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LEF HXH EFW KRR BWHE wAM R F IeF
IR TN —f B2 R B /A ML A W R AL T DX 2 o 0 TS / T T8 R B o T A S 0
S I KB 163319)

B ARTEARMEANRAD LA NG XL EMA TR FILE X b e L T RFHE, 2
Boxb A A R ey e A, A ATCC 700603 4 78 £ W ML KA P o B2 1AM X &0 8 %A %K
vB_KpnM-YP11, 5 i it if 4 & 45 W 3R o B 4R 0 &S 4F A2 5 a8 3 AUE T Aok 2 ek 4k 78 £ 35 B B A B 4
—F AR W& R E Ao pH AR T MM T B AR A A AT B AT A K B B o AT R R A1 6Y 2 A A AR Tl AR L 4L
K Foalad g dh R F &0k A T T SO M T T AR R A A ARBE 68 A7 R Fe A PR ROR 5 A AE A 59X 3R o AT R R T ARk AT
FIn PR X A FEMRAGIALR, EREAV . DAFGKE T BEFERAM L L EMALRA K vB_KpnM-YP11, 4
HREWEZLA R, EHEHENE VB KpnM-YPII B A MRS A ke A LM, 2N LG hE #, L9
vB_KpnM-YP11 44 2 i 18/34 kA R X A FMHE . DAMFH LR RN vB_KpnM-YP11 F 4 & 3§ £ % A
0.1,vB_KpnM-YP11 & % 45 = # # X #4728 30 min, % & 8 % 50~90 min, 110 min G #ANF &8, FH LM S 4 69
PFU/cell, # pH(3~11) A= g B (4~60 "C)FE B A & 442 . 4)vB_KpnM-YP11 & B 414 % 166 607 bp,GC 4 & 4
39.52% , B LR ZTEA 276 N ORF Ao IS A (RNA, R & w25 K W B & A AW, 5 vB KpnM-YP11 &4 2 % 4
A0 18, AHZEH MK L FTHE DA B REE A . vB KpnM-YPL1 2 # 4 10° PFU/mL, 10° PFU/
MLAE AR FRAFE AT MA AWM, EFRFLFT,12h A vB_KpnM-YP11 4445 F a1 R F I 98% . 4
L RBFR 5 B RATE A R VB KpnM-YP11 R 4142 LM a0 & &, RAAR 30 0] A= i IR £ AL, ) B 2F g o il
KAFEMALARENHAZR, EAEAMKLEOE LHRA N o8 A E
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Klebsiella pneumoniae phage

KONG Xiangyu, YANG Wenjing, PANG Shenyu, YUAN Qingxin, PAN Shunyuan,
GAO Dongyang, SONG Jun, WANG Jintao"

(College of Animal Science and Veterinary Medicine/Ministry of Agriculture and Rural Affairs of Key Laboratory of Prevention
and Control of Bovine Diseases/Key Laboratory of Bovine Disease Control in Northeast Cold Regions of Heilongjiang

Province, Heilongjiang Bayi Agricultural University, Daging 163319, China)

Abstract The study was to explore the phage as a new type of biological antibacterial agent to control

Klebsiella pneumoniae, which cause dairy cow mastitis and contaminate dairy products and their
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processing, and the ability of biofilm clearance. This study utilized ATCC 700603 as the host bacteria
isolated a strain of Klebsiella pneumoniae phage vB_KpnM-YP11 from a water sample of a cattle farm and
the morphological characteristics of the phage were observed by transmission electron. The host spectrum
of phage was determined by double-layer plate method. The biological characteristics of phages were
assessed through an optimal multiplicity of infection, one-step growth curve, as well as temperature and pH
stability tests. The structual characteristics and evolutionary relutionary of the genome were analyzed by
whole genome sequencing. The inhibitory and scavenging effects of phage on biofilms were determined
using crystal violet staining and plate counting methods. The antibacterial effect of the phage on Klebsiella
pneumoniae in milk was analyzed. The results showed that: 1) The Klebsiella pneumoniae phage vB_KpnM-
YP11 isolated from the water samples of cattle farms could form clear and translucent plaques. The typical
structure of tailed phage was observed by TEM. 2) Determination of host spectrum showed that vB_KpnM-
YP11 could lyse 18/34 clinical isolates of Klebsiella pneumoniae from cattle. 3) The optimal multiplicity of
infection (MO of this phage was 0.1. The one-step growth curve showed that the latent period was 30
min, and the average lysis amount was 69 PFU/cell. The phage was stable at 4-60 C or pH 3-11. 4) The
full-length genome of vB_KpnM-YP11 was 166 607 bp, and the GC content was 39.52%. The annotation
results revealed that the phage contained 276 ORF and 15 tRNA, while lacking drug resistance and
virulence genes. 5) When the MOI of vB_KpnM-YP11 was 0.1, it had the ability to inhibit the biofilm
formation of Klebsiella pneumoniae. The mature biofilm were cleared by 10° PFU/mL and 10° PFU/mL. At
room temperature, the bacterial concentration in milk decreased by 98% within 12 h. In conclusion, Phage
vB_KpnM-YP11 with short incubation period and high lysis efficiency not only has a good lytic effect on
Klebsiella pneumoniae in milk, but also can effectively remove the biofilm formed by Klebsiella pneumoniae.
It has the potential to be used as a biological antibacterial agent for Klebsiella pneumoniae.

