1.2.8 mAEREE HMZ (Multiplicity of
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MOI J& $5 Wit 1 14 Bk 250 5 18 32 18 0K 25011 B
B KB BRE RSB 2 10" CFU/mL, HY 100 L 25
T 3mLLB Az, FEJEHE MOI Jy 10, 10, 10°,
10", 10% 10° A1 10 &) LB Az 23 BN 100 ul %%
iR 10°, 10% 10, 10° 10°, 10" A1 10° PEU/mL f
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Horp R B E ) MOT AR £E MO
129 —HFAKHENE

¥ 18 W s Y& 20 %8 10°CFU/mL, B
1 mL B, 12 000xg & .0 5 min. 3 biF, JiiE
PL 1 mL SM buffer (2 mmol/L CaCl,) = &. %
MOI=10" A gk, Y8215 T 28 C i E 5 min,

98

(D

BE 5 12 000xg 5.0 5 min, WL BiE & H, JTiE b
1 mLLB Pz ER, B 0.1mL FiREZ, 1A 9.9 mL
LB A% H (2 mmol/L CaCl,), V&%) )5 H 1 mL
T 1.5 mL B0 H, B0 s, BEEH RIRRZ L
28 'C. 200 r/min FJZ5AFBEATHE SR, 4 5 min BEAT —
WHLRE, B % 90 min. SEREUFE, #5TK Bk
L 0.22 pm JESFEAT LSRR A, Bl DU E S
12.10 AT HRBRBIET M

R T S B R AR 2 BT (B S AT T A R 2
e U AR T TG, SR M R A ) A
#Ry 1x10° PFU/mML, 88 J5 4 W5 1 4 43 0 TBCE T 4
20. 30. 40, 50, 60 F1 70 ‘C /KBS, #E 1h,
B S A s 0T RS e PSS, YL 200 mL LB
W7, ol 3L pH VA% 1~13. BUASE pH A
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WK (1x10° PEU/mL), FUN 28 ‘CRE 7 46HHE 1 h,
B 0 5 RN
12,11 "R EARGARLE I K3 R AR KE AR

¥ 100 pL VR B AR S5 E = E Wl (2
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16 FER IR (FFEN 1x10" CFU/ML) . i FLIRAE
28 C NHHATER E R R, £F 6. 120 24 h IWFEUH —HAR,
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12,12 A ERBE4E s K0 R AR A KL
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59 443 4% A 100 pL 1x10° CFU/mL (MOI=10)
A1 100 pL 1x10" CFU/mL (MOI=10") {15 B 4 7% -
UL EFEAE T 4 °C, 83 hEUE—K, KA PR
THECF A I 25 75 v /N i 45 1 9 I 7R A% T B 11 1R
AT 0 e T A 1 00 T 28R
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TR, BRI 2 g 3ER T, TR
IIBUN 75% BRI 1 b, B S E TE R K R
Ve=, THETAEGTIET, HfE23T 50 mL &
O R B 1 T B ORIV T R 3% IR MOT=10° Al
MOI=10" [ LB A, BEJG AR INEE R, X g
Moy R e &E0E F R . HLl EREGET
4°C, f3hBFE—X, MECEHERMNI10mL T
WK, ZEE)E, 100 uL FRRMEIRAG, K
FH PR U B W A= 4 PR mR ik B 14/ B 5 P 4 B JR
ARICHE M B, AT 0 W8 A D400 B AR
1.2.14  EHRIT A B L7 6 st i K38 R A
K B )RR 64 49 ) OR

W T A S AE T K oin Tt R, &)@ n
T T HRMEE A /NGRS RARRE RS, )
BE— 2D VP W T AR A 48 SR TH R A RO R
R AEPERIHER . RAPRU T

W FEEB KBRHERAER
1x10°CFU/mL, HX 10 uL i &= KE 4w A Lk,
T HEE G TR, B, B R 6 LT,
XtF control H, [ABEFLAIIA 2 mL LB Rli7;  XFF-iak
B4, AAELTIIN 2 mL WA S MOI=107. K% 6
FURKT 28 CFH59% Th 5, BUHEBA, Rk,

