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Abstract: [Background] Enterohemorrhagic Escherichia coli (EHEC) O157:H7 and enteropathogenic
E. coli (EPEC) O55:H7 are common food-borne pathogens, causing intestinal infection and other
diseases. The specific bacteriophages are of great potential for the development of new antibacterial
agents. [Objective] To isolate the phages of O157:H7 and O55:H7 and to characterize their biological
and genomic characteristics for future development of phage therapy. [Methods] Phages were separated
from environmental water samples by the double agar overlay plaque assay. Their biological
characteristics, including morphology, multiplicity of infection (MOI), host range, as well as one-step
growth curve, were studied. Their genomes were sequenced by the Illumina MiSeq and then analyzed
with RAST, Prokka, BLASTp. [Results] We isolated two potent phages of Myoviridae family,
vB_EcoM P251 and vB_EcoM P255, using E. coli O157:H7 and O55:H7 as host, respectively. Their
optimal MOI were both 1, and 91.9% and 90.8% of them adsorbed to the respective host within 15 min.
Their lysis activity was high and stable at 37-60 °C and pH 4.0—11.0. P251 was only infectious to E. coli
O157:H7 and O78:H11, while P255 was infectious to 11 EHEC and EPEC strains, including O55:H7
and O157:H7. The P251 genome and P255 genome are 136 254 bp and 111 068 bp in length separately,
with GC content of 37% and 35%, respectively. Their genomes contain 227 and 173 open reading frames
(ORFs), separately, 80 and 73 of which share significant similarities to functional genes. Besides, P251
contains 2 tRNAs. In addition, genomes of P251 and P255 share 72.24% nucleotide identity over 48% of
their length. [Conclusion] Two new O157:H7 and O55:H7 phages, P251 and P255, with strong lysis
activity, wide host range, as well as a great application potential in food-borne pathogenic E. coli

control, were isolated and identified.

Keywords: O157:H7; O55:H7; phage; host range; biological characteristics; bioinformatics analysis

K ¥ B (Escherichia coli)ie NAKAHIEH  O157:HT™; 150w % K #F #i (enteropathogenic
FIEHHEBEZ —, SO ERE W EORIEE, 7l E. coli, EPEC)/&JLEESLT- AN MY FEF K 2
s & AN [ R B AR VS R i i kel o —Bl iR 055:H7 F 2003 4E7EFE R /8, S
Jig H4 1A% K B #1 F (enterohemorrhagic E. coli, B PEoE R AW F 48T 2 Bk EPEC Z—,
EHEC)& Y & S m ki % . kIS M O55:H7 hgiEWiE: O157:H7 HyFHraiik™, &
I PR PR 85 RE 25 A AE R LAY M vE AU PV JAYT EHEC A1 EPEC ARG, Fik R KE
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RSB ZEMARKA B, CRES 2
BRI DA, R, T B i 0 it
BCA B R IE R

s DA (A R L M R AR I s B, A AR
f6 FA WA RTEN T ARRE W, IR 23 %
QAR RS AN . S . AZREET . B
P 5% AT A R T s TR A R &2 1 )5 15 = s 2 2
AN A, X E R LA A AR B
PEVEFS, R AR $a i 40 B 0 T AR 1 A P R 4
o AR, T B AR ] T B0 TR Y
W5 K v 24 ™, v TR
AN PE A AR R LT R 4
075 25 R R U e S e R AR R L
T, T ET N RS 55 2 i B
SRt o 6 Mk A AR U

AWFFE43 LA EHEC O157:H7 EDL933 #il
EPEC 055:H7 CB9615 A5 E 1, \i5 K0 5
2 BRI IA vB_EcoM_P251 il vB_EcoM_P255
(AR fEFR P251 Al P255), XTHIEE.
oo BYLRRIE . 1R B TS, ik
Xof 4 e R 2H R A7 0 P R0 A A5 R 2E o i, X
R BURYE K G T 3 B 2 e A RO
Vol /D 00 TR T 24 P R v ) RURS: L R R N R B
IENEE =5- 88

