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B OE. [868)] ANEHEETHBED AV TTRE EMBEEFIK SLMPL, stH#T45e 24
SN, [FE] RSB FHEMAN LS P 5 H VT KE AR AR SLMPL, VL% B 524%
JE, o SLMPI #9458 £50B); £ H L =BF 8000 »Li2 K% SLMP1 ik, B RACAeSF B EAE
Bl RFEH AT MR SLMP] Bk, KA B-R45 %8I SLMP1 %84, @
AL TR B AL BE O ATAZER K AL, AT SLMP1 09 AL M. pHAS M., JMERAE L4, —F A kW
KAHEEHE., [£R]SLMPl £ st A 424 2-3mm, BFEH. D% W, SLMPl {2 %%
WITKEA M AT A2 FA5 KV TTKHA; SLMP1 k3f 2 =+ @4k, A2 62nm, 23R4 HES,
EXK# 110 nm, & TKERFF; SLMPI 4B A Wik DNA; SLMP1 £ 30-60 °C #4%, £ pH
4.0-11.0#87%, AERELHA 0.001, BIEmEETHBKRIA 10min. ZHEEAH 120 min. EHEE
4 51; SLMP1 fEi/KIR35 B A 2 @ 2% . [45#4 ] SLMP1 & dsDNA K EAH 2 ff bk i
R, BAVITRKEEMIPAF G ER .
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Isolation, identification and biological properties of a lytic phage
against Salmonella

JIANG Yan-Hua LI Feng-Ling WANG Lian-Zhu ZHAIYu-Xiu YAOLin’

(Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture, Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, Shandong 266071, China)

Abstract: [Objective] A lytic phage SLMP1 against Salmonella was isolated from the shellfish
samples and identified, and its biological properties were assayed as well. [Methods] The lytic phage
SLMP1 was isolated by the double-layer agar culture method. The phage plaque was observed and its
host range was analyzed. Phage particles of SLMP1 were concentrated by precipitation with PEG8000
and purified by CsCl gradient centrifugation. The morphology of SLMP1 was observed by transmission
electron microscopy. The genome of SLMP1 was extracted by phenol-chloroform method and the type
of nucleic acid was identified with enzyme digestion analysis. The biological parameters including the
thermal stability, pH stability, optimal multiplicity of infection (MOI) and the inactivation effects on the
growth of Salmonella were assayed. [Results] The plaques of SLMP1 were round and transparent and
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their sizes were about 2-3 mm in diameter. SLMP1 can lyse Salmonella enterica subsp. Enteric and
Salmonella typhimurium. SLMP1 had an icosahedral head approximately 62 nm in diameter and a long
noncontractile tail with 110 nm in length. SLMP1 belongs to family Siphoviridae and is a dSDNA virus.
SLMP1 was stable over a wide range of temperature (30—60 °C) and pH (4.0-11.0). The optimal MOI
of SLMP1 was 0.001. One-step growth experiment showed that the latent time and burst time were 10
min and 120 min, respectively, and the burst size was 51. SLMP1 showed a good inactivation effects on
the growth of Salmonella in broth. [Conclusion] SLMP1 is a dsDNA virulent phage and belongs to
family Siphoviridae. The results indicated SLMP1 can serve as a promising biocontrol agent against

Salmonella.
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U011 QTR (Salmonella) /& — 2R 7 A4E T AL R 3
YIlGIE N Az S0 AT R 3 A RLRY A 22 [ B
i, Z25CRKBZEHREA 2 000 ZHh Mg
BRATUPT T IRTA AN B FE VDT TR . DT R T
R OURRIEEFLID T IRED) . R IPT IR SRS
W ANFBILENRE, BT EAREY bR, 5
WBR, HBUEG . Kk BT BERE . KIAEEIE
Ko WITREERE 24 7E, K& H. W3,
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fRIEATEE P63 E R B bl SEENF
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Mgt — PR B HARER o KW e A T Bom R Y4
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B — BB VDT R MERA , ARV T IR
AP A AL FEVD T TR, WA Rttt A T o
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1 MeShE
1.1 HEFk

