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—HEAFEAGHMEEBmETKEZ. [B 6] 58—t 582 5 il H o) 2V H K, AR
% &R INA R IRG S R R A AR . [T v 28 ifz‘r\a'%%z’%ﬁéﬁm' @mmm%%i%ﬁ,
J RGP AR R NEEE T 5K 5 B SIS RN B H AR, BB R ARG AR, T
i 1k B 89 3 B AR 1A ) AR UEAT £ 4 B 4L (transmission electron microscopy, TEM)MLE. A 45 F4F 1%
mEFe K AAF 7 5. [ER]Y 55 L2 —alEh il E A2 H IR, 4% A4 Vpas PP24.
EHUENEETZEARKRTA T IR, A—KE, KFKH 92nmm, T4 46nm, BEFHKY
147 nm, B FH B2 E AR E KEZEEHRA, LA F M 4K 83482 bp, TMA 118 A~ FF 3L 4 i 4E (open
reading frames, ORFs), LA 448694 134>, 43 %4 RNA. F A KB A4t Fiu AR,
A —B T b 2 R B 4K Vpas PP24 7T A8 4 IR E £ B Ak 49 — ANF7 A . Vpas_PP24 xf 28 #r &l
IR 8 BB E A 54%, 3P B AT B 4G 116 ARINE 49 % M E A 16%; JAE & F A 4 (multiplicity of
infection, MOI)# 0.000 1, ZAM+Ti4 3.0x10"° PFU/mL. — % 4 Kk ¥ & 2 7 Vpas PP24 9% K814
10 min, % & % 150 min, 4 %4 30 PFU/cell. %" B /K298 <50 °C. pH 4.0-11.0 6. B 1 7%
MALE , ARG B, KINE G B Ao 3 T BT MR B IR BUR 09 KA ) LR, {2 & & B K 7T bRk
i;@i% BNt RBALEEAL Vpas PP24 K%, B LB AT IZHA ARG R R THME A 2x107°, [4
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Abstract: [Background] Vibrio parahaemolyticus is a major pathogen of Penaeus vannamei. Posing a
threat to food safety, environment, and sustainable development, conventional antibiotic therapy is no
longer effective. Biocontrol of this bacteria seems to inevitable for the sustainable development of P.
vannamei aquaculture. Phage, a natural safe antibacterial, is highly specific and typically only infects or
kills an individual species of bacteria with high efficiency. [Objective] To identify virulent phage that
can efficiently lyse V. parahaemolyticus so that the set of methodology was established to explore the
phage agents for the control of V. parahaemolyticus. [Methods] Double-layer agar technique was used
to enrich phages from sewage samples of seafood market with 28 strains of V. parahaemolyticus derived
from diseased shrimps. The lytic spectra of phages were determined through spot test. The one with
broad spectrum was characterized by transmission electron microscopy, biological characterization, and
whole-genome sequencing. [Results] Vpas PP24, a virulent phage against V. parahaemolyticus was
screened out. It had an icosahedral head with about 92 nm in length and around 46 nm in width and a
long tail of about 147 nm in length, which was thus identified as a member of Siphoviridae in
Caudovirales. The full-length genome of Vpas PP24 was 83 482 bp, and it harbored 118 open reading
frames (ORFs), with 13 known protein-coding genes, and no non-coding RNA, virulence genes, or
resistance genes. Genome alignment suggested that Vpas PP24 may be a new phage species against
Vibrio. The phage could lyse 15 (54%) of the 28 V. parahaemolyticus strains and 18 (16%) of 116 other
Vibrio species. The optimal multiplicity of infection (MOI) of Vpas PP24 was 0.000 1 and titer was
3.0x10'"" PFU/mL. One-step growth curve indicated that it had a latent period of 10 min, rise period of
150 min, and burst size of 30 PFU/cell. The optimal temperature and pH for the phage growth
were<50 °C and pH 4.0-11.0, respectively. The phage was tolerant to chymotrypsin, papain, and shrimp
hepatopancreas extract but sensitive to proteinase K. Vpas PP24 was also sensitive to ultraviolet
radiation. The emergence frequency of Vpas PP24-insensitive mutants was 2x10°. [Conclusion] A
virulent phage Vpas PP24 with new genotype was screened out. It has the potential to be further
developed into novel anti-V. parahaemolyticus agent, thanks to its broad lytic spectrum, biological
properties, as well as its promising stability.

Keywords: Vibrio parahaemolyticus phage; biological characterization; whole-genome analysis
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B % ML (Vibrio parahaemolyticus) Jg&:— Ff
B2 [CBAYEANT, T AEAE T KRR ™ 5258 5)
Yrp, R A R R 7RI
AT, R R 5 R Y BRI 3
BRI 22— FE K= IR e R 3 IR
FROE R, T I SRR D) ik IR 2R L) e
NERZ—. 2009 4ELK, HUERE KRR 5
X0 MR = 7 ] A X6 MR 2 e JH B IR 2R B8 9 (acute
hepatopancreatic necrosis disease, AHPND)ik X
R RIIET:, ZAXTIRFRAA AT R 1B K4 5
K, Holp B B P R R I e

