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Isolation, Identification and Lytic Characteristics of Listeria Phage
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Abstract: The aim of this study is to find a virulent Listeria phage that can inactivate Listeria monocytogenes (Lm) and achieve
biological control of Lm in ready-to-eat foods using the phase. The phage was isolated from sewage by double layer plate assay
with agar medium. The PEG/NaCl purified phage was analyzed by electron microscope after negative staining. Host range and
biological characteristics of the phage were detected. In addition, the genomic DNA was analyzed by restriction enzyme
digestion. Finally, the inactivation effect of the phage on Lm in ready-to-eat foods was evaluated. The isolated phage, named as
LipG2-5, was a lytic member of the Siphoviridae family, which could effectively lyse its hosts. LipG2-5 had a wide range of hosts
and revealed excellent tolerance to temperature and pH. According to genomic analysis by restriction enzyme digestion,
LipG2-5 was double strand DNA phage. Lm in ready-to-eat foods could be inactivated within 24 h after LipG2-5 had been added

into the foods.

Key words: Listeria monocytogenes; phage; biocontrol

32 Q939.48

2 s T (Listeria) 2 — 2R AEAE 5 [ S W) FI N 4= ke
PR (10 2 P RH P A0 B, L vl B 4 i 3 4 e 2= B o
(L.monocytogenes, L) f5 8 2 1N 3 2 SR . 1Y
PRI, 96% M4 s R 491 %8 J2 th Lm th 1/2a.
1/2b F1 4b MG RIS R W, FERIONE MR WOLEE .
i BB 98 R P24, BET 2R =ik 25% ~30%(?, 1981 4F
T URAROE 1 R T T e AR RR IR, AN
WA VIR 2 4 R R R R A R E 481, 2000 4F, WHO
B hh g A TAR TR 8 Lm 510k 2 K 110 £ 5 1 800 6 2

SCHERbRIRRG: A

ek H . 2011-04-26

W FE w5 1002-6630(2012)07-0228-05

—o EHRI, Lm B E AT 3L WK, Y.
J& = 3y R 32 ) S B R i (R W R L L W
SEY Y, 5 K 2 BN YRS DB AN TR 1R A Lm AR A 45
g e AR KR (W2 ~8°C), VA LA E £
(ready-to-eat, RTE)Er &b H sl A 25 fed e 1) 25 20955 Ji 1] o
EH AT CA A K &5 Lm (R, 12 7 e g
A2 AT [ [) BNt 2 7 SRV AE R B A, — S8k 22 25 ) 25 Tk
W adhdh, RO AR ke Pra R HFT
CLAIET Lm (2B K, (H S ) 29 W05k B 01 5 5 40 1R i

FEEWH: EEAREPAEETH (31101291); VLI HAREARE T H(BK2009328); 17544 4R [ 3 8137 H (cx(10)438)

((EEREFIE

K978 —), L, EIWFTR, 1, FEAEEUE M R I A e MR 9T, E-mail: HZ581200@yahoo.com.cn



XY LR =T

il =

2012, Vol. 33, No. 07 229

2tk W R A B OO B A R I ., R
W, n T 97 47 B YR R 2 TR B LR R S PR B
A v i) R

W T 2 o B0 B I RE R A R IE, W
F7% %5 7 (Campylobacter jejuni) M B 44 K i X 14 3 (1)
NS R VBT R AR PHLA A TRy T TR e A
By YesEE, Carlton 250 Lm W E 4 P100 15 s
TR SR 7 S 5 1 £ L 95 (B4 3.5 logs);  Guenther
AEOOLKE T PRI 1 AB11 F1 P100 YR 2 FH - [ A4 R A4 £ b
RIS, TF SRR AT R0 AR KR 6] RTE £l
fLm 5 3. HATAEE N A SR R AT EE D, T
A TR AT W T AR TR 9 R IS P T 5 A A AR DG AR S
i, LR RE M TR SR b b N AT O
DR SIS S W 6 T o) e o TS ) SR N TR
TOWR P AR — R A ), (] B g R v P A
TR AR TC 15 G IR R I o A% 40 1 A0 27 2 T 7710 T DA LE B o
AT B AL S 58 73 B (B2 0k e T A4, RIS 20 A
JCAED R M RV, IR E BT YIE N, X
AT UR I SR A B 4 B T iR A

1 ME5FHE

11 kRS
111 WA AR A

PR AN BB A M ZE R R (GIML.228) . UK R ZE 1T
i (Listeria welshimeri, GIM1.231). J&if o 2= Wk
(Listeria innocua, GIM 1.230) X K/ ATE (ATCC 25922)
T T 2R 48 S A R 5 B 2 o R R s Lm 4y
SR Lm002. {5 FEYL T (ATCC 50073). MV
(ATCC 13073) k147 M Tl 93 T [7 45 il v o0 S5 1) ol 1 2
g, AR CEA TR (Listeria ivanovii) 1A 5 40 B 4547
2 R R T 5 9RO 5 0.60/100mL I BRI B 1) i i
K W7(TSB-YE), 30CH: I, WITKER I N LB
R, 37 CHiFR.