Keywords Klebsiella pneumoniae; phage; biological characteristics; genomic analysis; biofilm
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1.1 FERFIRSE

LB} 3R 50 [ 5 & i M AR W B A PR A
OMEGA ¥% # DNA # BUR 71 & W [ 468 = kA= 4
BHH A7 B w5 v v R R A i 0 AL O R 1T
ARV B A BR S T 5 i IR A 5 43 BT A CBT M B8 3
A IR FD 5 i 5 i BB JEM-2100PLUSCH
AHL PR S .
1.2 RIS bR R 5 K

A 5 i FH B R ) R OR VN — R B KA
YRR 2 e B e A Sk A S = AR A7, Hop 34 Bk 4R
A il 2 v B AR P 4 B B R IR VLA A5 AR AL A 3
T B M4 T A ATCC 700603, H Ay Btk
AR ARAF 150 KRR TR AR A BB VLA K EE T
ENGESS
1.3 BEENSBA4LRREENE

2 W8 Pacios " 7 ¥ o ¥ 10 mL /K BE S 7E 8
000 g & 0> 10 min, B I ¥ W 5 X 80 69 ATCC
700603 E 37 C R & 12 h, il 1t 0. 22 um B 4% 1 v
Wk TR Ji 5 80 I BT A DA I TR AR D VAT X 48 A
) ATCC 700603 4% 100 pl. Jill A LB 2 & 44 55 77 3 |
RATJE B LB [ AR R 77 5L 8] & CF 37 “CE i 5
77 8 ho HRHUERLAN W TR BE , SR FH 02 P Ak i 2k 4l ik
2, H & UZ B R e TR B S R S RN —
B, WAl 1h 58 %

SR FH W 4 R BR e T UL B W R AR O S, B
10 pL W B A W (10 PEU/mL) i hn 346 k9 |, #
10 mine U8 4R 25 22 A% 1 I B RO, 2 %0
O B B TR B e 30 s, T8 I 1 FH 3 G Fi B8 00 45 Ik 7
HIEE
1.4 HBE#HEHEEL

2 8 Asghar 5 15 SR FHSUZ P BT 6
AR vB_KpnM-YP11 /4 £ 1% A7 0 o W BUAS
[Fi) 20 T4 B 100 pL, 433 im A 5 mL LB 2 [ & K 77
RS E G LB BEAR R FR 5 BERE S
10 pL W B R, 37 CHE TR 15 97 4 h, W22 &5 1
IR TR B
1.5 BEEMEYFHFESHR
1.5.1 mEREHLHMNE

Z MG H AR ik K e B R R R
XA H BEOAS W) 8 G B 451 (0. 000 1.,0.001,0.01,

0. 1.1.10,100) ¢ Wt 1 14 F1 15 3 W IR 5, 37 CHk %
K5 9% (160 r/min) , 4 h J5 R F XUZ - #ic ik il w2 b i
VT W D AN A B o 1 B A9 B SR A R
B (Multiplicity of infection, MOD .
1.5.2 —FAKkb&ng

MR 5 MOT=0. 1, ¥ W T2 {4 A1 X 55030 14 78
F R B MOIL Y 0.1 #4711 &, 37 CHk & 35 &
10 min J5 8 000 g &> 10 min, 3 F 3%, il A LB 1A
B 9% 3 B B R UOUE , A 3 U LA R 2 R IR 1
AR, LB WS 5 5 HBIR A )5, 37 CHR ¥ 55
F% , BB 10 min Y AR B O D0 2 I B AR R4, DA
SEUAE B ) Shy 8 A b, W GRARS RICAN Ry N A b, 2 1 —
K . 2 E (PFU/mL) = %% R 0 0 i
A /P0G 18 R .
1.5.3 #A& T M Ao pH A T MM T

