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Abstract Objective To isolate a lytic phage targeting K. pneumoniae type K39 from untreated
sewage and systematically analyze its biological characteristics and genomic information.
Methods The bacteriophage of K. pneumoniae K39 Kp1000 was identified based on the sequence
of the capsular polysaccharide gene. It was isolated and purified using the double agar plate
method. The morphology of the phage was observed through negative staining and transmission
electron microscopy, and its bacteriophage spectrum was evaluated by phagocytosis. The
biological characteristics of the bacteriophage were assessed by determining the optimal
multiplicity of infection (MOI), constructing a one-step growth curve, and conducting temperature
and pH tolerance tests. Finally, the phage DNA was extracted, and its whole genome was
sequenced using the Illumina HiSeq2000 sequencing platform. The sequencing results were then
annotated and analyzed. Results A lytic phage specifically targeting K. pneumoniae type K39
was successfully isolated and named IME330. Transmission electron microscopy showed that the
head diameter of the phage was (75x1) nm and the tail length was (185%1) nm. The lytic
spectrum analysis revealed that IME330 lysed K. pneumoniae type K39, demonstrating a narrow
host range and high specificity. The optimal multiplicity of infection (MOI) was 0.1, The lysis
amount reached 168 PFU/cell. Physicochemical experiments indicated that IME330 exhibited
strong tolerance to high temperatures and a broad pH range (pH 4-10). Genomic analysis
demonstrated that the IME330 genome had a length of 144,245 bp, a molecular weight of 46,463
MDa, a G+C content of 44.8%, and encoded 320 open reading frames (ORFs). Conclusion
IME330 is a novel lytic K. pneumoniae phage belonging to the order Caudovirales. This phage
exhibits strong tolerance to physicochemical factors (e.g., temperature, acidic/alkaline conditions)
and demonstrates high lytic activity, while its lytic spectrum remains narrow with strict host
specificity.
Key words K. pneumoniae; phage; biological characteristics; whole genome analysis;
transmission electron microscopy; one-step growth curve
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1.1 EEME

111 FfEaRIE TR FEA% FH ) 103 #RIT 28 SO BR AT (7515 3218 Kp 1000) , 34 H1 i
T2 B IR B B R B A SO R A 0 B %858 IFARAT « V5 7KCRAE E e R 22 I BB
B e v K AL B

1.1.2 F G IR B RHRE AN iR (S OXOID A F]) ; &AL (&
PRINZRAC AR A F]D 5 Wi B (A R 2 DNA SR EURR & (bt B0 H bR A R A IR A DD
ThermoFisher Micro 21R B0l (ZEBR WIH/RBHEABR AR ; HHWS-11-150 HHAVHE T 5 5%
o CEUFRRBEEE 7 280 FR A 71D 5 JEM-1400Plus 3% 5t i 7 R (HASKE T A %)) 5 HiSeq
2000 a4 (GEE Hlumina A7)

1.2 ik

1.2.1 BEFREERCH]) LB MifkR AL (&b 10.0 9. AR 10.0 g EERHEE 5.09) 5 3
X LB 33 (RALHN 30.0 g BRFEIME 30.0 g BERHEEU 15.0 90 5 FREKIEI I G
10.0g. HEMR 10.0 g FERHEEA 5.0 9. Bk 7.59) 5 [EMARFREE (E84 1009, &
Ffk 10.0 g, BEEHERY 5.0 9. BllEkr 15.09) : MIUKE 1L KE#H].
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FFAE 37 CCIEMRIFFRA P i 97 . BHJS R A LM Sk HBUR S — B B d %, #ME LB
WAREEFRAE, BT 37 °C. 200 r/min [HIRIBIKTIRG 7, ERMEAEKENEON.
123 WHAEM BS54 WREARK 8 SAE RS RO i 7k, Sesid
FEHS A Bh. B, WG ARAFE RIS KEER LA 12 000 r/min B0 15 min, i@t 0.22 um i3
T YE. BEE, ¥ 4 mL b E S X EUH ) Kpl000 i (ODesgo = 0.6~0.8) 100 uL &
&, JFIIN 2 mL( 3X)LB 3%, ¥ Kp 1000 575K IEMTR S 7 =I5 T # 8 30min, B
JE#H E 37°C, 200 rimin fHIRFR KRG 1557, RS 20 min W8 — K. FFREFRICE Jvid
Ja, BUHIELL 12 000 r/min &0 5 min, WEL E3ER A 0.22 um S JELSF G IE, FrfS AR
G325 L P S AT

