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Abstract: [Objective] The emergence of multidrug-resistant bacteria represents a serious
challenge to public health security. In this study, we isolated the phages against
multidrug-resistant Escherichia coli and studied their biological and genomic features, aiming to
provide a theoretical foundation for the development of phage therapies against drug-resistant
bacteria. [Methods] We used the double plate method to isolate E. coli phages from sewage. We
employed phosphotungstic acid staining and transmission electron microscopy to observe the
phage morphology, and subsequently assessed the biological properties, including host range,
thermal and pH stability, one-step growth curve, and in vitro antibacterial effect of the phages.
Furthermore, we conducted an in Vivo bacteriostasis test to evaluate the protective effects of the
phages on Galleria mellonella larvae infected with multidrug-resistant E. coli N1203-1Af.
Finally, we carried out whole genome sequencing to analyze the genomic characteristics of the
phages. [Results] Five E. coli phages (pEC-S163-2.1, pEC-S163-2.2, pEC-M1167-5Ar.1,
pEC-m1291-2DR.1, and pEC-N1203-2Af.1) were isolated. The phage pEC-N1203-2Af.1
presented a C3 morphotype rare among short-tailed phages and was characterized by a long head

http://journals.im.ac.cn/actamicrocn
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with the length 2-3 times that of the width. Furthermore, pEC-N1203-2Af.1 demonstrated lytic
activity against three out of the 15 tested E. coli strains. Ten minutes after infection, the phage
entered an exponential growth phase and exhibited stable activity within the temperature range of
—20 to 50 °C and pH 4.0-10.0. After treatment with pEC-N1203-2Af.1 at the multiplicity of
infection (MOI) levels of 100, 1, and 0.01 for 48 h, the survival of G. mellonella larvae infected
with E. coli N1203-2Af reached over 70% (7/10). The genome of phage pEC-N1203-2Af.1 had a
total length of 77 334 bp and the G+C content of 42.18%. Notably, the phage did not carry any
drug resistance gene or virulence factor. Functional gene prediction revealed a total of 121 CDS
in the phage genome, with CDS53-CDS64 encoding the phage structure and lysis module.
[Conclusion] The phage pEC-N1203-2Af.1 against multidrug-resistant E. coli exhibits potent
stable suggest that
pEC-N1203-2Af.1 may represent a new member of the Kuravirus genus, characterized by a rare
C3 morphotype that may be attributed to the main head protein encoded by CDS63. Notably, the

antibacterial activity and biological characteristics. Our findings

distal trimeric protein of bacteriophages with a C3 morphotype exhibits less than 50% consistency
across different regions, which indicates that the bacteriophages with this morphotype may have
evolved in diverse directions to adapt to varying environmental conditions.

Keywords: multidrug-resistant Escherichia coli; bacteriophage with a C3-morphotype; biological
characteristics; structural protein genes; genomics
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Table 1

Grouping of bacteriophage protection tests against the larvae of Galleria mellonella

Group

The first injection *

30 minutes later °

Infection control
Blank control
Phage safety group

Postinfection phage treatment group (MOI=1)

N1203-2Af (5x10° CFU )
Physiological saline
Physiological saline
Postinfection phage treatment group (MOI=100) N1203-2Af (5x10° CFU )
N1203-2Af (5%x10° CFU )
Postinfection phage treatment group (MOI=0.01) N1203-2Af (5x10° CFU )

Physiological saline
Physiological saline
pEC-N1203-2Af.1 (510" PFU)
pEC-N1203-2Af.1 (5x10’ PFU)
pEC-N1203-2Af.1 (5x10° PFU)
pEC-N1203-2Af.1 (5x10° PFU)

