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cause significant morbidity, mortality and economic losses during shrimp aguaculture. At present, phage
therapy acts as an alternative sanitizing agent to control V. alginolyticus. [Objective] To isolate and
characterize phage ®V170 lysing V. alginolyticus for the application of the phage to control aguatic
animal diseases. [Methods] V. alginolyticus V170 was used as the host strain to isolate phage from
Penaeus vannamei aquaculture water. Characterization was done by transmission electro-microscopy,
optimal multiplicity of infection, one-step growth curve, lysis spectrum detection, thermal stability, and
sensitivity to chloroform. The analyses of phage genome were based on enzyme digestion methods.
[Results] A broad-spectrum lytic bacteriophage ®V170 was isolated and the plaques were neat and
transparent, with a diameter of 1.5 mm at 12 h. The identification results of transmission electron
microscopy (TEM) showed that its head had a stereosymmetric structure of the quasi-diaphedron, with a
diameter between 60 nm and 65 nm, and its tail was 65 nm to 75 nm long and 14 nm to 18 nm wide. The
nucleic acid type was dsDNA and the genome about 45 kb. Besides, it was not sensitive to chloroform. In
conclusion, bacteriophage ®V 170 belongs to Caudovirales and Myoviridae. The bacteriophage V170 can
lyse 7 of 15 strains of Mibrio alginolyticus, possessing a broad host spectrum within the species. The
optimal multiplicity of infection (MOI) was 0.01. One-step growth curve shows that the incubation period
of ®V170 was 10 min and the amount of lysis was 101.3. Phage ®V170 was sensitive above 65 °C.
[Conclusion] A lytic bacteriophage was isolated with potential functions to treat alginolyticosis in marine
aguaculture.

Keywords: Phage, Vibrio alginolyticus, Phage therapy, Penaeus vannamei, Biological characteristics
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1 MHETE
11 #H
111 BEHRKIR

43 B AN D 35 G 0 FH 7 1 32 DR R 389 Fh A S 3
SO, IR R AR V170 MRS LGN X
HRJHF R B v 43 B 3RS
112 FERFIFNEE

TCBS. LBl NA 533, & B M H AR
ABRAF; SM i, bt iR A B A
F); DL15000, DL2000, DNase |, RNase A FlIfR
il PE N VI EcoR |, EcoRV ., BamH I, Hind 11,
TaKaRa/Arl; TIANamp 2 2K 2] DNA/RNA &
BORH &, RAREABHE A RA R S5 T 55
B, FEI A#]; PCR1Y, Biometra/\wl.
12 J5k
121 BEAHNIBS5EE

BRI 5 A4S PN SR5E 1
FREKAE, IREA]; KA KB BUH s
15 FRREI AR GRS, KT8 10%, 30 °C
fEMREESR 24 h, ABHEE), XNETERINR R AR T
£ SRJGHEL2 mL 7KK 10 000 r/min 5.0 5 min, B
WRIEH 0.22 pm BERRILIE, RABE S EIIMEA
TCMERHBEH I, AR S BEH I, WSR AUz Pl
WA, A TR PR B B R
I, BIEGERS TR VIT0 1E FE TR
W B A
1.2.2 WREARISEL

K ARUZ AL AT aifl . DU AR KA A
TR, P AR SRS 10 5 ERR R B 5 1 Tk
FE, AEC 0.1 mL AT A K e 3 B S
PRI , W RO 8 mL 341 % 50 °C A&
LB 2R EE IR EL(BRIRH EE 0.65%) 7, TR
J TR B A VEA LT B NA A 35 35 25 (B8 Wk
1.5%) bl BOSUZ Pl s FrdElEl s, # PR E T
33 °CIEIIGFRAE TP HFR 6-24 h; JH 1 mL 38848
Sk OBUZ - Hp B B AR SR A L Hp 0 3 3 1Y I

BE, MATZ 1mL SM Zenpith, 4% 15s, 4°Ciik
B, S EMEKHREE 10°-10°, &
B R EE 5-10 IR, H 2R RK/D— g
BE, BP2lifbse .
1.2.3 WEREANBINE

