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Abstract: Objective: The purpose of this study was to investigate the biological characteristics, whole genome, and
antibacterial effect of V. parahaemolyticus phage 474x1 in food. Methods: The phage 474x1 was isolated from shrimp
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purchased from seafood market with V. parahaemolyticus strain 474 as host strain. The morphology of phage 474x1 was
observed by transmission electron microscopy. One-step growth curve was determined, and its sensitivity to temperature
and pH was assessed. The whole genome sequence of 474x1 was analyzed, and a phylogenetic tree was constructed based
on the sequence of large subunit of phage terminase. The inhibitory effect of the phage on V. parahaemolyticus in shrimp
meat was evaluated using the total colony count method. Results: A lytic phage against V. parahaemolyticus was isolated
which named 474x1, and it could lyse 19 out of 23 strains of V. parahaemolyticus (82.61%). The phage had typical
characteristics of a tailed bacteriophage in Myoviridae. The optimal multiplicity of infection (MOI) was 0.01, and the one-
step growth curve showed that the latent period of 474x1 was 10 min, and the burst size was 115 PFU/cell. The phage was
active over a wide range of temperature (30~60 °C) and pH (4~11). The whole genome of 474x1 was 47830 bp long, and 69
open reading frames were predicted and annotated, including 14 genes with specific functions. Comparative genomics
analysis showed that 474x1 had high homology with Vibrio phage Vp41s3, and phylogenetic analysis also indicated that
474x1 was most closely related to the phage Vp41s3. In the application experiment, the number of bacteria in the
experimental group with MOI=1000 at 4 °C decreased by 0.39 1gCFU/mL compared to the control group at 3 h, while the
experimental group with MOI=10000 at 4 °C decreased by 0.92 lgCFU/mL compared to the control group at 12 h. At 25 C,
the number of bacteria in the MOI=1000 and MOI=10000 groups decreased by 1.04 IgCFU/mL and 1.82 IgCFU/mL at 6 h,
respectively. The results indicated that phage 474x1 could significantly inhibit the growth of host bacteria in shrimp meat.
Conclusion: A new V. parahaemolyticus phage was isolated from shrimp, which had large burst size, short latent period,
and showed good stability below 60 “C and tolerated a wide range of pH. In addition, the phage had good bacteriostatic
effect in food, laying a foundation for the prevention and control of pathogenic strains of V. parahaemolyticus.

Key words: V. parahaemolyticus phage; separation and purification; optimal infection complex (MOI); one-step growth
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RRAGTE &5 IR GTE T | 3B WERRBE, BA% 1.5~2 mm
(1) HE PO AR I S5 2 S TE, BARY
70.8 nm, B % 18.3 nm. HA7 LRI AT R W PR AR
H %6 2 s BRI EASA IR (& 2) 6

K1 RIA MR A 474x1 BRRBEEZS
Fig.1 Plaque morphology of V. parahaemolyticus phage 474x1

2 R MBI I 474x1 B BB S
Fig.2 Transmission electron microscope morphology of V.
parahaemolyticus phage 474x1

2.2 RIAMITELERE 474x1 BEE

IS DB W PRI 474x 1 7 RS AN 1. MR
1A 474x1 BB % 24 fi 23 AR @I 5 9K B P A9 19 £
(19/23=82.61%) , FWIWE R 474x1 XF 1 245 @ 15 1
PR A R a24fiae 11 o
2.3 EliFMIlEREE 474x] RIEREEH

2% 2 Sk S 9N B W B AR 474x 1 2 T
L5, 4 MOI i 0.01 B, Wi B AARRHT 5 B i KR
9.66 1gPFU/mL, Ui FAMEERA 474x 1 7 8G% @)% i 3K

F 1 RIFMINEMER K 474x1 fid F 3%

Table 1 Host range of V. parahaemolyticus phage 474x1
B MRS TR S fiif 24 24f#AE T