PrAE RIRY) 8 8K S TP B IR R
MR E 25, BhiAd ey K &
e FH R I AN A s G 24 1 20 7 S 5 | 24 ) 5
AR IS 5 — RODER, M HRA S0
FFXTURFRIARG T AT RS A B . F R X
IR R 5 E R H f K AR ek {dRE .
R E TR Z AP & H za 28, IR
ORI 4 . AR, IMRB TR B IR KT SR
B v ey B I IR 5 | A B SR B T

I 1 1K (becteriophage , phage) Bl 4% A= #)
s a0, 7 A SR R B AN BRI AEAE R AN
RN, X 4ERE AR R AR RS
HE A SR B 28 e O W B A oy Sk B
B 14 (virulent phage) F1 i F1 W5 B /& (temperate
phage), ZUPH MR AR e 18 F )5 e pdlR L Y
fi#, [FEFESHREILTRILA/RRIEHE. BT
Wi AR R R . T — e atE, RAEdidE
RPN Z A, s T A0 s R
JEiFgE . BET, SRR Z A9 b B
BRIEANUE N2 IR, R FIE
IR B A TR, T TR X — Tt 2 T
PR TR0 F B 32 B FR 00 0 T2 e o A5
DS 36 25 i 00 DA T S 1 X6 B i R A 53 5 A 5
G328 PRENE My e Ew, SR AHBUZ 3

Ji VAl i D B T 37 15 7K v 43 B A v 2R
e AR TR A, X HAE YA P A TS, DI
N W AR T e K B 5 BRAEHEA

1 #H57%

1.1 M
1.1.1 B lismilEFfE Il E

RIS MNP « 28 RO Bk, AN S50 3 ORI
AR LI, WiV, . AR T
S5 TX (1) T 2 10T IR IR R F5 58 PR

JLAORE : 116 fk, 2085 A Lk g 26
ERSEAS LIV E i 675
1.1.2 BEASEER

Sy EFEGLR AR B B T N Y 3k B i e T
Y. BB 11 NEsETYy, UL
M BGXE T 7 MEEE TR N KIETEK
1.1.3 EFE

2216E KRG FRILA TCBS Bg R 55 5L
H & SR A Y H ARG TR A ] 5 3x2216E
WARSE SR AL 2216B WRIAIGFRE 11230 g, 251K
1 000 mL; 2216E [ AR 3735 2216E Wik s
FEHE 37.43 g, HEH 7.00 g, 251K 1000 mL;
2216E [H{ARRE IR 3L 2216E WA I 5L 37.43 g,
BilE 15.00 g, ZEMWAK 1000 mL, 455557 54 9]
FRRT IV, il 355 5 O R BRI iR A T KA
1.1.4  EERXFIFNEE

PBS S T R#e G ikl ], Wik
AR BMUK BV AN S A 5 Wk 1 A 56 AT 2H 4 Bt
&, RigE YRR R A E . RS,
iR RS R TAES, TR
SERBRAT; HIRIRG &, TRINREIESL
HABRAF; GO, BRI R
TERARRA L
1.2 5k
1.2.1 EEAENSE. SEFgE

W TR AR B 43 8 Ll Ak RN A S 2 T [ g
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L o S BGE KA S0 mL, JIA 50 mL
3x2216E WARKGT IR 5L, 40 4 Fh 28 ARV ML
R4 2 mL, 37 °C. 180 r/min #R¥%K55% 12 h
HATHE IR E 4R . B4R MK 8 000xg 5.0 5 min,
By 0.22 um JEE S A .

A3 BT K (37 °C. 180 r/min 1535
4 h, ODgy 24 0.6)FRIFEIMINIE 100 puL JmA
5 mL KIEJ5 50 °CLRIEIY 2216 - [E 1445 57
TR AR AE 2216 [R5 R AP AR
o R BEBREE RS 43 BB W 5 uL SR
TEAPMR b o T & SR U 8 & A T A Ak
BEFRRE, 37 °CHESR 6-12 h, Ry & M 25
PR GE BA BT, ) R R KT 0 1 L S R B A
TE A E F

PRI BE FZ BT 1 mL SRS vk
(phosphate-buffered saline, PBS)ZZ ik ' 40 °C
K¢ 30 min, FEif 8 000xg &> 5 min, [
W 022 um JCHEER, FH PBS Zik
10 A5 A5 LA FE R B BI0E YU B . 40 1) A5 A6 B
R B 100 pL 5 100 pL x4 15 2 R
5], 37 °CHEE 5 min J5IZE 5 mL 50 °CLRE
2216E P[RS IR 5, B IE 5 IR0 7R
2216E ARG FR IR I, 37 °CHE 5% 6-12 h,
PRBCEAAWE B BE 2L 3-5 Wk, H 2 [ —A Pk
RSB A, Atk RIS AT .