I A 1A S50 B0 W B A 1 30 B (Triter), 2246 4
S THFE b A AR e T W R AR, ORI
T8 BE T B2 057 (Plaque-forming unit, PFU)®, H
HH OS2 AR A Al o AR R 1 A= B ER
IKAENFERERL, K2l fb 5 WL B IR ET T 10 15 HLAG
B, VEHCE I AR B A T AUZ AR A I . 15 5%
6-24 h ZFEIGEEBEGE AT LA, WS SR I B
A, FRBRRREEEAL 3Pk, AT
WERBEAYEL H AE 30-300 =z [al ARkt , Bery
BOFHH U
MW T AR B4 2850 (PFU/mIL ) = T8 435 250 - 249 W o xE
B0 B BBORE SRR
124 FEEARIIETE

FIHIRUZ AR A 7 ARG T8 . A 2k 41
W PR ASTI BOSUZ M, [WETRBELE 24 h PTG F-Al
M FIBOSUZR FJERRArEIRA 5 mL SM Z2nh
WA DB, 8% 30s, 4°CRELR; KEo
BHCH, FRRIR 30s, 10000 r/min &> 1 min,
T 1R W 2 mL B ELCHE EP &,
10000 r/min &.0> 3min, B 3w, F 0.22 um
g, A9 EE R R 43 (>10" PFU/ML), 4°C
TAres il
125 MRE{RRIEIEME

1 1.2.4 "R PRBEFE 20 uL (>10% PFU/mL)
%% 300 H 54 % _FITTE R T 40 min, 2%m54
MR(PTA)fM Y 30 s, = T4 2 h, HEHHETFE
TR (TEM ) ULEE I R AR TS
1.2.6 MEEA ©V170 EFEH K912 BAES ) 53 47

B 200 pL WEEAASESE W, 5351/ A DNase |
5 RNase A 2% >0 8 U/mL 12 mg/mL, 37 °C
1k 1 h, 80 °C Kif 15 min, H - EHERR M A
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15 £ 5 DNA/RNA B T4, FIF TIANamp
i TE SN 41 DNA/RNA 3257 6 3 B p {4 3[R 40
(>100 ng/uL).

W5 R AL K 2 43 1| FH DNase | . RNase A Al
PRI NP EcoR |, EcoR V., BamH | & Hind 111
T 37°CHi 1L h, FJH 10 pL AR, mpsifk
¥k 8 uL, M 1 pL, 10xLoading buffer 1 L.
W WY1 7= 9 T 1.5%350 g B %8 e HL Tk (110 V)
22 min, fii FHEER SR RGOS LTRSS
127 KEER ©V170 &SR

0 AF e TR AR G0 2 75 MU, A U A A
AN R ST R W B R B (T
7.80x10° PFU/ML) 57 IR &, KB 31, #R
% 5 min J5 10 000 r/min &[> 1 min, #& 2 &
BT, I W TR AR
1.2.8 MEE{R ®V170 IR

SEBRBRARMNM I, WA RS, WASLR
PRI 2 R 15 AR VA BRI TRT , B 1.2.4 o 75 3] i e o
PRYGRE W5 A PR EA T 2400, DU S .
W32 R B SR i B EO , AT BRE S 5
HX 200 pL TR NA ARz, 25 °C e 20 ming
W I 20 Pl W B A AR T T NA MR, =R
20 min, R A RIS, #IE T 33°C
B FE 4 TR T 6-24 h WLEEA T o 377
129 WEAKERREHNE

L 52 B (Multiplicity of infection, MOI)J&
TR ) R W5 TR A 5 20 A B O SRR
B AT I A R A e A KOS B A R
Beo AWFSEAEIR A o7 2 105 vk i SRk Bk — 4
ek R TR AR A RO 5 EIE R MOL
1000, 100, 10, 1, 0.1, 0.01, 0.001, 0.0001.
0.000 01 f¥) b 91145 B 50 pL fin A 900 pL #réf Jo i
1 LB WzkEsRES, Bf&Fh 1 mL, 33 °C,
150 r/min #£7% 553% 8 h; 10 000 r/min &5.[> 3 min,
B9, 0.22 pm BRI, RUZ AR E 1 B
PRI RE , R G B A B i i ) MO BV SAy e £
R

1210 MEEA—SEKRZNE

AR T, WA WD B E N
4.0x10" CFU/mML BB, M MOI 2y 0.01 i e fi
IIABERIA OV170, #R¥%515s, 33°Cii7 20 min,
VR RARTETE 3 F 5820 F ;10 000 r/min &5 .0
3min, 3 L, LB WAKREFREES 2 & i
A 1mL LB ARSI T, WIE 100 pL 270
B 50 mL LB Wz, BT 33 °C Higifih
JRGRFR, /297 0, 10, 20, 30. 40, 50. 60,
70. 80, 90, 100, 110 F 120 min i) s ke, )
E W AR B 22 dVAT70 f—E A K ph £k,

S v =224 figp A I TR AR 1 e ) W i 2
R
1211 EEER OV170 RIS E 4

R AR T 1 mL T2
EP 4 H.

