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WE: yIFEAFFAENEFREELTR, THRUEEINE VAINL 5 £8, XARE
FRENEFIEAFEREEERFEAT B EENE S H R, BaFgRE. Rk
WEBERMELETNETEA R B ENE R E R T L L ", At orEEEA M
oo ZRET, RARQDEHRE 2 A EINHEE K VAP § VAP21, H i ¥ 384 7% i &
%, HAEHN1.5~2.0mm. 2 HEEAE Y 8 Wit DNA, THEHAEETTRLELHYEE
T EEREN, 2HEEERABINRESE R, EHK VAP § VAP2I St ENKGEAH R
it % M, VAP f & pH % 6~8, VAP21 3 pH % 7~11; 2 #kvk B ¥ fif 5 8 f 2 &
REHNTALER, HNEH 5 TR AR, AR LEF— 2w Zl. 2 S HE KRS
WERGE BN 0.001, xR EEIHE M B 952%, T Z M 0 B L,
BEREHRBRAENFE S A LENEANNER. HERFTE. BRENEREHLMMHE
BRI HE . HEIK VAPY 5 VAP2] o g M4 % % Il VAHNL ¢y £ K, H 2 HEHE K
By I A ] R X o R LT A A R R AL T AR E R . W E R VAPY R VAP2I R FE A
7T NCBL %45 E Libat, KA @R E b ke B R ERMK, Bk EEE
VAPY K VAP21 AR ¥ &8 h 2 #h#r K I 0 LR Ak B 1K o

REIR: AEINE; SEE; o8, EWFFE; MAESTHEA

hE TS S942.3
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ARTFERBL, 7K IR Gl A BE O 32 2L
A A 7 A SR e S R R A A SR B K R
FURT /K™ SR R O A L4 SN A BT
J7 ¥R Tovk A KA, IR AT R A AE 5
T Vo Bk o AN s, T B v R AT PR
HE LA 245 K= s e i B i ok i,
e FE A ATy S B B A B O B AR S A 2
Py xBTS AT B o B IRAE S P A 2y
Py ) R AN BT PR T EE 5 e L K i
RN BR | £ 2 Al H OB IR, [l
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PSR IIUA Hh B ZE I 258k, EL 245 56 A
1E ARSIz ALk, PR FIE TR E Ik
FIBLAR A B ACRY, e I, i
R E KRR AT IR . Wi, K7 IR R
oz g . AR PIE AR T ARG 4 ol 20 B
PR

Wi AT R A DAy — 21 08 400 T LA 5 R A BE ) 19
TR, TEIRYT A0 BT A B i AR
PE KGR B BT, B T RRBUER
IRTTANETESIR AT 7o F RO T I i R R
(NSRS 1 K AN E R AT LAY 37 2 S EPS
P 78 B SRR T R L /N IR, RO
PRI A F AT T IR
Al 70 F R T A DR A TR, ASBIF S 3 5 R SR A 4
el 25 AR R 7 SRR, DR B B AR AT
B, I DUHOA 1 520 B AR5 e I e S s i £
X b e B A 4 A AR AR PR AT R0,
Wt T VAR IS HT T Bl 1R 7K™ S 40 e v 5 SR I S %
WA o

1 MESTHE

L1 EFESFER

JEE AR iR K L3R 35 R 2 (TSA). AR 1k
KGR ZREFREL (TSB) MEBIRK A B g R A
WRHABR A 1 kb DNA Ladder W4 9132 &
YR E R/ F ; ETag PCR Master Mix, PR il
YNV EcoR 1 . ¥R N VIEE DNase 1 . RNase
Al S HBEAEYHEA Jdba) ARAFR ; L BEE
PR K 2H DNA 207 &0l 5 MP B BES7 AW,

1.2 SM Z&;%

NaCl 5.8 g, MgS0O,-7H,0 2 g, 1 mol/L Tris-
HCI1 50 mL (pH=7.5), 2% B 5 mL, LIZEIEKE
2% 1000mL, 121°C K@ 20 min, BT FiR&H.