5 EE M1 G (Salmonella enterica subsp.
enterica) 1.1859, W4 |7 H =5 G 2E W A D RS
FEHL(CGMCC) . HAARMERR L 1, 20 A
CGMCC . H [ Tl fol A W B8 b O 9 45 B8 oo
(CICC) ., 2 [ SRV A Wy A (L L (ATCC) Rl R
B 241 A W TR R AR B PO (CMICO) . TS 3
S Uk b TR A DG SE B S FE AR i 4 S
EHPE T,
1.2 EFESKH

BERRZNB)., BEFRBUENA)EREEFRE,
JC B AE ARG BRA A7 5 B SR BE e A
BigRdt, i NB HENIN 0.75%3 g B il ifi A

SM 25 il - AN 5.8 g, WilREE 2.0 g, 1 mol/L
Tris-HCI (pH 7.5) 50 mL, 2%fit 5 mL, JiiZk % 1 L,
1x10° Pa {5 KB 20 min, 4 °C {#1F.
13 REARS S

K FRUZ AR A T R AR 43 g alidb . B
Bl TE EEEER T NB K533k, 36 °C HRgbs
TR 4 h BXHAERK RS, WNE LRI REN
ZREdh, AIEHL 10 g ARSI 90 mL NB 5775
H, [RIBSANA 5 mL 75 EREM, 36 °C #5358l
FEREFRIES O, WU BVEWGE 0.22 pm MRFLUERE,
B 38 I PR R DA

FH SM 22 i XoJ s P A SRR R T3 AR B, B
TEEARRE A 100 uL 5 200 pL 5537 204K
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Table 1 Host range of phage SLMP1

AR R kG5 [l = S i
Name of strain Number of strain Source of strain Lytic ability

Jrvb1 ] S i IV A Salmonella enterica subsp. enterica 1.1859 CGMCC -
Wb TR # L Fh Salmonella enterica subsp. enterica 10467 CICC +
FUGZEVPT TR Salmonella typhimurium 10420 CICC ++
FU52E 7017 14 Salmonella typhimurium 50115 CMCC -+
R 1 Salmonella enteritidis 21482 cIcC =
FR BB 1555701 ] R Salmonella paratyphi A 21501 CICC -
ZEIRI5FETP 1T G Salmonella paratyphi B 50094 CMCC -

25922 ATCC -
Kk B Escherichia coli

21675 CICC -

35150 ATCC =
KWz R 0157 Escherichia coli 0157

21530 CICC -

25923 ATCC =
47 (044 BRI Staphylococcus aureus

1.1861 CGMCC -

‘ 19116 ATCC -

PR AN 8 A= 2= AR FG AT Listeria monocytogenes

51772 ATCC =
IR 521 FG & Shigella dysenteroae 1.1869 CGMCC -
% Fe AR FR B Shigella flezneri 1.1868 CGMCC -

1.1615 CGMCC -
RIS YR % Vibrio parahaemolyticus 1.1616 CGMCC -

1.1997 CGMCC =

TE: e+ PORZME o SRR+ BOMBRURIE; - AR
Note: ++++: Very strong lytic ability; ++: Weak lytic ability; +: Very weak lytic ability; —: No lytic ability.

BfE ERTRA, A S mL NA EEABIER 73,
IRATR B AT 417 NA BABE A -, fF
BT 36 °C 1598, WSV EWEEEEELL, PR
HAK ., ERWAIAEET SM Z b, & 24
Bt Ll E okt raiith, BE 4 K5 5 H]
AbRImETE A, A4k SLMP1,
1.4 WEANEECENE

B 200 pL 3557 20U BRI s R I S
FRBENG A W AR IR, IR E R T £ b 0
NA [ERBR A b, FrsERE B TR5, B
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20 pL 5§ FE 25 10° PEU/mL AW 1A SLMP1 i fin
FOPHGERTE, RIS E 36 °C i, W
SRR X v PR R 11 2 A O