PRI A AL i B AW P B[R] iR 32 L B
T UERRTE , BUEK 100 pL 470 &= 5 mL 2216E
PREEFRILE T, TR B0 T
100 pL,37 °C 180 r/min fHIR R 7% 55 57 4 25 h,
B2 R IR AR B T T B EUIR T v ik
ARWE ARG T . W A AR R gt . i
WERRE)E, T 4 °CCIRAE# T .
1.2.2 SHBRIEEEHTFIE

2% B M N B T RR B R R 0 R A K
(ODgoo 29 0.6) , MUK FIVERUZ A : BUEEE 100 uL

IMACK R G 50 °CLRILAY 5 mL 2216E 2 [ {415
FrAkrh, WAGMIETE 2216 [BAE: F7 3P4
Fo FEEEBUNGEE R S5, 430 W R TR (AR 3 e
WS uL S FES AR b BT AR IRAE 37 °C
FiF% 6-12 h, WE AL E A IR B, 1k
T 24 fige ) s 1L I A 000 I 22 ) W B (R A 7 0 2

wrFEl,
1.2.3 IEEARAYIESTE EN

=10 PEU/mL F4 W5 B A B4R T 4 B T
6 T B RN 1R e A T A R £ e £ 7 1)
%5 I} H B (transmission electron microscopy
TEM)W %2,
1.2.4 [EEAZRRIL AN E

M 1.2.2 B 77 7 DN s T A X 512 6 5 (R i
FI T IR 2 e, A 3 K, SR
PR A 1 24
125 REREEHHNE

2216E WA 5 5048 R B P s T R
(1.0x10° PFU/mML)FIXF4i0 £ Fi(1.0x10° CFU/mL),
i YL 5 B (multiplicity of infection, MOI), H[
W B AR/ 18 FEEE N 100 10 0.1, 0.01,
0.001. 0.000 1. 0.00001, 37°C. 180 r/min &
IR EE 3R 12 h J5 e S A8, 2 e 4l
Jir kot o7 A e g A2 B0 b e A e A . SR
XU BN 75 00 5 s PR R - WA AR i 10 £
£ OBR FERR RS, BEIDGE 86 B2 1 5 J V8l L)
LERE AR, ELAARAD R R s s AR i alifl ;s 38 EOm
PR BEECEAE 30-300 2 (8] 1 P AR A R A 50Tt
TR s W R AU (PFU/mL)=PFU < # B A%
Hrx10/mL
1.2.6 —HEKHRZLNE

2% Lu U, I B R
(1x10” PFU/mL) 5% $0H175 314 (1x10° CFU/mL)
iz B MOI=10 [ EL B A F] 2216E A $: 573
W, 37 °CH¥E 10 min, 12 000 r/min &> 30 s,
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FH 2216E WA KRG F2 B PR DTTE 3 K, fJamA
SERAR 37 °CHRIRAY 22168 WK R 355k, 37 °C.
180 r/min #RZ¥EFF, &M 10 min BUENE
Ao DA IR AR bR | I TR AR 84 1 X R
RPN, RN — P AERKE ., Bk
ot =20 ik AR TR A R S /2 A A A i TR 1Y

W .
1.2.7 EEAESBURRESRRMNE

£ Gutiérrez % 5 g 78 W T A A B
JA% 58 7% 3 2K (bacteriophage insensitive mutants
frequency, BIMF), 43748 100 pL frfif 55 57
{14 %oF H50 i 2 B R BRI (1x10° CFU/mL) I
BRI W (1x10° PFU/mL)IRS), 37 °CK¥&
10 min J5# B4 A TCBS “EAR. Lk PBS 2 P
R I T AR B R o B, R D vk A S A
B4 TCBS A, 37 °CE5 7 12 h, i3 TCBS
S b A TR B (f AN BBURR T 7 0 o PREBCT Al
IR TRV A3 R T 2216 WARRE SR,
37 °C. 180 r/min }55% 6 h, BN E & W%
55 SRR R I UM, GRS AR TR
5B (1 72 AU TR 76 280 . BIMF S 7 B AN
SRR VR B S TR VR B O RSP AR) B9 HUARL
1.2.8 EEAHEEREM

W PR R B 8 43 ) F 40, 50, 60 A1 70 °C
KB HAEFE 20, 40 Fi 60 min J5 I 5E A o
1.2.9 MEEAH pH F2EM

fdi 1 1 mol/L ERER A 1 mol/L & E AL #NIA ]
3 ) VAL W TR AR B B R ) pHL (& 2.0.3.0.4.0,
5.0.6.0.7.0.8.0.9.0,10.0, 11.0 £1 12.0, 37 °C
{596 1 h F1 24 h JFEIEE 7.0+0.5, WERANE,
1.2.10 EEAMEOBREN

511 PBS 22 vhifk 43 I BC M B2 20 mg/mL
(Y BE AR I . AR INAR I REFN 2 1 KO . B
fief % T 56 OGRS, A 2 A% PBS 22 il
WFEEATSZ . 12 000 r/min B0 10 min, BUPERF

TR A X I T B B 1 ALV - 101 TR S R A
HABEWE A 3 P ER [ Tl SO R JH R A A 1 TR 42
W, 37 °COKHEE 1 h JEIERAN . LA 1:1 1A PBS
GEoh TR, TR H RN R
1.2.11 ISR ELIMNE R E M

SRS mL WA FE T 90 mm £
FRMA i Z B I S Wi =, BRG TES
HESMT A T 7 30 em AL 0, 5. 10,
15, 20, 25. 30. 40, 50 F1 60 min J5 57 BII
B o LUSR BRES R ARG AR BR L S50 N Ak Az il
e 2R
1.2.12  BEEANEERENF 5