1 MH57%

1.1 H#k
KIZHFFH 0157:H7 EDL933 (ATCC 43895) .,

0103:K:H8, 078:K80 Fl O78:H11 25 [ 3 [
ML R B2 5 W L% 6K 5 o0 (American Type Culture
Collection, ATCC), KIFF# 055:H7 CB9615.
O128:H2. O114:H2. 0145:H28 #l O111:H8 %
WA H A 5 A ) TR DO e B H 0 (China

General Microbiological Culture Collection
Center, CGMCC)., WERA P251 il P255 AT

B

FOE
1.2 EFEMEELR. L

LB AR5 (g/L): NaCl 10.0, &1
10.0, WERERY 5.0, LB [BIAREFRE: % 20.0 g/L
BRI LB M IARR IR 3k . LB kR 523k &
5.0 g/L IEREAY LB WA KRG I 3

SM 2 ik : NaCl 5.8 g, MgSO,7H,0
2.0 g, 1 mol/L Tris-HCI 50 mL, 2% 5 mL,
WE 1 LZ&EWAKY, 1x10° Pa KA 20 min, %
TR AR T

INEV R R L, SUARTENE] S
W isE, HorbkaCostt; fEIRE RS R4
g E R AR A PR F
1.3 A&
1.3.1 ERASIBESMK

2 B8 Bujak % 1975 B R M TE K (B
)4 53 uk4Cid 38 )5 12 000 r/min &5.0> 6 min,
IFiE Lt 0.22 pm JERETIERRTE . IR S LB
WRBE IR BE . MBI (ODgoo M 0.6)18 T K IR
4, 37 °C. 160 r/min ¥535:37%, BEFHRMEA
12 000 r/min .0 6 min fZ 0.22 pm JER A JERR
TR, WA A B B R R R

WZH 100 pL A F R IRAG T LB A |,
WEHL 10 pL b 3RFE SO T, BT 37 °C
{5 3595 12 ho PRICEAR B RYFRATREBE, fiInA
1 mL SM ZZ il f i g, B S b3 R o R
RER. B RS 1K, FHRAMNZER
akgralifh 3-5 W, RIFLEMER K, F-80 °C
RS 30% HHim a5 LU AT ) o o FH I B 56
10 A5 b 28 91 8% 00 2 ik A AR )
1.3.2 BEREREBFESNE

W 3% SRR BRI DR AR TR A T 5 A s A
W LB Pl |, 37 °C K5 9% 12 h J5 i s R
JRU 5 W o B A% (mm)

Z 8 Yang 59 7L FI F PEG 34 vk 4 v
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AR, F 2%BEES IR (pH 6.7)E Tt (s, F
FH I3 S, 7 WA AE 100 KV HLTE FEE, vEHL
4 /A () P 55 AT A U A 58 TR A P TR 2 5
FAE-X RN
1.3.3 EEAREEIENE

A ST B B R LS KA O157:H7 .
055:H7. O111:K58:H21, O103:H8, O78:K80,
O78:H11 ., O128:H2 ., Ol14:H2 ., O145:H28 .
026:H11, O111:H8 &5 L& 5 1 om KA
B R E Ak DHSa, IM109, K12, M4Hf
WAGERDE . Wi ZEAOAT I . MUK ZEAUAT I . B
BERSE

% M8 Han 2505 U8, 8 i TS 3B
b AR BRE R R R D W TR AT
1.3.4 BB KHY & fE B R & Bl (multiplicity of
infection, MOD)FN {517 = 71 89N 7E

W W TR A 5 X B T R A (10° CFU/mL)
L 100, 10, 1. 0.1 1 0.01 PFU/CFU ¥ Ho 3R
4, 37°C ##% 15 min, 8 000 r/min &.0> 2 min,
FH 6 mL % LB i IAE SR IFHEEDIE, 37 °C.
220 r/min #5% 3 h, 7%F 1.5 mL EP %,
12 000 r/min &.0> 10 min, 4 0.22 pum &R JE ;
HU 100 pL B BERG RS, TR BERIE 3
52, FHRUZ YA 0 e s TR AT B, e W T
R R 3 A PATSR g i 38ME, b i
11 14 MOI B A 2 W5 B AR 1 B AR B g S 4