% Injection of physiological saline or Escherichia coli N1203-2Af, 10 uL; * Injection of physiological saline or phage

pEC-N1203-2Af.1, 10 L.
1.4 BREE A EEENF

A A illumina Novaseq 6000 I #E4 T
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M)o DNA FESART I8 G SO, R
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HF % F AW AAE B o0 (National
Center for Biotechnology Information, NCBI)7£4k T.
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(e<107* VKt T I JE A Z SR ¥ 5115 UniProtKB
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W PR AR e 51 #2358 2 pfam £ FE (http://pfam.
xfam.org/)iEATIHERE, 456 DL LR AR
WErERZER, A4 SnapGene software (from
insightful science; available at snapgene.com)Z: ifil
Wit T A 4 5 TR 20 RT3 5 5 T e 2 IR s e
CARD (https://card.mcmaster.ca/) 17 434, Fil
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resistance genes, ARG); I # & 71 [H T 504
VFDB (http:// www.mgc.ac.cn/VFs/)i{ set A #Z.0»
B, dEad BLAST Floxl 3w p (4 = 5 45 1
# JIAF. i BLAST ring image generator
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172-1 #1 phiEco32, EKMtTRHTE £ C3 AN
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pEC-S163-2.1 ,pEC-S163-2.2 .pEC-M1167-5Ar.1 .
pEC-m1291-2Dr.1 #l pEC-N1203-2Af.1, Hrf,
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pEC-N1203-2Af.1 5 i1 2 O 1 () [B P sk 147
W, BN 2mm (K 1A), HHTHB F WL
R H L P B RO E R, K2
129.68 nm, 5214 48.92 nm, BB K %) 19.44 nm
(8 1B), B A2 % 5E 8] pEC-N1203-2Af.1 J& T
RIS A TP RS FE L C3 B,

http://journals.im.ac.cn/actamicrocn



4758

ZUO Junhao et al. | Acta Microbiologica Sinica, 2023, 63(12)

1 BEE{R pEC-N1203-2Af.1 IEEPIFEBEERF

Figure 1

Phage pEC-N1203-2Af.1 electron micrograph.

22 TBEiL

WEBEIA pEC-N1203-2Af.1 BRZLH L H it 2h

KA N1203-2AfF 7, 0] 246 15 #k 20

2 BRIk 2R I OR R 2 i 25 K A A
S163-2. M172-1 (3% 2).
23 EEARBEMR—SE K%

WA pEC-M1203-2Af.1 7£ 4-37 °CH¢ &
1 h G R E R, 60 °CHEE 1 h Jo M I 1A%
Mk ZERA%, 70 °CHFH 1h 552K iE(E 2A);
pH {H7E 4.0-10.0 PRFFEEE , pH {H 7.0 B &M #x
7, pH{E 2.0 Fl pH {8 12.0 BF52 4205 (& 2B);

%2 MEEK pEC-N1203-2Af.1 AETE FiL

100 mm

Phage pEC-N1203-2Af.1 plaque and electron micrograph. A: Phage pEC-N1203-2Af.1 plaque. B:

BARM/NT 10 min, ZFEHIFFEEE 80 min,
80 min Ji5 i AV & (Kl 2C).
24 EEAEIMIER

pEC-N1203-2Af.1 TE/844 15 FHEHT 6 h N
I SR 14 1 B, MOI=100 . MOI=1 Al
MOI=0.01 71T ODsos #1/N T 0.15, 6 h 515
2 ODsos i Tt 57, {H MOI=100 41 7E 624 h N
Thw o AL T O i X 58 41 (Mol=1 M
MOI=0.01), H 24 h A¥METXFREZ, T MOI=1
H1MOI=0.01 HJiH:4H ODsos 7E 6-9 h ik T,
9 h J5 B 4 T X IR 5L (K] 2D).

Table 2 Bacterial host spectrum of phage pEC-N1203-2Af.1

Strain name Specie Host Drug resistance Lytic
S163-2 Escherichia coli Manis javanica MDR +
S171-1 Escherichia coli Manis javanica MDR -
M171-1 Escherichia coli Manis javanica MDR -
M172-1 Escherichia coli Manis javanica MDR +
M159-1 Escherichia coli Manis javanica MDR -
M2929-1AR Escherichia coli Rhinopithecus NO -
M2158-1Ar Escherichia coli Homo sapiens NO -
M1167-5Ar Escherichia coli Homo sapiens MDR -
M1291-2Dr Escherichia coli Homo sapiens MDR -
N1203-2Af Escherichia coli Homo sapiens MDR +
M2149-3Ar Escherichia coli Homo sapiens NO -
N2603-1at Escherichia coli Ailuropoda melanoleuca NO -
N2607-1at Escherichia coli Ailuropoda melanoleuca NO -
N2926-2AT Escherichia coli Rhinopithecus NO -
N2615-1aT Escherichia coli Rhinopithecus NO -

MDR: Multidrug resistant bacteria; NO: Non multidrug-resistant bacteria; +: Lytic; —: No lytic.

