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(coding sequence, CDS) . 518  WUENAE S 1 bR EA TGIT 0T S0 ST 245 1t 48 o B 11 PR v 0 1Y
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[ Abstract | Objective To isolate a strain of lysing carbapenem-resistant Klebsiella pneumoniae
phage, and explore its biological characteristics and whole genome information. Methods The phage was
isolated and purified from waste water of the General Hospital of Western Theater Command Hospital by the
double-layer agar plate method. The morphology of phage was observed by transmission electron microscopy,
and its biological properties and in vitro antibacterial activity were determined. Whole-genome sequencing was
used to analyze its structural characteristics, and a phylogenetic evolutionary tree and the comparative genomic
analysis was conducted to analyze the evolutionary relationships of phage. Results A virulent phage was
isolated and named vB_KpnP1, which formed a 2 ~3 mm transparent circular spot surrounded by a distinct

halo; Electron microscopy showed that the head size of the phage was about 68.2 nmX64.3 nm, and the tail
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length was about 11 nm; The head of the phage was a regular icosahedron with a non-contractile short tail,

which was thus identified as a member of the Autographiviridae family and the Caudovirales order; the optimal

multiplicity of infection was 0. 0 001, the incubation period was 10 min, the lysis period was 30 min, and the

amount of lysis was 26 PFU/cell; The adsorption rate was about 80% in 10 min. The phage was insensitive to

chloroform and was stable at temperatures of 10~50 °C and pH values of 4~12; The lysis rate of carbapenem-

resistant Klebsiella pneumoniae was 54.55% (12/22), and the host spectrum was wide; In viiro antibacterial

test showed that it could inhibit the growth of host bacteria. Phage vB_KpnP1 was double-stranded DNA
(dsDNA) with a 40 352 bp of full genome length, and 53. 09% of GC content. It contained 50 CDS.
Conclusion A virulent Klebsiella pneumoniae phage, vB_KpnP1, with the potential to treat carbapenem-

resistant Klebsiella pneumoniae infections, is successfully isolated.
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Klebsiella pneumonia, CRKP ) 7E PN B9 2 B it 24 o] &% H
FeE D TR R IT R A EANET, B &
TRHT A 1 70 8 By R R g 2 1) TR 3 T A [ R
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(R FHERAL T80 AR . B BFTE AR A, 18 &
PR R A7 vk B ml a1 RN R R A 2 R R AR 4
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1.1 E#HPftR

23 RRB T R I 28 24 1l 9 v H 8 ( CRKP1-23) |
VBRI 22 435 18 (Eco01) (1 B ¥0 7 [QTA (Serratia0l ) |
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vB_KpnP 1 JE B AW P BERCRE , AR EL R Ry EOPT)
1.6 "EFRAFR T

H 1 mL Sk R (1x10° PFU/mL) 43511 5
20200 uL GO A BR 5 30 s 5T 37 Tl
1 h, B.05(4 °C,5000xg,5 min) JFHEHE 10 L i
W, BREERR IR IR . SR A 3 Ik, HAF S SM
2% WIRAE [ X B EH

1.7 ARG R EA pH A8 2 1

Z MR SRR )7 K 1 mL AR5
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578 £ 8 CRKP1 DU & 52 £ (MOI=0. 000 1) 1y
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WA TR AR A ™ SEIRER 3 U I
FHIA
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Bigedk . RESERUE K 96 FLBUBCA 4 A Sh Ak Kilh £k
TR, 37 CIE R 24 h, A3FR 10 min M6 A
[D(600) ], SEHEA 3 WK, BCFHIHE,
112 s kel 2k WAL 5 B A W13 B3 oA

SR P87 - L0075 B EA T DNA IR JF
AT 1% B0 3506 0 B8 M H K ARG 0 Bk TR 4 9 58
DNA it 2 2 AR AR A SR 2R B0 BR 2 m) R A7 — AR
DN 1 4 PR 2 I T 3 A o