15 EEARSELE

151 MEFEEBRARSGE: SHFEBAEST (0T
TERESLIAE R ) 5 3 MAVIRBO LS, ARt
SR NE BRI, 5537 2 AN 56 42246 . Il DNase
I 1 RNase A 22K A 1 mg/L, FIRIRT 30 min,
i 5.84 g/100 mL Sl A NaCl (ZH 4 1 mol/L), $i
PR ISR, VKA 1 ho4 °C .8 000 r/min 2.0 15 min
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FBRER AN Fr, WO B, ST,
A AR 2 B2 (PEG 8000) % 10% (J5i &t {4 FH
o), iRk, UK 1 h DLE, R EATTRE
4°C, 8000 r/min &5.0> 30 min, F/ B, Ko
FIEHUTIE R T 4 mL SM R o A IARFRRY &
15 P A B VPR Y PEG8000 FNZN AR F-, T
AR 30s, 4 °C. 5000xg &> 15 min LISy A
MUAHFIEAAH,  [mTse 5 wes PR AR ORI S KA . SR
CsCl Vi B 559 B2 0 , WA 4l Ak ) W PR (AR
BEWTES .

152 MEEKRBIEBEIEL: HURMIEALifbmg ik
B, AR 5 min, FHIEAUR £ Z AR,
FH 2% BB RR YL 0 S min, FARTHJE RAB ST
BE(JEM-1200EX, HZA JEOL A®DHTE 100 kV K
ML

153 EEAZEBRNIREINREE: SHFEEMAET
Iy Fribescuetira ) 45 3 RUHREOT LS, feal
A B0 W R AR YUK SR il A DNase 1 AW E R
10 mg/L, RNase A ZZYKE N Smg/L, 37°CHlH
1 h, DIREMRER B 0916 EHORIER DNA ) RNA. il
A EDTA (pH 8.0)Z2 %<& 20 mol/L, K3 DNase I,
JINEAE K ZLWE 50 mg/L, SDS EAXKE
0.5%, 5], 56 °CIRE 1 h, RIFRHMNERRE.
FHAF ST a4, B O KAE , A5 P
Sl FIREEQ25:24:1, RBIHOMEE 1k, WK
M, FEEDTSIREE 41, B HER 1%k, B
I JZEIKA 2 5 ARRR TEOK £ BT TE W B A AL R
T 70% CBEEBDUNE 2 WK TE ISR IR UTHE
—20 °C #1745 H . ¥R DNase I . RNase A.
Mung Bean Nuclease A} Hind 111#1 Sal 1 #f& N
VIl T8 A, WA T 0.8%I R WHEE AL
HLUK I T2 7

1.6 EEAREMFERED

1.6.1 MAIEEMEE. PO 10° PFU/ML (g
FARW 1.0 mL FICHE EP &, 4351F 30. 40. 50.
60. 70. 80 °C 7KV ER 1 h, FRfEFIEAIZE R
JE B IS RVE T ks e H, 2l iE SR E

SEMERRARIRN o X F RN AR TR,
IR EAE] 10 min G AR

1.6.2 pHAEMSELE: BEKNZ 10° PFU/ML AN
A 0.1 mL FICI EP 451, 230 A 0.9 mL pH
AR ARRE SRS, 36 °C AKWRAE 1 h, BUH S
P AR, I W AR RN

1.6.3 & fE B F & (Multiplicity of infection,

MONKIMZE: MOI J&FEH) Ui B YL Bl Jin A B AR 1)
o 51 FRACR R HE, WAREBLEEL Sk
AT s, K TE TR IR BN ECE K AT,
BRI A FCUR T 0.5, A4 1x10° CFU/mL. 41
YL B 10, 1, 0.1, 0.01, 0.001, 0.000 1
MBI, IARERARSERE SRR RS F 18, 7E 36 °C
FEIRH 150 t/min ¥53% 3.5 h )5, 12 000 r/min &5.0>
10 min WCEE FIEWR, W@ MERRIOR . DA i
AR 9 MOI N AR L S 0

1.6.4 —HHEKMEHNE: S5 KME )5k,
18 E IR EXTBCE R AT, I ARER R R 3=
il MOI K 10, JRAJ5 36 °C ¥ F 15 min, 25
12 000 r/min &.0> 30 s, 3+ L35, F NB UERUTIER
A 2 W, SRIGHIA 5 mL Y 36 °C i NB &I
IR, MEET 36 °C kIR, RNITiA
THEF, 72 0 BFZI MRS 10 min BUHE— IR,