(1) IE RN (0.5 h Al 1 hym A K Hi
TR Z L. ¥ EP &4 3 E TR (30.
40, 45, 50, 55, 60, 65, 70, 80 °C) F/EHH
05 hAl 1 h, BUKBHIEER, 10 5EERE,
R FRUZEAE T WS TR Ry, Afmh i1eE
F R TCBS i A ik i O R L,
BB 34 AT,

(2) 000502 W A R A TS 32 s A FH TS 1) 0
P WER A E TR 52 =ik (60 °C) T, HX 0.5, 1.
15, 2. 25, 3, 4, 8, 12, 24, 36, 48hit 124
AF ) A5, R FH RS2 S 3 22 T o B R e s T T 1
W, BB 3T,

2 GRGH
2.1 EEE{F ®V170 IS

DLyl V70 i ¥, 4 5 walifk,
3 B B — PR AV BRI IR W B AR DV 170, i
FASUZ R 5555 12 h B E BARZ 1.5 mm
FINEEBE(R 1A, B), WERBEIEMES, K/Ah—
], ORI HRBTULER, &M ARSI A
AL (E 1C), SkFEAE 60 nm—-65 nm, EK

65 nm—75 nm, i 14 nm—18 nm.
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22 EFEEBYISHER

L YT M 45 T R, DV AT70 )KL R 41 R
#% DNase | [£f#, AHE#; RNase A Fifi, Ui
BRI ZE AN DNA, JEF A &4 Hind 1
YIS (B VIJF), A% A EcoR |, EcoR V
BamH | FEFUIN 5 (K] 2). FEAhE, JEHE4 RN
7 45 kb,
2.3 EEER OV170 ST Fa9EE

S EOTN RS, WER AR OV 170 M B IR
Wiy 7.80x108 PFU/mL 4% 6.85x10° PFU/mL ,
T BB R AR AR (18] 3), RBIWE AT S 5
AR, RDARSETCRE TS

AW RERY], ISR IA dV170 3k
TOMIET AR, EA% 60 nm—65 nm, FE(14-18) nmx
(65-75) nm, #%FR2ET dsDNA, KR4 K/NZ) N
45 kb, AhFETCRERE, ALY E PRE E oy R E A
(ICTV)S LIRS Bk B 2K R 4 P9, e
W W E R oV170 TE4r 2K BJR T B ik H
(Caudovirales) )L W 1A%} (Myoviridae) .

2.4 WEEK ®V170 XF 15 HRR R INE A S ARIE

Wit PR OV 170 SR HIBE A% 15 R s oI AT 2
TR (R 1), S5 R B/RMER RN 7 PRI% BN
WA ZREE S, R Rl 46.7%. Hix vii4,
V130, V173 I 45 F V170 2 fls- (1 4).

50 nm

B 1 MBEER OV170 ERHEEDIA. B)UUREMEL(C)
Figurel Theplaques(A, B) formed by ®V 170 and the morphology (C) of phage ®V170
bp M DNase A RNase A EcoR 1 Hind 111

EcoR 'V BamH 1

15 000
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2 MEEE oV170 EFEAESIEL
Figure2 DNA restriction endonuclease digestion of ®V170
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3 EEF oV170 [RABURMS

Figure3 Sensitivity of phage ®V 170 to chloroform
TE: A Km&ED7; B: s,

Note: A: Without chloroform; B: Add chloroform.

25 EEEK OV170 WRERLEEH
B A RITE FEIRA SR 8 h, XUZFHik
I5E % MO TR AR B2 (R 2). MRS 1E 318
B L 1:1008, BEMOI=0.01, I B {4 )3 e
B, 3AF| 1.10x10"° PFU/ML. FRLIEE A DV170
AR S KON 0.01, IR 77 R i
2.6 WEEF ®V170 BI—H4E Kz

W FE W TR 1 — 25 A Rt R A AT AT f
BRI ZAERE. O JFAS, FEF% 10 min FHXUZ
AR TSR] B). 0-10 min iR, B A%
AR LA 10-50 mink, WE AR E 2
s, AR IIEELE 40 min, ARPEZR LA
A, BPFS A 101.3.