1.3 SCISE#K

e S = R NI TS RS Al VS
VAHNI1 ARSI 2 /i (2017 4F) H A [ g HB AR
HEFRBKFE 3 B 3R AS , o3 B e T ik S IR R
KA i B hk 50,

T 2 105 R A it 6 0 Fr P 35 9 1 B LAt o
J& AR TR A S8 28 2016—2019 4F [ E K KRR |
R IR SR REAS | o R R I R A KRR
TR LG S M R A | B E R AR
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EREAR B B E AR 1SR, &t
220 f 5 AP ARG 165 Bk, IV I (V.
parahemolyticus). FEGLINE (V. cholerae). 474
HHERE (Staphylococcus aureus). i ¥ ZF fFT 5
(Bacillus subtilis) %5 HAbF @& 47 55 Bk

14 FEIEMEFANIBESEE

BRRAEAIKRG S B L ARELBT
2017—2019 4435 >R 45 5 e W 34 KR B A e g
A FEAS XL R R AR AT A B Y S REA
F 5000 r/min B.0> 10 min 5, 4> 9 E 1S W E&
0.22 um JEMERR TR, Bl ISR A REAS IR IR S 2 £k
J& TSB 15 7 3k K X 50 VAHNT B (ODgp=0.6)
P11 01 RIS 3924), 30 °C T 150 r/min
FEIRIE SR 12 h, HHFFRM 5 000 r/min &5.0> 10 min
Ja B B W4 0.22 pum JEIERR T o 38 3 XUZ - i
MR B KBS, A RE R B, DA
S 7 IS A A v o T I A

SR FHRUJZ S Wi 2 ) Xk T 4 s o AR kA 7 4t 4k
FH TG B S 7 RUZ A B G 5 B B0 0 B B
JETF 1 mL JCE SM Z i, 25°C F 150 t/min
PEHE S h 548 0.22 pm JEEL ERR A . LLJCH SM
5% M BOGT W TR AR B VR A TS M AR SS , B 1 mL
FRBE 5 300 pL X4 VAHNT B (ODg=0.6),
S AN 4 mL 3 & 5~ 0.75% #) TSB >F [ 44
Rigrdkrp, HHAPGER S EEAC K40 TSA L
il B RUZ A, R B [ 5 T 30 °C fH IR 5 546
BIE R 6~8 h, BERE FIRXUZ P4 LA 5 K
Je FRA AL 1) 1 S I B I PR AR 2R

BEIRNEAB IR R GRS R
AR B U ) UG B R B 1Y L W R R 11 R
2 B JEF A, P i 10 mL SM 22wl
IR 30 s, T 4°C THEE 6 h J5f i B M IR
=% 30's, 6000 t/min 5 .L> 10 min, Y& I 7F#
FELL 0.22 pm JEMEAT UEBR B, FRAT M PR AR I 5
4°C FA-AF# S

EEIRA B RN E WA
Sk b A A AR r L AR Y T A R AR B, D
W B A (plaque forming unit, PFU). B
P I PR A I8 T LA JE B SML 28 YR A 10 A5 46
REIE , WOE B R B | mL, mHAmA
300 pL %50 VAHNT B (0Dgo=0.6) 1B A1
A1, SR FHRUZ Ak B0 o g TR A e AL, T
30 °C 8] B 55 3% 6~8 h J5 X WE R BES AT, A4
WP 3 NER
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Wik TR AR ZL AN (PFU/mL)=1F- 457 W05 i B0 250 < o
g

SR IN A AR ALK Halifb 551
Hrik 10" PFU/mL (W B A 20 pl i T4 1) L
DUTEWL Y 30 min, i 17 2% BE45 R (PTA) T4
M F g "0 min, T 4% 5 {8 ] JEOL JEM-
1200EX 325 S L AR A 75