<l actamicro@im.ac.cn, 010-64807516



ERZE | EYER, 2023, 63(12)

4759

A
10
s[. ' l I 0
= 4
a0
2
0
20 4 25 37 50 60 70
c
=)
E
-
o
&
o0

4 s L L L L L L L L L s
0 10 20 30 40 50 60 70 80 90 100110

=
=0
2
0
20 40 60 7.0 80 10.0 12.0
pH
-e-Control -+-MOI=100 -+-MOI=1 + MOI=0.01

.
A 1
e B Y

A

05 - : : - : : ;
0 3 6 9 12 15 18 21 24
t'h

t/min
2 BEE{K pEC-N1203-2Af.1 £ FH M FAEIMNE R
Figure 2

Biological characteristics and bacteriostatic effect in vitro of phage pEC-N1203-2Af.1. A:

Temperature stability. B: pH stability. C: One-step growth curve. D: Bacteriostatic effect of phage
pEC-N1203-2Af.1 invitro. Each point represents the means SD from three replicate experiments.

Mk T 42 X K i R 4 e ) A R H R SS SR
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A, MOI=100, MOI=1 1 MOI=0.01 ZH3ET-%
S9N 0%, 20%701 30%, 48 h NFET-% 5 MOI
(B 52 TEAHDG , W TR A OR3P 20 K MR 4y o 55 243 ot
HEZH AR Eb 20 (i B Kk B (] 3D-3F), Kaplan-Meier
TR, YL  BEEROR B 20 (MOT=100

2.5

MOI=1 il MOI=0.01)[i] Y Kb IR 4y HUA7 1 56 5
P % £ 5(P<0.05, F 3G).
2.6 MEEAEELBFFES A

WA pEC-N1203-2AF.1 KERIZH 4K 77 334 bp,
G+C FTHN 42.18%, T2 5L B PEFI 57 1 3L A
G L N ORT N AL S TSR SRl
PR F-. i BLASTn HUXT, MRS KT R
B NJOL, 172-1 1 O18-11 [ B—& e kT
95%, JH:rf Escherichia phage O18-11 F[a]J H Bt —
FME B2 5 (NC_070985.1, query cover=83%, per.
ident=96%) . I ¥ K W ¥ o Wi W K B R T
Caudoviricetes ¥ Kuravirus J& {51, M4 EPMEEE
71257 514> (International Committee on Taxonomy
of Viruses, ICTV)/325 4, 5B WETEIRIZIRIT )
L 95% IS AR, FRUME R T 50% 030 AH
g, IO BER R pEC-N1203-2Af.1 J&F
Kuravirus J&)—51, X5H C3 JEARHE—3.
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G
108 — NI203-2A+0.9% NaCl
— 0.9% NaCl+0.9% NaCl
—— 0.9% NaCl+pEC-N1203-2Af. 1
- — MOI=100
. —— MOI=1
— MOI=0.01
2
£ 06
w
(3]
==
g
Z 04f
=
@]
02}
0.0F

0 3 6 9 12151821 24273033 3639424548
t/h

B3 MEEES pEC-N1203-2Af.1 X KHE4E4) AR E R
Figure 3 Bacteriostatic effect of phage pEC-N1203-2Af.1 on the larvae of Galleria mellonella. A: The control
was injected with N1203-2Af and physiological saline. B: Blank control, injection of physiological saline alone.
C: Injected with physiological saline and phage. D: Injected N1203-2Af and phage (MOI=100). E: Injected
N1203-2Af and phage (MOI=1). F: Injected N1203-2Af and phage (MOI=0.01). G: Survival curve of the larva
of the Galleria mellonella.