1 IEREE OV170 3 15 HRiAEINE R RLRRE

Table 1 The lytic spectrum of 15 strains of Vibrio

alginolyticus by phage V170

gk SRRty wmop g

Strains n%t?a?r:t € Separation site Plague formation

V039 Fr i FREIK M -
Zhangpu, Fujian  Aquaculture water

V067 Rk FREIK M -
Changle, Fujian  Aquaculture water

V114 kiR FREIK M +
Changle, Fujian  Aquaculture water

VI0 Rkl FREIK M i
Changle, Fujian  Aquaculture water

V141 fEEk ik FREF KM -
Changle, Fujian  Aquaculture water

VIS4 fEEk ik FREF KM i
Changle, Fujian  Aquaculture water

V170 I 7RilE LINEN i
Shanwei, Shrimp
Guangdong

V172 AR FREIK M i
Shanwei, Aquaculture water
Guangdong

V173 AR LINEN ki
Shanwei, Shrimp
Guangdong

V177 ARILE FRAEK A +
Shanwei, Aquaculture water
Guangdong

V195 (LIZREM FRAEKIE -
Binzhovu, Aquaculture water
Shandong

V201 (L ZR¥EM LINES -
Binzhovu, Shrimp
Shandong

V208 (LR FrFEK A -
Binzhou, Aquaculture water
Shandong

V213 (LIZREM LINEN -
Binzhou, Shrimp
Shandong

V214 LZREM LINES -
Binzhovu, Shrimp
Shandong

e o+ HBE; - ToBE

Note: +: Plague; —: No plague.

2.7 WEEE oV170 5TEEMREE M

5 Wk TR A4 5 1 5 0 v TR T 52 BB T 1 22 5

S AP AR A = T K6 TG F A B S
X, SEEEERER(K 6), WREIA OVIT0 AHXF T15
T Al A2 IR . TR IREEAE 30-60 °C 2],
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Fesa

V14

V170

V130

Vis4

V172

V173 V177

4 BEEF OV170 RHiE 7 KA RN E O E R (BER0R)
Figure4 Plaque of phage ®V170 formed by lysing 7 strains of Vibrio alginolyticus (speckling method)

#z2 EEE OVIT0 RIERLEEH 1o
Table 2 The optimal multiplicity of infection (MOI) of
bacteriophage V170 9
e WERRARVRE AR RO 8 h ik ~
NG Phage Bacteria MOl 8 h Titer E
" (PFU/mL)  (CFU/mL) (PFU/mL) 5 8
1 10° 10° 1000 9.30x10’ =
2 10° 107 100 1.54x10° B 7
3 10° 10° 10 1.43x10° '
4 108 108 1 4.60x10° 6
5 10’ 108 0.1 9.80x10°
5 | 1 | | 1 1 | 1 1 | 1 1 J
6 108 108 0.01 1.10x10%° 0 10 20 30 40 50 60 70 80 90 100110120130
5 : #{min)
7 10 10 0.001 1.32x10°
8 10 10° 00001  2.80x10° 5 ERE{R OV170 —SHE sk
9 10° 108 0.000 01 2.00x10° Figure5 One-step growth curve of phage ®V170

VERIET] 2 0.5 h Fil 1 h iF, BEREITR V170 (WIth
4.67x10° PFU/mL)BEM-F748 m % . 60 °C I3
#rk 3.61x10° PFU/mL (0.5 h)F1 3.18x10° PFU/mL
(1h), 55 30°CHRZEATE— MR 1 65 °C iiHH
TREZ 1.74x10° PFU/mML (05 h)fil 1.50x10® PFU/mL

(1 h), 80 °C WA Mk 0. TxtF15 &
B (W) 1 3.30x10° CFU/ML) i &, HALM7E 40 °C
B L TP %A AL, 45 °C BHEER AR FHRE
1.80x10° CFU/mL (0.5 h) #il 2.50x10° CFU/mL
(1h), 50°C 2Rk,
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#Host for 0.5 h
-+Host for 1 h

121 -0Phage for0.5h
-o-Phage for 1 h

Titer 1lg(PFU/mL or CFU/mL)

030 40 50 60 70 80 90
Temperature (°C)

6 MEEF OV170 REBEEIEM 0.5h 1 h M SZiE
B

Figure 6 Tolerance temperatures of bacteriophage and
host V170 during0.5h and 1 h

