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1.1 R

£k B N (V. parahaemolyticus)
V13 i BRI RS2 2 e 55 80 A (7
H HUF 3 I TIR), Vpls Vp22E 83 Rk &V 9l i
oy B8 B B M 3k B o, @ i ok R
VpATCC17802 HI /M K5 A2 WL 73  (UCLA) £
F 1 1 N, BN (V. alginolyticus)VaK A
E ISRyl A e S S RO

IKAERE T o0 VA I I R T A
KA SR A T LT T 11 7K P i A T 3 TR K
E. 201558 7 13 HREKFES 5 N1—11, 104
3HKFE S5 N12—23,

ERESKT  BREARRERNGEIRE
(Tryptose soya broth, TSB, Jb 5L #HF). B AR K
I IR B 7R 3 (Tryptose soya agar, TSA, Jb 50 %
o). e i AMOK AL ST . SALEI(NaCl,
A1) BRACHR IR E0 7 R 6 1 3k R 35 I B 7
H(Thiosulfate citrate bile salts sucrose agar culture
medium, TCBS, b5 #EMF). EZUPH: 2U4H iR 55 K 4H
A A & (LA T, PCRIAF: Master Mix 2x.
D15000 marker(4b 5t RAR) H 1, BB e i (L
#AET). Tris-HCI (0.5 mol/L pH 7.5 E#gA T0).
20%%K 2. #6000 (PEG 6000), SMZZ % (Sodium
chloride magnesium sulfate buffer): NaCl 5.8 g+
MgS0,-7H,0 2 g+ TrisHCI 1 mol/L (pH 7.5) 50 mL+
2% gelatin 5 mL, Z&TH7K4M 2 221000 mL.

FEXBME  HRIEFHMIR-262). &
O HL(Eppendorf AG 5404). HKIX(DYY-6 C);
PCRAX(Eppendorf AG 6325). &% 1% 746 (IN-
NOVA 40R). #Eiz % £ 4i(GEL DOC XR%!, Bio-

Rad). &5 KHEB(MLS-3780). 120KVAEYALE
5} HL 5% (Tecnai G2 spirit biotwin).

12 5%
Mt T 42k 4 S i i BRI IR R R KRR

20 mLAMAS0 mLE Q& H, AT mLdTAK
XTI R M SR V13, A 3850, [FR I A200 uL
CaCl, /1200 pL SMZzM LA 5220 mL 20% PEGI#
T, FF R FE30%01 10X 25 4h R (A R /K 12250 mLik
R

52 A% A = R G HEAT B I N
] e R T 02, SRS AL

BB FEW8000 r/min &5 0220min, HL I3 ¥ H
ALIERE (B 44£=0.22 pm) i R E 2K, i
10— 107 FiRE, 43 Sl BUEEA W e B RE 200 pL T 2K
B 10 mLES O Hh, 3ANFAT; K RE 77 T 10h A &
15N B =400 WL A S5 R TR &, [
100 pL CaCLA1100 pL SMZE IR & 5], &
B 10—15min, #47 = ZFHR3%E, 4350 T-6h. 12h,
18hFN24h W 205 B B L RIS 4 o

EEASX-2MSX-FRI L 5KRTE 5K
PN W B AR A AL TV, AR . BRI
BEBEBE 21 mL SMZM R R BwiRE, fE
1—2h, TZHL100 pLEEAT 1O VERREZ 10, 4T —
JZ P ARG AIE 43 B 43 B (1 0 B B, & R Alifh SIS
Bl g RO A P e T A R ST A
R F28hJm, 18N 10 mL SMZEiR, H1 mLA ke
FWAT FE BN PR G, & EEH S 10h, {805 H 4 78
IR BN, WA B RN IR 4 -

B ARSX-2FNSX-FRUE $EM &= 2%
Ramirez-Orozco5 ) 75322, 5K FH 59 1 611 ey itk
171 5 e B B SR B R

EEEASX-2FAISX-FIg7E&HI& Il LE
SRR L A B B 10 mL A SMZE il iR 2D, S
4°C 10h, ZR i K H:i2E478000 r/min 5 »20min, F10 mL
— RPEVE S AR R 3, B 400.22 umE I g
BR B3RS B TE I, 137 CIRAF45H o