{#i | RAST (http ; //rast. nmpdr. org/ ) X W B {48 4>
FEDIZH AT, i #E 2k BLAST T H (http://www.
ncbi. nlm. nih. gov/BLAST) 47 HU X0 Hr , T 2% P9 41
IR, il 1E 4R Bt 2R R 25 5 D M 5 I
( https://cge. cbs. dtu. dk/services/Res Finder/Fll
https://cge. cbs. dtu. dk/services/Virulence Finder/ ) fifi
PefBUE RTAE R 25 B FEE ) 7o ] tRNA scan-
SE v. 2. 0 % {4 (http://lowelab. ucsc. edu/tRNAscan-
SE/) U1 tRNA A% 751, i ] CG View Server X4
(http://cgview. ca/) il @B PIH B3 . R H] MEGA
11O B, P AR AR 125 1) At 4 ik DR 20 L 2R 3 Tl R IE.
L0 DNA SR BEHE N B R 58 4 5 #EAL , bootstrap £
%1000 Ko KH Easyfig 2.2. 3 BRI T HAER 2T
113 3B A B2

fifi ] GraphPad Prism 8. 0 i FE17 il 161 ke Bedha 7>
Bro THEBURIL x+5s F75, fdi 1] Photoshop #1447
IR R AR R AL B

2 R

2.1 HHIRE 5 B REHBEE
JREI DA T AR DX B B 75 7K 43 B Y 1 Bk CRKP
WERRIA, BERA A 2~3 mm B2 IRTE , JE AT 6~8 mm

B R0 (B TA) B I ] Y RE S, 22 2R 2 W
Ko HBET A BIZWE A 1Y 3k 58 1IE A, K/
#)68.2 nmx64.3 nm, 1 ZAATWAR 52, BEK
2911 nm (& 1B) o 3848 375 5F F, B 0 45 A1 4 ik DR 2
Fe oA i AR 8 T R E B S R RN
B ( Autographiviridae ) . % W& E PRIK B0 BT 2
(The International Committee on Taxonomy of Viruses ,
ICTV) 732 5w 44 U P W TR 1R i 44 - vB_KpnP 1,
2.2 CER ARG R T

TN 1R, 3 Ak BRE A 5 56 60 0023 P i ik ) A Wk
B vB_KpnP 1 {97 35335, B 5 52 50 4 7 I TR 4 0% ik
T RIS 24 v B (0 TR A% 59. 09% (13/22)
XU B - 12 B 7 W T A 0T Ttk 7 8 M A T 24 i 48 e
TA TSR 2R 54, 55% (12/22) 57 12 #R AT LU
PR R (14 s 2 5 B A TR 0, O AR B e 380 JBRE R
2 MR EAT TR A BB, 1 MO IRAIORBER . DL SR
SRR AL AR B M E )T T RUZ BEF
Heizi o vB_KpnP1 ANBERLAR K e A i Vb 7 IR L A
W =

A £ B4k vB_KpnP1 #97% H 52 ;B "£# 4k vB_KpnP1 #) £ 42 H

1 mEEE vB_KpnPl RSEE

F1 BERERBEHMNESER

BIEA TR BT JIBER R A TR BT JEBE R
CRKP02 + 1.24 CRKP15 - N
CRKPO3 + 0.925 CRKP16 + 0.84
CRKPO04 + 0.715 CRKP17 + 0.795
CRKPO5 - N CRKP18 - N
CRKPO6 - N CRKP19 + 0.53
CRKPO7 - N CRKP20 - N
CRKPO8 + 0.45 CRKP21 + 0.29
CRKP09 + N CRKP22 + 1. 085
CRKP10 - N CRKP23 + 1.505
CRKP11 - N Eco01 - N
CRKP12 - N Serratia01l - N
CRKP13 + 0.05 Ecl01 - N
CRKP14 + 0.5 Eae01 - N

B AR NGER BT RG R R R RBEE S5 A H A (EOP=0.5) , P (0. I<EOP<O0.5) {&# (0. 001<EOP<

0. 1) #= £ (EOP <0. 001)
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W AR 22 20,200 pL A1 G e 9. 9%
10’ PFU/mL 435117254 9. 75% 107 9. 5x10” PFU/mL, 3
FHT 2 i B A R S AN U, HE I TG e
2.4 EEARGEE A pH A2 1k

WK 2A 7, W5 A vB_KpnP1 1E 10~50 CH
B WIEE 7 60 CHFVET 1 h, WA 4 58 42 2K 1 , 7E
70 CHHEM 40 min, BER AW S 420 .