B3 290 10° PEU/mL B W R BB T A
I 5 % (4,25.37.,40.50,60.,70 A1 80 “C)F A 6] pH
2~12) %A F W E 1 he R BUZ B 3% 0 52
PRARZLAN o
1.6 WEEEBEARRMSHT
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nlm. nih. gov) ZU 3 FE T 28 A [7) 05 T8 44 K i Jilg R Y. 3
J¥ 51, FH MEGA 11 #8438 i S i R 5 &
HR
1.7 DT A 3 4 490 4% BB A 30 ol 30 R

e W T A Ak VAR G B 1 il A e R A B 3 il
Fie A 7l MOTAE fin A % 96 LA P, &AL i fm A
200 pL 1R A W , SM Buffer /£ 4 B M X B4, & T
37 CHHIR KT 3% 24 ho ¥ LR E5 IR 4, B FLm A
200 pL 9 PBS 1% ¥ 3 1K ; & fL i A 200 pL I i
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LA 200 pL 1% (45 & 58, 2 i N 44 4 15 min;
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1.8 HEEENEDEBENERER

2 B8 Hon % 19 7 5, 78 96 FLAR b 15 3% MUY
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10 PFU/mL % W& 18 & , SM Buffer 75 &y B 4 X &
4% T 37T°CHFE 24 he BALAINA 200 pL B PBS i
Ye 3 U ) HUF B AR AL AR P 2B Bk R T 2o - Al
TR AR W o B A TR B . S5 1. T8
Yo o, 7 I 7 0 TR R R 2R B R VE BR AR . B

IR Y 40 TR TR R R = O R 2 — 36 2 ) /X BB 4 X
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1.9 BEAEFDHHNELR

2 MR IO 0 T 1, VA I TR A T 2 % e 4 il
fili & 7 W0 B RE J1 o K I g T E A B (1<
10 CFU/mL) Hl k& B & (1>X10° PFU/mL Al 1X
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IR AT, LLER N SM Buffer Jg BHPEXS B4 . 76 % I
THEE 3.6 M2 hJ5 . BU100 pl BE &5 10 4586 )
M e, EAT TR TR
1.10 HiEAEBESHHF

I 25 L DL I A v 22 bR R, BolE SR A
GraphPad Prism 9 e it2# 8. Fr A ilge #4231k,
Z 2 B BRI R J5 22 43 BT (One-way ANOVA)
* R R P<<0.05, ** £ /8 P<<0.01, *** & /R P<
0.001,

2 #RE5HH

2.1 BEENSBAUREENE

DL 52 B A # ATCC 700603 415 F 5, W4
Y oK B v o3 1 384 1 0R il 4 5 T A1 A I B 4K 1 4
4 vB_KpnM-YP11. vB_KpnM-YP11 7E 2 F #
o BLE 55 i ST W W B BE, AR 29N 1~2 mm
(K 1Ca)),

i S B ULES, vB_KpnM-YP11 B A JLE
Wt AT A 1y ML A 25 4y, SR AR 29 2 (80£5) nm, B #f
K25(110+5) nm(& 1(b)).,

(b)

() vB_KpnM-YP11 M @# BEE 2S5 (b) vB_KpnM-YP11 35 5 i B 45 .
(a) vB_KpnM-YP11 plaque morphology; (b) Transmission electron microscope morphology of vB_KpnM-YP11.
1 MBEEE vB_KpnM-YP11 B S 45T
Fig. 1 Morphological characteristics of phage vB_KpnM-YP11

2.2 EEERNEEIL

Hi & 1 AT 1, B F B i 45 5 R vB_KpnM-
YP11REFE 18 MR i i) il 4 5 35 171 P& X2 Pl I ™
AEWETE BE, vB _KpnM-Y P11 X I FR 43 85 14 24 Y8 48
TR AN ZE R g 53 % (18/34) . MYPITH K
FEUR 23 5 A8 T AT DA L 2t {1 B R TR | 4 % €0 7 4 Bk
B R 2, R W vB_KpnM-YP11 H A & 50 19 45