¥ 0157:H7 F1 055:H7 5535 % ODgoo M 1.0
(M JE 25 1x10° CFU/mL), 43 3% MOI 4 0.01 .
0.1. 1. 10 IIAXT I WEREA, XTHEZ41 R 1 mL
HR 5 %A SM Buffer IRA W . VI E 5 44
S LB 4 E ODgoo M 0.5 HARFAIE, 37 °C.
160 r/min £5 3% , £EF%E 30 min (0—-300 min)BUEE
FE ODgooo B 3 NEE
1.3.5 BEREREIIRMHREN—S 4 KN E

Z M8 Yildirim ZE 975 21", #% MOI 4 0.01

439K P251 Al P255 il A O157:H7 Fl O55:H7
X B B S W (L S 5k MO Ry 0.01), =il
JE 5. 10 Al 15 min BF&0EE 100 pL FE4,

5000xg &0 1 min Z3 BRI G AR 09 200, R
W RF IV RT3 3230 Ao U2 A e v e, AR R
W o W T A 1 0 s kR R i R 22 D 1) BL
1 0 R S P s B AR5t B ok A 3 IREE A 5L .

P B PRI S A L) 43 DK P251 FR P255
HIA ODegoo 2N 1.0 B O157:H7 Fl 055:H7 H5 35
Hr, 37 °C BB 15 min, 8 000xg &5.(» 15 min,
Fi LB JARE; FR LR DIIE 2 R, EBRA R B
(A I T A UK . AL 100 mL LB K 373,
37°C W E, £ 5min BUFE—WK, FIXUZ AR
I A I ) SR I AR R . 2l — 2P AR K
Mgk, AR AR AR R, Bk A
3WREL L
1.3.6 TEE{REYREF pH SN E

¥ 200 pL WERAKJEH 5T 37, 50, 60
F170 °C 55 2 h"1) AE 20 min B 100 pL A4
BEEERRRE, WUZ AR E R BEANEE 3 IR
HE,

B2 900 uL LB AR FEE(pH 1.0-13.0)5¢
A5 100 uL WER AR G, 37 °C I E 2 h,
B 100w B fl A6 B2 i 8%, U2~ A 700 2 A o
BA~ pHH 3 REX .

1.3.7 ERERAEERBSHF

R IR M - A7 R BV TR A P251 1 P255
F4) 35 R 4 1200 St R B 94 35 81 4 1 7 A TR 288 TR K
E ORI IR 53 ]S DNase 1 (20 U/ug)Fil
RNase A (5 U/ug)R G055 ; XF P251 JER 4
KRR NI Sma 1. %F P255 JE R 2H %
ApaL 1 BFUI I AT IR RE W BE RS L UK A . DNA
CJE A f# A Tllumina TruSeq” Nano DNA
Sample Prep Kit 568, FIFH FiEEHF ALY RS
B2 A BR 2N F] 9 MiSeq PE300 1l X 58 BT 41

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3362 A 2 AR

Microbiol. China

WE . HEHA PR R B SE s YN
m)$EE | 5@ RAST F Prokka Z5-4 i & ATk
BISEHER S5, JFARHE BLASTp XD BE i Be 4
RAEAT T AR AT R b g S Bl R T G
it A% ity il R IV S5 1) 35k PR A 0 R
SnapGene il V5 4 3k R 41 [ 3% 1231 30k 45 o o il K
WIEEH , R H MEGA 6.0 {4 neighbor-joining
TEMERGE LB

2 EREAN

21 BRBEAMNSESMH

PRI B A2 0T 3 25 1 . 40 il AR I T
# O157:H7 fl O55:H7 A5 ¥, MI5AKFES
Iy 2 BRIETEIR, 208 Adriaenssens 2544
WIS AN, 2 5 24 R R AT W
& vB_EcoM_P251 £ K W T B W B 1k
vB_EcoM_P255, PR #k I P A 7E -l b X Hi A 3=
YT AN R R/ N RT3 B X, P25 Wi A B
2 bR RO B9 B A2 K/ 4(0.48+0.03) mm,
NS TEH(E 1A); P255 MEH B EAZ KN
(0.90+0.03) mm, A= (E 1B).
22 EEABEZHNE
22,1 EEARBIES

