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Isolation and characterization of bacteriophage JC01 against
Cronobacter sakazakii

LIU Dandan®', LAN Guanda®', JIANG Jie?, LI Jinghua', HUANG Honglan',
ZHAO Chunyan"'

1 Department of Pathogen Biology, College of Basic Medical Science, Jilin University, Changchun 130021, Jilin, China
2 Department of Laboratory Medicine, The People’s Hospital of Guangxi Zhuang Autonomous Region (Guangxi
Academy of Medical Sciences), Nanning 530021, Guangxi, China
Abstract: [Background] Cronobacter sakazakii is an emerging food-borne pathogen. The
powdered infant formula (PIF) contaminated by this pathogen may cause necrotizing enterocolitis
and meningitis in infants, threatening the life of premature or immunocompromised infants.
Bacteriophages are well recognized for their antibacterial properties and may be novel biocontrol
agents for C. sakazakii and other food-borne pathogenic bacteria. [Objective] To characterize a
novel C. sakazakii bacteriophage isolated from sewage and evaluate its antibacterial effects in
PIF. [Methods] The double-layer agar method was used to isolate phages, and then the pH
stability, thermal stability, host range, one-step growth curve of the isolate were determined. The
phage morphology was observed by transmission electron microscopy. Next-generation
sequencing was performed for the genome of the phage, and the lysis efficiency was evaluated.
[Results] A novel bacteriophage JCO1 against C. sakazakii was isolated from sewage. The phage
had an icosahedral head and a long non-contractile tail. The genome of JCO1 was 61 736 bp in
length, containing 76 the open reading frames (ORF) and no drug-resistance gene, virulence gene
or tRNA. The phylogenetic analysis and genome comparison indicated that JCOl was a novel
phage belonging to the genus Jacunavirus, the class Casjensviridae of the order Caudoviricetes,
and its was named as Jacunavirus JCO1. The phage was stable at —20 to 40 °C and pH 5.0—9.0 and
capable of lysing C. sakazakii in the contaminated PIF. [Conclusion] JCO1 appears to be a novel
phage against C. sakazakii, and it might be an alternative biocontrol agent for C. sakazakii
contamination in food processing and production environments.
Keywords: Cronobacter sakazakii; bacteriophages; genome analysis; food safety
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# 1 mL BEEAAER (108 PFU/mL)S &
F-20, 4, 25, 37, 40, 50, 60, 70 F1 80 °C
JEE 1h, 430IE 100 L WETRACER, 10 f5f5H
i AR ) 2 Ok AT B o o T E AN ] pHL B
TR, ¥ LB RiFEN pH (HH %3
3.0-12.0. HL 100 pL M B 4238 (10° PFU/mL) 5>
FHEFPE] 1 mL A pH AR LB Bi 3L, 37 °C
BFE 1 h 5 10 R4 HLR BRI A2 W s AT B . A
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1.8 EEAMESEREANFRE SR

1 DNA AL 2 RN G AR W) R~ LA
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Figure 1 Phage plaque formed by bacteriophage

JCOI.

22 BEIETEE

21 #RAE TR 4 BRI 522 VAT iR L 4 AR M
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Figure 2 Transmission electron microscopy images

BT EURE S T 10 f5R5 U RS, SR IRL
SRR B T Ol — P A R 4
AP 3 AT TR 4R JCOT AT ARIIESE , 4 20 min,
RN 40 min, “F¥F KL R 333 PFU/cell,

cz-1801 Fil cz-1804, Xt FLA RIS TC2EfH 14 of bacteriophage JCO1.
Fz1 EEKJIC BEEREEE

Table 1 The host range of bacteriophage JCO1

% TR 44 PR WEER A JCO1 24tk
No. Strain name Bacteriophage JCO1 lytic ability
1 Cronobacter Sakazakii cz-1801 +

2 Cronobacter Sakazakii cz-1802 -

3 Cronobacter Sakazakii cz-1803 -

4 Cronobacter Sakazakii cz-1804 +

5 Salmonella enteritidis 21 -

6 Salmonella enteritidis 54 -

7 Salmonella enteritidis 57 -

8 Salmonella enteritidis 98 -

9 Salmonella typhimurium 121 -

10 Salmonella typhimurium 242 -

11 Salmonella typhimurium 251 -

12 Salmonella typhimurium 338 -

13 Klebsiella pneumoniae 128 -

14 Klebsiella pneumoniae 129 -

15 Klebsiella pneumoniae 138 -

16 Klebsiella pneumoniae 142 -

17 Escherichia coli ATCC23716 -

18 Escherichia coli O157:H7 -

19 Escherichia coli 026:H11 -

20 Escherichia coli 046:H38 -

21 Saphylococcus aureus —

+: B - AR
+: Lysis; —: No lysis.
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Figure 4 Thermal stability of bacteriophage JCO1.