MRPEINREREN BN, BENALELAE 4 NCA B ARSI B 2L (2) DNA e
SR (1) DNA il SRR, (045 DNA B, A0 3% W T VAR S iR 7 R RGP R A S i/ )
ffiEnE . DNA REHE ., WREARSH . BIRIM)  EEERFIE; (3) ZUMtith, Wiz, /=R
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BTSN s (4) Z5MEE T, UFaIRE
RRELF e . BRI TR MR . Wi
PR A 5T F R S L I (8] 4A) o 3 T I 1A
pEC-N1203-2Af.1 JERIZH Y C3 BRI BN IS
A& O18-11, NJOI, 172-1. phiEco32, AEKMHTH

pEC-N1203-2Af.1

77 334 bp

v h"""""'!‘)-m.\

£ £
T 5
: ﬂ 3 £[%0K> SpeN1203-2411
i ,:5,{ 77 334 bp
i T
‘\ &""E ;

— s

4 EEE{F pEC-N1203-2Af.1 EEEEH SEIR

& ‘_‘ ‘--.\\ 4
=l N

g 4
Aty ot e S
e s ey ’,}t;,, ¥ .
i <

¥ C3 JEARWEREIA 7-11. KSY1. Vb PmiP-P59
FERA T, pEC-N1203-2Af1 5 C3 IEA KRG
T W A 1 12 P2 [R5 (query  cover>80%, per. ident>
95%), SAEKMATETE E# C3 JEARER AR RIS
Bl (query cover<5%, per. ident<85%, &l 4B).

;.""‘: |:> DNA replication and modification
|:> DNA packaging module

‘ Lysin related protein

|:> Phage structural protein

|:> Unknown protein

I GC content KSY1

GC skew B 100% identity
B GC skew () ™ 70% identity
B GC skew (+) 50% identity
phiEco32 172-1 o .
I 100% identity ' 100% identity
70% identity /0% identity
50% identity ~__50% identity
i B 100% identi
tit
W 100% identity T _ 70 tdentity
70% identity | or0 identity
4 50% identity

50% identity

EC-N1203-2Af.1
Vb PmiP-P59  ©

[ 100% identity
B 100% identity 1= 7004 identity
70% identity 50% identity

50% identity [l Major CDS
7-11

I 100% identity
70% identity
50% identity

" EE R

Figure 4 Phage pEC-N1203-2Af.1 genome and homology comparison of phage pEC-N1203-2Af.1. A:
Genome structure of pEC-N1203-2Af.1; B: Whole genome sequence comparison of phage pEC-N1203-2Af.1
with seven C3 phages.
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2.7 pEC-N1203-2Af.1 Ifi gt E FH G 4HE
S
H 4 DO REFE H T, #xE pEC-N1203-2Af1.1

C3 MIEASSHMMXEENRNE LM T
27 022-41 848 bp kHE A BrHh o % A Br o R4y
AIAG, 55 1 Fa R Yt g A Sk R AR 1 A SE A
FB(38 28141 848 bp); H:H CDS63 Hl CDS64
It AR TEE . CDS62 gl Tg L5 F I bE R
. CDS6l1 #ifihiEsE m, Hr CDS63 5
Kuravirus J& H Fr A C3 T 25 KM AT o s b 4 [R] 5
AR 5 (query cover>95%, per. ident>85%); 5 2
HBAr(27 022-38 271 bp)Zm it g 1A 2 35 2 11 Al
SUfRA S, Hd CDS60. CDS59. CDS5S,

CDS54 1 CDS53 4ifih 2 #R & H , CDS57 .CDS56
D01k 4353 G 25 £ L 2R (holin) A1 P4 7% % (endolysin)
() L1 B[R] 5% 91 . GenBank $ ¥ JE R AE T
24 R #E iz B BEIE) R 8 A0 W T 4K (query
cover>50%, per. ident>80%), IX L& A& H
13 HRIE T, BT EE A P A A
X (R E L EPRE . HASHIERE), 8 Mok H TRK
M, 3 Bk A TR (FE R (F B NMDCX0000212