{55 FH 325 5 H, 7 $2 7% (transmission  electron

100.nm

2 BEE{K P251 (A)F0 P255 (B)7E TEM THOZ7S

E 1 P251 (A)F0 P255 (B)RUME B IE

Figure 1 Plaque of phage P251 (A) and P255 (B).

microscope, TEM)WLEEIE R (KL i o P251 WEEA
SRR = AR EE A, A — 4R
HNZRER— R E AN, K ERLN
(88.00+2.11) nm, A2 (52.00+2.44) nm,
IR B AL E R TF AR B R (Myoviridae)
FIIE B IR (B 2A) . P255 I B R HL AT LAl g — -
SIS TR R e, WEKE
$71(90.00+£2.11) nm ., & 4(61.00£1.95) nm [
SLFBAN(109.00+1.53) nm K J&F | (18.00+1.62) nm
JERE R RER, HA WLUE R 8 B (Myoviridae) [
Fi (Kl 2B),

Figure 2 Morphology of bacteriophages P251 (A) and P255 (B) under TEM.
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222 EEKRTE EIL £ 1 MEEK P251 #1 P255 18 £5 B
SR IS B B A AP . WS T 2 Bk gzzﬂglse 1 Host range of bacteriophage P251 and
fk% 15 £ 0 e s A A
Wi B A E 1 N . P25 1 MR IR OO IR . PO
2 RR I FFIA T PR O157:H7 Al O78:HIL HAT g o1 0157:H7 ATCC 43895 I
ZURIE T . P255 WEEIARNTE FE 5 I EHEC E. coli 055:H7 CB9615 - +
ﬂéﬂ EPEC E’J%ﬁ\ﬁi, @fﬁéjﬁ%ﬂ:—%‘ 0157:H7. E. coli O157:H7 ATCC 35150 - +
0551 OIS HII . OI8HY . O26-HII E. coli O157:H7 ATCC 700728 - +
S3:HT - O78: : ’ A ) A E.coli O111:K58:H21  ATCC 29552 - -
O111:H8 A [E MR, P255 X' EMHIEA 2 £ c0i0103-HS ATCC 11229 - -
hE E. coli 078:K80 CICC 10421 - -
AN, P255 W KX KB FFE DHSa. E. coli O78:H11 ATCC 35401 +
IM109 I K12 UA7 et . BRI B Ry T pemel T
. sl MR ETEC control bacteria ~ CMCC(B)44817  — -
AR R RE, AR EAMARE . MAKZEMR £ wionsH IN1095 -+
Mo M EZERAT R . VOTTIRE . BEREIR IS E. coli O114:H2 IN1316 - -
Eﬁ%%/ﬁ'rﬁ(% 1) E. coli O145:H28 CB9723 - -
E. coli 026:H11 CB8962 - +
SRR R E
2.2.3 uI{z’KE’]E’_f1i = *%ﬁ(MBI‘) E. coli O111:H8 CB7322 -4
MOI B 2 B e PR W5 i R 5 18 E 4B nd E E. coli DHSa Thermo B N
ﬁ, Eai’fi MOI ﬁ%ﬂi%?@%ﬂ%ﬁ%??iﬂ% E. coli IM109 Thermo — +
B MOI 8., MEAWEWFEE R 3 M FBfTr Staphylococcus aureus ~ ATCC 25923 - -
N o v Bacillus subtili ATCC 6633 - -
ST T, HA o REs i MOT i ki Dl
. . ” B Salmonella enterica ATCC 14901 - -
Wik R B e IR S B ISR 2 R, B subsp. enterica
gy 5 K W ] Y r% , W 4@"@;{% PR R Bacillus licheniformis ~ ATCC 14580 - -
N N e v e Blastobotrys CICC 33224 - -
e = E
o RIS RIEM G, Wk S E w0