Figure 5 pH stability of bacteriophage JCO1.
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GenBank %(4f i (& 55 MT330372) . W B4
JCO1 R H 4 41 61 736 bp, GC i A 58.9%,
W4 6% 76 4~ ORF, JG tRNA. 7£ 76 4~ ORF
A 26 DIREE I, HRWHEE N EE R
1,76 4~ ORF H 74 4~LL ATG 1E WIS F,
2 2 LA GTG RN IRE . WA 1C01
gt 3 1 DR 40 H2E . DNA AU . 42
B SE N 1 AR N A (e
EEDEY, HARWE 6. JEHRAH R LI 2
SRR HEA, WK WG, P
Wik TR 1A JCO1 Sy & figp e g 1 K o
26 RELAFHW

N TWRATf# ICO1 4334, i MEGA
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(International Committee on Taxonomy of
Viruses, ICTV)4/ 200, WEEEK ICO1 J& T4
FE W 4K 29 (Caudoviricetes) £ 4 ¥ 9% 7 #
(Casjensviridae) # E. J5 # J& (Jacunavirus) ,
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Figure 6 Genome annotation map of bacteriophage JCO1.
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69 | Salmonella phage FSL SP-124 (AGF88044.1)

48 | Salmonella virus iEPS5 (YP008240293.1)
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Salmonella virus FSL SP-088 (YP008239960.1) Chivirus
100 Salmonella virus Chi (YP009101107.1)

91 Salmonella phage FSL SP-039 (AGF87925.1)

100|196 Salmonella virus FSL SP-030 (YP008239842.1) |
4 Providencia phage Redjac (YP006906015.1) Redjacvirus
Enterobacter phage Enc34 (YP007007010.1) Enchivirus
100 A Cronobacter phage JC01 (YP009998560.1) Jacunavirus
95 Proteus phage pPMO1 (YP009199673.1) Lavrentievavirus
100 Burkholderia phage BecepNazgul (NP918997.2) Nazgulv'irus
75 Burkholderia phage vB BceS AH2 (YP006561151.1) Ahduovirus
Xylella phage Sano (YP009639123.1)
86 4100[{ Xylella phage Bacata (YP009997466.1) :| Sanovirus
100! Xylella phage Salvo (YP009639195.1)
64 Escherichia phage DE3 (YP009617232.1) .
100l Escherichia phage HK629 (YP007111776.1) } Lambda virus
—Salmonella phage Jersey (YP008239711.1) ] Jerseyvirus
100—————Salmonella phage vB SenS AG11 (YP009608557.1)
Cronobacter phage phiES15 (YP006590034.1) Unclassified Siphoviridae
Cronobacter phage ENT39118 (YP007238134.1) Unclassified Siphoviridae
81 Cronobacter phage ESSI-2 (YP009792321.1) Seongnamvirus
0.2

7 BEKJCO FMEMEEAE T RGEMATESEBFIIMENRELEN WRUGKREIFYE
SRS SCREE; TR REC AR ARE; 155 N B9 525 2E N P81 9 GenBank %535

Figure 7 Phylogenetic tree constructed by the bacteriophage JCO1 and other phages based on the amino acid sequence
of the terminase large subunit. The scale bar shows the branch length represented by sequence differences; Numbers at
the node represent the Bootstrap values; Numbers in parenthesis are the GenBank accession number of each gene
sequence.
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FE JCO1 1, B 4 Pl A RS 41 %6 K
F gp24. gp25. gp26. gp27 FI—FhE2ZEH
% 14X Enc34 FUAH

gp29. gp29 SMER A Chi, I

Enc34 T
60 496 bp =< R

JCO1 /
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59 578 bp - ‘[
»* DNA mampulatlon module
=+ Packaging module
-b Structure module
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Figure 8 Gene collinearity analysis of bacteriophage JCO1, Salmonella phage Chi, and Enterobacter phage

Enc34.
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F2 WEARICO 5PTRERER Chi. MITEREER Enc3d EFARER. EL2ERENE
Table 2 Similarity of bacteriophage JCO1 compared with Salmonella phage Chi and Enterobacter phage

Enc 34 tail assembly protein and tail filament protein

Bacteriophage JCO1 Salmonella phage Chi Enterobacter phage Enc34
Accession Product Accession Product E-value Identity Accession Product E-value Identity
(%) (%)
QJI52243.1 Tail assembly YP_008058183.1 Hypothetical 0 49.38 YP_007007025.1 Tail assembly O 50.97
protein (gp24) protein protein
QJI52244.1 Tail assembly YP_008058184.1 Tail 5.00E-12763.97 YP_007007026.1 Tail assembly 2.00E-128 62.73
protein (gp25) assembly protein
protein

QJI52245.1 Tail assembly — - -

- YP_007007027.1 Tail assembly 5.00E-25 67.65

protein (gp26) protein
QJI152246.1 Tail assembly — - - - YP_007007028.1 Tail assembly 1.00E-23 60.56
protein (gp27) protein
QJI152248.1 Tail fiber YP_009101126.1 Tail fiber ~ 2.00E-94 59.76  YP_007007031.1 Tail fiber 1.00E-91 58.87
protein (gp29) protein protein
—: No data.
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Figure 9 Lysis curve of bacteriophage JCO1 in infant formula at different temperatures.
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