N TR DA R R AR, X 500 pL XU TE F B, 520 5 mL R E SRR B2
LR (55 cCKm B BE, BIANSH TEBMER LB PR (XE3) U 5 L Esifigkt
[ f5 , WL B —2D 5l (W B AR INTE B2 BUIR R R, FPRFRRUBON 37 °ClER 1% 7%
bR R, RH, R —E IR, R TE R R T, EER LR ERE,
HAEFIEER—, KADA—EPLEHVREBE, M SR E A2t Wg B AR . S5 B
A 55 A CH I o5 T3 AR 50% ) S5 AR 2 F ST 4 °CYA 8RR T, Wk R 4k J1 1-80 °C
VKA KIS LRAE o
1.2.4 BEEAIEAMEE B 50 b 2E10R IMES30 Jii 75 25 B I 0 4 190 W Bt ik 74, 7 FH i
R4 5min, f#F] Philips TECNAI-10 #Yi& 5 i 7 Wb A2 g B 7 IME330 (7R
1.2.5 WERH LTI E AR SIZIG BT FH AR TR R SR FH S 58 93 B 1) 75 e ond T g A7 43 A 81,
T A T S R W T ) AR R RSORAR 56 5 VR EA T 52 - 32 R B vk 103 T ¢ 7 75 A1 74
W PR AR 5 L AN 2 TR R AR L, USRS DU B B S B, A
7 B DU 5 Ry R R P
1.2.6 WEFERRGLE % (multiplicity of infection, MO Fl—Z A Kk igilE . &5k,
58 Wik TR PR (1) B £ MO, ofs F55 7 R W F Wt 7 47k IMIES30 515 1 T Kp 1000 PR3 5 o 142 7 ik 44
S5 ERMAR MOI i, 45 0.01. 0.1. 1. 10. 100, #EfTILE:SR, Bif/EdlEs MO
FAF T VR, RPN R MO (/e NIRRT 5. WG, R MOl
ILLml, AW vk 5 1E 3 IR G LR IR, JRAE O min KAERG 10 min BURE, 0 RF e (¥
R E o 15 B B PAT S0 3 UK, R, AR IIIAGH 10 S0 AR 42 il Wik B A ) — 2B 2R K i 2.
1.2.7 WE B ARG MUSERI I E K 1 mL A LB B5 IR IINNTE S EP & AR, AN

RS E 2 ANPAT . 4 RIFE 4. 25,0 30, 37. 45, 50, 55. 60. 65. 70. 80. 90 °CIH/Kif



i E 30 A 60 min, FHRE MSMRIERE G, I 1 mL BB, BE, KERRE AT
EP & 7F L iRiE R 461 R FE9 75 30 min A1 60 min, 05 75 45 5 ST RUER A A R 8 A G AT
BREERRE, TR DUZ B R AR I e W o R B, R B T P AT 580 3 IR AR S0 4
SR Tt T A AR S TR 2R
1.2.8 WA 1A pH SU M I 52 FH 0.2 mol/L BERRENZZ M (pH =2~6) . 0.2 mol/L R
AL (pH=7~8) 8% 0.2 mol/L Tris - Hel 221 (pH=9~12) , ¥ififk LB Broe it 2 H
br pH H (2~12) , mEKEACE S . F20 510 900 pL ANE pH B BHI B dE 5%
RS IME330 % 10:1 ARFR LR &, JFAE 37 °CHAAFTEFE 1 he B/, Y& T IR
PR BEAT B LR RE (1071~10710 PRU/ML) TR FHOBUZ ST 0 5 5% 1A L P Wk T A i
I B R TAT SR 3 W AL S0 B 22 ] WK T A 1 R B B 2
1.2.9 WREERSEANMET ZVEMIME  H 10 mL WEEAR RS RO, JEE TR R
TS & 15 min BUFE 1 R, RRERIESIETE 3 ho BRREUEE 100 pL, [R)ETEA7 16 P A B
(10"~10%0 PFU/ML) , T2 FH XU B35 T B 2 000 s W 4 138, 180 1 o A AT S8 3 K
AR SO0 AT A5 L, 20 I Wk T A 1) 2R A2t 52 1 1 22
1.2.10 AR AN F AT A5 AR RG R EW IR VR A E 4 DNA SREGR
FWE B & IME330 R HUEL H 2 DNA. $2 5 ¥ W5 B 78 DNA S8 I 88 5 AU 34T 07, S48 A
Hlumina MiSeq 5 F 5 #EAT A 5L LI e o 50T il B 72 A 0 SR AR A, TR A s 0e =
WA N A SPAdes3.1.11 AFRETHIE. BiJE, MU ETFREMPEARER A (rapid
gnnotation using subsystem technology, RAST) F-& Xt JE AT E LR ThREIER: . X T-585
RAETERAIFE 1, % FH NCBI #2441 ORF Finder T H. 5 3 7 T 7% b 1524 Copen reading fame
ORPF), JEHEAT IR o K DI RE AR RN ORF #HF N AR P 1, Jilfiid fE 2k BLASTp (basic local
alignment search tool) 3k https:/blast.ncbi.nlm.nih.gov/Blast.cgi #F— BB T VELIER:, i€
HEFThRE