AR IR A AR BRI BB B 5] AT

S F Vs S I TR N A A 1 B R 1 i A e e
Pl 45 100 mL W A AR B 5 W (>1x10° PFU/mL),
) Hed i A MR BE ly 10% AY [E 1A PEG 8000 (i
WRAED, TG 4°CHE 12h, T 4°C
T 12 000xg &> 10 min, # ¥ #, UL 10 mL
SM 2% i R TTIE 48 0.22 um JEIEBR T, FK15
MWk DA A U TR A s SR T A W TR AR JE TR 41 DNA
R SR B R R R, MR Wk Btk
TR¥AEMRE S ARSEBEHATIT, IR PR
EHEHA T AL % NCBI £l .

f# 11 ORF Finder 3K {4-4b 343 M1 4R 15 ) 75 B K
WASRAFY], EEOLIIKE A EE, B
BV N 5 A FE B B 41 P 430 48 NCBI
52 %k #2103 L UE AT BLAST Ebxf, Jf A
I MEGA 4.0 ARG E B R (bootstrap=1 000).

BRI LEBH ARG B AT WA
WA W TR AR A BRSO, o S R N Y
DNase I. RNase A M FRHITENVIEE EcoR 1T 37 °C
THEFII 20, LA 1.5% BEAsHiEERCEIK (100 V) 50 min
BEATRG I . i FH 85 35 JS-680D 4> [ Bl I A% o
B O EEREUI 45 R

1.5 s ol M o A B SRR IE N

BRI A AR R
TP 43 00 I R B AR X 165 AR BT M
55 AR A DS 40 10 A RE T RS PR B Ak
BV W (ODgyp=0.6) 300 uL 5 4 mL TSB 2 [ {4
B (0.75% Bi) R-A 4 T TSA Pk |, 4331
B 10 pL A AR BB W (1x10° PFU/mL) A W5 7
IR A HIFW (ARFLE A 12 1, 1x10° PFU/mL) %
TR RO E b 7 H R BT AR
MR A A KRS N B 9% 6~8 h, WS B BB 45
IR B R 2% (%)

SR R= (1] S0 PR VR AR U R R 550 < 100%

RAERAEEHME YR (multipli-
city of infection, MOI) BJ I ] {4 % 12 5 41 o 50 &=
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MILLIE . ¥ VAHNI B (1x10” CFU/mL) 5 4% bk
AR B PR I8 720 5 L MOI 4 0.001, 0.01, 0.1,
1. 10, 100 A1 1000 (¥ A 45 B 100 uL IR A,
A 10 mL TSB K732, 30 °C T 150 r/min #& %
Bi3% 12 he BB 5 000 r/min £5.0> 10 min, B
VEWOA 0.22 pm 8 AR5 8 5 B 000 R v
DRRESAY , DU 7 () < v oI 7 s 7 A 240 T
TE” o A A B PR S e A SRR S R B A e AR
PR

1.6 AEINE R E A2 E N E

AR pH AL A ME H5 100 pL AR
W T K B W (>1x10° PFU/mL) 43 91 J A 900 pL
pH=1~12 1) TSB }i 523, SRS G &R T
B, BT, 4. 8. 24 K 96 h HBUEE 2 4% Ak
BRI B ARRLAY, TE R B RSN R (%), WEEE
PARZEA U 7 2 ] < s g T Wt TR AR D ™ o

W T A A7 106 R = (Ah Lk T A S/ s e
BEARSLA)*x100%

AR AT B R AR g
¥ (>1x10° PFU/mL) | mL T JC & i = B L& W,
Bt H A 0T 25C 1B) . 50, 60 11 70 °C JK ¥4 Ak
B, B 15 min BOREN E RN B 2 2 ho ARPRZS
JEf LU R AN F S, DU A5 Ak 3 v TR AR
Prdf TS AF TG 3 W DR D 12 [) 7 i
Rl R R R A5 00 5 e TR A 3 Ry v )
“IE PR pH A M R