W& 2B i, W A& vB_KpnP1 7E pH {2 4 ~
12 B HEAR AN K, A SEAS AR , 7 588 R B9 Bk
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=
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1234567 80910111213
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2.5 AWK FAEREEHK

W 2 fos , YRGS %0k 0..000 1 B, W TR 1A vB
_KpnP1 S0 5555, 4 6. 53x 10° PFU/mlL, & B % W
TR S IR 2 %8 0..000 1,
2.6 HEKH—FAEKEEL

H1E 3 A1, WERR 14 vB_KpnP 1 (AR 10 min,
T B ), 5 TR A P o A SR T o, AR IR S
10~40 min, BEF RS B 5 1 F-, BU)5 B8R, Ron
I 30 min, iR 32 06 TR A TR E R 2. 1%
10° PFU/mL, HR4EEE & B AHRAR TR T 2. 1%
10°+(8x10°) = 26 PFU/cell,,

*®2 WHEE vB_KpnPl SERREHAINE

. I ISR B ﬂﬁ%“lﬁi%ﬁﬂ W R vB_KpnP1 {%ﬂlﬁ
/CFU + mL /PFU - mL /PFU + mL
1 1x107 1x10° 100 2.10x107
2 1x10® 1x10° 10 2.47x107
3 1x10® 1x10® 1 4.80x10’
4 1x10® 1x107 0.1 1.37x10*
5 1x10® 1x10° 0.01 3.73x10°
6 1x10® 1x10° 0.001 3.63x10°
7 1x10° 1x10* 0.000 1 6.53%10°
8 1x10% 1x10° 0.000 01 3.10x10°
10 q

IS T PR3 )2 /1gPFU » L

T L] T L] T T T T T T L] T
0 10 20 30 40 50 60 70 80 90 100 110 120
A} (8] /min

3 EEE{E vB_KpnPl fj—H 4K %

2.7 AR LK

WA 4 firs, MR vB_KpnP1 FifE F IR G
FE 4 min BA 60% A7 A7 Wi B A TR B 20 1 L
10 min BF5EA 80% Ae A7 114 Wik B 1AW i 38 18 S 7R v, 4K
JaaTAEE
1207
1004
80
60-
40-

20+

e WA T 43 He (%)

0 T T T T T I T T T T
2 4 6 8 10 12 14 16 18 20
I E] /min

B4 mEE4 vB_KpnP1 g% M i £

2.8 CERKRINITE £

W 5 FrzR , BT BRADE R B E A KT K, B 41
BRFEAN BT A K 5 5 BH X BEALAH Eb i AR [R) IR e 42
14 S 9 ZH AW T 142 vB_KpnP 1 9PE TR, D% FE (H AR
FRHPEXT AL, 2 5 h J5, 4 78 ok B s 35 K, B2
2 BE A e DN A W RSB PR TR AR 1 7 2
2.9 HEBREG AR ME 5

WA AR vB_KpnP1 3[R 41k X% DNA, e 5L H 41
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KDy 40 352 bp, BE[AZH v 4 P ik 19 &5 & 0 51 ok
A=25.18% .T=21.73% .C=25.26%#1 G=27. 83%,
GC F& 53.09% , Ik T il 4 w5 {1 B k1~ 15 GC 1)
TR (57.7%) o TR O, 1200 P A A )
2| 50 Pt 51 ( coding sequence, CDS) , H. 46 4~
CDS DL ATG fE Nt %5 1,3 4> CDS LA GTG 12y
LG 7, 1 4> CDS L TTG 1E e 4 % 1% 1
tRNAscan-SE v. 2. 0 43#ff vB_KpnP1 4= 3£ K 4H JG tRNA
S, AR TR H © AT 25 5L P AEE ) R, B
Wik T ATERE R K A 24

- MOI=10
—& MOI=0.1

- MOI=1
—¥- MOI=0.01

- [HPEXT AL e [ MR AL

5 EEE{E vB_KpnPl EARE BESH THEIMIELRE

Wik & vB_KpnP1 B ILHNF] 50 4~ CDS,
49 A~ CDS 7E1E X4, 1 A4~ CDS fEf L4 o 7£ 50 4~
CDS 47 32 4~(64% ) CDS Zi i Ui fiEdk 11 (& 6) , K
ARHY 18 4> CDS N IRER AR E R H o MRIEHEN Y