SR FH W T A D9 4 42 U5 0 (PEG DL
B, MHERE I LA TR D AR S D 2 A B, #
fn ik 2 E R AR VS R R A PR wl i Ay 4 A
DRIy oA o 456 N4 P 51 #F NCBI i dis &
rh{di F§ BLASTn T.H.(https://blast.ncbi.nlm.nih.
gov/Blast.cgi)i#F 17 5E K 4 —ZH: e XT; 76 VFDB
B8 % (http://www.mgc.ac.cn/VFs/) F 17 80K
7 R 7 5 78 CARD %40 J% (https://card.
memaster.ca/) P AT HTAE B BT 5L R T ; 38 1
Circoletto 7E £k . H.(http://tools.bat.infspire.org/
circoletto/)F4) # 3 [R 41 )7 4] EL X SR [ 5 o R AR
2§ 1. H. JSpeciesWS (http://jspecies.ribohost.com/
jspeciesws/) XTI TR 4 4= 3 X 41 e 91 kA 7P A%
2 #1181 (average nucleotide identity, ANI)4)
B 5 {# F§ BLASTp I" H.(https://blast.ncbi.nlm.nih.
gov/Blast.cgi) ¥} £ FF Ji %] 3£ HE (open reading
frame, ORF)HEATIhRETIM .

2 ER54
21 MEERRS B

NI T 3775 KRR i P L 15 5] 61 B
T S M 0 AT S
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MR % H sk 1 R,
22 SHBREREAHITELSR

XF 61 R E AN 28 KR E 7 IR & 738
SRS, G B —RRRE AL 15 FR A I Y
WETE AL, 2L KN 54%, 2% Adriaenssens 251

x1 BEANSS

JIT iR W T AR i 44 AR Hodiir 44 Vpas_PP24,
Wi B 1A Vpas_PP24 11 )5 46 T 3 B RIS I 9K
VP8, E—Hk&A Pird 2N E AHPND ZU5 Y
RIS MNP o W AR LE 2216E RUZ A b K
F12h M T HARY 2 mm BB BE(E 1),

Table 1 Phage isolation

I A A4 I P B TR 2 I P I P TR 2

Phage Plaque morphology . Phage Plaque morphology

Vpas PPl i%55/NBE Small and bright | Vpas_PP32 MBI /NBE Small and fuzzy
Vpas PP2  %32/INBE Small and bright | Vpas_PP33  i%25/INHE Small and bright
Vpas PP3  3%5E/INGE Small and bright | Vpas_PP34 ) /NBE Small and fuzzy
Vpas_PP4 IR KHE Big and fuzzy | Vpas_PP35 #5E/NBE Small and bright
Vpas_PP5  Bj/NGE Small and fuzzy Vpas_PP36 R /NBE Small and fuzzy
Vpas_PP6  fiki/NEE Small and fuzzy | Vpas_PP37 B2 /NBE Small and fuzzy
Vpas_PP7  BIHj/NGE Small and fuzzy | Vpas_PP38 R /NBE Small and fuzzy
Vpas_PP8  HO/NE Small and fuzzy | Vpas P39 Mfii/NBE Small and fuzzy
Vpas_PP9 M K BE Big and fuzzy | Vpas_PP40 KO /NBE Small and fuzzy
Vpas_PP10 %5 KB, 443 Big and transparent with halo rings i Vpas_PP41 BOWI/NBE Small and fuzzy
Vpas_PP11  iK/NEE Small and fuzzy Vpas_PP42 %2 /NBE Small and bright
Vpas PP12  j%42/NBE Small and bright | Vpas_PP43  i%5/NBE Small and bright
Vpas_PP13  i%5%/NBE Small and bright | Vpas_PP44 HBEHI/NBE Small and fuzzy
Vpas_PP14  #5E/NBE Small and bright | Vpas_PP45 B /NGE Small and fuzzy
Vpas_PP15 i 5% /NGF Small and bright Vpas_PP46 O /NBE Small and fuzzy
Vpas_PP16  i&5%/NGE Small and bright Vpas_PP47 I /NBE Small and fuzzy
Vpas_PP17 i 5% /NGF Small and bright Vpas_PP48 O /NBE Small and fuzzy
Vpas_PP18  i&5%/NBE Small and bright | Vpas_PP49 I /NBE Small and fuzzy
Vpas_PP19 i 5% /NGF Small and bright Vpas_PP50 %55 /NBE Small bright spot
Vpas_PP20  #I{] K BF Big and fuzzy i Vpas_PP51 A5 /NBE Small and fuzzy
Vpas_PP21  BiMj/NBE Small and fuzzy Vpas_PP52 HEOB/NBE Small and fuzzy
Vpas_PP22 il /NBE Small and fuzzy Vpas_PP53 #55/INBE Small and bright
Vpas_PP23  BiM/NGE Small and fuzzy Vpas_PP54 %2 /NE Small and bright
Vpas_PP24  i%52/INBE Small and bright | Vpas_PP55  i%55/NHF Small and bright
Vpas_PP25 i KBE Big and fuzzy Vpas_PP56 B2 /NBE Small and bright
Vpas_PP26 %5 KB, 44 3F Big and transparent with halo rings Vpas_PP57 BB R BE Big and fuzzy
Vpas_PP27  #iKj/NEE Small and fuzzy Vpas_PP58 M K BE Big and fuzzy
Vpas_PP28 il KBt Big and fuzzy Vpas_PP59 #E%/NJE Small and bright
Vpas_PP29 &% /NBE Small and bright ! Vpas_PP60 A5 /NEE Small and fuzzy
Vpas_PP30  BH/NBE Small and fuzzy Vpas_PP61 I /NBE Small and fuzzy
Vpas_PP31  #%2%/NBE Small and bright |