112 k)

TSB-YE. LB Wi R 75 ek il i)
BRG] A VR AKE K 4] DNA g B0 ) &
i Biomed A 7]; pUML9-T 44k MM AR AT IR
vw]; DNA Marker Bt RN AEYIRHHA R A A B
FIEN VIS Y Fermentas A F]; PEG8000 254: 4k
kTR T R A A .

12 Jrik
121 WREAAS

FKHERE TS KRN 100mL, 4°C. 4000r/min &
L2 20min; B ETEA 0.22 um R 9E . I 10mL i
P& B3, N ImL Lm002 R KR F-4, FHIMAJCH CaCl.

R 2 2Kk & 1.25mmol/L B4 5, A 20mL TSB-YE
iR, =iEAEH 30min, FEFE T 30C, fiHEE
6~8h jii, U FiRE;FEMILL 4°C. 10000r/min &.0» 30min,
WO 0.22um JERRE I L3, o s i 4 B

I B R JR09 0.1mL, HEAT 10 f5 A, HX 102, 104
1108 W BE 44 0.1mL 5 3 ORGSR 1 2 B 0.1mL VST,
FHiRA/EA 15min J5, A% 5mL 0.7g/100mL LB 15373,
VR AT o A 5] A\ £ 1.59/100mL IR ) TSB-YE AR L
B, AP E Smin, fRILEER, BT 30 ClA R
12h JE %%, FRAGTE BV B BE (1 002 4
122 WREEE RS K B

Wk B AR (R U 204 2 2% 4y 1 sl T I K PEG/
NaCl 77k AT o HR Al Ak W b R B AT 33 G A B W 4%
20 u L AEAAEA M b, AR SLpiiE 15min,  HPE40K
KEZRMWAR, 2% MBS Y0 30min, T
AT B M %2 .
123 WEREARRRERE b

U A 95 1 Lm002 15 754, H TSB-YE 443 ODsoorm
% 0.5(2 0 5 X 108CFU/mL), INAMEF KI5 4
WPE A 10°PFU/mL, T 30°CEFEREF%, [RI LAAS g
WARE X A, R 9% 0. 1. 2. 3. 4. 5h &
T O D soonm 1HH AL .
124 ELEE B pH ARG R A 11 5%

B2 0.1mL 1 X 10%PFU/mL Ziifb g % 44 T 30~90°C /Kt
o3 AAEH Lh, EEAESAEG LR 2 5 pH3~10
[ LB B FR 5 2 X 108PFU/mL 4l Ak I B 1A 25 B IR &,
37°CAWAER 2h Ja 43 5 234
125 WREEARLE 3 R AT

W AN [ 3ok % 40 (LmO02 . B A% 41 i 18 7= 1 2 3ty
FR B BUR IR B . i e IS . SRR
BB Lv-31)4% 0.1mL i T TSB-YE AR IE e, Ky i)
AR TT; BRI FEVD TR WAV T LR K AT B
WA T LB P B AR, HEAT 10 RERRRE, X
102, 10% 1 106 Rk 0.021mL 43 53 hn 34 AS [\ 15
W PR, RSO BRI TS, BT 30 CH A R R
10h J&, WE2IE B A4 AN [ 7 3 B 2R AR A o
126  WEpREE N4 DNA 5347

Fi BN W R AR L DR 2 DNA P g 32 B 77 6 i e
WARIEFR 4] DNA, HARFUi B3 T . HIEF 4 DNA &
5, I RPN V)8 Ncol . Pvull. BglIT k4T
BiE D), b W R A I DR A 2
127 WEEERTE £ 0 KR R

TR BRI A R PR, KLk 2em X 2em
I/NE(Z19), KBGO KIEKE; Hil# 5 X 10°CFU/mL



230 2012, Vol. 33, No. 07 =1

i

)= XA LA

Lm002 T#¥; 45 X 108PFU/mL HIME K. Hi1E T
BB LA 20w L(1 X 10°CFU/mL){E T WK, £ 15min
Jois W20 L WE R AARFRRE, A I B LA R R LA &
PBS Z& M xR 2% U AR S B E T 4°C, il
T 1. 2. 3d KrIrE O pe AR AR A .