IEBEASX-2F0SX-FNAIME  WRHEL100 uL
4l Al 1 W T A AT 1O AR R, 45107, 10 ° &%
10 IR T 7R3 43 1) 5400 L Vp1338-4r, R —
JZ PR T 52 05 T B () A 2

I T A A/ (pfu/m L Y= T IXE 50 B < i A 0/ fn
NGOl AR UNTRENA

HEEASX-2FISX-FIZEE K BIK FE Z R
Sambrook 2 g 1 1A% B HE R U7 1, BE A ok
2, NI B (W B AU A DNase 1 (50 pg/mL)
FlRNaseA (100 pg/mL), ¥R E % 1h (37°C, 50r), I
ANEDTAZ I b7, ISR TR 11120% PEGYK I 2h,
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12000 r/min & 0>30min, 3 _E3, UIHEH200 ulL
SMZE MR e L, e i FH EZUPHE: 2 B 22 (K] 4 4
e S T U B A A% R . K I DNase 1. RNase
A. Mung Bean Nuclease ) Hind LA B 7] SL 56,
B AW B 1 F vk 4 e B D) 25 3R

EEEASX-2FISX-FRAEAME  RAM
AR, DA (RS X-2 A5, ek 2 493.8% 10" pfivmL
(PIWE B AR VB A T 10F5 B, 453 NI FE X200 L (1) R
TR 5400 pLxF F0HA i @I 7 I 5K (A,600=0.94 1) 1R &,
37°CHEUE A E 10min, F510 mLY: [EARTSAR; 775
VB S FEARI N T e ) 4 11 [ R TS A B AR ~F B L il B
WUZ AR, A HEEE 5 3 E T 37 CEBEfA PR % .

W B AR SX -2 AN SX-F 5z £ B% 2 & UM E (MOI)
ARSI PR L E X010, 1. 0.1. 0.01. 0.001.
0.0001. 0.00001%110.000001 ) L5, 43 5l X SX-2F11
SX-FIE B AW 100 uL 5506 $U8I B Vp13(1x10” pfw/mL)
100 pLiE &, IIANE]10 mL TSBE; 53Eh, 37 CHEIR
120 r/min5 F£ 10h. 55 FE MWL 8000 r/min & L
10min, B 35460.22 um ¥ IR B, BR RS 006 B
AR 2~ RR A DN W5 TR A ATy, R B v P
X L YRR 5T BN S R IR ST A

BB RSX-2F1SX-F— 4 M E Z
R 4x e 2eh 2| Ramirez-OrozeoZs ™ 7732, W&
M. PASX-2 %, PAMOINO0. 11 EL 1 in A SX-
28175 F H Vp13(10° pfu/10° cfu), 37°C #+ & 10min,
8000 r/min -0 Imin, I SMZE MR B3R R A
W B 4D e T A, BT B T 10 mL O AR R A0 TR
5o SLEPE 37 CRRIKEEFR(150 t/min), HFHFHTE
o ZEORFEUFE100 pL, PG & B8 10minHUFE, 3t
120min, B UCELSE FIRE i L BI A )2 P AR 248 I 2
M, BRI () SR RSAT, B AR A SR G i [, 20

AAKR W T AR A, 2 SX 20— D AR 2R
2 #HR

2.1 BEERSX-2FISX-FifiE

MNE AR )1 7 T 3 T K TE R AR 257K
FEAN S 5 7K R rh 70 8 B2 BRI T A4, 20 30l 9 SX-2 A0
SX-Fo A1 SX-27% fl i Wk b B v () i %, 1 A
w3, BEE I (8] ) IE R BB K. SX-FIE R
FIRT G T R A — 1328 5 1R G T R, o 5 (1] PR S 3%
A PRI o 2 TR AR B I DA ) B TR] 22 A
6h. fE MRS, HIM20% PEG. 10%
CaCl, P S SMZE MR & SERE 77, LU B He A FH /KRE
T 5 5 0 BRI AR (R 1) SRR AR R B
PRI A4 5 1 32 R R) (00 BE LU 3] 5 45 7 I [ 2 5 1
BRI (R 2).
# 1 PEG,. CaCLNSMZH &R IMSIEE A FiERS0
Tab. 1 Effects of PEG,, CaCl, and SM buffer on phage screening