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4650 WA

2,
£

B Microbiol. China

1 WMEER Vpas PP24 7£ 2216E WE 4R LAY
Pk 1 B
Figure 1 Plaques of phage Vpas PP24 on 2216E

double layer plate.
2.3 [IEEF Vpas_PP24 BB STEE BN 2L
B B A R BN (B 2), MRE A

Vpas_PP24 SLHR5E —HIASSH), K29 92 nm, FE

246 nm, LY 147 nm, BT S nm. ARG
CIEBSRRE TR 25 9 A ) FTIAWE R4 )

F 5™, WK PP24 IR AT R

B4 H (Caudovirales) K FEHER (AFH Siphoviridiae) .

#*2 IEEF Vpas_PP24 FIZLEIE
Table 2 Lysis profile of bacteriophage Vpas PP24

& 2

EEE{A Vpas PP24 HUIESTHEERE
Figure 2 The transmission electron micrograph of
bacteriophage Vpas PP24.

2.4 MEFEK Vpas PP24 HYZIfRE

Wi 1A Vpas PP24 X SC I % AR 144 B
oIVER ) RLAR PR S 45 2R (R 2)3R B, IR AT
24 28 PREDA MINE Y 15 B, RN
54%; nI AL E Y 116 HRITER 18 Bk, 2

RN 16%.

IV FEES Ko Vpas_PP24 S ¥t P TES
Vibrio species Amount The amount that can lysed by Vpas PP24 The ratio that can be lysed (%)
Vibrio alginolyticus 67 6 9
Vibrio parahaemolyticus 28 15 54
Vibrio neocaledonicus 10 2 20
Vibrio owensii 7 2 29
Vibrio antiquarius 5 3 60
Vibrio mimicus 5 0 0
Vibrio fluvius 4 1 25
Vibrio campbellii 3 1 33
Vibrio vulnificus 3 1 33
Vibrio harveyi 2 1 50
Vibrio hyugaensis 1 1 100
Vibrio chemaguriensii 1 0 0
Vibrio cholerae 1 0 0
Vibrio diabolicus 1 0 0
Vibrio hepatarius 1 0 0
Vibrio injenensis 1 0 0
Vibrio natriegens 1 0 0
Vibrio pelagius 1 0 0
Vibrio plantisponsor 1 0 0
Vibrio tubiashii 1 0 0
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2.5 MEFE{F Vpas PP24 IR IEREEH
W 3 R, 24 MOI=0.000 1 g B (A
TR B e . oM 3.0x10'° PFU/mL, BT
& Vpas PP24 %15 EW VP8 MY Z
4 0.000 1,
2.6 WEEEF Vpas PP24 fi— 4 K%k
Kl 3 s, WEREIAR Vpas PP24 YL TE F 5
10 min PIRCAASEANLE , UEBTTERIIZI A 10 min,
10-160 min M P EF-, Z B TRE,
VLI 247 A2 150 min. MRHE R & & =24% K
W PR SSAN  2R RTE E R, TR F
Vpas_PP24 [°F-3 2 Kk 52974 30 PFU/cell,

#* 3 WEEF Vpas_PP24 HIERRLEEH

Table 3 The optimal MOI of bacteriophage Vpas_PP24

2.7 WEFEEF Vpas PP24 BRI TSR
WK 1.2.7 S0 AT AN BBUB R AR AR
Mg, S50 B/RWE R 5.0x10° CFU/mL #)15 &
PRV B 10 X I TR A AS SRR ) 2 A8 vk 11
131 E T VP8 XTE R A Vpas PP24 (AN
JRIEAS RN 2.0x107°,
2.8 MEEK Vpas PP24 HREREM
Gl 4 s, WERA Vpas PP24 1E 40 °C%%
PETFIEMERASE . 50 °CA1FTFIm v gE1E T Ik,
60 °CHMF TGS TR, 70 °CAL3E 20 min
W 5E 4000 . 455 UEIH Vpas PP24 AR RS E
PER AT

RN 1 3 B R SRR YL AT R A
Phage (PFU/mL) Host bacteria (CFU/mL) MOI Titer (PFU/mL)
1.0x10% 1.0x107 10 5.4x10°
1.0x10% 1.0x10% 1 2.6x10'°
1.0x107 1.0x10% 0.1 2.3x10'°
1.0x10° 1.0x10% 0.01 2.6x10'°
1.0x10° 1.0x10% 0.001 2.0x10"°
1.0x10* 1.0x10% 0.000 1 3.0x10'°
1.0x10° 1.0x10% 0.000 01 2.9x10'°
95
11.0
_10.0 g 901
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Figure 3 The one-step growth curve of Figure 4 The temperature stability of

bacteriophage Vpas PP24.