1 BIEILNE  ATCC17802 CHL,AMP,AMC -
2 BIWIMIKE ATCC33846  CHL,AMP,AMC,CXM +
3 RIEImINE F6 CHL,AMP,AMC +
4 RIS F7 CHL,AMP,AMC +
5 RN F22 CHL,AMP,AMC +
6 RN F23 CHL,AMP,AMC +
7 AIEMIKE  vp27 CHL,AMP,AMC +
g AIFMINE  vp33 CHL,AMP,AMC -
9 AIEMINE  vpal CHL,AMP,AMC,NAL +
10 AEMWIKE  vpad CHL,AMP,AMC,CXM -
11 AR 460 CHL,AMP,AMC,CXM +
12 R MmO 461 CHL,AMP,AMC,CXM +
13 A MR 469 CHL,AMP,AMC,KAN +
14 R MG 470 CHL,AMP,AMC +
15 RIS 474 CHL,AMP,AMC +
16 R MG 475 CHL,AMP,AMC +
17 R MR 485 CHL,AMP,AMC +
18 R MR G 486 CHL,AMP,AMC +
19 B mm 056 CHL,AMP,AMC +
20 R MLSNEE 0514 CHL,AMP,AMC -

TS a5 PR H128

5]
—_

CHL,AMP,AMC,CIP,NAL +
22 R MLSREE H256 CHL,AMP,AMC,CIP,NAL +
23 R MLNEE H512 CHL,AMP,AMC,CIP,NAL +

T+ LI TR 0 R 14 74 1 BRAE 240 12 AN 1T, — (R R i I P v
P47 URRENS R Z A0 1 s CHL (585 %) ; AMP(ZUR 4K ); AMC(Ff
ZEPIM) s CXM LT R); CZO(CHamebk); KANCRTREE 2 ); NAL(ZE
WERR); CIP(FRNIP )

F#2 RIS IREE VR 474x1 (I S A
Table 2 Multiplicity of infection of V. parahaemolyticus phage

474x1
MO PIRAWERE AR BIRATE Rk WS A AR SR 250
(1gPFU/mL) (1gCFU/mL) (1gPFU/mL)
0.001 5 8 8
0.01 5 7 9.66
0.1 5 6 9.61
1 5 5 9.07
10 5 4 8.20
100 5 3 8.07
1000 5 2 7.04

T 474 B, WEPE AR 51 32 B R Y ERfE Sl 0.01 B,
T I R 22 W PRAAR .
24 BEiAMINEREEA 474x1 —SEKEhk
DAREFRE ] AR AR BR, LA AR 25 H g PR AR
P IR AR I AR — 2D At 2 . an
B 3 R, WEREAAR 474x1 BOERIRIIA 10 min, S
A 10~90 min, 2YFEARIALEPRAL ML F] 8.81 1gPFU/
mL, 245, 115 PFU/cell,
2.5 BIiAMITNEMEEE 474x1 HRFEE MM pH F2E M
W DRTAAS X Ui B2 A UM N 151 4 R, 474x 1 7E
30~50 °C PFEFEINTEHERAE, 70 °C B HTHHRGE T
[%, 30 min #5842 K% ; 60 °C WEE 1 h 524 n] I,
1 AR Y 474x] BN TE pHA~11 Z [a] By 58
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Fig.3 One-step growth curve of V. parahaemolyticus phage
474x1
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Fig.4 Thermal stability of V. parahaemolyticus phage 474x1
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Fig.5 pH stability of V. parahaemolyticus phage 474x1

2.6 ElAMINEMEEE 474x1 £EFLH DNA BIEE

o FH S Iy -5 L B B T W B A 474x1 43
ZH DNA, FHAB I 43 D' 6 B8 T s $ B i) s o 42
474x1 DNA ZS4%°A 220 ng/mL H. OD 050 M 1.88,
VPSR 1 DNA 358 B H &5 2R, i
JED PR

