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Isolation, identification and complete genomic analysis of a
bacteriophage capable of lysing colistin-resistant Escherichia coli
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(1. College of Veterinary Medicine, Xinjiang Agricultural University, Urumqi 830052, China;
2. College of Veterinary Medicine/National Key Laboratory of Veterinary Public Health Security, China Agricultural
University, Beijing 100193, China)

Abstract To study bacteriophage (phage) therapy for colistin-resistant Escherichia coli (E. colD, phage
SDYTW1-F1-2-2 was isolated and purified by double AGAR plate method using colistin-resistant E£. coli as
host bacteria from sewage samples collected from a chicken farm in Yantai, Shandong Province. The
biological characteristics of the bacteriophage were analyzed by transmission electron microscopy,
optimum infection complex number, one-step growth curve, temperature stability and pH stability, and the
whole genome was sequenced. The results showed as follows: 1) The plaque of bacteriophage SDYTW1-

F1-2-2 was transparent, halo free and had a flexible tail sheath. 2) The analysis of biological characteristics
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showed the optimal number of phage infection was 0.1, the incubation period was 50 min, the outbreak

period was 40 min, and the amount of outbreak was (331+9) PFU/cell. The phage activity was stable when

the temperature was 4—40 C and the pH was 4—12) The total length of the bacteriophage genome was 7

4752 bp, with double strands of DNA, GC content of 42. 1%. A total 121 sequence coding for amino acids

in protein (CDS) were identified in the genome of phage, including functional genes associated with

structure composition, nucleotide metabolism and replication, packaging and bacterial lysis, a tRNA

genome were discovered and no genes associated with pathogenicity genes such as stx—1 and drug

resistant genes such as mcr-1 were identified. In summary, phage SDYTW1-F1-2-2 has a wide cleavage

spectrum, strong acid and base tolerance, thermal stability and safety. This study provides a basis for

further research on phage therapy of colistin resistant E. coli.

Keywords lytic bacteriophage; colistin-resistance E. coli; genomewide
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Fig. 2 Transmission electron microscope of lytic phage
SDYTWI1-F1-2-2
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Fig. 1 Plaque of lytic phage SDYTW1-F1-2-2 ﬂ%%%%ﬁ?fgﬁﬂ%@ L7, 3 % 94 #k it 2h B
R R WA 2 oL oW g2, vl B B W R
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Table 1 Host range of lytic phage SDYTW1-F1-2-2

| U (CERE U (CEX R
Host bacteria Sensitivity Host bacteria Sensitivity Host bacteria Sensitivity
4 — 25 — 39 —
19HB4RK42 — 19HB4RKS8 — 19NM3RK27 —
DF15 — DF16 — DF41 —
EC17 — EC19 ++ EC20 —
G34 — G51 — G58 —
HN346 — HN35 — HN351 —
HP41 — HP43 — HP464 —
RN28 + RN29 — TW23-2 ++
44 — 45 — 132 —
19SC13RX7 — 19SC7DZ3 — 246 —
DFH2 — DFH23 - DFH24 -
EC21 — EC23 — EC25 —
HN137 — HN15 — HN173 —
HN360 — HN44 — HN48 —
JLP255 — RN13 — RN17 —
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Host bacteria Sensitivity Host bacteria Sensitivity Host bacteria Sensitivity
TW5-2 — W139 — W140 —
171 — 179 — 252 ++
63 — 79% ++ 89 —
DFH3 — EC1 — ECI0 —
EC29 — EC6 — G105 —
HN175 — HN187 — HN25 —
HN52 ++ HNS55 ++ HP13 —
RN18 + RN19 + RN20 +
W156 ++ W157 — W159 +
260 — 177 — DF1 —
92(1L) — 92 — EC16 —
EC12 — EC14 — G18 —
G129 — G155 — HN325 —
HN281 — HN31 — HP174 —
HP169 — HP172 — RN27 —
RN21 + RN24 +
w168 — 19BJ2DK15 —