Bk —EREEETRE, RERHTRE
P, 2 MOI K 1}, P251 F P255 W B A 1
R IR B K, DA 2 AR 0 B A A o A Sk e
RS B

mE 3 iR, WEE A P251 515 R fE A
[ RGeS B TR &5 B 58, 120 min AijdE 5%
W ODgoo Z2 12 545 120 min J& 5256 4% 20 1% 3%
W) ODgoo ¥ITF IR T K, FPHWE B K P251 7f
TEANE] MOIL N 24 4/, MOI N 1 I 2 &%
I AF 5 180 min J5 41 R AP R MR 5E 4. X
W TR AR P255 i &, ODeoo — HLZZIE 1IN

T+ AR —: AL

Note: +: Cracking capacity; —: No cracking capacity.

*2 MOINE

Table 2 Multiplicity of infection

B fEFERREE MR P25S1 AU P255 AU
X% Host bacteria Phage Titer of Titer of
MOI concentration concentration P251 P255
(CFU/mL) (PFU/mL)  (PFU/mL) (PFU/mL)
100 10* 10° 7.80x10"  8.66x10’
10 10° 10° 2.16x10°  2.54x10°
1 10° 10° 2.56x10'" 2.86x10'"
0.1 107 10° 1.04x10°  9.40x10®
0.01 10° 10° 1.55x10°  1.48x107
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Figure 3  In vitro lysis kinetics of bacteriophages P251 (A) and P255 (B).

Mk 1 O B O B IR B FN — P HE A ph 2%
M DA AR 2 o6 380 i - A A % . RIS R
JAIC 1R Wt T A 50 R 3 i R/ N A A i 8 Y A
AR, R MR TR R TE AR . W
BRI B 5256 R, EREIRAURT 5 min, 3
W AT A A B B AR 3] 20% LA 5 /R 15 min J
e 2 e TR B 0 R A 3 8.1%F1 9.2% , W B
R F] 91.9%F1 90.8% (& 4).
X2 BRWETAARSEA T T — AR K i & e

DA LV AR SRR TR (A 28 & . P251 il P255

2.2.4

Unabsorbed phage (%)

t (min)

4 WEBEK P251 #0 P255 Y% BT il 4%
Figure 4 Adsorption rate curves of bacteriophages
P251 and P255.

VAR B A 20 min 1 15 min, )5 B0 5
BURLECR e, BT 20 min F
30 min, 43%IAE 35 min 1 45 min J5 3 A& H

(K 5).
2.2.5 MEBEUKAGREFR pH UM

Wk TRT 1S D T2 ik 8 R AV o M s Ik R AR O
Al ) BEAR AR o T AR I P A X Il B A — o 1Y
FasgEtk, P251 £E 37, 50 F1 60 °C fEH 120 min
M AR R, 70 °C VEM 60 min 54 M
JFIR TR, 80 min JEAUM SR TR, SLIR4

75T
7.0 _
6.5 "
6.0 7
5.5 —

5.0

Phage titer (Ig (PFU/mL))

4.5

0 T Ly i s T 5 Tep s I @
0 5 10 15 20 25 30 35 40 45 50 55 60
¢ (min)

4,0 —

B 5 REEE P251 1 P255 B— S HE K 4k
Figure 5 One-step growth curve of bacteriophages
P251 and P255.
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W, WERIARAN T T 4.6 1g (PFU/mML) (8 6A).
P2557E37. 50 F160 °C YEH 120 min 2 FEAS {4
FitasE, L TREEHE; 70 °C AEH] 40 min J5 304
FHAREE T/ ; 120 min J5R0H K 0 (B 6B).

WEBE AR P251 F1 P255 43 I7E pH 3.0-11.0
1 pH 4.0-11.0 A RIEFRLFETE M, B HIZTE
R W PR ARSI AI . 7E pHL 2.0 B, P251 Al
P255 [N 20 BIFEAG 2.44 . 5.29 Ig (PFU/mL);
76 pH 12.0 B, HANEEE 3 TR T 3.91,
2.68 1g (PFU/mL); 4 pH & 1.0 5 13.0 B}, 2 kk
W B AR R 0 (B 7).