A AT LR R A e ¥t
A LR TSB Rk 73 0l il Gk B4 30 5 6 mg/L
13 A SRR WY, H100 pL Bt e TR A 108 TR
(>1x10” PFU/mL) 73 51 A 900 pL | 3 ¥ Ji£ (19 4
AR, TR ER 100 pL At g A 8
(>1x10° PFU/mL) /il A 900 pL SM ¥ 7 g % B,
LR BT RS R SR E . B 0.5 h BUREI
FEASAL BT ER AN, A 6h, THRMEREKA
T2 W BRI I 5 3 < o B s P AR 38
PO WA AE T Fe T30 [ <M TR R pH A2t
SE PRI

A AR R AT S CE AR 6 M [i]
950 pL HE w5 14 38 W (>1x10° PFU/mL) 435l
A 50 uL 45 5 B iR e, HEfsa
Bk 2R R 5% [RIEPEE 50 L SM I 950 pL
PR A IR (>1x10° PFU/mL) HPAE XS IR
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S5 B K HOX IR T 30 °C FH#HE 1 b K 2k
AR HOX IR T 4 °C R & 24 h )5, F 3000
r/min &0 15 min®", 20 HIH B RSB F R
AT 2 Wk GATAR KA, W RTS8 0 5 T 1 DL
ST e PR A 804 I

YR AR RSN XA e S RIER
B B AR I8 (>1x10° PEU/mL) | mL /3235 2 4%
HAER 3 mm L, & T 2T 20 W, 30
cm, 50 pW/em®) T BBH} 30 min, 6] 4F 3 min B
FEFF I HUE T 5 AL 30 min J5 058 W RS, 3
SRR R AR AE TG 28 o W RSP U 2 7 [ i 5 oI
TR IS A A S50 00 > 5 I R A A 3 R T vk )
“IEE P A pH AR MR E .

L7 FEEAEIMIERIZS RN E

1 mL VAHNI X %3 3 (ODgog=0.6) 43
A4 100 mL TSB #5573 rp, i 2Ok BNy
1x10" CFU/mL, [m) H 43 5 A LMk B 2R 1x10°,
13107 A1 1x10° PFU/mL B ARk 0 T 1A 908 T B 45 ik
M PR AR S A BRTR 5 R0 D Bk AN o 1 < 1 Ak
FEVE MR, 30 °C F 150 v/min R 5555, 4 30
min BURE DU 22 35 % W ODyggo {B , UL I I TR7 4% X
VAHNI A=K 5200

1.8 BB

2 52 6 KU i ] Microsoft Eccel 2003 4445
TS50 .

2 R

21 FENEEEFNIBESEE

BRINA AR 5 BB CER B A

SEES DAV VAHNL A 15 F 8, 38 58
BV, B AR A T LA B R 2 B
WHEOM R R, H4'5 0518 VAPY 5 VAP21,
e W R VAPY 5 VAP21 76 Hifis W & b
AR 6 h BIRDE SIE S K/ N — M RDERERBE, 2 #
I AT A ) W AT BRE AR R 1.5~2.0 mm, IV TR BE TS
W iE s, AR, TREEFAE (F 1) MRk
VAP9 5 VAP21 (1410 B B35 5L S0 e B AR AE

BRI R E IR BREE ) AT 0
PRI 2 BRIA BN IR VAPY 5 VAP21 %R,
JF43 5Lk DNase 1 . RNase A K X4 DNA BR il 14
WY EcoR T ATV 25 8o, 2 MRS ER A&
AYAZER il #% DNase I B#&f#, {HJCH:#% RNase A [#

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

(b)
1 2K ENEEEAERENERS
(a) VAPY BETHBE; (b) VAP21 Wi B B

Fig. 1 Bacteriophage plaques of 2 phages against
V. alginolyticus
(a) plaque of VAPY; (b) plaque of VAP21

fift, VLW A% Ry DNA; BRI P E) 8 EcoR 1
H 2 BRI B A 1 A 2 3 i) il 1T s R/ IN AN T
A BE, HLEEYI G HAR R B 20 4 AN AR TR o 15 I
IR VAP9 5 VAP21 2 2 AR IR B A, A%
iR 150 X DNA (€ 2).