7k*i?f%$% prokke 2ITARFEEIN oo e SERFRZIT

& W Water R Water
o Water Water
Dilution of sample of sample of sample of sample of
water 2( fﬂ /mL) 2+buffer 5( f]fl/mL) 2+buffer
sample P (pfu/mL) P (pfu/mL)
0 2 -+ 2 +H+
10' — +++ - +++
10° - +++ — ++
103 — ++ — ++
10° - ++ - ++
10° - 43 - 36
10° _ 4 _ 4

v R R PR RS B TR B BV K Vp13
10° cfu/mL;%2[A

Note: + The plaques; — no plaques; The strain of V.
parahaemolyticus Vpl3 is 10° cfw/mL; the same applies Tab.2

®2 MEESHEEERELEEI BRI

Tab.2 Effects of concentration ratio of phage and host bacteria on the phage plaque

Wk 1A A SX -2 T I3t T B[] SX-FIE B BRI e )
wE The formation time of plaque phage SX-2 (h) The formation time of plaque phage SX-F (h)
Concentra-
tion of 6 10 24 6 10 24
phages
(pfu/mL)
10° + + - _
10° + + _ _
10* ++ ++ - ++ ++ _
10° ++ ++ ++ +++
10° +++ +++ +++ +++
10’ B B ++ o+ -+ ++

(b BRI VR I TR I T BRI A VBRI VU DL

THASE, H NS, e NS,

100 CTBGRIEH IR P BRI IR A i I

SRR,

AR 2

SRR,

AR 2

IriHsE
10

10

TR i 58

PRV, -+ VOREE M, YOREVE MR, ++++

SRR A T A VD BV SRR A VDRV SRR AV AV I
i) VA A 1 U o O ) T A o
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2.2 MEEARSX-2FNSX-FEE FE 22 3 SX-2HISX-FXIMEHIZMR
W T A E S TR R 5 B I SX-F(E IA)ﬂQXJrL], Tab. 3 Lytic effect of SX-2 and SX-F on Vibrio spp.
SR RHE, B IEANINIE, LHK-21°456.86 nm, B 2 i Pk Bacterial SX SX| i #Bacterial SX SX | i #kBacterial SX SX
H50.74 nm. SX-2(F& 1B)M &2 Sk AR HE, kb ngln f f SVT;E ,2 ,F SVT;; ,2 f
KZ9110 nm, 52950 nm, FEHHKZ)150 nm, FEZ)10 nm., N S v R
£ B -R* : i, Vp3 + - Vp34 + - Vp64 - -
Pl : SPRk 4 WA £ v Vp4 ~ | vp3s o+ | vpes - -
- 5 : VpS 4+ —| vpde - —| vpse - -
. . K * Vp6 + - vp37 - - Vp67 - -
e - s 6 Vp7 - vp3g - - Vp68 - -
. % ? . xn Vp8 - | Vp39 o+ 4| Vped - -
B L s Eopesa i Vp9  — 4| vpao - —| vpro - -
@ - A l_nm *(“ 5 R ol S Vpl0 _ Vp42 - _ Vp7l - _
B 1 W RSX-F(A)RISX-2(B) 375 b Hh i e 1 VeIl = = Ve - = VT2 = -
Fig. 1 TEM micrograph of phage SX-F (A) and SX-2 (B) zpij o Xp :: o zp Z: o
P - - P + o+ P - -
23 IEEFSX-2MSX-FEE AL F vpls -~ vpee | WpTs - -
1% B 5B 4 0k 4 1 2% LB W 1 LU A B GO
SX-2FISX-FIZ IR AL FE1f, 2kl 5e 8. & HB Rt Vpl7 - - Vp&® - - Vp77 - -
DNase U ALIEAR, I EEWE RNase ATH AL B/, 1t B Vplg o+ — | Vpdd - —|  Vp78 - -
ALY /2 DNA; #8ANBEM Mung Bean NucleaseiH Vpl9 - —| vpso - —| vp79 - -
TRFE i, Bed Hind T JH AR, 0 B — 25 5 2 XL Vp20 - —|  Vp5SlL - —| Vp8o  + +
DNA; &R # 2 RA —AN %7, U B R Vp2l 4 4| Vps2 4+ +|  Vp8l  + +
PRSX-2FISX-F & HIRZ B I N 26 M WUEE DNA . Vp22 4+ 4| Vps3 o+ + | vps2  + +
2.4 MBEEASX-2FISX-FELARILE N E Vp23 - —|  Vp54 4+ +| Vp83  + +
X 2RI T A il A 1 o A R A B 8 SR DI A vp24  — | vpss - | vps4a  + +
SRS AT I, FerhVaK v e, FoAth Y v Rl Vp25 - +|  Vps6 - —| Vpoo - -
WEISNE . 253 WoR, Wi RS X-2Re i 24 f# 23 bk Al Vp26 - - Vps8 - - vp9l - -
T 1 5B A RR VS R 9N B VaK, I B RS X-FRE % 24 Vp27 _ Vp39 _ Vp92 _
A1 OB 7 1 I T R I B V K, B 85 vos  + +| vmso - —| vpizsoz - -
ik B A S LA — e o Rl R AT (3R 3) Vp29 - — | Vpel - —| VaK  + +
25 MEFERSX-2FISX-FREREE HMODE Vp30 o+ o+
W B 4R SX-2 I SX-F ) R4 S 2 A2 B EHUN e
0.000 1 B 2 ik Bl fe il BT =& i e 5 Note: + Can be lysed; — can not be lysed