B EAE Y, 234, Adl: BRm R
10°CFU/mL FikiEr, RIS i 107PFU/mL W 145 B
41: UM 10°CFU/mL 15 EWAE XTI C4l: A
AHFEARIPBS A0, #HE T 4°C, 7rnlT 1.
2. 3d K I AE B R AR A B .

2 HRESW

21 MR KT AR

Y53 128 1) Wk A1 A SR AT A LU AR RE S, U2 TR
D R AR o IR, SRR A W B B (18] 1) . A
1078 AR WCTAR 6 W TR BE A, F 54 L e T A R
WA A 2.1 X 10°PFU/mML. £ PEG-NaCl 31 )
HAAN K 7.5 X 10°PFU/ML, ¥4 Ay 4 4 LipG2-5.

Bl 1 LipG2-5 WEE A Jo 00 = AR I B B ) 45 2%
Fig.1 Double layer plate analysis of LipG2-5

22 RN ER

Bl 2 LipG2-5BH A g fr (X 250000)
Fig.2 Electron micrograph of LipG2-5(X 250000)

WK 2 Fron, WEEAK LipG2-5 SkEat#R, BHELN
75nm, RBKZN 262.5nm, E#FHESA 12.5nm. HIE
B B 3 75 20 K22 1 23 2005 4R R B i ds: Ebx
o RE S R A4 O N IRARE ) R W R A (4 37 7 2K 5
W, BWEE K LipG2-5 71K 2 M w AA Rl

23 MRS R RS RO

1.2
1.0 -
08 r
0.6 [

4
04 r
0.2
0.0

—— SR 4L
—— LipG2-5

OD6UOnm

i iE] /h

B3 LipG2-5 W H AR RIS R
Fig.3 Lysis of LipG2-5

WE 3 FroR, EMANEEA O 5, 4 ODsoonn
B EZ; VEH 1h f5, LipG2-5 41 ODeoonn {H % %2
0.4 A F; 2h J5, 1Z4]l ODeoonm {HASLE N, AR AT
SBNW) W BON R TE: /EH 5h 5, LipG2-5 41
ODsoonn {HL % 4 0.024, LI 357235 22 s, s i
ZH O Deoonm {HABAE L FF, &3 1.0 PA L, HE NIEM,
R UL, MBI A LipG2-5 feis A3 S i i 1
2.4 BRI B K pH AR A UM A

-
E
S
('R
a
=)
s
=
=
# 0.0 : : » * * *
30 40 50 60 70 80 90
M IC
25T
& 4r
=l
B -
ﬁ2
m 1r
#0 *
2 3

B4 BRESGXTEE K pH E 52 MR 4R
Fig.4 Effect of temperature and pH on LipG2-5

WK 4A Fior, WEBEAALE 30~50C4r HIAEH 1h )5,
HEEAZE ., HLEEH)IRT 107; 60~90°C
TERI 1h 5, WEp AR cR B35 TR, BT LUR,
WM =T 60°C, W AARSEAE R KiG. K 4B
WAL, MpH < 4, CEIMAREIERBE; i pH R



XY LR

86iltl=

2012, Vol. 33, No. 07 231

5~8 I, HAM SHIHMM IR EEZESR, A R
RS TE: M pH(EA 9 I, M BRIEZ 3logs,
M pHL0 B, W B A A 3k 23 1 o

25 WEpEAARTE T R A 5 R

Bl 5 LipG2-5Mapikil R4 R
Fig.5 Host spectrum of Listeria phage LipG2-5

P L5 AT, W AR A A0 M A 1 = e R
Lm002. J&/R IR B« i85 7 2 30k vl A 4 2 2
PR DA Lv-31 S5 B bk 41 WG VR B TR 8, 100 1] 2 R At
PL b 4 ATl (0 4= 3075 o 38 B R k. (RA7E K
B B TRV TR LA S 28 V0 1T B TR 38 TR B B R
Ho HHULEW], WREA LipG2-5 A% 2 i i B AT R 4T
1) 24 i oV
2.6 WERERILZ DNA 2087

Marker 1 2 3

4

1. Pvu 1T #Y); 2. Nco I f§¥); 3. Bgl 1Y)
Bl 6 LipG2-5 BiE A4 DNA BEYI4 R
Fig.6 Restriction enzyme digestion profiles of LipG2-5 genomic DNA