membrane—bound lytic murein transglyeosylaze F

HiH endonuclease

putative internal virion protein C

internal (eore) protein
internal virion protein A

DUF2717 4 —cont £
msizeontaining protain 77 ‘qq

/
~exormelease g
DUFE476 domain—contalning protein

HHS binding protein / i v o
Th-Abranbed T pelomerass ||

toprim demain—contalning protein

\ X \ nucleotlde kinaze

HHER: 32 4> CDS 732y 3 M RLH : B R DNA & il 1%
MO VR RS R A S R AR by
21 4~ CDS 5 I & & DNA 52 il Je 3% B A o,
terminase large subunit, DNA-dependent RNA polymerase .
ATP-dependent DNA ligase fl BC10 family protein %%;
7/~ CDS 5510 o K 1) 25 45 4 5%, 4 tail fibers protein,
collar/head-to-tail joining protein, capsid and scaffold
protein . major capsid protein Fll tail tubular protein Z%;
4 4~ CDS Jy class II holin endolysin , Rz-like lysis protein
F1 membrane-bound lytic murein transglycosylase F 515
ERE AR,
J MEGA11 %}, 2% A} Neighbor-joining method
5 BEXT 16 BRI TR AT 42k P8 20 A AR A . Gl 7
Iz, vB_KpnP1 15 fifi 58 v 7 B I 7 & Kp9 , 066024 |
066022066026 £ 2k K R AL, 5§ BLASTn 4554 — 2,
X 4 R RS vB_KpnP 1 BAZH BRARME (—2

J . 93.93%~97. 69% , 7 7 i : 86% ~97% ) . FeT W
B R s A7 5 F DNA 5245 Jilg 4 8 22 58 E AL b 4

& 8.9 /N, W R vB_KpnP1 5 Przondovirus J& 1Y) fifi
RICTFHIAFEVEF A& NL_ZS_1 KPN3  Henul #1I Kp9 4k
FRl—r 32, ENZ W H K& T Autographiviridae B},
Studiervirinae V. #}, Przondovirus J&, K 75 I WY
Przondovirus i (unclassified Przondovirus) . %W #1145
[F]l— B} Ningirsuvirus . Kayfunavirus F1 Teetrevirus Jg&
FRIT ¢ o, 76 A1 T W TR B DDA G, A — i IR &
Ko

B GC Skew-+

M GC Skew-

M GC Content
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%] Klebsiella phage 066036 (MW042799.1)

ﬂ‘ | Klebsiella phage 066025 (MW042793.1)

39 Klebsiella phage 066031 (MW042797.1)
11 Klebsiella phage 066045 (MW042805.1)

29 Klebsiella phage 066027 (MW042795.1)

14 Klebsiella phage 066121 (MW042811.1)
29 Klebsiella phage 066038 (MW042801.1)
Klebsiella phage 066134 (MW042812.1)
17

Klebsiella phage 066058 (MW042809.1)
Klebsiella phage 066059 (MW042810.1)
Klebsiella phage Kpl1 (ON148528.1)

21 eKlebsiella phage KpnP1 (ON880501)
Klebsiella phage Kp9 (ON148529.1)
1 Klebsiella phage 066024 (MW042792.1)
[15]

Klebsiella phage 066022 (MW042790.1)
L Klebsiella phage 066026 (MW042794.1)

1.00
—
7 ETREESEFRABMERNREIRLR
1001~ Klebsiella phage vB_KpnP_NahiliMali(MN013085.1) Ningirsuvirus
100 I: Klebsiella phage vB KpnP_Sibilus(MNO013082.1)
Escherichia phage TM1(OM908436.1) . .
100 |
80 | L Escherichia phage HC12(0L362275.1) Kayfunavirus

1007 Klebsiella phage NL ZS 3(MT813142.1) | .
Klebsiella phage vB_ KpnP-VAC1(MZ428229.1) Teetrevirus

100 Klebsiella phage KPN3(MN101227.1)
100[ — eKlebsiella phage vB_KpnP1(ON880501.1)
[53 Klebsiella phage NL ZS 1(MT813140.1) Przondovirus
Klebsiella phage Henul(NC 048138.1)
Klebsiella phage Kp9(ON148529.1)
35 Klebsiella phage VLCpiM12a(ON602758.1)

1007 — Klebsiella phage JDOOI(NC 020204.1) .
I-L_ Klebsiella phage vB_ KpnM_KpV79(NC 042041.1) Jedunavirus
80

Klebsiella phage SBP(OP114730.1)

0.10

8 ETHEEARInEEA I EH =80 F Rt L i

08 Klebsiella phage Henul(NC048138.1)
92 Klebsiella phage Kp9(ON148529.1) Przondovirus

100 @XKlebsiella phage vB_KpnP1(ON880501.1)
) Klebsiella phage KPN3(MN101227.1)

