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Isolation and identification of a novel bovin Klebsiella pneumoniae
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Abstract: [Background] Klebsiella pneumoniae (K. pneumoniae) is an important pathogen that can infect
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both humans and bovine. The wide spread of Klebsiella pneumoniae and its high drug resistance have
caused great difficulties in the treatment of the disease. [Objective] To isolate a lytic Klebsiella
pneumoniae bacteriophage. Its biological properties were studied, and the entire genome analysis of the
bacteriophage was performed. [Methods] Klebsiella pneumoniae bacteriophage was isolated by the
double-layer agar culture method from a dairy farm trough in Sichuan province. We used the same method
to conduct host range, thermostability, pH, optimal multiplicity of infection (MOI), and one-step growth
experiment. Phage morphology was observed by transmission electron microscopy (TEM). The whole
genome of the bacteriophage was sequenced. [Results] A lytic Klebsiella pneumoniae bacteriophage
vB_Kpn BO01 was isolated which had strong specificity. The morphology of plaque was round, transparent
plaques with clear boundaries. Phage found in this study was double-stranded DNA bacterial viruses
belonging to the Siphoviridae family, and the size of it was 113 227 bp. Comparative genome analysis
revealed that vB_ Kpn BO1 genome possesses the highest similarity to the bacteriophages in the genus of
Sugarlandvirus. The genome of vB_Kpn BO01 comprises 149 coding sequences (CDS) and 25 tRNAs, but
does not contain any known antibiotic resistant genes or virulent genes. [Conclusion] Phage vB_Kpn BO01
has a strong lysis ability and the necessary genes to lyse host bacteria. It has the potential to be used in the

prevention and treatment of multi-drug resistant bacteria in animal husbandry.

Keywords: bacteriophage, Klebsiella pneumoniae, biological properties, whole genome sequencing
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2.3 WRE{RERIL

vB_Kpn_B01 Joik# g4 m m & sk .
FUEERREA S B vw i A IR S A A (R 1), X R
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RIGLE R XM, vB_Kpn BO1 23 &) &b ¥
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X1 MEER vB_Kpn B01 By fRiL
Table 1 Host range of bacteriophage vB_Kpn_B01

1 FMEHE{K vB_Kpn_B01 BT

Figure 1 Morphology of bacteriophage vB_Kpn_B01
Note: A: Plaques of the bacteriophage; B: Transmission electron
micrograph of the bacteriophage

RIS 58T W DA IARFEAS [RIRLEE T At 52
gE L], vB_Kpn BO1 BEZEIRFETE B W FR
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T (E 2A).

vB_Kpn BO17E pH 4.0-7.0 FIRE T, 1544
e M fEGe T, BEM S pH 45 1F T (<4.0
5>9.0), WEFRARMZLH B TR 2B), pH>8.0
Ji Wik R A R A 32 2k S e

No. Bacteria Source Phage vB_Kpn_B01
KP17 Klebsiella pneumoniae Cattle +
KP18 Klebsiella pneumoniae Cattle +
KP19 Klebsiella pneumoniae Cattle +
KPP1 Klebsiella pneumoniae Cattle aF
LKP1 Klebsiella pneumoniae Moschus berezovskii 4
KOl Klebsiella oxytoca Cattle =
SC1 Shigella castellani Pig =
SC2 Shigella castellani Pig =
SA1 Staphylococcus aureus Cattle =
SA2 Staphylococcus aureus Cattle -
SA3 Staphylococcus aureus Cattle =
SA4 Staphylococcus aureus Cattle =
SAS Staphylococcus aureus Cattle =
S1 Streptococcus agalactiae Cattle =
S2 Streptococcus agalactiae Cattle -
S3 Streptococcus agalactiae Cattle =
S4 Streptococcus agalactiae Cattle -
S5 Streptococcus agalactiae Cattle =

e+ R - ARG
Note: +: Lysis; —: No lysis
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Figure 2 Resistance of bacteriophage vB_Kpn_B01 to temperature (A) and pH (B)
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B 75 7K Hh 4 1) il 4 5 {1 T W 9 1 (GenBank :
NC_041899. 1) AL, 2&JFINA 97%mH) 45K
AR 97.38%IM P —FlE . AR
#H], vB_Kpn_BOl 7% 149 4itH /351 (Coding
Sequence, CDS)#1 25 /4~ tRNAs,

% 2 vB_Kpn_B01 HREREEHMODNE
Table 2 Determination of optimal multiplicity of
infection (MOI) of vB_Kpn_B01

MOI  Bacteria (CFU) Phage (PFU) Phage titer (PFU/mL)
0.01  1x10° 1x10’ 8.90x10"!
0.1 1x10° 1x10° 8.00x10"°
1 1x10° 1x10° 3.94x10"°
10 1x10° 1x10° 3.02x10"°
100 1x10’ 1x10° 4.19x10"

2.6.2 EFEIhEETN

fdFH Prokka Xof W5 b 1A ik R 20 Th REAEA T FU0
B g R T T A AL (R 4), Hopbg 35 A
CDS TEIE 55 b, HAWYER BE b WA 4
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MR E AT, R T AT RER CDS X4
JZARA LN (LT (). DNA & i Je e ih M 56 3k
DRl (B ) RN 25 R 2R 1 DR () (1T 4).