H P 6 %41, LipG2-5 Wit B (A5 PR 41k WUk DNA,
fefig g Nco I . Pvu 1l & Bgl LI ¥]IF.
27 WETEK LipG2-5 762 b v 1 K B Rk R

Wk BAALE RTE B dh hOR TS5 R E 7 s, K mkTE
A BL e i 4 52 # (multiplicity of infection, MOIE Tk
FEE ) Lm, 4°CHEH 1d 5, 16 3 E A0 O A
ALV (E 7A): B2 K, Db AREME Lm, i by
Lm A B s 25 3 R, Rlldl 50
g T R R EEER, RUBEARE A 88K

i B o [FIARAE ORI F D, 28 1 R EA I A 27
W Lms TR AL PG R AT R BT E (1
7B). HHLTTIL, WERARTCIRAE [ A IS R WAS RTE £
FRIREA R K Lmo

— fEEH
—m— 15 RN
—A— PBS Zn o0 fE4H

40 % /(CFU/mL)
g

0 » -
2

w P

o
[y

] /d

B

25000 [ _g-pr g 5

20000 |- —=— 15 T 6 AL
—A—PBS 2 Miixt R4

WA % /(CFU/mL)

2

(SR 4

o
=9

I 1] 7d

A, KR B, BIRRE Y.
B7 BEAERSKRERRIT
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monocytogenes in ready-to-eat foods

3 it #

WG AT s 4 ) Bt b ) R TS e AT R
ELFH ) % P A R A P R4 ) 24 0 AT R D o A7 3
BRI, Wk B AR AR H TR 7 BRI R 9] 8 58 1 I8 4L
T2, 2005 4F, Bruttin S RARIE T K AT R
WA IR VBT BB PR 1) 2 A PR TE &5 3R B IR
P RS FEASSE W AR () 5 B B 7K, (RIS I B A7 Al
FIWRE AR, o atERIA N . 2006 4F, 3E[H FDA
L AL PHE R BT AR b S N 700 FH T 22 KRt v 1 2 B R
p(www.cfsan.fda.gov); 32 E RS CAk#E Omnilytics
O A R A B AR = IR B A T A K T s i
PP R AT B O157:H7 S vb 1T I H (www.omnilytics.com),
IXECHO W], TR AL B N & AR RATIN .

Wik T A AT KRR R BRRR IR, RURE S PR, AR
S0 = T3 25 11 Lm WA 4 LipG2-5 MU BB 24k Lm, i&
X UK B2 I R 9 U e 2 T 1R DA B 4 - 2 s 1R
B FAT RGP ZRMRE IR, J& — BRBCR T 1% 1R 4 20 R



232 2012, Vol. 33, No. 07

=T

il =

X LR

BRAR, T0KE O B DL R B 2 AT b A1 T AR ) 9 4 1l 7
SR IT B

76 LipG2-5 W /A KL N 41 DNA 85 20 B i 72 7
L, 1Y Ncol. Pvu Il % Bgl Il st L 5 K141 DNA
PIFF, Xnlget R SR A ERZ MER TS, H
GC 5 & i I JEU R B 8, X 5 SCk o o Bir 5 7], |
WG AT UL R AR 2 (R AR AE 22 S . HAT, ARG O % O
LN g R NIHE S U SN (s e
GenBank(& %5 : HQ437691)081, HOF &I K 7 4145 &
VEAE S AR S B D48 T, A W R A (R I R, H 4
O A ST

55K 2 BN U 5 B AS TR) 1R 2 Lm AE AR PR 58 T
A AE KR (0 2~8°C), AL RTE &85
ot N A B 1) 3 05 S 1R 2 — o W R A — B g,
AN TG BAT— 2 10T 52 5« 1T LipG2-5 W 1 446 vk
JEE AT 32 J, /£ 50°CUL RO EAWEE. A,
T TR Bk 1 i 52 512 56 wp Al Sl s JLRE A AR AE, X v pH
HAA—EWNZ ). HAreife a2 RTE &, I pH
f—MAE 5.5~7.0 210, FH K A IRRAE, XIALF
hy W R A R PR R AR R AL T RAF A IR BT . DALk,
Wik AT 4K 23 70 VAR B it JC S VA RTE & R 45
BAEM . AWFFCRM, B K B AT A 9P B g
BRI WO, FEE B WY R IR 3% % T 1 2% 1 KRR P
BB x5, 4l Lm(10°CFU/mL 5% 10°CFU/g)
i, R MO Lm W B AREAT T KBS, 45
WAE 240 J5, CHIIAZT] Lm, X5 Guenther ZEIOGJF5Y
AHFF o A UL, BE R AR A BENE M ROR B, IEREAE &
v RE % RS B B OR AR T, T S K B AR A Y