B INE R ARG E G BRI 2
R T v I T IV T R 4 R TR 0 e 5 SR S s, W T
1A VAP9 FEKZH K /Ny 82 456 bp (GenBank & 55 .
MW548656); W 14 VAP21 FE K 2H K/ A 52 636
bp (GenBank &35 . MW548657), i i 23 Hrfikizt
W A A P T B ) T HE A S 6 35 U 80 35 R <
(1) 3 PR RS 1 —— Ik AP BB AR
FEER AP, 430 DL LR T 51 W B R VAP
5 VAP21 W [FJEHE#EA T 5087, JFKF 5 GenBank
) AR AR T R T LA . A5 SR INIE 3 TR,
Wik R VAPY ATk 8 11 2 R T 41 5 90 1 s
B VP-1 (GenBank % 5t 5 : AWY10149.1)/ [F]
VR (90%), HJB 228 M AR 7 H A L R
J 30 5 H At g T A T 0 0 0 1 8 AT 5 AR
VAP21 (1 3 % H A5 88 1 & L0 7 51 5 Ho At v 5 1k
Vi) g [ At A1

BRENB AR KRB SHFER L
T 337 S L R U X E P R VAPY 5 VAP21 i
FIWREE, 2 AR WG TR A Sk R4 SF Rl X Bk, 2aE =+
M RZEH . Hidh VAPY H A2 55 nm, EHBIEL
15nm, K 65~70 nm; VAP21 HRZ) 65 nm, EH
P2y 18 nm, K 75~80 nm (KIfR). 456G 2 PR H
TREFDIZEH S E PR 8853 2525 0143 (ICTV) 55 /\K
R OB AU, AL R I (R VAPO
5 VAP21 & T8 1 - XUk DNA Ji5 5 A B
# H (Caudovirales) L | W 1 /& B} (Myoviridae).

https://www.china-fishery.cn
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bp

250

2 2 BRIATER IR L R A AL ER AV ER 1]
M. 1 kb DNA 4 FEFr#fi; Al. VAP9 DNase [ 1]; A2. VAP21
DNase I figt]]); B1. VAP9 RNase A fiff¥J]; B2. VAP21 RNase A figt];
C1. VAP9 EcoR 1 li§J]; C2. VAP21 EcoR 1 Y]

Fig.2 The restricion endonuclease analysis of
nucleic acid of 2 phages

M. 1 kb DNA ladder Marker; A1l. VAP9 nucleic acid digested by DNase
I; A2. VAP21 nucleic acid digested by DNase I; B1. VAP9 nucleic acid
digested by RNase A; B2. VAP21 nucleic acid digested by RNase A; C1.
VAP9 nucleic acid digested by EcoR 1 ; C2. VAP21 nucleic acid diges-
ted by EcoR |

HHEOINREVE R K VAP 5 VAP21 B2 {15 T
o [ L D B R ) AR o0 (CCeTCC, BRIk 2E),
4 58 4 5 43 9 4 VAP9: CCTCC no. M2018766;
VAP21: CCTCC no. M2018768.
2.2 i e oI N A O R SR AE

BERNAEARMTERRNAN AR A
SIS PEHL 165 FRAS R Mok R A 7 s B, R A
ST 6 2 MR AR TR A B TR B R0 %) 24 A fig
FHEATINSE o WE AR VAPO n] P51 151 AR R
B, 2URE K 91.5%; VAP21 Al G 152 #Ris
I, 24N 92.1%; 2 R B AR 1 TR A i 57
(VAPY : VAP21=1 : 1, RFILE) X AEK o ik 1) 24
fi R 35 95.2% (157/165) (& 4).

https://www.china-fishery.cn

R INR T R AR AR B m ) 6 R A
F1 ARSZEREEI 55 MR A E AN R Rk
X 2 KRR A VAPY . VAP21 K HIR 4 il 57 it 24
iR AE T PEATINE . METE AR VAPY RI R 2 B &I
MR, VAP21 AT 350 1 AR B N5, 2
PR IEE TRT A2 1) TS G 1 7500 0T A 3 ) 3 ot 1 5K 1 g 1031
R 50% (3/6); 2 BRI B A B HAR A il 50 45 Te ik
TR I i I P A A AR R A0 T (B 5).

