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Isolation and biological characteristics analysis of a bacteriophage of Enterococcus faecalis
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(College of Food Sciences and Technology, Southwest Minzu University,

Sichuan Chengdu 610025, China)

Abstract: Objective To isolate and identify a bacteriophage of Enterococcus faecalis and to analyze its biological
characteristics. Methods The host bacteria was isolated from the process of yak slaughtering and identified by 16S rRNA
sequencing. The bacteriophage was isolated from the environmental sewage and was purified. The titer of bacteriophages
was determined using the double-layer plate method. The morphology of bacteriophage was observed by transmission
electron microscopy; the bacteriophage lysis profiles, optimal infection complex, and one-step growth curve were
determined; the effects of pH, UV irradiation, temperature, and organic solvents on bacteriophages have been studied.
Furthermore, the lytic activity of the bacteriophage against the host bacteria was determined. Results The host bacteria
were identified as E. faecalis by 16S rRNA sequencing. A bacteriophage named P45 was isolated from sewage to lyse
E. faecalis. Electron microscopy showed that the bacteriophage was a tadpole-shaped long-tailed bacteriophage, which
has a hexahedral head and its length is (200+5) nm. The bacteriophage had obvious lysis effect on four strains of
E. faecalis. Bacteriophage’s optimal multiplicity of infection was 0. 1. The results of one-step growth curve showed that
the incubation period was 50 min, the lysis period was 190 min, and the burst size was 1 PFU/cell. This bacteriophage
survived at pH=2 to 3, which titers were 1.05x10° PFU/mL and 1.85x10° PFU/mL. At 75 “C, this bacteriophage was
completely inactivated. Bacteriophage’s titer was decreased by UV irradiation, and it was not sensitive to organic solvents.
Conclusion This bacteriophage has a good lysis effect and has potential application on the prevention or control of
E. faecalis contamination.
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BN R EEER T, 99 D BEREBR TR R , EL 3 1984 4,
2 7 BR AR DR 7 BR A 48 3 DNA 2222 Fl1 16S rRNA
W kS S B ER W O N, AR
Schleifer £ H K5 3% 17 BR 15 5 B 1 BR M 5% BR 56 43
Bk IR BT A ER R

ZE 1 BR VA E B AE NS i g i vl
AN T RN TR P AR — S A B AR
fF R 25 B EOR D, AT R G IR 1 A
EHEVE MR MR R A i 1B R, DA S | R I R
RGO | R IR AR A 2R Y I SR R M0
DI A8 (T IMRE AF 2 g Y . E R R b SR Bk
BRSNS Y. WRR R, B
Yy, 1t 90% (1 B Y IR B W RE AR S BR T S
Pl EHEERNA R YRR SRR
1 A R R 2 R R A TS e

I PR b R0 AR BRI 22 I 2R Ta 5 1 50 |
SERPUE RIS B2 2 ME BT bud: it
2Pk A T A 41 41 (World Health Organization,
WHO) & ¥ it 5 i 55 25 09 R 3 3K 18 (VREfm) 51 4 4>
Bk T AR R 2 1 A0 b O e e A R
1K 260 BRI WA 1 b, X 22 B WLt A 77 AE it
2 QIR B A S 28 SR R M E R
RN R, ARG R AL
BE 2 I BR B TR 75 85 R G TRk, & 4 Rl 25 7 3
PR L1 ARSI R 5 3 15 1 1) 2% i Bk B T 2 28 1)
T30 B0 HE AT B 9%, & B DU 34 2 18 bR 5 95. 6%, it
SRR N 94, 3%, R Z8 eI 7 75. 8% %, TEK
W2 2 i A RIR YT WA B AR E TR DU T R
i 25 B BR B, O iy B R AN Ry R R £ E it 2k
YNER 1 e R IR BT 2 —7 AT W TR
BT FBA T

T AE R I B R B Sk X Bt 2 R 2 4 Y R
FB. WERARTE AR S )2 A AR BUN,
HEA Y — R, fE 0% Dok o 5 b 12 28 15 £ WL 7
T 2 T PR I A R R T 4 R A ) e
BT R A R R B I A A A e T R
I, J2 BT A W T e BBt A 2 2 1 SR g 2 —
Zeali N R 5 3 K (R TINAES- g (UK~ AR ¥
AR, K TR A 24 il A TR I T 9K 3% £ TINNEY
SEPUREGE T MR R S22 Fl KRT47 5 15 3£ 52 41
B EARAE D A 4 B AN R AR g 4R A 2k
SCELME B ARG B H 8. EL-ATREE 4522 ) JR # J8