A SR DR Bl vhos  BE RN https://
nmdc.cn/resource/attachment/detail/ NMDCX0000
212), ASWFFE B AR W) U Ok B T 4R W HL X
IME267 (&), 172-1 (F[E)F1 vB_EcoP_YFO01
(HAY), SEATFHIH MNO3 (&Ehndn), kHETF

W RRAE FLAL ) phiEco32 (A&&-JEW ), >k HHEK
f) vB_EcoP-101114UKE3 (31 #), 3k A LKAy
vB_EcoP_SU7 (i), K H T r LMy
vB_EcoP_EcoN5 (BHe H )1k B F63E
Paul ([ 9 BRACERPEVERE AR I 51 (&
S)PEFT HLEE, AN AL IX K R AR 2 8 11 s 3R
R [R5 (query cover<40%, per. ident<85%).
28 WEALSERERZLZEN

T GenBank £ #a J4E H1ic 5% 19 C3 TE A M A

TRIETR P 5, 4 N R 50 K B W E— 20 UE S
# K pEC-N1203-2Af.1 5 4bF[al—it b4y 32 1)
Kuravirus J& KIAFFRBER A O18-11., LAMP,
NJO1. 172-1 Fl MNO5 3k R W I(E 6)
B LAMP >k HR RSN, Fa P o030k 5w,
MNOS 435 HEIEE, O18-11, NJO1 il 172-1 /38
H

Group 1 Group 11
A 1
r T 1

------------------------------ (D861 CDS63  CDS61  CDS60 (D839 CDSST CDSSs Cpssd opsss 0 Gl ] a1 e .

Escherichia phage pEC-N1203-2A.1 - b, 1‘.]“ ! ‘ CDS64: Scaffolding protein

0Q540978 27 077-41 848 bp (2022, China) ' A i ; ! B CDSE3: Mai o
7777777777777777777777777777777777777777777777777777777777777 i T e R R, 3: Major capsid protein

A B | } | ) .

BTN 1y Nl ¢ | — A N ) CDS61: Adsptor prtei

070983 20 833 bp (2021, Y/ L
Escherichia phage 172-1 A i N 5 : 5 :
NC_028903 15 798-19 867 bp (2014 *, China) w _/‘ ';' ﬁ ’L N CDS60: Long tail fiber proximal proteins

} f .- J | . . .
Escherichia phage vB_EcoP_YF01 \ ; :
0QU25076 6 215-20 306 bp (2022, Japan) M /“ ﬁ A e CDS59: Long tail fiber distal proteins
Escherichia phage MN03 L .
NC_ 070990 12 933-26 988 bp (2017 , Bangladesh) *\V* I/‘ 4 -‘ "i v L CDS57: Holin
Escherichia phage phiEco32 \ . | I\
NC 010324 6 332-20 443 bp (2004, Georgia) — }' " / ", N CDS56: Endolysin
Escherichiu phage vB_EcoP-101114UKE3 |
NC_070982 6 215-20306 bp (2018, Ausiria) — /‘ 4 ‘
|

Escherichiu phage vB_EcoP_SUT b, L
NC 070980 6 247-20 345 bp (2016, Sweden) A\Vﬂ /i ‘ E‘

Escherichiu phage vB_EcoP_EcoN3 a0 j g ) |

NC_070986 | 871-16 532 bp (2019%, Colombia) v
! M 9

Escherichia phage Paul = b

NC_070992 6 119-22 170 bp (2018, USA) W— A ) ! L"ﬁ

5 EEE{K pEC-N1203-2Af.1 %

: - ,M\v -"CDSSS Short tail fibers

;‘W_Vﬁ‘\\v i CDS54: Nozzle protein

y ‘M‘v B CDS53: Tail needle
f
I 1MN — Unknow protein

SEMERMRMBEBEXRERS 9 MBFFIRLLE

Figure 5 Comparison of phage pEC-N1203-2Af.1 structural protein and lytic protein-related fragments with