BERALAARRMERL I BRI
TR I B A A A R e R A S R 1 TR, W
W& VAP9 5 VAP21 [ A 2 bl H: MOIT [ A1 1fif
Fhim, H 2 BRI B AR RN 7E H MOI=0.001 I 3k %]
e WEEAR VAP Ui 4 2.20x10" PFU/mL; W
BEK VAP21 0t 5.60x10° PFU/mL, A i ¥
IR VAP9 5 VAP21 B3N VAHNI
4 MOT ¥ 0.001,

23 FEINEEEANREM

BEINBERRG pHAR T M BIEEIT
HWE IR VAP9 5 VAP21 43 %8 T A6 pH 444
T, IF TS i A HURE I HA A, AbFE 1 h 5,
1E pH=1~2 HYSRAR 251F 5 pH=13~14 HYSREESIE T,
VAPY B 223 1, 1 VAP21 B T5m R & 148 F 2%
%, {H4E pH=13 B VAP21 /5 H 10° PFU/mL %t
pH=3 i, 2 BRAE XS AR SN 7T B 90% LA |5
pH=4~10 I}, WEFIK VAP9S VAP21 & 8¢ )5 th
AR HE I JC B Ak, VAPY TR M &1 R AL
P s Tk S5 T ARy, VAP21 W5 ZAH )
pH=11~12 B}, WEREIR VAP R4 BT R, i
AR VAP21 0 T R84k (1] 6)-

AbFE 4 hJE, 2 BRI B A B EB 4 Ak B R
i % . pH=3~5 i, VAP9 5 VAP21 MR H:
AL PR 1 h BN A AR R 80%; VAPY RN
e pH=11 B} T [% 87%, i VAP21 R ok & A4
fb; pH=12 B, VAP21 &t T K¢ 86%, VAP9 N
g IE k. WETE K VAP 5 VAP21 A 7 pH=
6~10 LI T B 4EFRFERE o

AbFE 8 h I, 2 BRWERARAE pH=3~5 B4 )
FREL T FE; pH=10~11 B, VAP 2 HH BB & T
K%, VAP21 &4 WA H BE i A8k s pH=6~9 I,
2 PRI AR IO R ARk

AbPR 24~96 h J5, WEREA VAP9 5 VAP21 4%
Ab BRI 3 i Ak B[R] 3G T 28 R R . 96 h i),
2 PRIE P R FE pH=3 B3 245 10° PFU/mL 9341
pH=11 i}, VAP9 %/ & 10* PFU/mL; VAP21 7

R E K224 F 7/ sponsored by China Society of Fisheries


https://www.china-fishery.cn

54 Tr W, e 2 BRI EEINE UM AR 23 1 M8 B A e 875

901 VI TIRH BYERI /K Salmonella phage SKML-39 (YP 007236111.1)
100 [ LA BV E 15 Shigella phage Ag3 (YP 003358650.1)

100 T BRI A Enterobacter phage EspM4VN (YP 009877020.1)
74| WITIRH BYER K Salmonella phage SenASZ3 (YP 009881057.1)
100 [ W RIJRBE & Serratia phage phiMAMI (YP 007349035.1)

100! Y035 [ B MERIE  Serratia phage 2050H1 (ASZ78827.1)
53 WG B AR Erwinia phage vB EamM-Buel (YP 009837734.1)
4100' RS G BV i Erwinia phage phiEa2809 (YP 009147623.1)
JNE JEVE R AR Vibrio phage vB VehM Kuja (YP 009854226.1)
IR JBIE R K Vibrio phage 1.244.A. 10N.261.54.C3 (AUR97708.1)
WEENEVEBE R Vibrio alginolyticus phage VAP9
90L 9 JB IR &  Vibrio phage VP-1 (AWY10149.1)