L35 4 B9 8 2 W RO, 4R 5 W R AR N 26 1 BR TR AR )
ol B B 0 R 4 R R, 5 X BR LA EL 2 i Bk
PRI W5 T A B T B 228 R0 5008 B Y 2B )k 43 i) a2
F| 45.7%~T71. 0% H1 30. 8%~80. 0% , i1F. BH Ik 1 14 %o
FEWHER VA AL W o I LA R A 2R . Ak
AR 6 AS ) £ 5 6 T 1 9 o7 B A5 21 T 5T . JIN
SRS DG (1 FE A vh oy B T RE 24 A 3 T BR TR Y I
A vB_EfaS_WHI1 4 HAE M TH R, 24 h )5,
FEMAER PR BR . YANG %5240 1o # 57 i S A,
DL 5E I B IR vB_EfaS_PHBOS 78 £ i JiE 5t 19 7k
FHRCR G5 LK VB 24 b 5, 85 38 P 0 3 i Bk
WA R T 4069 DRG] L R AR VR YT AR
KA IS T ) A AR A

AR 5T A 3 W — ok 26 B BR A A0 W T AR E T 4
B AL, IF X F A W A R M AT B OY L Sk R AR A
B ATk b N R —E 1 S

1 M#BE5FE
L1 SEs bk 5 R

2R (E. faecalis wl w2 w3 .w4) 70 B H i
IS TR, AR S AR AE o W R B
3k T 3 R 8T KGE 15 K i Al Ak R E
TN, H A A2 TR PR 227 Pl A S R R

2 TR LAl [ 44 3% 3% 2 (Luria-Bertani, LB) ; LB A
Vi35 37 B s SMOSM buffer) 22 W s A= BEER K 5 B 2 11
Ji% I 5 B8 (Tryptone soybean agar, TSA ) £ 57 %k ; Ji
T H R K 5. N ¥ (Trypticase soy broth, TSB) 1% 57 3 ; TE
el s & T -2 R D £ R 28 PR (TrisEDTA
buffer solution, TAE) ; W fiR 3 2% vp ¥ (PBS, 41 43 ¥
J% . 137 mmol/L NaCl. 2.7 mmol/L KCI, 10 mmol/L
Na,HPO, .2 mmol/L . KH,PO,, fit & 1 L) ; Phage DNA
Isolation Kit iz 5 #5 (NorgenBiotek 23 H] ) 5 A i 5k
ﬁfi@(Polymerase Chain Reaction, PCR) 5| ¥ ( &
AW T REA BRA A s Master Mix (il VR W, Jb 50 2 )
Hll BHE A R A F ) s REGULARAGAROSEG-10 7
g B (BIOWESE 2wl ) ; & M1 ¥ K (20 mg/mL,
MERCK % M) ; RNase A (10 mg/mL, Solabio LIFE
SCIENCES A #] ).
1.2 S 58

SW-CJ-2FD i # T AF 3 (I3 i 48 W5 M 4 48 =5
KEARABRZF ) ; WDS00B HI A3 I (I £ X 4% %
A b HL &8 A BR S 7)) s HZQ-F160 4 il Ik 7 55 5%
FGTIRE KRB W R BE &) s MLS-3020 R A 3)
KB (HA SANYO 24 7)) s AKHL- I -24 3 4] 2
IKHLCE 1 3R ) 5 R B 17 52 36 & JH Al K B & s U V-
6100 7306 6 B 1 ( b 36 5 kAL 88 A BR A A )



AR AR

—820—

CHINESE JOURNAL OF FOOD HYGIENE

2024 4E%f 36 55 7 W

5804R #! Eppendorf ¥ R & 0 HLL XA TE ( 1) [
Br 52 5 47 BR 2N 71 15 GHP-9080 7k =0 18 I 15 75 46 ( I
T S5 KB 2 AR A BR A ] o

1.3 LIk

1.3.1 15 EW A 16S rRNA %

B4 BkE B (wl w2 w3 owad) ZER IR R T
37 CHEFR W, #EAT DNA A9 H, BAK ik &%
SCHRL25 ], B0 T mL WA T 1.5 mL B0 ,4°C
10 000 r/min B> 2 min( B0 42012, 3 em) , BUE &
PBS Z& MRk % 2~3 ¥, 10 000 r/min B5.0> 2 min, Y5
TIRURE, MG A 500 WL TE 28 thyi YE 4 7K, 550
FEE FVEW L, FEA 100 wL TE 28 /P, A i 34 5
B Bk B R B A 40~150 5,5 000 r/min 5.0 1 min
(B0PA2:12. 3 em) JE AR BV, DNA A4 .

P W5 9 DNA {ff F 38 51 %) 27F Fil 1492R
AT PCR Y 3G . 5l HEAKFH . BWEsI W .5
-AGAGTTTGATCCTGGCTCAG-3" 5 F i 51 4 . 5°
-GGYTACCTTGTTACGACTT-3"2 B ¥y (% & 1 Fl
DNA U7 i A A T AR () et A BRA WA T
1.3.2 WREEEARm 525 alifl