12 000 r/min &5.0> 30 s, B 37500 52 e ) AR g — s ]
BRI o UGB (R R AL bR, WERRR AN
PP, il —PE R

1.6.5 ZESLI: 78 NB 4 i A A% He B (4
100 CFU/mL), ¥ HE (2 1x10* CFU/mL) I e JE
(# 1x10° CFU/ML)Yb| TR, A 1/10
FREWE AR B LU E H 1x10° PFU/ML, T 4 °C
B 8. 24, 48, 72h, 36°CHE 1. 2. 4. 6. 8,
24 h, J3AIBREIRAT NA [FASE A & 1 32 5o
B, DA HS NG TR 1A 19 25 W B i 32 TR ol vl B

2 HR54H

21 WITRERERMNSBELE

211 BEEARMSBEREEDIE: Kty
DURHE S SV TTIRR AL B IR 5, 40 28 2 Wi S 1A
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SLMP1, SLMP1 7EAUZ V- b2 B0 W TR 26 I
£ 36 °C H537£ % 24 h J5 W B EA22Y 2-3 mm, [A
&, WRLER, g, SRR R AT
Wi TR BERRAE (B 1)

212 WEAEEEE: KWEA SLMPL FIA
IR R ERARE A, S5REI, MRS
1 TR 0 S R B3 FE VD 1) FQ TR - Al b BB TR e
PREE, VLRI TR AR T LSRR VDT ] TR i b A
RAGIEV IR, HP7ER M CGMCC1.1859 #i
CMCC50115 ~FHi b %) W T8 B i 35 52, 3R
SLMP1 XX Pk i HA DR A 24 VE . SLMP1
NRERRIHRIDTTIRE . AR CRIRIGFEVD T TR
AL S AR A0 B (3 1)

213 MEERBIBIEIE: 2lifhmymE s i g
JA, FEEFSEETHESWE 2 iR WEEK
SLMP1 [k ik k454, S EREZ
62 nm, WERAREAEIERTERES, 9849 8 nm. K2
110 nm. 4 2005 EEPRFEETEZRSH 8 K
et b s R TR A 28 S an AR dE, IR &
K RS% & Fh(Siphoviridae FEAiE")

214 EEARZEBREREE: WK 3 PR, WK
SLMPI KRR AERE DNase I 5842 F4f#, 4 RNase A
ARFRISTCR ARk, ULIAZR ) DNA, RN REwE
Mung Bean Nuclease [F£ff, 1B IR A AUE DNA,

B 1 MEFE{K SLMPL BEEFEBIRAS
Figure 1 Plaques of phage SLMP1
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I
100 nm

2 MEE{R SLMPL MEERA
Figure 2 Electron micrograph of phage SLMP1

3 MEER SLMPL B9#%E4 25

Figure 3 Nucleic acid type of phage SLMP1

Ml1: A-Hind Tl digest 43 THAndE; A: WEREZR; B: &R
% DNase I Zb3; C: /%225 RNase A 203 ; D R % Mung Bean
Nuclease £bF; M2: 1 kb DNA ladder /> FbntfE; E: ZEL
Hind TADIRGERED]; F: #RZ Sal 1 NIRRT,

Note: M1: A-Hind III digest DNA marker; A: Nucleic acids of
phage; B: Digestion of nucleic acids by DNase I; C: Digestion of
nucleic acids by RNase A; D: Digestion of nucleic acids by Mung
Bean Nuclease; M2: 1 kb DNA ladder; E: Digestion of nucleic
acids by endonuclease Hind III; F: Digestion of nucleic acids by
endonuclease Sal I.

W A PRAZ BR BE 4% Hind TITAN Sal 142 % 4 VI BiHGH]
R U0 BB R /DM 5 e AT AR 19 5 LR 20 R /N2 Ry
34 kb,

22 OIREEEAREMEFNE

221 MEEEMBIEEM: WA 4 PR, BEREEK
SLMP1 7£ 30-60 °C fEF] 1 h J&, FUN AR, &£
BTG A Z IR S s IR ST 70 °C, WRTA
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Figure 4 Thermal stability of phage SLMP1
TE: A ANFERREEFEM | h BN B: 70 °C FRREARM B IO
Note: A: Phage titer at different temperatures after 1 h; B: Change of phage titer at 70 °C.