100

WG A Vibrio alginolyticus phage VAP21

0.2
(a)
1007 Y ITIKH BYER K Salmonella phage BSP101 (YP 009876481.1)
58| Lyads AT B 8K Escherichia phage ECML-4 (YP 00910152...
O Il 45w IR R B Dickeya phage XF4 (ASD51527.1)
100 | BB AT R BVEF A Shigella phage MK-13 (YP 009882849.1)
WEKREBWER  Serratia phage vB-Sru-IME250 (YP 0096...
100 g | [ FEEN A BIRITE  Klebsiella virus 050TKN21 (YP 0085320...
1001 5 10 FAT I JB WS B /& Klebsiella phage May (YP 009796172.1)
IR JBLEE AL Vibrio phage VP-1 (AWY10146.1)
WEEINENE A Vibrio alginolyticus phage VAP9
WEEYNR G A Vibrio alginolyticus phage VAP21
0.2
(b)
99 [ HRKSC IR JEIHTE  Dickeya virus Limestone (YP 007237460.1)
100 | VT B JBWE R K Enterobacter phage EspM4VN (YP 009877025.1)
WITIRH RIS R R Salmonella phage FSL SP-029 (AGF89151.1)
65 1001 275 ERAT 8 B EMA  Escherichia phage ECML-4 (YP 009101534.1)
BB RS FE K Pseudomonas phage pf16 (YP 009595559.1)
3 99 UK BRI 1K Delfiia phage Phiw-14 (YP 003358893.1)
64 §|: FHIRIKHEBWER  Ralstonia phage RSP15 (YP 009276992.1)
100 SNE R AK  Vibrio phage YC (YP 009838361.1)

JNE JBWERAK  Vibrio phage vB VchM Kuja (YP 009854220.1)
I JEWE R 1K Vibrio phage 1.244.A. 10N.261.54.C3 (AUR97714.1)
WISV A  Vibrio alginolyticus phage VAP9

WY& Vibrio alginolyticus phage VAP21

0.1
(c)
B3 2thnBIlEREAIkER REAEARKREERRZLEN
@ IMIKEARGERKEN;: b)) BLZEARGKEMN: () REEAREKEN; 0B FRETFEE, 755 WK GenBank H1 /7511 # 52
Ty AR RACRHEALER S
Fig. 3 Phylogenic tree of 2 phages based on phage portal protein, tail fibers protein and capsid protein

(a) phylogenic tree of VAP9 and VAP21 based on phage portal protein; (b) phylogenic tree of VAP9 and VAP21 based on phage tail fibers protein;
(c) phylogenic tree of VAP9 and VAP21 based on phage capsid protein; the number at the branch is reliability, the serial number in the bracket is Gen-

Bank accession number, the scaleplate is evolutionary distance
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876 I A S 46 45
“ BIEVERPT  clear plaque
~§ 8 HAWERIE  plaque
5180 O EWEEEE  no plaque
® g 160 +
HHEH § 140 R
&S 120 b NN
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Fig. 5 Lytic ability of 2 phages and cocktail to other species bacteria
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RS =E W B 744/ PFU 41 H /CFU VAP9/r/ (PFU/mL) VAP21%(fit/ (PFU/mL)
MOI phage titer VAHNI number phage titer of VAP9 phage titer of VAP21
1000 1.00x10* 1.00x10' 8.90x10’ 2.30x10’
100 1.00x10* 1.00x10 8.30x10° 5.60x10’
10 1.00x10* 1.00x10° 1.60%10° 7.70%10’
1 1.00x10* 1.00x10* 3.40%10° 5.60x10"
0.1 1.00x10* 1.00x10° 4.20%10° 7.50x10°
0.01 1.00x10* 1.00x10° 7.20x10° 1.30x10°
0.001 1.00x10* 1.00x10’ 2.20%10" 5.60x10°
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Fig. 6 pH stability of 2 phages against V. alginolyticus