ST AP, O EOHE R E R, B
VRO A 10’ CFU/mL. BUKHE G I4&)E AT 6 4L
M, XFF control 41, HX 1 mL 15 FEE B W M 1 mL
LB Wiz, RAIEMN 6 FLARH; X T34, B 1mL
6 F W W 1 mL BRI S (MOI=10) 5 &8
FALARIN LB Wiz. KZFLBUION 28 CREF:4
9% 12~20 h, BlJSE FHARFR 73 50 0.5% 45 a5
Xt &)@ B LRI AT et
1.2.15  #3BEnH7

FRPE AR AE X BRI ), SEIRE A 3 K, #L
P48 FH Excel 4T 245 4b B2, {87 GraphPad Prism
8.0.1 BEAT HHfs 4 A AT AL, {8 ANOVA #4731
K& 7 2081, P<0.05 INAZEREBASHE L.

2 RS

2.1 "EHEAERSH KK

IHFFLLL Y. enterocolitica HVPG EH Pk Y2844
6, B TG 7K R oy B B — R B N i 45 i 9 HE
IRAR IR MEE A, 4N vB_YenP WW1 (WW1).
FER s RN (B D, WEiE wwl B KE
N 58.12 nm, BEFEN 56.84 nm [K/NIUTE L, PLK

K- 15.58 nm, %4 9.21 nm AERZEMERE . LA
EBHEFRY], WEK VB YenP WWI J& T 50 2% &

Podovirus .

o I3

B 1 B EE vB_YenP_WW1 E5TEEER S

Fig.1 Transmission electron microscopy (TEM) image
of vB_YenP_WW1

2.2 RTRHY I E A AT

5 Tlumina AW 7 F & X W g A 3t 47 4=
RIZELIN 7 o AR PP 25 3, WRTE R WW1 I8 %)
JF R REER DNA, B K E R 39 589 bp, GC
TN 48.37%. Wik B Ak R 4H 28 5 07 DRl - AR FE &
TS 245 1 B DS 530 o 00 /s R R LB ) B DR R B AR
R EEE, HIASHIEFEME S EEN, Xk
IR T R WW 1 & —RRZIPERE B A, HOR AT 877,
Tirf 245 35 DR 7K P2 78 UGS

I 25 PP R 20 b o R RS DR A R T A A
LPE /N T 95%" .l o WE R Ak WW1 55 NCBI
% % PP 51 B4 B b ORI W B A AT R T
*f (nucleoside Basic Local Alignment Search Tool,
blastn), {4 H1 ANIm X A BA 4 >70% [ Wik B 44 (1 42
BRI FPH AT RAETT S04 ARAE LU IR, Wi
BRI WW 55 400 I B A PR A I 7 1 A A 2441
T 95% (& 2). [F) K7 16 Wik 18 74 Escherichia phage
PAS3™ M BLJE % R, L ANIm B N 92.77%, 3% it )
WW L & — T L /N 45 1 9 11 7% A DX 6 1 1

EH T R A8 WW T R A [T R B 4 P483 [ AH
LR B v, ] Easyfig Xof 79 R 6 1 4k (1) 2 [R] 4 3k
FTRTRRAR A Br, fl FAT €5, B RN SR (X = R i
R DX 73 b A R A R ) DG B IRL, BRIV 3R %F
LRLR2EA, ERWE 3 PR, R4
PR R G B A 1) NV 3R TE T 81 A7 TR 5 v R AR AL
X R EATIETE 20 BRI R Ae BA AR
hae: MRELEAMMUERI, X—ZR06
2 5 T 281 O R e B AR TE T ) 5 R e v R
S, s E VR .
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Table 1 Functional annotation of bacteriophage WW1