Wit T A5 B TE T 52 = I (60 °C) T, Bl A I
] f 34 i DV 170 % FE B W R AK . 2 h R R A4
FETEBCH 1.53x10° PFU/mL; 4 h B i B AT i
(4.52x10° PFU/mL) T F— ANk %% ; 24 h BHIgE T
A% BE (2.05x10° PFU/ML) R F% 2 2%, 1%
I 1%; 48 h T4 ¥ A 2.05x10° PFU/mL (1
W PR AR A TS (K 7)o MRS 4SS 0L, IR AE
60 °C BH/EFT 0.5-1 h, BT I3 f 3 5 At [l s v
TR SRE PR R T B o R T VR I [ B
AR 2 h, S [ A X I B AR P T 0 R R

It)"

Titer lg{PFU/mL)

6

0 4 8§ 12 16 20 24 28 32 36 40 44 48
7(h)

7 FEREA V170 ZEfit SR (60 °C) TR R ALk

Figure 7 The attenuation curve of bacteriophage V170 at

high temperature of 60 °C

3 WikE4w

B 25 20 B 1 25 M D), R R G A 1Y
L, s YU R THORNIA T H I A B Rk
%o SRR B IATR YT B FOMAR e e A3k
P, HIOREREZ R ARET; feRbEE, H
BEXTRREE R IR B, PR St FA s A
AT IR P AT e A AT PP e B AR L 151
(R AIF 2 J b FAIF 98 b AR AT /b L A F 5T A 34
M ZEBNT T REZRAFAE N O . 2016 AR
T I A AR I B AR I 23 4 W TR AR T R K
BT VER —Fh g, JEZEZEH ERYsHBE .
2017410 H, S AmET A HE YRt RS bt
BT X —

H I 8 Y B % sk g v 5 O B Y B R
H 22, Hb Kaatzis M| Sasikala M
238 1) RE S SR L I BB I ME P R S5 oV 170 [
J& 45 & W i & H (Caudovirales) I J& Mk i {4 Bl
(Myohoviridae), WLEWEE AR LT RHE: KT
S THASGE HE A, S EAE 60 nm-145 nm,
HE, RB# N (16-20) nmx(80-455) nm, &
B, BEREAIN dsDNA, K/hy 31-317 kb, 4R
i X S REAE AT LA W R AR OV 170 J& T LR ME R
TRBF A A /N HLR AR 50 i —Filr

s DA LA W s i T e e SRR A 1Y
MWk DA A3 AN BB TG VR YT EOR BT LA S 3 I T A
MR AT B o Bl 22 ) R s R A 1Y) 2 B
WGk AT AT A 700 7 X3 SRR T 7 e e A o LA i i
e, Lio SR f g BT LIZAR 4 Bl
REONG, ANREZRR ALY . Sasikala MOt
T 0 T O W T R POL T L SR ik s s o oI 1 LA A1
ISR . BIGINE A V. mediterreneii, AHIF
FEPETE A OVIT70 BRIE2LAH 7 PRI HONG , 2%
WYL . IR ORI HOR T, REMS 247
)7 PRI BRI B fRRER AT AR, BEE
DV 170 43 i B A7 B AR XL 5 ok [
OV 170 Jp B MU XS 1 LU AR T M L XY 5 Bk
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PR N B A, o 100 BH I R A 1) 1 AR S
A BEAEAE— 8 M HBIROCHK

TR 5T foe A R e S B RE 08 T Mo s T 1A 1) SR i Ak
R, AL S PR A I AT TR R R B e A
Kalatzis 25 Ml T W 7k St2 fl oGl iy it
MOI 4351 10 1 100; 4 bk R mF o b e
MOI 3 10; Li ZEPp9a o rhi R = 5l 15
WA B E P e e K0 0.000 1. EAHF
i, V170 MR EECH 0.01, HAKS
(AR50, BRI/ B A 0 T A B3R s ] 7 A K
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A AT AL, W TR A OV 170 VB IR %5 %5 (10 min),
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IR 2R RE AR PN B AT 5 AR A 2 i
Fio D FAE R, RS 4E AL = R W9k 2
PR A IR -

TF 5% 2 i 80 s TR Ak % i 2 T A T 37 s T O
1 FLIR R 2 A B DX (R) oA T B b KT 2
R A R N AR R R AR S B 1 3
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