WEEA 474x 1 DNA A TEUIEHHEE IS He pk &5 5 an
Kl 6 Fras, A L& F DNA HE Kk 4507 B —JC HE 4%
77, H DNA 3T 3R, Ui 5S8R I T W
A 474x1 HIFENZ] DNA,
2.7 B MINEREEA 474x1 £EEE D

WEEE A 474x1 AL 4K N 47830 bp, Hili ik

5000 bp

3000 bp

2000 bp

1500 bp
1000 bp

750 bp
500 bp

250 bp

100 bp

Bl 6 WEBER 474x1 (4 P41 HL R

Fig.6  Extraction of whole genome DNA of V.
parahaemolyticus phage 474x1

T 1 BRI 474x1 AY43ERZH; 2: DNA marker.

SIATTE LA A(30.42%) . T(29.16%) . C(20.45%) .
G(19.96%), GC ¥ &5 40.41%., WEREK 474x1
4= 3L R 20 7 %1 BLASTn LU 45 45 SR o, W B 1A
474x1 5 @ LR BE WE R AR Vpals3 (&R 515 : MZ0
73369.1) A e iy AR, [FITEMAE 99.06%, 74 35 %
K 77%0 AR5 H AR PR I P A R PR /N T 80%,
N 5 EFLINEMEEAR ICP2(2 5|5 HQ641345.1) 7]
PRHA 78.55%, SRR B ME BEIA Saratov-15(2R5]
5. MT767883.1) [AlJFE N 78.45%., ANI # A& IR
474x1 5 RN MR WETE A Vpals3 [FEME 5 s (18]
— < T =T73% ), {H 5 H A R A I DR 2 [ A
¥/ NT 50% (& 7).
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2.8 BIRMINERMEER 474x1 EEAINGEEFE TR

i RAST 7E£R IR T b7 DhRE LN 1R -
ZEI BOR, BETER 474x1 IJERHILA 69 H il i
#E (open reading frame, ORFs), H: #7145 24 1~ ORFs
I FIE4E L, 45 4~ ORFs v T sk . FEHRHAKEE
Sk 47830 bp, 5% K 1 ORFs Sy 4245 bp, He fH 191X
126 bp, K J&F 643 bp. ORFs &K A 44376 bp,
K 92.78%., £ BLAST X, i 4 (9 69
4~ ORFs H5 14 1> ORFs B HfiELIRE, 18 ik ix Lgd:
MEFLR TR AR 4 A, tudE DNA & il 594
P HL(ORF29, ORF35, ORF36, ORF39, ORF45,
ORF47. ORF49., ORF51. ORF54, ORF55) . DNA
AR e (ORF4, ORFS) | 45M5EHL (ORF1) | Bfim
TIRERSHL(ORF32) . R T iX 14 ~EAREETIEEN
FEHE SN, HAhHY ORFs #MIEEE A, L5 79.71%,
HIELRH KIS AnE 8 s, ik tRNAscan-SE fifiier
S=FL R I (RNA LA, B 474x1 AR5 15 3=
P, @it VFDB s F1 CARD ds )28 il s 5
A 474x1 FERAAEBE JJ BN S RporE AL .
PRI, 322485 SR e W W IR 474x1 W T2 PP B0k
PRIBIF ¥R 14 4
2.9 EIBMITEREA 474x1 R4

TS B4 474x1ORF4 A it il RSP A4 £ 11
ARG KT AR AN E 9 Bros, @i i 9% B e AR
474x1 HEIE MK WER A Vpa1s3 (JE RBP4 78
[Fl—~#Ei s =2 1, D54 S5aERLIRRAE R4 ICP2, €1
18R B W B A4S Saratov-12. Saratov-15 JE )k —3, A
BARUT ARG LR
2.10 MEEAXTEEEN LA m I E A E