HHN0.0001(F 4).
e P FT 4 EEIRSX2FSX-FRIRIEREEH
2.6 MEEFSX-2FNSX-F—E4 KN E e e

e i 5 . . y Tab. 4 The optimal MOI of phage SX-2 and SX-F

W P AR SX-F I3 AR I 29 10min, M2 — — — —

70min, R4 THHE AR ESX-FR MR E=24 A J&YLSE The number # The phage 4/ The phage

number of

W B A %% 1/ BV HAE W E , SX-F 2 R $IMOI  of phage bacteria (cfu) titer of SX-2  titer of SX-F

= 10 8 - e s (pfu) (pfu/mL) (pfu/mL)

§=5x10"/4.3x10°=116.2; KERESX200 R 0 0 a0 29610

7 Up:el 3 : 1 g L 10 . .

¥ 10min, ZRINZ)T0min, SX2ZUHE=9x10"/43x 10T 110 39x10°  3.9x10°

10=209.3( 2). 0.1 1x10° 1x107 5.9x10° 53x10°

3 i 0.01 1x10° 1x10 8.6x10° 8.2x10°
0.001 1x10° 1x10’ 3.9x10" 3.8x10"

3.1 REEESS 0.0001 1x10° 1x10 5.6x10" 4.6x10"

AR TKEEM2IG K RE R4 B 5] 720k 000001 1x10°  1x107  73x10°  7.1x10°
Vi M AKE Vp 130 2 M kS X-2FISX-F. BEEfk  0.000001  1x10' 1x10"  46x10°  44x10°
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W: pel (AT (1gp fw/mL)
L N 3

0 20 40 60 80 100 120
[k iE] Time (min)

2 BRI ARSX-FAISX-201—AE K i 2k
Fig. 2 One-step growth curve of phage SX-F and SX-2

153 B8 52 3] 2 FhERAG R K A5, WIPEGANAS . 85
BT B A S i o T TR AU P BB R % 9 e )
SR R A2 BB R 40 B8 ) 45

PEG-H A ¥k 4 Wik 1 4 JURL AN 41 B 76 L, e
R IR TR PR 70 4 B 2 THT; Ca” AIM” R 5 184
L L 0308 37 P (2 W T AR 45 % . Samantha "
TE 43 B Wik B A4 B I N CaCL,, A8 By T bR okt 7% 12 3] Wi
TR A o SO ZKORE B R, KR I A 11 25k
v A2 pfw/mL, JEITIA20% PEG. 10% CaCl,LL K% SM
DR B TR, K RE W B AR OB 4% 10° pfvmL,
BT TR R 0 E S RN IR TE, i T
BRI 23 B 1 300, SR T M B AR B IR