9 similar sequences.
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6 MEEA pEC-N1203-2Af.1 £ EFE R G . Bt

KSY1 Host bacteria
————— Vp_R1 ) B Escherichia coil
[eeemes Vp_PmiP_P59 ol ] Salmonella
| S Privateer 2

[ Shigella flexneri
W Proteus mirabilis

——————— vB_CsaP_GAP52 [ Cronobacter sahazakii

pSal_SNUABM [T Vibrio parahaemolyticus
3]5[]131 Region Source

2 B China % Sewage
IME267 [ Asia A Feces

vB_EcoP SU7

MPL3
vB_EcoP_101114UKE3
vB_EcoP_101114BS3
KBNP1711

pEC-N1203-2Af.1 5
LAMP

M Europe ® Animal
W America ? Unknown

O18-011
MNO5
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phiEco32
vB_EcoP_YFO0l1
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vB_EcoP_SU10

S RS Y | 3 SNSRIV S S RN SNy 4 B

Figure 6 Phage pEC-N1203-2Af.1 whole-genome phylogenetic tree.

3 WwhEE®

M PR A4 2 sk A= Pl v 5 i e T AR
Sk, JUPAATET&IEES S, BRI 40
BRI T A0 ) S5 P 5 T 1 ) 2 G Y
Wt PR A RE A8 R S M i L 78 2T IR 2 T
VRTE J5 oA 22 A2 T 1 A 16 9T 20 TR s g 1 it
FERGE P ARBFZELL 15 MK N TS T,
MTGIKAEAR RS 5 MR RIGHT RmRpE i, H
pEC-1203-2Af.1 J& T Kuravirus J& , LAY C3
oA R TE R (B 1B), A BEDR 20 I e 45 5 A
S S AR B R WE T 8 pEC-N1203-2Af1.1
b [E 43 5 1Y Escherichia phage O18-011 AH{RLE
fix i (query cover=83%, per. ident=96%, &l 6)
R AR pEC-M1203-2Af.1 1£ 4-37 °CIRFFrfa & T
PE, 37 °CHE A 2 @ 2 (B 2A), pH fH N
4.0-10.0 B PREFFSE BITE R, pHAE R 7.0 Bk 3]

i, [HFE 70 °Criial pH A 2.0, pH {H 12.0
BT (] 2B) o Wik R4 2 P 8 11 B R R 2 K
KREFERESAE 60 °CLLERYIRE T &K AAE
P, B 2D B0 GRS RELE = L . 5 R FH 5
BB S ERBE A7 T8 PO I R AR R Tk A
15 A 3T B A e PR AR 1 o -2 1 ot B AR AR e T
A WETR AR oX174am3 28748 1A (i vy 38k v BE 2
H 28 28 X I 1Y K P R 512 A9, Kuo Hao
Lee S5 T8 IG5 R4 X e Tk (9 T 52 8 ) AT RE & &
JIFAE ) e T PR B8 3 BOK FE B Y 28248 77 AR 11, 28
AT BENSR T AT [ R IR Z [ A AH B,
TR E AT AR A, o 0 A A S T e 90

