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Biological characteristics and genome analysis of novel phage vB_KpnP_QH2
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Objective  Biological characteristics and genomic information analysis of bacteriophage vB_KpnP_QH2
(abbreviated as QH2) , which is specifically lytic to multiple drug-resistant Klebsiella pneumoniae isolated and screened
from hospital sewage. Methods The agar double-layer plate method was used to isolate and purify the bacteriophage
QH2 obtained from hospital sewage,and the biological characteristics of QH2 were determined. The morphological obser-
vation was conducted to analyze its shape and size by electron microscopy. The QH2 genome was annotated and analyzed
by sequencing technology. Results QH2 has an icosahedral head and a retractable tail. It belongs to a tailed phage spe-
cies of the genus Slopekvirinae , subfamily Drulisvirus,and has a close evolutionary relationship with Klebsiella phage
VLCI1. QH2 lysis of the host bacteria can form bacteriophage plaques with halo rings. The optimal multiplicity of infec-
tion is 0. 0001, the one-step growth curve revealed that phage QH2 had an infection duration of 40 minutes,5 minutes la-
tent period,and a highly specific to host strain,with a lysis amount is 2. 8 X 10" pfu/cell. The genome of QH2 is 43 083
base pairs,double-stranded DNA (dsDNA) ,with a G+ C content of 53. 88% ; It contains 52 open reading frames that were
predicted and annotated,not including tRNA, virulence factors,and antibiotic resistance genes. Sequence analysis showed
that ORF12 and ORF13 of QH2 encode bacteriolytic-related proteins.  Conclusion QH2., which is specifically lytic to
multiple drug-resistant Klebsiella pneumoniae isolated and screened from hospital sewage, has stable and safe biological
characteristics, providing experimental materials for the study of the interaction between bacteriophages, their hosts, and

the treatment of multiple drug-resistant bacterial infections.
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Fig. 1 The plaque of bacteriophages vB_KpnP_QH2. Plaque
morphology of phage vB_KpnP_QH2 on a bacterial lawn of
K. pneumoniae QHQC in nutrient broth with 0.7% agar
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Table 1 Lysis spectrum of phage QH2

TR S B
No. Lytic ability

A5570(ifif 25) +
A4813 (Tt 24) +
A3877 (T 25)
A4465 (ifif 2) -
A5379 () -
A4652 (BB -
A4645 (IO
A2951 (O +

TE 47 N B - AR

Notes:“+” Indicatescleavage;“-” Indicates no cleavage.
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Fig.2 TEM observation of bacteriophage QH2 (sacle 100nm)
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Fig. 3 Multiplicity of infection of bacteriophage QH2
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5 BEAE—TEKHEZE

WA 4 Frs, 24 MOI K 0. 00001 i, QH2 # 4K 1
5 min, A& H 15 min; 20 min Z 5 AE G,
N 2.8X10° pfu/cell,

Ig(PFU/ml)
n

4
1-

Or—T—TT T T T T T T T T
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AN R A ML PEU X R AS [ B 8] 6, 54> 8 6 8] f AR 3% 3
UM ST S0 1 P (E IR B LR ORI
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Notes: The PFU of each infected cell is shown at different time
points. Eachblack point represents the mean of three independent ex-
periments,and the error bar represents the standard deviation.

Fig. 4 One-step growth curve of bacteriophage of QH2
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QH2 HHH 4 K 43083bp, AW 4EE DNA,GC &
i 53,8800, FEPIH R OR AL & — 4> 127 bp WE K
FE, i TMHMM Hil tRNA Scan-SE ¥4 ¢ 43 #r
W TR A, R R B (RNA 25 fES & 1. VEDB
Fl ResFinder /0 78 QH2 AW 2 M5 1K 7
MM 255, (i J] RAST #4737 B JF 4 il NCBI %
F1B0HE PR 56 3E , LT 3] 52 AN IF B R HE COREs) L oy
SIELH A 93.02% , H i ORF ¥4 — 4 Jr ) L%
(B S,