S
2.3 WEEEYFEHG

i 3 X2 P A I vB_KpnM-YP11 i £
MOI K 0. 1CH 2Ca)) s i  MOT=0. 1 £ il — 2 4=
KT £ an (I 2Cb) 78, vB_KpnM-Y P11 fi4 3 AR 91
2y >4 30 min, T 4 & ¥ & 50~90 min, 110 min J5 #f
NG, 2@ 69 PFU/cell, vB_KpnM-YP11
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#£1 vB_KpnM-YP117EFifEME
Table 1 Determination of host spectrum of vB_KpnM-YP11

RS % 5 ok U 2L Bk %t > ok Ay

Strain Number Source Lytic Strain Number Source Lytic
K. pneumoniae KPO1 LUg=e — K. pneumoniae KP21 40 +
K. pneumoniae KP02 RS + K. pneumoniae KP22 40 —
K. pneumoniae KP03 LUg=e K. pneumoniae KP23 43 +
K. pneumoniae KP04 R — K. pneumoniae KP24 4 —
K. pneumoniae KPO5 5 4 — K. pneumoniae KP25 43 +
K. pneumoniae KP0O6 R + K. pneumoniae KP26 43 -
K. pneumoniae KPO7 5 A — K. pneumoniae KP27 43 +
K. pneumoniae KPO8 RS + K. pneumoniae KP28 43
K. pneumoniae KP09 gEe K. pneumoniae KP29 42 —
K. pneumoniae KP10 BN — K. pneumoniae KP30 43 +
K. pneumoniae KP11 7L + K. pneumoniae KP31 42
K. pneumoniae KP12 N — K. pneumoniae KP32 43 —
K. pneumoniae KP13 L + K. pneumoniae KP33 42 +
K. pneumoniae KP14 N + K. pneumoniae KP34 4 +
K. pneumoniae KP15 7L + K. pneumoniae KP35 ATCC 700603 +
K. pneumoniae KP16 A4 S. typhimurium STO1 ATCC 14028 —
K. pneumoniae KP17 40 — E. coli ECO1 ATCC 25922 —
K. pneumoniae KP18 AT + P. mirabilis PMO1 CMCC (B)>49005 —
K. pneumoniae KP19 40 — P. aeruginosa PAO1 ATCC 27853 —
K. pneumoniae KP20 4 — S. aureus SA01 ATCC 43300 —

T A, TR - TR

Note: +, lytic; -, no lytic.

7E pHAH A 3~ 11 B 3 PR AR 4 Fo s (I 2Ce) ) s W T
TRTE pH=2 1Y iR P 25 53 50 % pH = 12 (1% 58 14 24 5% 985
B LhE, Ww ARG ESE k. vB_KpnM-YP11
1E 4~50 CN G VEOR RS E , B G TR RS 09 32 7 I
FE60 CHAM TR 1 hJa , W i (A0 B TR 24 %, i
TE = i 70 F1 80 °C Bf vB_KpnM-YP11 58 4= 2k i
(K 2(d).
2.4 BEENEERASH

W 3RS, W K vB_KpnM-YP11 4 3 [K 4]
K 166 607 bp, 3 K 41 k28 1, H % 1 ¥ 51
NCBI % 53¢ 5 4 PP531540, ML H A C.GHMT

B 3t A 4> B N 30.74% . 18.88% . 20. 64 % FiI
29.74% ,G+C &4 39. 52 % A% T il 4 70 5 1A
R GC Y& 8 (57. 7% ) o FL7ERE 276 4~ FF il
PEAE CORFE ), H o R 43 K& A 2 £ By e R 11 i) fB
AL AL 534 ORF 5 T %0119 Ty fg 5 KA 35 19 AH
Rl 955 W5 AT R 45 K R DR DINA &2 i) 0 20 1 24 i
AF G T 1% 2 B DXL 45 R R IR e 0% R 5 Tl 1) B Tl
s BHE Y 5 5 IR A SR BB, R W] vB_KpnM-
YPI1J& —HRZUPERE B K . vB_KpnM-YP11 ZE A 41
HR I 154 (RNA A5 i 25 3 5 f g ) R, B
AR AT, WK 4 7R, vB_KpnM-YP11
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(a) Optimal multiplicity of infection; (b) One-step growth curve; (c¢) pH stability; (d) Thermal stability.
2 EEEE vB_KpnM-YP11 B £ #4514
Fig. 2 Biological characteristics of vB_KpnM-YP11