bacteriophage Vpas PP24.
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2.9 WMEFE{F Vpas PP24 iy pH F2 E M

wmE 5 s, WEREK Vpas PP24 7E pH
4.0-11.0 BYZE P 37 °CAEFE 1 h BERS (R 3515
PEFaE, & 1>3.7x107 PFU/mL, 4 pH<3.0 i}
SEARWE, M pH fHN 12.0 BRI =
2.7x10° PFU/mL. AbPEREIGER: 2 24 h, %W
FARTE pH 5.0-11.0 Y5 NTEHEKREE, 5
#r>7.3x10" PFU/mL. 25 R UL E /& Vpas_PP24
HAE TR pH & I 7 [ o
2.10 EEE{R Vpas PP24 HIE L ESTa EM

Xof b TR AN BE B T . R RNEE 1 . R
I K SO R I R RS2 O A E 1k, 4550
K6 Jirzm, X JF e i £ BB A B XTI T 1K 1y
TEEETCRZ N, B8 AR RN A N AR (1 A S 4K
Hr/ME N FE, & E Al K37 °CAFE 1 h 5
WGk DA AR I BN B R R B 92.7% 3 15 B W TR 4%
Vpas_PP24 X & [ K 5 AU,
211 MEE R Vpas PP24 RULESMNIERRTA
E M

W 7 B, SAME IR 15 min YIRS E
TR S FEH R %, IR AY 3.0x10° PFU/mL
ek FFEZ 4.4x10° PFU/mL, 15—60 min 24t

100.0 ¢
80.0
60.0 -
40.0

Titer yield (%)

20.0

10.0 ¢

8.0}

—-37°C, 1h
——37°C,24h

Titer lg (PFU/mL)
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5 [BEEK Vpas PP24 B pH f2 &M
Figure 5 The pH stability of bacteriophage Vpas PP24.

ZZ18 N &R 1.3x10° PFU/mL . 15 B e 3 14
Vpas_PP24 X} 28 4N BRI AR e PR 2=
2.12 BEFER Vpas PP24 HYLEFELENF
vk

SIERAMPLER TR, BERK Vpas_PP24 (1)
KRR 2o WAE L ) DNA, JER4 KK/ R
83 482 bp, G+C ik 45.81%, WA 118 4
TERCEHE , A ErAEgRTs RNA, 405 8 1) L A

T T A 2R T S DR T 2 AR O W T A
Vpas_PP24 A& a5 J JERI BT FE R . Wi {4
Vpas_PP24 [N %R 751 NCBI & 5k'5 N
ONO015836.

0.0

6 MEEE{K Vpas PP24 (NEREEIRAE M

Figure 6 The protease stability of bacteriophage Vpas_ PP24.
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7 BEER Vpas_PP24 HYEIMERIRE M
Figure 7 The UV radiation stability of
bacteriophage Vpas PP24.

2.13
SFEE

WK Vpas PP24 {4 5L R 41 4 1R J7 4]
BLASTn Z5 R UNEE 4 Frn, A 2 PRIKEE MR K

BEE R Vpas PP24 HYEFELH—EUE

FR 4 WEE{K Vpas PP24 B F 4B —HUMEXTEE

(Vibrio phage vB_VhaS-VHBI1 #1 Vibrio phage
S10-2) 1) Jk PR 2H 5 A i A8 FARAL BE A vy,
TN 91%, FHLEE 73510 85.32%7F1 85.29%.
Vpas_PP24 5 FiR 2 SRIEFRIAZ T ER T 41 L XF
ARENE 8 fi7R . 2% Adriaenssens 35! Yk
R AR R ZEMN, R 1A Vpas PP24
5 Vibrio phage vB_VhaS-VHBI1 Fl Vibrio phage
S10-2 A] I Ay [F]— Jag (4 Kk K 40 A2 1 R 5 41 AR R
JE>50%), (HAZ [F]—Pfh (455 N AT IR
SIARIEE<95%) . i —2#E T ANI 23 Hr 45 R
BoR, WER K Vpas PP24 5 Vibrio phage
vB_VhaS-VHBI # Vibrio phage SIO-2 f] ANI {
A3 85.13%F1 85.12% (18 9), Z:% Jain Z511°)
R LS R AT LIS AR R 458 . DL E 25 SRR e
& Vpas_PP24 W] g Ay G Wi i i — 1 fl

Table 4 The genomic homology comparison of bacteriophage Vpas PP24

Description Query cover (%) E value Identity (%) Accession No.
Vibrio phage vB_VhaS-VHB1 91 0 85.32 MT451873.1
Vibrio phage SIO-2 91 0 85.29 HQ316604.1
Vibrio phage vB_VhaS-a 47 0 76.96 KX198615.1
Vibrio phage vB_VpaS_sm030 3 0 75.31 0V032860.1
Vibrio phage vB_VpaS VP-RY-9 4 0 75.23 MW411580.1
Vibrio phage vB_ValP_VA-RY-4 3 0 74.97 0OK483199.1
Vibrio alginolyticus phage vB_ValS PJ32 5 0 74.69 MT735629.1
Vibrio phage 1 2 9.00E-178 79.14 JF713456.1
Vibrio phage Ares 1 2 1.00E-156 77.67 MG720309.1
Vibrio phage VH2_ 2019 1 2.00E-74 73.38 MN794238.1
Vibrio phage J14 0 7.00E-60 75.33 KY022433.1
Vibrio phage vB_VcaS_HC 0 2.00E—40 76.99 MK559459.1
Vibrio phage 1.215.B._10N.222.54.F7 0 2.00E-39 76.83 MG592586.1
Vibrio phage 1.215.A._10N.222.54.F7 0 2.00E-39 76.83 MG592585.1
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Vibrio phage Vpas_PP24