URAIZE 4 °C JiCE 12 h, @I MR B ok B ARtk an
Kl 10A B . ZERCEWIE], 828 5 1gCFU/mL 44 B
A R PR LA BH B, MBS O h 119 3.73 1gCFU/
mL FRFERIEE 12 h 19 3.55 1gCFU/mL . SCH2H i
FEAHEE T X ELHAE 12 h WA HE T, A5
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Fig.8 Genomic map of phage 474x1
e N RIS B R R FEF ALK %, GC & &, GC w8
(CRTERGA, NTENER), FEEEFER,

| e

2925 (P<0.05), MOI=1000 SZ3G4HTESS 3 h AHEEGT
MELH BB R T 0.39 1gCFU/mL, MOI=10000 =246
ZHAEEE 12 h AHBSXT IR &= % T 0.92 1gCFU/mL,
HAM M2 5 (P<0.01).

YRAILE 25 °C HCE 12 h, B3 5T ok 22 281k
nE 10B fias . FERCE WA, 22FF 5 1gCFU/mL 41
PRI %) PR ZH P i AL I ka3, 7658 12 h B K
#| 5.66 1gCFU/mL. SZ502H i TR ELAH LU X0 BEZH 7
12 h A W2 R FE, MOI=1000 SZE62HTESS 6 h A
BT IRARE E R T 1.04 1gCFU/mL, MOI=10000
TESE 6 h AHECKT RRZH P& TR T 1.82 1gCFU/mL, H.
A 22 7 (P<0.01) o

QNL29726.1:14-478 hypothetical protein Saratov15 00045 Vibrio phage Saratov-15

63} ADX87773.1:14-478 hypothetical protein TU12-16 00095 Vibrio phage ICP2 2006 A

100 ] QIG62482.1:14-478 hypothetical protein Saratov12 00032 Vibrio phage Saratov-12

100

0.050

YP 004251191.1:14-478 hypothetical protein ViPhICP2p20 Vibrio phage ICP2
WP 033934232.1:14-478 hypothetical protein Vibrio cholerae
100 | WP 033928884.1:14-478 hypothetical protein Vibrio cholerae
THLyP 009056232.1:14-478 hypothetical protein LD36 gp20 Vibrio phage ICP2 2013 A Haiti
Terminase large subunit Vibrio phage 474x1
1001 QXN67714.1:14-478 terminase large subunit Vibrio phage VP41s3
AUR99324.1:30-501 terminase large subunit Vibrio phage 1.264.0. 10N.286.51.F2
MBL4940521.1:16-479 hypothetical protein Colwellia sp.

P19 LT IR Sl I HE AL ) ZRGEHEAL Y

Fig.9 Phylogenetic tree constructed based on terminal enzyme large subunit
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WAL B 2MRIEN 4 °C 125 °C R ME AT B M R B I BE
J1; #P<0.05 2257 .3 **P<0.01 22540 B3 .

3 Wit54ie

HET, BN O 22 ARk S50 @0 iyl e &Y
PERERAR, T = 8550 POK™ i iis K v 43 25
Hi o —BRZUPEBE B AR qdvp001, 322 B8 2512 A5 15
1 7K AR 43 H PR RR @A I I BRI TR AR VPp2,
VPp3. ASSCmeEs JEEAEN DAL AL 157K P o
H— R ZUPEE B AR F23s1, ASSZL6 -t A I B MR AR Y
RS Y SRS AR 474x 1, XTI A I A RIS
M E

AR T, 15 EREMIEE SRR 474x1 B S
23 BRI 245 RIS LR ER i 19 B, F230H 458 50 1) 224 i
TR, 1 IS A2 50T ReST T AR AN R e
PR SZAA Y 25 S 52 T W B AA R RR ) IHe A7, I AR
R BB e BEARR SR M, KU R A T PR R At 2 AT
SETCEW, FeRIB A 2 . iXtEkI, 474x1
W] LAFEASR T T B VR R A B T80, A0 R o