SR 0 T R A i Tl U R H) S T A IME330 R G B AR, S IMES30 A it il A 7 3
FALMLFr 58S BLASTp LEXS, MRAE LRSI, Ll 19 NMoyHIE P o454, i
MEGAL1.0 A FI K B W
2 &R
2.1 WEARBMENREER I Bk, X BT BT 23 B, B TE 32 (Kp
1000) My K39 #Ufifi 4 50 T A - W B & IME330 X556 2 ) 103 MR FRIO At “ 3% 17

Fias, WREEAR IME330 i PEHt A K39 M1 8 (6 #%) , XTFHAMRM 4w, K*
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Tab. 1 Lysis spectrum of bacteriophage IME330

Category Bacterial number Number of bacteria Phage sensitivity
K1 Kp217/Kp229/Kp230/Kp960/Kp995/Kp402/Kpl155 1
/Kp607/Kp9/Kp46/Kp884/Kpl265
K2  Kp2406/Kp2418/Kp2521 3 -
K3 Kp336/Kp1011/Kp1215/Kp1408/Kpl860/Kp26/Kp8 10

94/Kp1986/Kp145/Kp1965
Kp38/Kp45/Kp56/Kp72/Kp200/Kp97/Kpl45/Kp223

K5 10 -
7/Kp1745/Kp1757

‘s Kp938/Kp954/Kp955/Kp1053/Kp1073/Kp1079/Kpl { ]
080/Kp1082

K16 Kp1098/Kp1100/Kp1241/Kp1763/Kp1788/Kp1809/ N /

Kp2060/Kp2061/Kp2062/Kp2095/Kp2098

K19  Kp180/Kpl744/Kpl751

K20  Kp226/Kp551/Kp696

K22 Kp 2412/ Kp 2419/ Kp 231/ Kp 178/ Kp 864

K23  Kp 231/ Kp 970/ Kp 948/ Kp 1416
Kp1183/Kp1618/Kp1619/Kp1620/Kp1621/Kp1642/

K25 3 -
Kp1732/Kp1737/Kp1740/Kp1812

A OO0 W w
]

K27  Kpl852/Kp592/Kp899/Kp8a4/Kpl589/Kp356/Kp74 7 -
K28  Kp 439/ Kp 626 2 -
K29  Kp 1129/ Kp 129/ Kp 1573/ Kp 2384/ Kp 370 5 -
K39  Kpl000/Kp1301/Kp1307/Kp189/Kpl356/Kpl447 6 +
K40  Kp706/Kp2059/Kp2234 3 -
qar  KPLBIG/KPITIBIKPI746/Kp1563/KpLE1S/KP1617/ . ]

Kp2238/Kp2240

+ @ Lytic; - : Not lytic
22 MEABERLEEER  AUTANRGHERTG KA, Pl Kp 1000 AfE 3 5# %)
S BB — Pl 5 S ER A B MR R A, d 448 vB_KpS_IME330. Wi 1A FioR, TERUZEHRT
B F, A IME330 MR R 51 R IR G5, RENE T R BT 1 I 1 B o

Wi T A4 IMES30 (32 5 LR BB an 8] 1B s, ] AR TSN IE 20 THiRSE M, Bz
N (7511 nm, EFEKEN (185+1) nm, RBZLZMWRAMER], MRIEHsERLS
AR R A K R TR A o



B 1 BEEA IME330 BITEARME
Fig. 1 Morphological characteristics of phage IME330
A: Phage plaque; B: Phage transmission electron microscope image >100 000.
23MOIJBEER Wk 2 RPN, fEAFK MO R, B {44 Kp1000 Ji5 I B 143

A ZER, HAd7E MOI=0.1 i, MR IME33 WS &k, Ktk IME330 fHfE MOI N

0.1.
R 2 BERPEEHNNELER
Tab. 2 Determination results of the optimal multiple infections

Total number of Total number of .
Group . . MOI Phage titer (PFU/mL)

bacteria (CFU) bacteriophages (PFU)
1 5x10’ 5x10° 0.01 5.4%108
2 5x10° 5x10° 0.1 8.4x108
3 5x10° 5x10° 1 6.210°
4 5x10* 5x10° 10 3.1x108
5 5x10° 5x10° 100 2.2x108

24 —HAEKMA TSR, ST MR BB MR SR i,
2 iR (ERESLERINING 10 min py, WETE O I0HCRA L, MR I .
B 0 130 min Py, MEBASCR IUOIRIN, HEAREN. 2ZJF, MRS T TR,
HENT R RAORME B ORI AT R - VO B VK P+ 1 4 BT 0 X MO

Ifa EAEECED THEAG W, WRE AR E 168 PFU/cell.