8 MEFE{X Vpas_PP24 f £ EFEZKFERF
EEXPIRRE W, sk, 2@l R A
PE<50%, <75%, <99.999 9%

Figure 8 The circle diagram of whole-genome
nucleotide sequence alignment of bacteriophage
Vpas_PP24. The colors blue, green, and red
represent similarity <50%, <75%, <99.999 9%,
respectively.

2.14 WEEE{R Vpas PP24 ERRILERT)
BEEHE

i FH BLASTp . A X & 1K Vpas PP24 [y
118 4~ ORF dEArZhfig b, 4R A 116 4
ORF HETE NCBI NR #{#& J% (non-redundant
protein sequence database) 4K F R EH, H
T3 NERIIREEAGR 5), XLEAYN
Wit AT A 25 48 2 AR IR AR AR DG R 1 (AR

ANIb Matrix ANIb Result by Genome

Show ANIb values [%] + & Download as .csv

Vpas PP24.fasta
Vpas PP24.fasta
Vibrio phage vB VhaS-VHB1.fasta 84.93

Vibrio phage SI0-2.fasta 85.15

9 EEEK Vpas PP24 B ANI S 745 R

EREZEE R 13 DEHMINREE A PR LI
NEREH

3 & #

Ik AT A AR5 R Rl 1 2 TR AEAE L DRt
A3 B I SN BT A AR PR 2 T A AR IV I
ST A e 52 11 % IR 45 55 B A B B it i T 3 0
Ko SR, HIFE AT RE B T WA 45 Fh 25 9 i
1rBiie, ROKBTA BT, A5 2 8 H )
BB B s R & TP 25 W) 7K A
ik, HiholEMmuEEARgaH SEFE, ma
KA, e, HmeE Z R, A&
IR BUZ Bl AR s, DL 28 Mo iR 5 &l i
MR AT TETE £ 06, X B T 18 4
T T 3 15 KA AT A XU e, Ry B B
61 PREVPEMEDE 1A, JF I H i EAS 3] — bR AL 1A
TEMIWETRAR, 144"~ Vibrio phage Vpas PP24, i
W T 0 B R IR 43 15 5 1k A R

It T A4S 14 53 208 S A B T He B WL B A TR
RUSMHT o C 8 A RV o 0 T It S 2 B A
RWwEAR, Hhad KEWREAR . IR
PR A R W T AR . AR5 0 358 1Y) 1) o
SR W R AR Vpas PP24 %3¢ Ry K R Wi e AR
FE R D g oo wil B /R WE iR Vpas_PP24 A
A A B R AU R PO, U

R ChVR Above cutoff (> 95%) | Below cutoff (< 95%) [} Suspicious alignment!

Vibrio phage vB VhaS-VHB1.fasta Vibrio phage SIO-2.fasta
85.13 85.12
97.12

97.15

Figure 9 The results of ANI analysis of bacteriophage Vpas PP24.
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Table 5 NR annotation of protein-coding genes of Vpas PP24

ORF Ijjfig S QNI
Function Best match phage

HAALLEE EfH
Identity (%) E value

re

GenBank accession No.

SU IRAF BRI
Adenylosuccinate synthase
55 EHhnsiaEn
Transport and binding protein
56 FEAKCENA