W TR AR AR A IR B, AR MOI 4%
" F(MOI=100. MOI=1 #l MOI=0.01), 6 h [N
pEC-N1203-2Af.1 M EACR R4, MOI=100 ZH 4!
BRI R A U, 7E 9-12 h i) ODsgs {8 31K X HE A
MOI=1 41 fil MOI=0.01 4{(P<0.05), H7E 24 h
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N ODsos — ELAR T X HRAL(IK] 2D); 1H 3 4 W5 iR {4
ODsos Z{ATE 6 h GBI =S, XAReE
KIAFFE N1203-2Af ZEWERERRE S T AT
Ptk g As AR AE 52 B AR M B, W
AR SZ AT DR R A 5 A8 ol 3 T AR A2 AR ) 25 AL R A
T WE R AR TGO A2 A, 322 200 TR X I A A
7 A B B fRT B B BB ) iR PY . Alita R
Burmeister %5 18 K7 #F 78 1 28 4B S HER &
1 FIE 220 B AT XS B TR AR U136B 7 A4t
PR 20T R AT LA 1 4 5 e EL T 40T R 2 1
PRARSZ AR BELIBT I R RE B, F S0 2B 19 2 11
TraT 5 KA EIMEFLE A A Y25 1 5 28 X 5
iy, MEREIATIE S 2455, Rk &
7 ) 2% 295 A2 240 T 951 977 400 ) e O A SR L 1
AR, HATE A )12 i B AR B 2R S B
& Hii(restriction-modification, R-M) & %4, ‘Bl
I SRR RS IR AE R O i S AL N DNA, {4
5 DNA A FREIPEAZ IR N DTEER, TAh Y
RABM ) DNA 2345 PRI ERZ IR N DT RE 1H00 JF:
Fa LUTBRD o W TR AT A 1 0 1A 7 1 2R
Y T A A 5 A s P A e 4, T A 3252 4%
WETRAA TS PN E 1 Llp nT LUK B B A2 145
JEEE 11 FhuA B, NI LA [ 550235 U0 AE G Y
W PR A (1 SR e B4

R U 4y ARG R W B A 2 A A
o 2H MR R 2y o AR VR S R R4S 48 h IR AR TR
FEFIFET= (K 3C), FRIAMEREIAEA RIFEY
S D R R AR B MOT=100 .,
MOI=1 F1 MOT=0.01 ZH KMt HE 4y 7736 253 5]
H100%. 80%F1 70% (Kl 3D-3F), JAIr s8R Y
Mt AT AR B30 2 TR A OGP, 3R BT e ) A
pEC-N1203-2Af.1 i HF R HFF 3 N1203-2Af )8k
Yol i B T AR T AR, MOT=100 414
T, Rl B AR M BIAET S, (B 558 IR
AR, 3-6 h YR IE &y A€o s faf SR Ak (&