A A DR R s 4 5 R — TR

Note: ++: Strong lysis; +: Weak lysis; — :No lysis.
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Fig. 3 Multiplicity of infection for lytic phage SDYTW1-F1-2-2
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Fig.4 One-step growth curve of lytic phage SDYTW1-F1-2-2
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Fig. 5 pH stability (a) and thermal stability (b) of lytic
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Fig. 6 Genome map of lytic phage SDYTW1-F1-2-2
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Fig. 7 Homologous phylogenetic tree was constructed based on the large subunit of the terminal enzyme of the lytic

bacteriophage SDYTW1-F1-2-2
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(a)M:DNA 4 Fig b, 1% 9% : DNase 1, 2% . 8%: Rnase A, 3% .45 65 75 P X} B8 5 P X E s (bOM:DNA 40 F i bpifi, 1£ 24 . 48 &

ARG, 35 : BHPEXT 42 B PR XS R

M:DNA Marker, 1#.,9%: DNase I, 2# .8%: Rnase A, 3# .45 6% 7% : Negative control, 5% : Positive control; (b)M:DNA Marker, 1%, 2#: Mung

bean nuclease, 3%: Positive control, 4 : Negative control.
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Fig. 8 The identification of the lytic phage genome
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Hevh i g T 25 11 R 3 2F 4 735 1) 1E hy W T 0K 2
FLLF 4t b Dy Re A 1, B 0T I TR A g 4 TR 40 i 3R T
() Re SR 25 G, 5 T8 2o R 5 AT 4 TR LA 1 ] DL
B K2 0 N 3R W R B i A
rf, DT 52 o Jk PR 4 T 4 5 #E DNA A B 485 B v 7 78
F14 23 ) 2 11 R S Al R 6 5 /N0 3 ), o s AR Ky
XUEE DNA R 75 L 26 i f2 oh 2 M h g bk,
TN SE P T DNA AL 9 Ry 5 M, R I Jk i i
CE R CE N i T S NG W RN - = DR
A DNA AL BT ifs (9 ik " CRR RO, T DNA
B AAC 7T s B4 A ST 1Y) g B 2 1 (AR D
VB A 0 BT A 24 A A TR AR DG B 1, L R AR R T
W T AR 4= e I 300 3 o A U 00 M B T 5 B AR R
PR, LA b 3 Sy e T A% 5 e AR R T e )
BUIREEER M o AT, bR TR B R B BT
AN, I T G B 108 R R R T, A R A 4
it T AT A o SR Tl 4, TR AR L ol R R A 2
YUK il BT B AR . TEE A SDYTW -
F1-2-2 H ik & B T tRNA (GRNA-Arg-TCT) # 7
FE o FHWFoE AR W TR MR AR B 5 (RNA AT LA 3K
b [ A W BT PR 3 i T R ORNA AR M o —

FE TR AT DU 5 v I T A 1 2L A B8 ), DA RS
BN YRR 1% 0 R AR Y e T W T A
20 Al I R A BN see-1 SR 3 R UL K mer-1 %
it 245 35 K A A7 A, DI IR T AR SDY TW1-F1-2-2 A
H—E L&A,

T B AR 7 i PR I T o A7 7R 1 22 1), G g
TR 24 i 1 2 o S BF Y O R ) Y 2 A W T AR
SDYTW 1-F1-2-2 2435 ), il A7 5024 94tk mer-
LRIAAF B i 14 0k, B R AF 09N s, A B
AT AE Tk Bl ¥ 95 58 3 h & A T 25 2 B mer-1 K
FEBR 5| S 1 20 TR PR SRR S o b A , 6 0 R IR 2 A 3
ZE 1 1)L, S AT LIRS 22 i AN () 284 ik 1% 1 s B 1 TR
B AL T ARG R DA R i e o X T I R
X T A I DR R FH T AR FEARDRR R n 551 1) OB 2 i
TR YT A AT L2 ) 9 08 o B 2 i AT T 4 koK
SR BT T 2, W B R PR A R A 0 N R
S0 FLMURE Y AL RNV LE TR T RSCR A L s R
RPUAZIRIT A 1A e . B R W IR A
TIF 5T, AR5 I8 BT AR 7 2 0 28 8T 1l — b B9 96 7
FE.

4 % it

AT BT DA LU AR B 57 XY 3 35 KRR b g S
P — ok T i G TR R K W A TR A SR A A 18 W T A
SDYTWI1-F1-2-2, % W W 1k J§ T % 2 48 B M
(Caudoviricetes) 4 , I $i1 9% ( Kuravirus) J& o 12 Ve #
PR AR E MR TR IR T A2 Y T e RAT
AW 58 R I SL T e B X it 25 2 0 R K R R v
IR T I AF 5T BE 3 — 7 Bl
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