S SR 27-28 [ B 7 i BOR & b LA J8] 4
IBE T KI5 K, b A ok uif KR 2% o, 8 T il
78 000 r/min ¥ R E DAL ES L 15 min (B 0242
12.3 em), 28 0.22 wm JEAR L IEFBR A o B 10 mL Ab#E
JE 157K .10 mL 2xLB W 1A 15 57 58 (2 A5 W LB K
RKEFREL) A 100 pL 25 ERE T 50 mL B0,
TR R4 37 °C, 160 v/min 3535 10 h, BHE
e 3 Wk, o U8 BR A IS A5 ) M AR R . B 100 L
W R AR R N A 10 mL EP 45, 5 100 wL 2§15 Bk
T T B VR TR &) T B 10 min , 7 05 T 4 70 43 W R A 1
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Phylogenetic tree of 16S rRNA for host bacteria
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Figure 2 Plaques on the double-deck plates
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Figure 3 Morphology of bacteriophage P45 under transmission

electron microscope
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£ 50~180 min, Wi P& P43 5 3 B2 AR, 76 190 min B
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W T R B AR R 50 min, 2 R ALK, N
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2.7 pH X G AARRL A 1 5

pH X I B R 1) 85 s i an il 6 s o 4 pH=
3~12 W, W B A AP AT BT 1 24 TG ), RO Y T
10° PFU/mL DL b, HAE pH 78 7 2247 i B e s 24
pH=2 B 13 B, W5 B4 (% 2R % 0 13 el B il i v 4

R MR R P45 1 R
Table 1  Lysis profile of bacteriophage P45
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AR IEAT i (Proteus)12

AR AT B (Proteus )23

I KT (Proteus)29

AR T B (Proteus)30

AR AT B (Proteus )65

A KT 1 (Proteus)66

PRSI ER G ATCC 19111 (L. monocytogenes)
B RE 25 MU AT CMCC 63303 (B. cereus)

KIGHFH 0157:H7 ATCC 19111 (E.coli 0,5,:H,)

B0, R T 6538(S. aureus)

B Ui 5 % 1 AT B ATCC29544 (C. sakazakii)

KIGATFE ATCC25922 (E. coli)

A ICHE ATCC 19111 (Shigella)

YPITERTE ATCC 19111 (Salmonella)

T FY 460 74 b 45 o €67 25 5K 1 43300 (MRSA)

T =+ R S M BIIES I3 T 5 - A Al T I B 1 3

1:MOI=0.001
2:MOI=0.01
" 3:MOI=0.1
r a 4:MOI=1
b 1 o ¢ 5:MOI=10
! d % %f 6:MOI=100
5 o .
&
~ 6 B
(=]
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Z 4}
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=
2 L
0
1 2 3 4 5 6
2053
HFaboe.d e fUFR B M2 7001 A5 A PR RR 25 B

LA G R L(P<0.05) AL A ARG R 25 N B3, 640
it X (P>0.05)

Pl 4 WA P PAS Y di (R R R S A
Figure 4  Optimal multiplicity of infection for bacteriophage P45

M 43 4 1.05%10° PFU/mL Fl 1. 85%10° PFU/mL,
it B 43 8 1 Ik R LA AR G Y i R e
2.8 R A A S X W B R AN 1 5

3 2 AN (] B ] 58 A1 HECSRF Ak B TR AR ) KA R
Wi 40 (&1 7 FE s, B A R S B T ) 0 s R AR ) K
M 32 B AR, 76 O min B5F W B AR (9 2L A 1. 26%
10° PFU/mL, 2 3 60 min 1Y 42 4 BRGS0
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Figure 5 One-step growth curve of bacteriophage P45
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Figure 6 Effects of pH on bacteriophage titter
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Figure 7 Effects of ultraviolet irradiation on bacteriophage titter

2.9 U E X R TR AR KA 4 5 e

P W3 TR A 28 3ok AN W) Y KO AL BLS L TE O,
20.40.60 min HUFE 75 B 45 R ANE 8 Tz, 25 “C~45 °C
Ik A R 50 AR A AS B B, 55 "C S A 1R A 54 12 38
B, 65 “CIVGE BT 14 1) 5040 32 21 BH 2 301, 2840 e 90 16 1)
9. 8x10° PFU/mL(0 min) T F£#£] 1. 43x10° PFU/mL,
75 “CHWE K 20 min 58 45 K36 o
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——65°C
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Figure 8 Effects of temperature on bacteriophage titter
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b a
1 T d c
st P74 d 1 | E
: :
g
B 6f
Ay
=
=
S 4t
<\E
=
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DMSO  Fifl 28 i M
LR
VEraboo.d.e FFE 2 HE RS S AT 4L 0I5 0 R ) 4 22 5

FH A G (P<0.05) , 415 ] REAR AR 22 5 R B35, o4
TR L (P>0.05)
FE10 45 LA X R B
Figure 9  Effects of organic solvent on bacteriophage titter
2011 WREPEAR 15 3 B 2 sk )
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BIS b HY T I B A ) i R R R B SR 0D
HILF 528 A 00, U W FE AT 5 h W BR AR X i 3
P HA S8 AR H 5 h 25 40 R R3S R X
AT, MOI=0. 1 B, 15 EFRARKIE 3h Z )5
TEEEA BT T B SRR E BN AS R R 52 40
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