(a) VAPY; (b) VAP21, the same below
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&7E 6 mg/L i SH LR, HALH TR
B T4, AP 6h 5, VAP 1AE%N 60.9%,
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Isolation, identification and biological properties of two lytic
phages against Vibrio alginolyticus

QIAO Huan, CHENHai, XU Xuling", CONG Yu, LIUMo,
HE Silong, FEI Wenbin, HUANG Jie, HU Yilin
(Phagelux (Nanjing) Bio-tech Co., Ltd., Nanjing 210000, China)

Abstract: Vibrio alginolyticus is one of the main pathogens that causes mass mortality in aquatic animals and
infects humans. To reduce the application of antibiotics, alternative therapies have been proposed. One of the
promising possibilities is to control diseases through the use of lytic bacteriophages. As few current bacterio-
phages against V. alginolyticus have been reported, the main objective of this study is to develop effective bacterio-
phages for controlling pathogenic bacteria. This study describes the isolation and characterization of lytic bacterio-
phages against a V. alginolyticus strain (VAHN1). The bacteriophages were isolated from Hainan shrimp pond and
Fujian marine products by double-layer agar culture method, and V. alginolyticus VAHN1 was used as the host
strain for bacteriophage isolation. The phages were classified and identified by transmission electron microscope
(TEM), restriction endonuclease and phylogenetic tree analysis.The physiological and biochemical characteristics
of the bacteriophages were determined, including optimal multiplicity of infection (MOI), lysis spectrum detection,
pH stability, thermal stability, resistance to UV light, and sensitivity to chloroform and ether. In addition, the effect
of bacteriostasis were also measured. The results showed that 2 lytic bacteriophages against V. alginolyticus were
isolated, named as VAP9 and VAP21. The plaques of VAP9 and VAP21 were neat and transparent, with a dia-
meter of 1.5-2 mm. The nucleotides of the phage VAP9 and VAP21 were all dsDNA, and all their heads were
shown as icosahedral shape with about 55 nm and 65 nm diameter respectively under TEM. The tail of the phage
VAP9 was approximately 65-70 nm in length and 15 nm in width, while the tail of the phage VAP21 was about 75-
80 nm in length and 18 nm in width. The 2 bacteriophages are grouped under the Myoviridae family. The phage
VAP9 and VAP21 had good tolerance to different physical and chemical environment. The survival rate of the 2
bacteriophages was greater than 43% at 60 °C for 2 h. The optimal pH of VAP9 was 6-8 and VAP21 was 7-11.
The 2 bacteriophages tolerated peracetic acid in universal bactericidal concentration. The phages VAP9 and
VAP21 were insensitive to chloroform and ether, with a certain resistance to UV light. The optimal MOIs of both
VAP9 and VAP21 were 0.001. The cocktail of VAP9 and VAP21 was able to infect 95.2% (157 strains among 165
strains) of the V. alginolyticus strains and 50% (3 strains among 6 strains) of the V. parahaemolyticus strains used
in this study. And they could not infect other species of tested bacteria except V. alginolyticus and V. parahaemo-
Iyticus. The phages VAP9 and VAP21 could effectively inhibit the growth of V. alginolyticus VAHNI1 and have
the same inhibitory trend on VAHNI, but the VAP21 strain had a stronger bacteriostatic effect than that of the
VAP strain. Moreover, the inhibitory effect involved the cocktail of 2 bacteriophages on V. alginolyticus were
better than that of a single phage. Alignment with the sequences of the conserved protein amino acid sequences of
the phage VAP9 and VAP21 on National Center for Biotechnology Information (NCBI), it was showed that the 2
bacteriophages had low homology with other bacteriophages. Furthermore, phylogenetic and genome analysis
revealed that the phages VAP9 and VAP21 have low homology with other bacteriophages and may be 2 novel
Myoviridae bacteriophages that infect bacteria related Vibrio spp. This study did not only enrich the species
resources of bacteriophages against V. alginolyticus, but it also laid a theoretical foundation for the development
and application of Vibrio bacteriophages as microecological antimicrobial agents.
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