<l actamicro@im.ac.cn, & 010-64807516

3D), 6 h J5 BALIE AT B AR o P aE s
WA A R G TAE 27 A R R P EUR Y
B 10 R s B 4y oh BRAR BT gk A p i Kl R 2
R pEC-N1203-2A1.1 WKWK T 10 min
(El 2C), X PP BLG Al RE & i TG KT
N1203-2Af YR BEHE ) do e S A4
1o 791 ) T A A R L 4y R A PR A et
B, S HSF 1] P9 T R e U ey SR PN ) A -4
B s MOI=100 £ 21 KIS IE Ly U7E 6 h H BLmE 3t
AL, AT RE R DA AT I AR 80 TR B SR 4
RIERGETAE, 6 h 5 BALTEOATH B A rT
R A P 0 B AR T T R 0 A A R v 2
EANFEWAE 6 h N RIS IR il [ Bk RE00H
BR s RSN S5 R BoR KIAFF A N1203-2Af 703
WRERE 6 h UG &= BBk, 1 MOI=100
Wk AT A% R B 2 7 Ik AT 4% AR R It 2 &)y o 928 R 55
A EIVE R AR AT BELE 6 h A E 258 2R T
W HE &yt N I AT T, okt S T B B A
Az, DN 1) R 47 0 I 4y e PR A 38R
CDS64 HiHkiBLHEN, XREASYH
Wi TR AR R 8, FER ZHOE R, SCBRER ATE
L4 58 WR AT R ol 2 ek A R
CDS63 4 # 1A pEC-N1203-Af.1 i) FH KT
B, ACTTER R O P A Sk 1 — - T A 4
Hy, R EFEIE R DNA 7ERPY, CDS62 #
Ty Tg 5F5EE 1, ST I AR A Z L
CDS61 Zmts i, BRI W s AR i k3 A
AR E 45, CDS60. CDS59. CDS55.
CDS54 Fil CDS53 Zufdmgpd ik ipE T, Hh
CDS64 il CDS63 43 51| i i 4 F& 21 4k (14 37 iy £ 11
TG v 2K 1, W A A 2o K R 2T 4 B 5 e N R
AT, v B 5 1 = B AR WD R 45 2 T 3 X
FRMWIREES, WIREEG 1 B A2 K R 20 1
. MR 22 M . A RE R FNE A A 141 CDSSS
oA S FE LT YRR 1, S0 FE LT 425 115 40 TR 22 1 1Y)
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RS2 RGBT R B, IR B A 5 RS I TR
[ 40 15 DNAM, CDS54 4 i 4 1,
W2 AT LLs S W T AR DNA iF A TS F 78
CDS53 Fif %, 4T LURIZEn i sMEE . C3
T8 25 KM AT BT ik A1 A 2 8 28 11 A L T I T
& DNA FEAZIRIGAFHE S, Ja4oE C3 Wik
w6 MK AR Himim — RIS K
o R AEIREE G B R K E T X0
FFRR SIS o IS e 2 £ 4 e e 2 11 AR 2 % A
UAE  Jd FE 2T A v 240 0 B e 5 A TR R A AN T 3
MR A4, T 2R 1 B S R AT iR 158
BIY B o FE AT A v 28 R 0 28 KR 41
f, WSS RRET BT, TR A R0 A o i
FEAMSLER, TN — 220 B R 1
WE TR /K DNA 3 s 158 6 4 s 5 30 i F 1 40
™, gid 2R A SC Y CDS H, CDSS7 4
12 4L % (holin), holin T L5 21 g 2L 1% 1y it
], PR AR gt . CDSS6 4t
7% % (endolysin), 7£ holin-endolysin iRkt ,
holin 7EAMAEAE FIEBGOK K IFLIG, NIEZR M
FLH BT HE A SR R SR S8 40 T S
H:F GenBank ¥ 1 1) C3 T 48 KT
P& pEC-N1203-2Af.1 2L HH TR, B
LT 25 1R K B T W S A =3 88y ST e X
HE,  BRSEH X WAEAE—/ N4 (B 6), it
XiF 9 £k A AN R HiLIX A C3 B 25 0 B 441 51 (1%
W5 pEC-N1203-2Af.1 455 2 2 f A oG B
a1 Be, K 5), 48R BRI C3 IS
R Mg W TR W TR R 0 Sk R SR R A
CDS63 ik [H & J& [A] I (query cover>95%, per.
ident>85%), MK & LT 4k 85 [ 3L R /3 41 [A) i 1 448
K (query cover<40%, per. ident<85%)., — T HE
PO R , C3 TR T o ik DA A Sk R 2 K 1 T
ST CDS63 Zmiith i) 3 LI E 1A L,
Mohammadali %54 i #4972 T RE 2 —

FhEfb a5, BAR A AR e T 220 2 1 R i if
TP EFE, (BRI AZS AN R R 20, B R [
A1 AT D5 o 22 AT LA T 200 B I T AT 245 2R
S RO Marta Siborova ZBFsEHE H, C3
TE 25 0 I 1 e T 4 5 R A T A/ B 2 AR Y
WIREE G K RGN, K A4 m i H
A ZWEEEE ., Wk, C3 AW HE AL AR
PRSI T, SR SRS B A K R AR 4t
FEANTRE R A T 1E N AL .

25 R AR5 A1 22 i 25 K T R
FR pEC-N1203-2Af.1 A= ¥)2f ik & 43R 24
AT T RG5HT, WERAR pEC-N1203-Af.1 HA
FIWRy C3 B, BT Kuravirus J&, HHEAE
M E R E YR ER AL pEC-N1203-2Af.1 5 HAh
10 #RAS[R] M X C3 T A5 T v e o 4 4 R 21 4
BRSSP IIAHRIERAG, h TR L4 &
P15 R e R R DIAE G, TR I 18 A A 7
X AN [ i IX () i R BRI, ] REAFAE 2 AN
)38 o 8 R AL 1] o T AS (] L DX P W 7 A 4
it 3 B SGAR 11  SE R P S AR AL i 2 80%,
A AT BE R R BOY LI AR /Y C3 RIS
PR SCHE LN, W2 D RB 45 44 I 2R P22 o
W RTATHE— L WFEIE N C3 TR AW R A2
P ERL AR
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