seryl-threonyl protein kinase

__—hypothetical protein
——S-adenosyl-L-methionine hydrolase

" hypothetical protein
Terminase, large subunit

N
"\ TPA: MAG TPA: lysis protein
Terminase, small subunit

Y i T REIR
ap22 F3L#% (holin) FLIR T B3R
ap47 M i%% (endolysin) R Bk
gp25 M 3R FARE B C (internal virion protein C) DNA JZ54F 3 48 3%
2p26 DNA 7E4i# 18 % @ A ( DNA injection channel protein A ) DNA JEH 7 fig3k
ap27 MR FHEREE A (internal virion protein A ) DNA JEH 5 fig 3k
gp23 B 4% @ (tail fiber protein ) LEHM T FEIR
2p28 B %8 (tail tubular protein ) LEH) T HEIR
2p29 R & (tail protein ) 4E M) T BRI
2p30 R & (capsid protein ) L5 T BEIR
gp31 Rzl %@ (capsid assembly protein ) L5 T AR
gp32 Kk Ri%E¥3% 4 (head-tail connector protein ) L5 M T B IR
2p33 RAr4LK % & (tail assembly protein ) L5 M) T IR
ep35 JH2%& @ (virion protein ) L5 T IR
2p01/48 AZBA M 78 (endonuclease ) DNA X4 3 6t 3%
gp02 ssDNA #4-% @ (ssDNA-binding protein ) DNA X347 6t 3%
2p03 18 £ RNA JA-Ba474)7) (host cell RNA polymerase inhibitor ) DNA it zh 483,
2p08 ATP 4R #t: DNA %458 ( ATP-dependent DNA ligase ) DNA it 2 fe 3%
gp09 dGTP = A48 /K f&BE474) 7 (dGTP triphosphohydrolase inhibitor ) DNA it 24 fie 3%
gpl2 RNA 48 (RNA polymerase ) DNA X4 7 6t 3%
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Table 2 Host range analysis of WW1

% AR £ R

A5 2 DR D00 8 W T R WW L X 10 B/ i 45
o 98 B8 7R A% IR E HVPG 1 B AT 5 Rk /I8 i 25 o ¢ HE
/RAR KW AF HVPG AR R ROR, g5 R sk 2

FF E ARG ERES HNEE & M AR e WW1
1 Y-1083 Y. enterocolitica ymoA-ystB-fes-sat-inv-hrep-fepA i% +
2 Y-2844 Y. enterocolitica inv-ymoA-fes-sat-fepD-hreP % +
3 Y-3824-1 Y. enterocolitica ymoA-fes-sat-fepD-tccC-fepA-hreP-ystB i% +
4 Y1367Y1 Y. enterocolitica inv-ystB-ymoA-hrep-sat-fepA-fes-fepD-myfA % -
5 2844A2-3 Y. enterocolitica inv-ymoA-fes-sat-fepD-hreP % -
6 256B1 Y. enterocolitica inv-ystB-ymoA-hrep-sat-fepA-fes-fepD % -
7 C1367C2 Y. enterocolitica inv-cysts-ymoA-hrep-sat-fepA-fes-fepD % -
8 Co18 Y. enterocolitica inv-ystB-ymoA-hrep-sat-fepA-fes-fepD % -
9 C1083 Y. enterocolitica ymoA-ystB-fes-sat-inv-fepA % -
10 Col Y. enterocolitica inv-ystB-ymoA-hrep-sat-fepA-fepD % -
11 Y473 Y. enterocolitica ymoA EE) -
12 473A2-1 Y. enterocolitica ymoA-fepA EE) -
13 Y3818-1 Y. enterocolitica ymoA-fes-fepA EE) -
14 509A3 Y. enterocolitica ymoA-sat-yadA-virF EE) -
15 Y4237-1 Y. enterocolitica ymoA-sat-fepA-hreP 55 -
16 M267A2 S. typhimurium — — -
17 M267A3 S. typhimurium — — -
18 M268A1 S. typhimurium — — -
19 1974-2 L. monocytogenes — — -

20 1299-1 L. monocytogenes — — -
21 3244-2 L. monocytogenes — — -
22 66-14 S. enterica — — -
23 57-38 S. enterica — — -
24 48-1 S. enterica — — -
25 25922 E. coli — — -
26 553-5 E. coli — — -
27 23781 E. coli — — -
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