W3k BT % 5 11 25 T I B9 E B 81 5 % R s TR 4
SR BT POOVL SR . 003 00 W A,
TRV P S 25 v T TR I, U2 PR S
T e B K T AR 3 5, Wk Bl BAE S 3005 o 4 s (1] ) 4
K, i 52 1 AE K5 78 o5 W T B, S SUR BRI 52 B 1
PEo AHFFTEEE AL = TR R L g, 5 0 240
TRSX-2FISX-F 515 E Bk ¥ A7 910" —107 pfu/mL:
10° cfu/mLI A REAE — J2 TR b 175 2 Hh W 52 5 1
BE. W AAIIVR (10" pfu/mL) 52 & T-15 3 14
IV B (10° cfu/mL)I, W52 3 XU HR L HH B4 b
FEVRMU(SX-F) A5 = (SX-2) AL &, RBEML 22 21
SE (P TR BE o B 77 I ] A2 5 e W R B 52 11
A EERER, B, 58 B B s IR R A
TS SR (). AEARSEIG AR, 240 A T T R
AR FE L] )910°—10" pfu/mL : 10° cfu/mLEF, W
SLIGE B B 1) e A 15 7R I (8] 96— 10h, LI, RE6%
2B T 45 50 BE A 0 0 B 2 B R R g — 2P K
BF, B I 5K T B P BR & RE % 78 o M R B, AT
TCiE W5 31 U T B
3.2 MEERRRASGEN

B 42 4 521 2 Tty o T U T A S A
1E =R, BAARZ110 nm, B 21270 nm, EEEE
H3ANNGE, 755 WU W B AR LR AE o VT e el
V0 P ) T I A A S 8 R T A T A

¥, BA2Z160 nm, B % 218 nm, K £)20 nm, £F&
i R R AR HRFAE o AR SR A2 R IE 1 1R 5 DA |
S AR P ) I B N T AR E R H], SX-2 A
TR A H S A B K, Sk K110 nm, 554
50 nm, K ZI150 nm, %4110 nm, J& T & &%
PR, BRI R 2 v SUEEDNA, 754 LR W B 1A R
REAE, SX-FARMLER FI R, A& 1E /NI, N IE —
A, SEK2)956.86 nm, T 2] 950.74 nm. %
PR AN LR M SUBEDNA, 754 56 W B AR BRI . X
PR I SRR Vp 13 PRI T A 2 75 S o 24 I T
W e BT

33 MERARSMELE

Wk B S 1 S84 8 3 A AR P ) 3% ) T L B Y
R E . H 2 W R B 1 36—, R,
PN AR LN OE A R S A o
O3 5 B W B AR VPp L HEAT T SR IR 1 22 M8 25 SR A
T, B J5 SO 85 B () W AR VPp2 FIVPp3 AT T
120k I 1 24 M RO AR I, 45 R B R A VPp L.
VPp2 I VPp3 HXf 24k N B R R . AL
8 5 S I A N 235 R 2 1 79 s e L A T R )
filBE 77, ZLMETE (5 B 9250 B AR 124% LA b, B
FE S FANE, T 8 2R 0 1 A A A 0 i 5771 25
TEA
34 EEANEDFFE

LS RmESEEZMEL S HE
TR AR I A e R R A
105 T BAE 5t 22 B ST 7 P 40 e o N D6 T 4 i i 51
HHEI L. T a8 B R i i 7 v
T8 A7 g A IR e B #590.1— 10, Pringsulaka 5™ il #3
B FEHIIKE (Weissella cibaria)Ve R B 18 T 56
(B A TR SRR 0.01 o A S I 575 128 1) A9 2 K Wk 1
A P o A SRR 4 5 BT 2 0.000 135 B3 24 Wk 1 AR
HA BRI 2R RE T .