TEE AP, R A sk U B
VE, I HAEAS ARG 5K 25 Bk 5 32 1) £ it 2% 1 71 57
P W PR RARTE EA L —, msk. JRRESIRIE
FEAE . deAh, X HUAR R 5 0 kL TG oA
M, AL B B ERRR, AW B Lm W
1A LipG2-5 AW BAT w24 E 1k, JLAE B S N v )
BRETTR, A HEAEANIE 1 R 5k BB FI 22 a1 il 5] 1)
BB Sy

2% W -

[1] TOMPKIN R B. Control of Listeria monocytogenes in the food-process-

[2

Bl

M

]

[6]

[

[8

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ing environment[J]. Journal of Food Protection, 2002, 65(4): 709-725.
VAZQUEZ-BOLAND J A, KUHN M, BERCHE P, et al. Listeria
pathogenesis and molecular virulence determinants[J]. Clinical Microbi-
ology Reviews, 2001, 14(3): 584-640.

SCHLECH W F, LAVIGNE P M, BORTOLUSSI R A, et al. Epidemic
listeriosis: evidence for transmission by food[J]. New England Journal
Medicine, 1983, 308(4): 203-206.

DENNY J, MCLAUCHLIN J. Human Listeria monocytogenes infec-
tions in Europe: an opportunity for improved European surveillance[J].
Euro surveillance, 2008, 3(1/3): 1-5.

FARBER J M, PETERKIN P I. Listeria monocytogenes: a food-borne
pathogen[J]. Microbiology Reviews, 1991, 55(3): 476-511.

GANDHI M, CHIKINDAS M L. Listeria: a foodborne pathogen that
knows how to survive[J]. International Journal Food Microbiology,
2006, 113(1): 1-15.

WAGENAAR J A, van BERGEN M A, MUELLER M A, et al. Phage
therapy reduces Campylobacter jejuni colonization in broilers[J]. Veteri-
nary Microbiology, 2005, 109(3/4): 275-283.

HIGGINS J P, HIGGINS S E, GUENTHER K L, et al. Use of a specific
bacteriophage treatment to reduce Salmonella in poultry products[J].
Poultry Science, 2005, 84(7): 1141-1145.

CARLTON R M, NOORDMAN W H, BISWAS B, et al. Bacterioph-
age P100 for control of Listeria monocytogenes in foods: genome sequence,
bioinformatic analyses, oral toxicity study, and application[J]. Regula-
tory Toxicology Pharmacology, 2005, 43(3): 301-312.

GUENTHER S, HUWYLER D, RICHARD S, et al. Virulent
bacteriphage for efficient biocontrol of Listeria monocytogenes in ready-
to-eat foods[J]. Applied and Environmental Microbiology, 2009, 75(1):
93-100.

BEU AT 7 0, 196K D WL 49 T Sl SEBb R RIIM). 3 R b3t A
£k, 2002: 185-187.

7K . 1 253 R P R AR 1 4 B M B R A 2= 5[ D).
PR 35 = B B KA A s A 2 BT 2, 2001

BRUTTIN A, BRUSSOW H. Human volunteers receiving Escherichia
coli phage T4 orally: a safety test of phage therapy[J]. Antimicrobial
Agents and Chemotherapy, 2005, 49(7): 2874-2878.

KLUMPP J, DORSCHT J, LURZ R, et al. The terminally redundant,
nonpermuted genome of Listeria bacteriophage A511: a model for the
SPO1-like myoviruses of gram-positive bacteria[J]. Journal of
Bacteriology, 2008, 190(17): 5753-5765.

DORSCHT J, KLUMPP J, BIELMANN R, et al. Comparative genome
analysis of Listeria bacteriophages reveals extensive mosaicism, pro-
grammed translational frameshifting, and a novel prophage insertion site
[J]. Journal of Bacteriology, 2009, 191(23): 7206-7215.

ZHANG Hui, BAO Hongduo, BILLINGTON C, et al. Isolation and
lytic activity of the Listeria bacteriophage endolysin LysZ5 against
Listeria monocytogenes in soya milk[J]. Food Microbiology, 2012,
DOI: 10.1016/j.fm.2012.01.005.

TRHE, EA, AL, R EAR IQ S QR e B 4 SF-A2 I/ E %
R B AR B TR B AR 9 KB AR 9], B, 2010, 31(23):
214-218.