AN TR, /EH 10 min B, 8 TR zg
4.5 1gPFU/mL, 7EF 30 min J5 B ERMACELLF 2 70l
222 WEEKE) pH FAZENE: W S R, WA Egg-
= 5.0F
SLMP1 £ pH 4.0-11.0 B, ZHr SHIEARRUN TC i 2 < 40l
PEZES, AEdE RATIZLMRE T, UL IR R A% pH p ;g
< 2.0+
(RS W TE AR s 24 pH A 3.0 B, B FEAR £ ol
WooH S b.o% 00— .y
4.0 lgPFU/mL, é] pH j\j 12.0 EH" xifﬁﬁ%ﬂi 2.0 3.0 40 5.0 6.0 7.0 8.0 9.0 10.011.012.0 13.0
5.4 1gPFU/mL; X4 pH<2.0 f1 pH=13.0 i}, MERE{A pH
HAITEE E5 RKEE SLMPL BS5E pH

223 HEEAMREREEE: Wk 2 P, 4 Figure 5 Optimal pH of phage SLMP1

%2 EE{K SLMPL SRS XA E

Table 2 Determination of optimal multiplicity of infection (MOI) of phage SLMPI

s HHREL Wt P 1A YL ST E Wt AR

Number Number of bacteria Number of bacteriophages MOI Phage titers (PFU/mL)
1 108 10° 10 1.1x10'°+0.2x10"°
2 108 108 1 1.7x10'°+0.3x10"°
3 108 107 0.1 3.2x10'°+0.6x10"
4 108 10° 0.01 3.2x10'%+0.6x10'°
5 108 10° 0.001 5.3x10'%+0.7x10'°
6 108 10* 0.000 1 4.5x10'°+£0.3x10'°
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MOI 7 0.001 B}, WEFEIA SLMP1 85 327 A+
RVEBIR NN 5.3%10" PFU/mML, 7 6 /M
R R . BRI, 1 A AR A e A R e BB
4 0.001,

224 EEAN—TEKMLZL: WK 6 FrR, WER
A& SLMP1 J&YefE £ 5 A9 10 min I 3AT BH 2
Ak, FBHIERIAZ N 10 min, M 10 min J550H
GBI, —EFRERE 130 min, ZERMET
FarE, ULHHWEEIAZYRINZ R 120 min, ARHEZF
pried i RGeS N W G i Y 7 g
4 %, mEE K SLMPl ) % i = K
4.6x10°/9.1x10"=51,

225 EEEMHENR: WERERKRE SIS
MR RCR AN 7. 8 PR TE 4 °C JlUE — BBl ,
ININT W A A 1 T A S R e R R B Y 2
RS, AR BETE R 8 h AR
HREETE FRTE 8 h 54U TR T 1.6 1gPFU/mL,

48 h G SE SR, BT R T2 h R T
F T 1.0 IgPFU/mL; FrA e 1 3 ) IR gl Bloe
AR, 78 36 °C 51FF, AR S FE7E 8 h
SEMME TR AR, TP RIS TS FIEAE 2 h
ZINE RS, 75 2 h BRI T 2.9 1gPFU/mL,
ZIRBEWTIE, £ 6 h WECEWETRIMGE, B
24 h JFHCEIH R L, YR IR —F . A g
10.0 ¢
9.0 |
8.0t
7.0 F

6.0%

Phage titer (IgPFU/mL)

0 10 20 30 40 50 60 70 80 90100110120130140150
¢ (min)
B 6 MEFEK SLMPLRI—H 4Kz
Figure 6 One-step growth curve of phage SLMP1