B 2 BB R IME330 H—B A K 4k
Fig.2 One-step growth curve of phage IME330

2.5 EEBRIERS R MRAE LI H i, 2HIEE A IME330 [l B BURMEAR (L.
Kl 3 o, BEAG IR LR T, Wk ER A 306 B2 7E 30 min A1 60 min i35 S ILARZ A T B 5
K] 30 min I, W EEACT 50 °C, AL RE T FEECONGAE, MR B 50 °C, W
R T BRI R TRtk . IR EAE 70 °CAT T, HamME LT 784k . /KIS 8]y 60
min i, A7 SRAALE IR, REART 55 °CI, MABON 42, AL L 55 °CIY, EHE 4
S E NEER . S 80 °CHY, WA T 58 Az e id M

B 3 WEE & IME330 iR B SUREEE
Fig. 3 The temperature sensitivity changes graph of phage IME330
2.6 pH BUBRMERZR WIS, SHRE K IME330 [ pH EEURIERLE . 24
pH=2~6 It}, [ pH RGN, WA AREZ 2 BT, 2 pH=6~9 I}, B pH B



Whn, WEEATEEAEN, EAGRERE, Hd pH=7 i, WEXRIRA: 24>10 BEE
PRI 20E N, PH=11 K, WREAREEJLFRFEN0, pH=12 i, WREATE SRS
mE 4 .

4 BRE A IME330 ) pH SURMER L E
Fig. 4 The pH sensitivity changes graph of phage IME330
2.7 FAMERT 2 L HRAE SEIR A, MR TR R IME330 282kt 32 ARG 1] .
KI5 Jrar, Bt RS IR TR B SE A, W T A A A 35 A B AR . 48 120 min SRAMER IS Jim, I
RN ST

B 5 BB IME330 K54kt 521310 B

Fig. 5 The ultraviolet tolerance changes graph of bacteriophage IME330



2.8 2RFAFFIIMRRGRKENEE W& IME330 #4745 B AN P L2
S5 R R B 20K /INJy 144 245 bp, 47 F 54 46 463 MDa, A\ T. C. G & &4 44 27.4%.
27.9%. 23.2%#1 21.5%, Hrh G+C & &N 44.8%, F4ufs 320 4~ ORF, i#id BLASTN
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) *¥ % K 20 Fr 4wt (1) 8 #EAT T, 560045 Rl 6
fs. SRR, IME3S30 (4B A4 5w A IME309 HA B AR ULE, P
H— Bkl F] 45.03%, RUFZMREEAFF AR B . X IME330 K2R P45 NCBI
B FED CRAZWFE S AT, 45 R B8 IME330 5 K. pneumoniae W B A
vB_KpnM_BIS47 () [FE—*PE g 98.16%, 5 K. pneumoniae M 1A vB_Kpn_K23PH08C ] [F]—
P4 94.13%.

k3553 Bt IME330 5 Hofth Wk B AA (R 5R 2000 B, B T R i Pl O IV i s T 471 )
e, tn & 7 Fros, IME330 5 Proteus phage Mydo- Raoultella phage Rol. K. pneumoniae phage
VLCpiM5a. K. pneumoniae phage vB_KpnM_KB57 2516 B {4 #R 57 T Mydovirus % 755} . R,
W E B850 K R G0, Ak ek B A 44 9 vB_KpS_IMES330, fiifr IME330, JHJ&T

Caudoviricetes H, Vequintavirinae £}, Mydovirus .5},

& 6 BBk IME330 2%t 4 ERE

Fig. 6 Whole-genome circle diagram of phage IME330



Klebsiella phage vB KpnM KB57 ( YP009187689.1)
52 Klebsiella phage vB KpaM Seu621 (QQI68651.1)
100 Klebsiella phage VLCpiM5a (UVX30023.1)
83 Erwinia phage Henal ( YP 009854348.1)
Erwinia phage pEa SNUABM 55 (UYL84855.1)
49 100 Erwinia phage pEp SNUABM 01 (YP009851622.1)
Raoultella phage Rol ( YP009835843.1)
IME330% ‘Mydevirus