A

W ocsewy M oosews [ GCContent [l cOS

e e E] 2R R B R R GC N @R I R R GC At
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Notes: The black circle in the middle represents the GC content;the
violet circle represents GC skew.
Fig. 5 The genetic and physical organization of QH2 genome

TR B AE CORFs) 43 Hr ik 2,4 19 Rk
HH,33 1 CDS g 5 B A 458 . DNA 248 241 X
i DNA & i U 5% 45 D) R 1 2R 1B, 2% B W IR
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Table 2 The ORF analysis of QH2 genome

ORFs tart ~ Stop  Strand Function

ORF1 1 127+ repeat region

ORF?2 3 3443+ peptidoglycan lytic exotransglycosylase

ORF3 3445 4368 4+  Phage non-contractile tail fiber protein Gpl7

ORF4 4380 4682+  Phage terminase small subunit Gpl8,DNA packaging
ORF5 4682 5254 4+  Phage terminase large subunit Gpl9,DNA packaging
ORF6 5598 6212+  Phage terminase large subunit Gpl9,DNA packaging
ORF7 6423 6974 4+ GIY-YIG nuclease superfamily protein

ORF8 6975 7637 4+  Phage terminase large subunit Gpl9,DNA packaging
ORF11 8382 8786 4+  putative spanin

ORF12 8779 9030 4+  Phage holin

ORF13 9014 9622 4+  Phage endolysin

ORF22 17523 18314 4+ Phage primase/helicase protein Gpd A

ORF24 18813 20093 4+  Phage DNA helicase

ORF25 20276 22687 4+  Phage DNA-directed DNA polymerase (EC 2.7.7.7)
ORF26 22671 23033 +  Phage HNH homing endonuclease (ACLAME 27)
ORF28 23414 24394 4+ Phage phosphoesterase

ORF29 24446 25306 +  Phage proteinp?l

ORF33 26169 27137 +  Phage exonuclease (EC 3.1.11.,3)

ORF34 27094 27297 4+ beta-galactosidase

ORF35 27546 27695 4+ putative HNH endonuclease

ORF36 27677 28099 4+ putative DNA endonuclease VII

ORF37 28096 28845 4+  DUF3310 domain-containing protein

ORF39 28987 31455 4+ Phage DNA-directed RNA polymerase (EC 2.7.7.6)
ORF42 32189 33784 4+  Phage collar, head-to-tail connector protein Gp8
ORF43 33799 34641 +  Phage capsid assembly scaffolding protein p31
ORF44 34668 35687 +  Phage major capsid protein Gpl0A

ORF46 35969 36442 4+ Phage protein Gp2. 8/GpT. 7 contains HNH endonuclease motif
ORF47 36454 36990 +  Phage non-contractile tail tubular protein Gpll
ORF48 37000 39360 4+ Phage non-contractile tail tubular protein Gpl2
ORF49 39362 39949 +  Phage internal virion protein A

ORF50 39966 42650 4+ Phage internal virion protein B

ORF51 42701 43081  +  peptidoglycan lytic exotransglycosylase

ORF52 42957 43083 4+ repeat region

¥ QH2 e IL N4 %) | % NCBI-BlastN K

uli oE A7 He X 43 M (R 3), QH2 5 Klebsiella phage
VLCL J7 8 Rl e CRHARLME S 92, 46 %0 B 55 8
78%0) . H4IRIENE o W R A VLCL 5 QH2 # AT
FEXT, 22822 S A R 2 A X (8T 6) . 7R RS iR 4k
b AR WA S A ST R 1 (MCP) AR S ORI
(TerL) A X B A 5, B UK B MCP #1 TerL #4 2
REREFW LI 10 #kY5 QH2 JE 4 B 1 Wi 1 14
TR Al A = TR 04 W PR AR A S AR L B MEGA X
MWERGELEEW. R WME 7, QH2 58 kKB K KP
Wi R A B U L G &R .
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Table 3 Whole genome-based databank homologies of phage
QH2 according toNCBI