9.0
8.0 ~ a —— Low host density
O —o—Low host density phage
g70F —a— Medium host density
=) 6.0 - —— Medium host density+phage
5> —=— High host density
A50F -s~ High host density+phage
g 4.0 & & & —&
2
§ 3.0
2 2.0 * + *
=]
T 1.0r
0.0 & & &
0 8 24 48 72
t(h)
B 7 MEEE SLMPLTE 4 °C THRERR
Figure 7 Inactivation effects of phage SLMP1 on the growth of Salmonella at 4 °C
10.0
90 ——Low host density
g 8.0 ——Low host density+phage
S 70 —+ Medium host density
B ——Medium host density+phage
&, 6.0 -&-High host density
Z 5.0 —=High host density+phage
=
% 4.04
8 3.0
g 2.04
jam
1.0
0.0 S & >
0 1 2 4 6 24
t(h)
B8 MEE{ SLMP1 7£ 36 °C THIHENER
Figure 8 Inactivation effects of phage SLMP1 on the growth of Salmonella at 36 °C
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R, WEEA SLMP1 X TARME 15 E A R
M4 fVE T, 76— B IR] P9 X 4 32 A LA 10 o 4
s MIREERAL, 18 ERAERKZRHIE, SLMPI
ML PR AR AR

3 Wik

Wi TR ATE AR ERSRE R 12 o0 A, Al WerE
RIFEEL A 107, AR T —AE 5 7R
EPL BRI, YeA Mk, BB B AR A
R34 PR o WS TR (AR 53 Sy 0 Ak g T (A R 2R e
PR, bR R P A A AR, AR
AR YOk EREZ WA, AR5 E
YN s TR AR AR RE RS 5 [ T 32 TR 40 it
H SR BB AET . BRI, 3050 2 P
PRI T EOR B4R . ASSZH6 I D1 2R 20 5
P —RRUD T G A 2R E T /R SLMP1, %W g
SR YD) EC B B A A R A FE VDT TR, AR
AR RS . Bk SLMP1 HAEZUR IRk
VIR, (Bl T T TR R A A FETDT]
FCRR VDT TG 8 Hp F 0 N B LB B, XX
PN EOR B AT R RAEA, LR 20 i M4 HAT 2B
N FME.

J T ¥ A SLMPL F U0 TG B #2,
XL E VR T T W04 2658 B AW R o b o WA
& SLMP1 kit — i ikghi, Skl
T, BN WE DNA, B TRKER#R, 554k
VDT R AR/ B AR AU OB R R A
1E 60 °C LI FHasE, pH A 4.0-11.0 BHE5E, i
I TR A LA A B P L TR B 138 FHSE IR, b2y
SEHE IV T R RS0 °C AR, pH
5.0-10.0 4EF5E 1% L) . Ahiwale 25 HRIE Y 2.7
RIGZEVD 1] R MER A (50 °C LAF . pH 4.0-9.0 4
SE)IE FHG I, SLMP1 SRR 5 $50H 0.001,
R4, 4 10 min, AESCERME AT R AR
PR K B s X1 ER AR 51, =T
SEUOLH S g 9 VD 1 ) R A I AT R SR e (22) A4
UV S A V1] R TR I TR A7 4 (20)

FIFARER ARV TIRHE A S, XU
S5 R WE TR AR T BRAR S & S R & S b T
RERECENS), Bigwood ZEM VPR IE A T35
e (R AR, SRIEHE R IR PT R TG
FIZER E, 51T 5°C fil24°C TR 24h 5, 1
IR A —E BRI, B R, A
(/B % . Spricigo ZEUHRE Y 3 FVDT TG
Wik R AT S 0 Pl DARSARAE Bz . XSRRPY . SRR R e
A A TEV T TR R AR V0T TR E B, A
WEmER &R SLMPL W HF & s b1 FCR i i 45 38
SESERY, ARIRSCHIAEHT T SLMP1 fE AR Rk
HIRREME . 53R R, 18 FR7EIRIRAMT,
W T PR BE A BT A i TR B0 s TR T (R R
FRET, TE—EMREIRAEENQ h), WERIARER
I8 F R pECE, ZJa e Tk A0 5 32 8 0l
TR FOWR R AR 1 2 e, S ERZETH R
AT HRL . SEIGE5 SRR, T8 3 DV BB
80 MOI {H#km, HERCsLr, X Bigwood
M SEE—8; 241 BRI FHRI 40 R
SRR A, RN M TR A IO PR s R L 5 37
T B S AP R RS A, NIk B A
RHEBCR . LI EZERFEM , SLMP1 J&—tk HA BT
RIS R AR, AT A — R AR P B 5
BN e

2 % X M
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