100 — Klebsiella phage NL_ZS_3(MT813142.1) -
4{: Teetrevirus
Klebsiella phage vB_ KpnP-VAC1(MZ428229.1)
1007 Klebsiella phage vB KpnP NahiliMali(MN013085.1) .. .
L Klebsiella phage vB_ KpnP_ Sibilus(MNO013082.1) | Ningirsuvirus

99

1007 Escherichia phage TM1(OM908436.1) | Kayfunavirus
Escherichia phage HC12(01.362275.1)
10— Klebsiella phage VL.CpiM12a(ON602758.1)
L Klebsiella phage SBP(OP114730.1)

—IOOE Klebsiella phage JDOO1(NC020204.1)
Klebsiella phage vB KpnM_ KpV79(NC042041.1)

100 Jedunavirus

0.10
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Klebsiella phage 066022
(40.243 kb)

e/t N )y ) S ) s ) ) — m— ) ) S

Wil phag 8_pnP1 - b S A A T e

Klebsiella phage 066026
(40.243 kb)

Kilebsiella phage Kp9
(40.337 kb)
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e V19 N ) o) ¥ e e e e e

100%
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1 Kbp
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Wit 8 14 KP9 ( Przondovirus J& M)W B4 ) DL e 5 HAEA
HAZ AT 1R B s g v e 46 30 19 W T {4 Klebsiella phage
066022 F11 066026 #E17EEH, WA 10 fi7~, vB_KpnP1
St R 58 B A B WE R AR Klebsiella phage 066022 3¢ £ fi%
WO —BUE: 97. 7%, B85 9% ). BER—FHk
AR A, 2 Autographiviridae B}, Studiervirinae .
B

3 Wig

Pt S DA LU T, 21 2050 45, ik 24 1 290 e
PAAETRE S B2 1 000 J7 ABET- . HHp, CRKP
ST BUR IR T R M AR B I R AE R SR TS R T
5T CRKP St i — ™ B A 4k TR fa L 82
Mz " BOE I — IR G P A Meta 53 B 4
HH I T T AT X At 5 Rl R 5 2 B R 1 25 R )
BN 44. 4% F1 36. 1% , SR 100 54 NAEDE A 2 il 4 7
PR XD R BT 28 6 24 30 ) S 8 2 TR, e D
BT 2 1RSI AR AT R A 5 AR T SR

AWFTER I 73 B 1 BR AR R R vB_KpnP1,
PE—L AR T R AREAR P O 5 SRS BEE T Al
I8 K BRE i ™ ) W T AR R A T35 97 I, AN
REAS R ICHE Z A0 T , 17 EL -5 7 3% 9 1k B A A B BEAS
G EVERATIE R AR SR, BEFE 11 205
HBA X3 m A FOSUZ B FGk Ik A5 1 4 23
25 o RIE I TE 23 W R T 50% , A I ik RE R
At Jm 0 200 67, 38 A e A T W MR 9 T A
BBl 270 o 33 2 AT AR P41 19 5 R < COMRE T ki v
A RSO T 1) 20 T 2 5 QM R AR B 0 O
YU R AT DRI TR A v T A 11
PRI TE AN BRI 4% , I BCRE 5 00 5 45 SR A U
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S8R B AR R B AR BB R W R T R R A

KPP-5, E7E 73.68% (14/19) By ifi & we 5 AW H B A
ER B DR, R R R U BRI Mk
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R4 I — > BRI

2ot A BRI P R R W R AP 8 A &
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2y 8 1 ) ) L 22 WA SR W A Th B o R Ak )
RE B Hh 2 BUWGE T 1A vB_KpnP 1 5% JH 25 fL 3R -2 fif T
RORZMA T . — RV, 78 55 N 4 b 4 % %7 L
2R S T ) S PRAR AT, SR AE vB_KpnP 1 B[R 4
B BT AR BEAR G, 3k A RR 9 35t 4% 45 2 AE
SH-KP152226 P13 1 vB _Kox _7ZX8 W F & th 3R &
T WA AR Y 2 B T 2 R R 1
AR R LR TG 32 N IRTE s AL , 150 22 i ity
AEE MU 5t 21 200 it BE ik 2R Bk ( peptidoglycan, PG) JZ
MBS PG, d5% J5 spanins i VR fig 32 AP -G B4 78 2
i W R BN K vB_KpnP1 5 Przondovirus J&
AR TR (A DS 2H PP AR 35 A7 Re-like lysis protein, B AFE K
— PP AE RSN A S A SR, AT T
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