ik WAECH  EECD RS

Strains Coverage( %)  Identity(%)  Accession Number
Klebsiella phage VLCI 78 92. 46 MN794000. 1
Klebsiella phage VLCpiAlm 79 91. 94 ON602727.1
Klebsiella phage VLCpiAll 81 90. 69 ON602740. 1
Klebsiella phage VLCpiAld 77 89. 74 ON602762.1
Bacteriophage sp. isolate 1078_68233 79 88.38 OP073663. 1

a4

Structures protcin and packaging 7> DNA replication

HEORERBRED 2 OREREERMMCEA; SO TL
R A B AR DNA ZRIAHCE A . HEE B A B,
B 6 QH2 L5 VLC1 #8547

Notes: Different colors represent genes with different protein: or-
ange for hypothetical protein, red for host lysis, green for structures
protein and packing.yellow for DNA replication protein. The darker the
color, the higher similarity.

Fig. 6 Similarity analysis between QH2 and VLC1

Kiebsieta phage P29
Jon| Kt phage VLCS
Kiebsiela phage vB KpP-Screen

Kicbscta phage KP-RI0201S

B 7 &k QH2 EERZE R (MCP)F 5K i A I £ (TerL)
I LR
Fig.7 Phylogenetic tree constructed from major capsid proteins

and terminase large subunit sequences of phage QH2
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W QH2 HA mak s ae 1. ¥ QH2 MOIL h o.
00001 B, BRLAV Ik B A 7= A e 2 I I AROOF A s 19
BEFEACR . FEWETE R A Tl A A o A e, o TR
B 0T B L 2 RS B A A MOT 85 7% W g 4, AT
FEARA = A S m Al . — 22 A K2k R QH2
BB ZL R AE T AR 5 min, HE A 15
min,5 VB_kpnM-vAC66 [ Ik 1, 15 & 1 3L 4% A
IR ¥:REN i =i B s I <8 R VA G D B ]
g, P 8 AR R KP 1E M B Wit ir 2
fit AT 3 PR AL IS 2 AT 2 bk OF T IR iR 75 5
FOL 1 AW HURRE . AR R QH2 RS
A T A 330 B 25 S R AR R S 45 4 B T UL R
W B A 8 A . DR T e o R R A A A ok —
BRI, LI R QH2 1918 £

FEHYME B BoR, QH2 MRk A 5L &
(Holin) #12 f#% fff ( Endolysin) 9 5& K, L I 3k 24 i 40
B £ A dsDNA BER R 4F1E BT K Z 2 Holin-
Endolysin 24", QH2 7E X2 - b 15 5% )5 ) ¥ &
LMK NI R, N & (phage endoly-
sin) J2& H FTAF 78 55 22 1 — Fil 05 4 A 2R 86 A4 406 3 1R
BT ORF13 2 Wit 1 AR N v 25, W] E A48 3 7 38 T
Bl 40 RS T 24 TR B R B K AN 9 H L A
F A TR P A0 BRI R A L AR BRI S MU S L WA
Je TG T 22 i 24 40 B I g

A 3 P 2H 43 #1, ORF26 (Phage HNH homing
endonuclease) 24 7 # 4% #. Py VI i , i i £ DNA 7 %)
a0 B 5 A BUEE W 22 (double-strand breaks,
DSBs) K Ji sliE B 1 07 A5 b 4 S5 0 D9 U0 R R G ik %
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J& T Slopekvirinae W. %}, Drulisvirus J& , unclassified
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F dsDNA W B {4 . 2 % AH [+) ) R 1 226 DR 970 B
QH2 1 g ith FE PR %% HE 5, 1 56 DR 4B /)N, &2 4 Al AR
AR, MK P F 2K 52 (MCP) #R S K OIF
(TerL) 43l % QH2 #4 @ LB X R IK 5 Kleb-



916 -

wOE R OR A M F A A
Journal of Pathogen Biology

2023 4 08 J1 55 18 455 08 1A
Aug. 2023, Vol.18,No. 08

siella phage vB_kpnP IME337 TE 458 4H i I B H A
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