S A S I N R H M A - 500 B AR S T
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CATTRT LS Bl B R S AN TR, TR AR AR R
PG EE . ARTE vB_Kpn_BO1 H1 & B 25 55
K # J15EA

5%10° -
4x10°F
3x10° -

2x10°

Phage titer (PFU/mL)

1x10° -

0

n 1 n 1 n 1 n 1 n 1 " 1 n 1 n 1 " 1 n 1
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3 MEE{K vB_Kpn B0l 89— £ Kk
Figure 3 One-step grown curve of bacteriophage vB_Kpn_B01
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25/ Klebsiella phage vB_Kpn _IME260 (NC_041899)
100 |~Klebsiella phage AmPh_EK80 (MN434094)
Klebsiella phage vB_KpnS_FZ41 (MK521907) Sugarlandvirus
81 38l Klebsiella phage Sugarland (NC_042093)
34 Klebsiella phage KpGranit (MN163280)
Bacteriophage Eos (MN478377)
Pectobacterium phage DU PPV (NC _047887) Hongcheonvirus
98| Escherichia phage vB_Eco_mar004NP2 (NC_048205)
ﬂ'iEscherichia phage vB_EcoS _HdH2 (NC_048748) Tequintavirus
Escherichia phage slur09 (NC_028840)
100 Salmonella phage Sw2 (NC_048062) o
4()9|;t9almonella phage S113 (NC_048005) Epseptimavirus

90~ Escherichia phage saus132 (NC_047884)

A 28[ 4 Klebsiella phage vB_Kpn_B01 (MT380195)

0.05

5014 Klebsiella phage vB_Kpn_BO01 (MT380195)
431" Klebsiella phage KPN4 (MN101228)

100|Klebsiella phage JIPh_Kp127 (MN434096) )
Klebsiella phage vB_Kpn_IME260 (NC_041899) Sugarlandvirus

94 29| Klebsiella phage Sugarland (NC_042093)
59-Klebsiella phage vB_KpnS_FZ41 (MK521907)

Bacteriophage Eos (MN478377)
100 Escherichia phage slur09 (NC_028840)
Escherichia phage vB_EcoS_HdH2 (NC_048748)

99 Salmonella phage S113 (NC_048005)
@tﬁ’almoneﬂa phage Scafire (NC_048110)

Tequintavirus

53| Escherichia phage saus132 (NC_047884) Epseptimavirus
46- Salmonella phage S126 (NC_048008)
Pectobacterium phage DU _PP_V (NC_047887) Hongcheonvirus

0.02

C 44 Klebsiella phage JIPh Kp127 (MN434096)
21 Klebsiella phage vB_KpnS_FZ41 (MK521907)
22| Klebsiella phage Sugarland (NC_042093)
45| % Klebsiella phage vB_Kpn_B01 (MT380195)
i 33 Klebsiella phage AmPh_EK80 (MN434094)
[ Klebsiella phage KpGranit (MN163280)
Klebsiella phage KPN4 (MT380195)
Bacteriophage Eos (MN478377)
73EEscherichia phage slur09 (NC_048748)

Sugarlandvirus

99{- Escherichia phage vB_Eco_mar004NP2 (NC_048205) Tequintavirus
Escherichia phage vB_EcoS _HdH2 (NC_048748)

100 Salmonella phage Sw2 (NC_048062)
100 [ Salmonella phage S113 (NC_048005) Epseptimavirus
56

Salmonella phage S126 (NC_048008)

—
0.02

B5 FRAFEREQ). KikbEXITEB)R DNA BEE(C)MEMHLR

Figure 5 Phylogenetics trees were formed based on major capsid protein (A), terminase large subunit (B) and DNA
polymerase (C) of the bacteriophage

TE: 030 BB ARTER, SUEMIELT 100, FIEROBGR; R AFRBEER, RRBRAFIEG KRBT =M.
FEBE A vB_Kpn BO1

Note: The number on the branch point represents the credibility, the closer the value is to 100, the stronger the credibility is; Scale: The
genetic distance, the shorter the ruler is, the closer the relationship is; Triangle: Bacteriophage vB_Kpn B01
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