A 12
11
?10
=9
85 8
20 7
3 6
% S
= 4
3
2 P N R N B R
20 40 60 80 100 120 140
f (min)
B 12
114
S —a—37°C
E g —e—50°C
2 ; —a—60°C
— —%—70°C
o 6
5 S
2 3
Q
D3
£ 2
1
0 i | i | ! | ) | ! i |
20 40 60 80 100 120 140

t (min)

6 MEE{K P251 (A)F0 P255 (B)EARFEIRET
AR EN

Figure 6 Biological stability of P251 (A) and P255
(B) under different temperature.

—s—P25]
- o -P255

g- 2= o a- 97 \

Phage titer (Ig (PFU/mL))

0 / [ T T R R
2.0 4.0 6.0 8.0 10.0 12.0
pH

7 MEEK P251 0 P255 AR pH &4 T8
TR EM

Figure 7 Biological stability of P251 and P255
under different pH.

2.3 REAREEBAMHL S
2.3.1 ZEREEH

sl 8A . 8B T/, 2 FRME A ALK 2 1 (U
AE®Y DNase I 71k, X RNase A HLAPiIE, £
W HAZER ISR DNA. 3k A4 BR il Py B il
] VR T W s AL R A, 0 I H sk A 9 o 2
WEE DNA (dsDNA). Z0lfF, P251 FEHE4AT
1E 3 /> Sma 1 FEVIALE, TEE 8C HLIKEI IR
4 IR, P255 JERIZHAFETE 2 1 Apal 1 YL
R, 7R 8C HL YK B P B R 2 AN S HLAR A K/
AR, BHIG, P251 JER 4 h 2t dsDNA,
P255 JE 4 R Rk dsDNA.
2.3.2 HEEBALLFERE

Wit RAST Hil Prokka ZE4 & JF i bl 32
HE, I BLASTp XF M REH: B4 b7 T 4b
Fto A% R A Y DY 5L T S R O T/ I
FE ) LR S i o

P251 FEH 4 2K K 136 254 bp, GC &
K 37%, T 227 DIFIREHE, HAT BT RERY
ORF A 80 1>, MHEA 2 4 tRNA FifilxX,
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B8 MEIRZEREE DM  A: 1. P251 JEHY; 2. P255 BEH4.B: 3: P251 HH 4] RNA i1 ;
4. P251 JE[F4H DNA BfFY); 5. P255 JE[H4] RNA EfY]; 6: P255 FE[R 4] DNA Y], C. 7: Smal

FEREY) s 8: Apal 1 BEEEY]. M.

15000 DNA Marker

Figure 8 Analysis of the nucleic acid type. A: 1: P251 genome; 2: P255 genome. B: 3: p251 genomic RNA
enzyme digestion; 4: P251 genomic DNA enzyme digestion; 5: P255 genomic RNA enzyme digestion; 6:
P255 genomic DNA enzyme digestion. C: 7: Sma I enzyme digestion; 8: ApaL I enzyme digestion. M: 15000

DNA Marker.
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Figure 9 The genome-wide map of bacteriophages P251.
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Figure 10 The genome-wide map of bacteriophages P255.
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S firp 55 e K% e TR DG B B 1) 2R 1 [ A R AR
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e F A SR T A AR

WE 12 FioR, RGKE T MRS LR A
P251 Fl CC31 b F [ —73 32, KRG KR ;
I & {4« P255 Fil Enterobacteria phage RB53 %%
X BT, WEE R CC31 #MIRB33 M & T LR M
AR, Z5AmBEEER, 7] DL AHH W T A

P251 Al P255 J& FHLE M A FL .
3 W54 R

ABFFE 49 L. EHEC O157:H7 Hl EPEC
055:H7 J1E £, MI57KEE 25 H 2 PREE S
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Figure 11

Paired BLASTn comparison of P251 and P255 and AR1. The selected genes and proteins

encoding conserved genes are marked in the figure. TerS: Termination of small subunit; TerL: Terminator
large subunit; TMP: Tail tape to measure protein; DIT: Distal tail protein; Tal: Tail associated lysine.
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Figure 12 Evolutionary tree.
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