85 Proteus phage Mydo (YP009842404.1)
I Salmonella phage SalP219 (XBS49868.1)
Cronobacter phage Esp¥ZU15 ( WAK43567.1) .
100 Seunavirus
\—M‘_: Salmonella phage PVPSEL { YP 004893882.1)
98 Salmonella phage GEC vB MG [ QPI14622.1)
Escherichia phage V5 (YP002003567.1)
4‘£ Escherichia phage 1V5 evld6 (VVG93849.1)
100 Escherichia phage FFH2 ( YP 009030973.1)
79 I Dectobacterium phage POP15 (QPI18050.1)

Cronobacter phage CR8 ( YP 009042238.1) .
100 Certrevirus
% Cronobacter phage CR3 (YP 006383016.1)
Pectobacterium phage DU PPI  { ATS93401.1)

58

Mydovirus

Henunavirus

100
Vequintavirinae | Caudoviricetes

Vequintavirus

& 7 IME330 RAR BT
Fig.7 Phylogenetic tree analysis of IME330

The numbers on the branch points represent credibility. The closer the value is to 100, the stronger
the credibility; The shorter the scale, the closer the kinship; The numbers in parentheses represent
the GenBank sequence login numbers. IME330 belongs to the Mydovirus subfamily.
3 Wik

P G FEURF T EHE R 2 — o SEEAL G 2, W PR ) 5 A0 4% G
WA 2NN 2 I 2590 B R NSRRI B 2 — o BB 4 R0 PU2E R BUB PR R BEAR, EA
AR FATHRAE BB R PUE R WA TS 5 A o WRER AR E A T R 55 £ 5 AR 1 i
LU I E R, WREEARITVE A B RO B A e B ARG

FEARWETLH, AHEFELL Kpl000 Jyfid E i, AR RIS I BB B2 e AR AL B A5 7K
FEA TR RCTh 70 1t 1 PREL ) K39 HYfii 4 o o A1 1 AR VE W T 44, i 44 0 vB_KpS_IME330( ]
PRIME330) o WG b 1A T 2 BTy K39 R ARl 48 s d A v, 10 B BB AR A O 2 I 5%
BEXT K39 7Y il 28 o T A1 T W A% I I G R A A DR SCRR AR

MR RSB W45 RO 2 A s T B A H . Mydovirus SR8 ERE, KT
BN (7511 nm, BKZN (185£1) nm. IME330 MZRHEISEA, LAERE 6 Ik K39
Rl R e i (3L 103 #Rmikk) , Hm AR H0Y 0.1, W E AR 10 min,
BRI 10~130 min, Z4fEEJy 168 PFU/cell. IME330 X & FIRR T TR 32 Ve m, %
L BRI E B RE ), A SCHRARIE R, 6 S AN EAT B MR A plsf-AB 02 I T 4
vB_AbaS_TCUP 2199 7£ 50 °CHJ &4 T B&, 7 70 °CHJ 2RI T B# , I B & vABWU 2101 7£ 60 °C
I A% 309 60%, {HAE 70 °CIN2RIE. 5 BRI AR AR TS IME330 2810, X Lemt
FC 485 R W20 1 1A B A B S



T RE— A T B AT R A ARFAE , ARHEFTR A [llumina MiSeq s il -1 & 6f
IME330 #EAT | AFEKIAHMFr, il HfRes 7 e B BEAF Y. IME330 HI3EHEA KR
/Ny 144 245 bp, 7y T EN 46 463 MDa. 4= RIALFF FI I EEXS 70 M s, IMES30 5 2 A1)
il % 5 T AT B ek B A LU AR R BOR 22 5 o Rl I A M5 B Do AT T AR, T 1 AR
ELIAIAI T RE, AR L A AR 22 3 DR A D RB AR T AT, EL I A1 0 4 B A LA — s P R
R R o

AP T IR ARG B A TR B BN, T 5 B B P T A (K R 3R 2 P 2 R, (A g Wk 1
T G IEEAATEAS AR, Hrh BRI R B 55 BN EERL T AH G, T /)N B8 36 e T T
PRAEAEDS, 7 BB 2 4 AL R B, IMES30 & T B BB R . Bk AR AR T i
T R Wt T A 1 RS L B 22 O B 5 3, DRI v LI 43 4 A8 B it L= s i 1
GEE AT, WP RILAMERE . Shsh, AT TR HE 7R, IME330 A BRI R4,
KyiE—0 1 AR A AR g G ) B S LD RE SR A 1A R A HLSOR AR AR AN L R 4 g e
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