WG B S P — 25 26 K il 28 B 08 T It R U 1 1A 1)
SAVERAE: TR, IR . W IBRIA T
75 SR TR A R BT 400 it 8 A B A ) A
JE A TR) o SR R A T AR M S A T T A
SRR R R AR T SO BN ) — AN B B
MERE F R, FL 2 e AL R a) HH LR, LR s R
PR A AN R A A AS BT B (R D AT 1, i BN
WK . RN LA i BT = 2R 1
TACWE B AR B F A o b B AR B A S AR
WG A A 184 PO 2 AN R AE 1 00 o Wk BT AR SX-F IS X -
2HE AR (20 10min) 5 V46 #2040 189 3 (g s 1
FEVPIYP1(5min), 1T T 2= G821 85 i v v 4
qdvp001(20min). W& EE A SX-F 1) fH £ (110) 511
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HiAp2E o B B AW A VPIY PL(110)ARF], W 8
T3 5 4510 BB FIE B VPP 1(90.3), M A SX-2
HRE(209.3) 8 % w5 TR ASX-F. VpJYPILL K
VPplo MR A J AN RLAR 5 10 R/ B, AT
FURRAT I P Ak B A ) R PR R R

Vpl

ER L PTIA, A S o B B0 2 Bx m I 9T R
3 P T AR 220 Dy AR R A, BT R LT

{H, AT PR P 3R A7 7K 7 7R i
¥ LSBT -

S ik
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ISOLATION AND IDENTIFICATION OF TWO LYTIC PHAGES AGAINST
VIBRIO PARAHAEMOLYTICUS

SONG Zeng-Fu"’, XU Hua-Dong', PENG Meng-Fan', SUN Bo-Chao', ZHAO Zheng', ZHANG Ye',
REN Jian-Feng"" and ZHANG Qing-Hua"’

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. National Aquatic Animal
Pathogens, Shanghai Ocean University, Shanghai 201306, China; 3. Key Laboratory of Exploration and Utilization of
Aquatic Genetic Resources, Shanghai Ocean University, Shanghai 201306, China)

Abstract: The aim of this study was to screen lytic phase and provide new alternatives for the prevention and control of
V. parahaemolyticus. In this study, two lytic phages SX-2 and SX-F were isolated by double-layer plate method against
the host bacteria V. parahaemolyticus Vp13. The morphological structures of these two phages were observed by trans-
mission electron microscope (TEM). The types of nucleic acids were identified by the degradation characteristics of
DNase 1, RNase A, Mung Bean Nuclease and Hind 1. The lysis spectrum, optimal multiplicity of infection and one
step growth curve of SX-2 and SX-F were also analyzed. The results of TEM showed that the capsid protein of lytic
phage of SX-2 was a complex symmetry with icosahedral symmetry head that had length of about 110 nm and width of
about 50 nm and a spiral symmetry tail that had length of about 110 nm and width of about 10 nm. SX-F showed
hexagon with length of about 56.86 nm and width of about 50.74 nm without a tail, which was icosahedral symmetry.
Both SX-2 and SX-F were linear double stranded DNA bacteriophage. They were belonged to the family of Myoviri-
dae and Tectivirus based on the taxonomy standard of the ninth report of the International Committee Taxonomy of Viru-
ses. Results of lytic experiment on 85 Vibrio strains showed that phage SX-2 could lysis 23 strains of V. parahaemolyti-
cus and one strain of Vibrio alginolyticus, and phage SX-F could lysis 19 strains of V. parahaemolyticus and one strain
of V. alginolyticus. The optimal multiplicity of infection of plase SX-2 and SX-F were 0.0001. One step growth curve
showed that the incubation period of phage SX-F was about 10min, the lytic cycle was 70min, and the burst size was
116.2. The incubation period of the phage SX-2 was less than 10min, and the lytic cycle was about 70min, and the burst
size was 209.3. These results indicated that both of them were lytic phages, which can be used as an alternative to con-
trol and prevention of the V. parahaemolyticus.
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