W Hypothetical protein
[ DNA packing and replication
[ Structure protein
M Lysis protein
Il (RNA
I GC Skew*

e e W50 sy

head closure, Nudix hydrolase B GC Content
RNA I\igase < thioredoxin, phage-associated
baseplate wedge subunit\ nucleotide reductase subunit C
endonuclease VII

DNA end protector protein
ribonucleotide reductase of class IlI

tail pn:)tein\\\‘\““‘w

baseplate wedge subunit,

R

RNA polymerase sigma factor

baseplate wedge subunit,

short tail fiber_ ™ indinP clamp
~ [

ader of DNA polymerase

tail sheath stabilizer—_ -
large terminase—
tail sheath— - _——DNA repair protein
—helicase
- ——DNA primase / DNA helicase

~virion structural protein

vB_KpnM-YP11  40kb -
166 607 bp

tail tube protein—————
portal protein— -

head scaffolding protein——

. e A
capsid vertex “anti-termination protein

RNA ligase A DNA helicase
heli 7 cef modifier of supressor tRNAs
e DNA topoisomerase Il large subunit

baseplate hub subunit

baseplate hub h RIIA lysis inhibitor

phage baseplate tail tube cap, RIIB |‘ySIS inhibitor
baseplate tail tube initiator DNA topoisomerase Il
DNA ligase holin
tail fiber protein
dCMP deamin7se
head morphoqenesis/ ribonucleotide reductase
tail fibers protein thy/midylate synthase

endonuclease
3 B vB_KpnM-YP11 £ F 4 EFit
Fig. 3 Genome map of vB_KpnM-YP11

tail fiber protein



108 IS [ N SR S

2024 4F 55 29 %

=
g
Z
i
&l
5
5
4

Genus

["| Tequatrovirus

W Mosigvirus
Kagamiyamavirus

W Winklervirus

"] Mosugukvirus

B Kanagawavirus
Gaprivervirus

W Dhakavirus

"] Karamvirus

W Jiaodavirus
Roskildevirus

W Moonvirus

[l Gelderlandvirus

Bootstrap values
® >90%
© 70%~90%
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Fig.4 Phylogenetic of vB_KpnM-YP11 large terminase subunit
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2 Tk Wt TR A 12 Sy ] — e B B3, MR AR TR B e BE 2 51 4
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MOI % vB_KpnM-YP11 4 AJ & 2 4 i fifi % 5 76 10 0

A IR TR B (P<<0. 001) A 49 00 JBE 335 s i 6 4%
REH(E5(h)), vB_KpnM-YP11 5 5li 3 iy i 4 e
T T A Y AL 24 WS L R 10° PEU/mL
F110° PFU/mL 4 vB_KpnM-YP11 ¥ a] DL A %% % ¥R
A MBI A SE B (P<<0. 001D o [RIF, PBI(5Ce))F-Hie
T8 R E B vB_KpnM-YP11 45 |, A= 9 9t i
B 200 T B0 43 3R [ 93.86% (1. 22 Ig CFU/mL) il

== | ==10°PFU/mL == 10° PFU/mL

(a)
12 sk ®) 12¢ © 10t ks
1.0} 1.0 g E gt
08} 08} 28
% & CEor
grue o 06r o2
S S =8 4
04} 04} =x
vaffaa)
02t 02l g,g 2}
.0 0.0 0 . .
SR R N RN\ N or 4t 43 L 428 428
F Q7O Control ~ Treatment Treatment Control ~ Treatment Treatment
e fERRYL 5 Multiplicity of infection /34 Group 441 Group

(a) vB_KpnM-Y P11 %t A& 9 B8 A4 7 A 5 (b) vB_KpnM-Y P11 AR 8 8% I 9 35 BR AE 775 (¢ vB_KpnM-Y P11 &b 3 5 A 8% i 4 355 1 5
A, RN E RN E .
(a) The inhibitory effect of vB_KpnM-YP11 on biofilm formation; (b) The ability of vB_KpnM-YP11 to clearance biofilms; (¢) The number of
viable bacteria in biofilm after vB_KpnM-YP11 treatment. ***indicated extremely siginificant differences.
B5 WEXE A vB_KpnM-YP11 34 il 5 52 5 1A 5 4 4 # B 1E A
Fig. 5 The effect of vB_KpnM-YP11 on the biofilm of Klebsiella pneumoniae
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98.14% (1. 74 1g CFU/mL)(P<0.001).
2.6 WREEESTFHIIEER
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