MOI F5 &R PR 518 F BRI L, AR
PR RS R K AR B 1 AR ], B e B A TR 9 B
{4 MOI., 151 40 9 Bk 1) 5 afin 14 5T B 2R i s PR AR VB
VPS BA3 fIVB_VPS CAS8,5fEMOI “40.1™), Ibra-
him 51 X — PR BB S LA I BN e L P A CCHR A
RIS KB 19 ZU P TR R Phvhe I e 14 Fcfd: MOI
M1 FEARWFFE D, WEREARRL5E YA MOL 4 0.01,

FEBH LU R s PR A R 1 SR PR, S REI AR
AT FIIE R, FEAE =P Al PR AT A 1S 21 R
[ESEUNS

PSR PR i) — 20 2B R R AT LA & IR TR AR 1)
AN ks HH R T R R PRTAAR, Xk
E T A A B RE X, 474x1 AR S5 ES
& VppYZU92L AR, J& 35 MR 14555 9 10 min,
SN 35 PFU/cell. 55 —BRIE B A VppYZU64
PR IR A 35 min, (HZF#EA 150 PFU/cell™
FEARWFGEH, 474x1 BRI B 240 s oS, A
10 min F1 115 PFU/cell, 43S AL 45

FEA R AE S5 4T X W PR AR50 B 1 P
2% S By T Sy W TR A AR A i s o e R ER =
S AEARBFFR D, ME T WEPEAASXELEERT pH 1Y)
HBTT T, DATARE D LB PR AT 9 i PRI P s ) A=
BRI o VB S SR WS PR AR A0 (1) — D 22 PR R PO
BIEVEEARAI S . 255 M s A bR 25 B e
JHRY, FEAWFSEH, 474x1 7E 50 °C FH&EE, 7E 60 °C
EE 1 h 53N TR, 78 70 °C Lh L2 30 min JF 584
S, Y TR LI T EREE T, AR AT LAAE
Whio IEAb, PRBE I TR ERURE S35 Ml W PR AR i RS PR
PEARIE, Ik pH 525 PR AR SRR, IR 7E 4 bRl 40 i
AR RE SRR, 474x] FEBL TR pH 8 BRI
MY, 5 vap04 AHRIRT,

ASSCEGERE T 2 VR, b, 4 o fRRAR
IR, 25 C AUFREIR. 4 °C TR NN
LT 25 °C FEl—BHa S pE R, X AT RE R A INE &
A0 WIS N B AR R o B 2 VTR S () 9 SE 4
25 °C F MOI=1000 Fll MOI=10000 5 5 2H v f% B
B B RE, 7E4S 12 h B Sz 2H vp sl merE s e
BB 4351 FE X BEZH 1K 0.18. 0.87 1gCFU/mL, {504
WE R AR 474x1 BEAZ 38 (P<0.01) Ml 15 W A A4
K, (A GESE R K RIS NG o B2 7E g Bl A
Xt Ay BOFN B 286 P, = ARIBE R AR Vmp03 . Vpp07.
Vap04 7 fayt 43 it Hoqe 32 s 4 — a2 g il 6
J1o HE 25 C &M, Z&ad Vmp03 AbHS A SZE2H
AR X RELH B B 7ESE 8 h F &4 2 1gCFU/mL;
23t Vpp07. Vap04 AbEH 5 14 S 56 28 AR e %) e 41 B4
HHETESE 6 h TREZ 1 1gCFU/mL., ARSZIGTE 25 °C
F MOI=1000, MOI=10000 ) 5 56 ZH #H %5 X} FE 20 75
% 6 h BT BB T 1.04, 1.82 1gCFU/mL, &
SR B ST AR L

ZE LR, 474x1 J2— R Y RIS A IR I PR
Ao IR PR SRS vE SR, R, e
IR R 2, (HXE 60 °C LA REH - pIFaE T,
HEIMTAZ SEE B pH, 7E DS P A RATFIIN B ROR,
i Tk = Pk FZPUPEILBI A EE J LA, 474x 1 TEARA
JEH-2s FHR B4 7K 7 o W I PSP o
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