Major capsid protein

Vibrio phage vB_VhaS-VHB1  89.26

Vibrio phage vB_VhaS-VHB1  84.04

Vibrio phage vB_VhaS-VHB1  99.36

5.13E-180 QKE60692.1

1.66E-199 QKE60696.1

6.24E-219 QKE60697.1

63  REERINEER Vibrio phage vB_VhaS-VHB1 ~ 96.73 0.00E+00 QKE60705.1
Tail tape measure protein

74  DNAZ&HEHEHA Vibrio phage vB_VhaS-VHB1  94.51 0.00E+00 QKE60716.1
DNA binding protein

76 DNA fifig i Vibrio phage vB_VhaS-VHB1  94.61 0.00E+00 QKE60716.1
DNA helicase

81 DNAZEHEH Vibrio phage vB_VhaS-VHBI1  88.55 2.10E-79 QKE60723.1
DNA binding protein

83  RecA Vibrio phage vB_VhaS-VHB1  97.77 5.88E-258 QKE60725.1

86  MWEZMREG Vibrio phage vB_VhaS-VHBI  95.19 2.02E-129 QKE60728.1
Ribonuclease

96 PR PR B 1 XS4
Pyruvate phosphate dikinase
101 AT
Polymerase
102 el R EA
Capsid portal protein
103 []PEH

Portal protein

Vibrio phage SIO-2

Vibrio phage SIO-2

Vibrio phage vB_VhaS-VHB1  85.90

Vibrio phage vB_VhaS-VHB1  95.80

0.00E+00 QKE60738.1
98.47 0.00E+00 YP_004957553.1
94.52 0.00E+00 YP_004957552.1

7.53E-244 QKE60745.1

PR ARy L WP A BT o NR FERRSE AL R
118 MEFMMER P G 13 M hEMIhResE
F, BEITZIE RAAA Tk — 2P . BRI ZH — 3
P T R IZWE R K Vpas PP24 5 NCBI i#i /%
SR IR Vibrio phage vB_VhaS-VHBI
Vibrio phage SIO-2 fHUE fe &, M 85.3%, 1
-k EREE AR R, Hdr, Vibrio phage
vB_VhaS-VHB1 [ JCAH ¢ SCHR iR 38, Vibrio
phage SIO-2 N2h— PR KRR 4, HLIRH
E -+ mAik, HRE HNGBIE4) nm, B K
(209+16) nm, B (11+2) nm"?, ZEERH
Vpas_PP24 22 55K L4, Vibrio phage SIO-2
) i 530 PRl 2 2 R s A EO B 2R T (W 4

IR . KDL GO %), Vpas PP24 Bk 32 2541
RIS SIS, A 2R A 43 e A QI ERT S
BN (K 1), XT kL Vpas_PP24 Hl Vibrio phage
SI0-2 (2R T4 IE N ThRB I B2 R, R L &
2 TR . X Xt — 2 R T MR A
Vpas_PP24 55 & I A (1% 22 Sk

W R A e Bk, B, iR
1o 2 i 0 I W TR AR AT R S R N Y G
S, H RO ARG R i P I A AR ) SR
EARANEE, VT H AR AR TS DL it vp 43 2 5]
— R ) L S IV R A, X 22 ke i i A 1)
RN 32%; K /INEE TS K BE 43
FI| 5 RRIGE TR A, X 42 B m VA i S0 1) 5 e 24 A
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HH 57%; TR EPME T 3 PRIETR AT 84
R VA MR A 24, Bemiik 89%. AIESE T
T WG TR 1 Vpas_PP24 X 28 el 75 1 5K B 1 24
it 54%, J& T HHEEK. R, R
AR, TR HEAT W TR AR O e 2 W, % S B A
28 BRIV MLINE R T 1 8 IR i &, 4525k &
BT 4 BRI X MR T R IR SE AR B0 B (K] Pird
FI RIS SN 3 MV Vpas PP24 A Z4fif H
W 3 bk, X BV REIRAE MR EK Vpas_PP24 7E
S BRI R S A SR A BT X . AN, S
F1ATLIEH, WEREK Vpas PP24 if 1] 4 £
P Al Bh B9 X R B PR I E L A0 Vibrio
alginolyticus™™ | Vibrio owensii®* | Vibrio
campbellii™'% , AT —E M BT RMAES, X
—F KB BB SR I TR AR TE /K 7 SR A P B
M.

WEBE R Vpas PP24 WY EIR L I K . Bk
it EARSENE . pH RUE MRS AEY) AR S B
1 TE P ) L I R AR, R O W A
il R AEE PR SR o EARE R, eI K
Wt R S ) R EF i 3 0 X  T A ) A BBJR
AP R A W SRR
TECHCE R EAREAL , ASEEURGE AR 2 A1 TR %
I3 DR S 1) T B AL T 240, T 00 TR T g R 4
P4 AN IR 5 A W 8 A vy B 2 S 0 A R A A
PRI v n AR B2 T R . AR IR 18 &
& VP8 X TR A Vpas PP24 ) AN F5URE 58 AR i R
H2x107, GHEB/ANBEEN BB FA L T IE
{EL o E S g FH R Sk ) A 2 BRI AN SRR 98 A
T Tl BB TR AR 7 it B 228 R FH] 22 R W T AR TR A
(X8 R 120, 2 SR R B 1 5 b R
FI P EE o AT 5T % HTELE 31 Vpas_PP24
SHUIEE 22 BRIR BC A AR S mT A e,

SRy 25 U A RL H R 1 RS L X I R A
Vpas PP24 W8 M fa e b T 7 akse . pFoY

SRR, AR EOXTER SR P, WA
Vpas_PP24 RETiif 32 M JH Ik i 7 Ak 22 e il 25 114 4k
PR, IR SRIU X BE AR I . AR JNER R AT 1Y
i 521, A K DU 2 ™ 5 ) 5 TR AT
P, U8 AN B S B T KB 5
[F Fof el 1 o

W B R LA A AR ok . RIVEHIZN . A&
TR WG Y . A2 AN TR 22 TR T 24 1 e A5
B, FHAFHIF R R . AR, 2R
M2 AT B AE BT IR Tk o ASBIFSE D 6 T
G5 K v 43 B A5 31— PR otk S A Ve w10 1l oI G
WK Vpas PP24, it HoA: Wi Rk Fil 4 S A
HIFHNHAT T RGE I FRALE, R PR
o7 FF) 28 A e ) ot T Wt R AR o 4R T O v
2% . Pk tS B R IA Vpas_PP24 BEA L
S Xk W 5 B PR TP R DL A 00 I I T
mHRIHE — & Witk AdE—2 kN
BB B i = T .
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