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Abstract

Objective: Salmonella is a major pathogen in intensive chicken farming, seriously endangering the
health of chicken farms and animal food safety. Currently, Salmonella is mainly treated with antibiotics, but
drug-resistant strains and drug residues limit its development, and new control methods need to be studied.
Phage, a natural viral particle that lyses bacteria, is highly efficient and specific, environmentally friendly,
and does not affect the host flora, and is seen as a solution to the drug resistance problem. In this study, we
isolated and identified chicken-origin Salmonella and its phage, and investigated the drug resistance of
chicken-origin Salmonella and the biological characteristics, genomic features and host bacterial range of
the phage, so as to provide a scientific basis for phage prevention and control of drug-resistant Salmonella.

Methods: (1) Isolation and identification of Salmonella of chicken origin and detection of drug
resistance: 22 samples were collected from chicken farms, and suspected Salmonella colonies were
obtained by Salmonella selective medium, Salmonella serotypes were determined by PCR molecular
biology methods, and Salmonella drug resistance was detected.

(2) Phage isolation and identification, biological characterisation and determination of host lysis
profiles: Phages were isolated from sewage using a double-layer agar plate method with the isolate strain as
the host, and their morphological characteristics were observed by transmission electron microscopy. The
temperature, pH stability, optimal multiplicity of infection (MOI) and one-step growth curve (lysis cycle,
lysis volume) of phages were determined. The lysis profiles of phages were determined titrimetrically from
randomly selected preserved strains from the laboratory.

(3) Whole genome sequencing and functional annotation: complete phage whole genome sequencing
using Illumina platform, use VIBRANT, VFDB and CARD databases for gene annotation and
virulence/resistance genes screening, annotate the genome-encoded protein functional modules, analyse
phage taxonomic status combined with the phylogenetic tree, and compare the genome structure and
functional module similarities and differences of different strains through genome multicollinearity and
functional module similarities and differences. The host bacteria of the isolated phages were predicted
using CRISPRCasFinder to reveal the host specificity of the phages.

RESULTS: (1) Characterization of drug resistance of Salmonella: In this study, five serotypes of
Salmonella were obtained, namely, S. Pullorum strain, S. Typhimurium strain, S. Enteritidis strain, S. Agona
strain, and S. Anatum strain. drug resistance assay revealed that the isolated strains were severely resistant
to commonly used antibiotics such as clindamycin, clarithromycin and penicillin.

(2) Phage classification and biological characterization: Three phage strains, vB_SalP_SHI,



vB_SalP _SH2 and vB_SalT SHI, were successfully isolated from sewage water, and all three phage strains
were potent phages. Transmission electron microscopy and bioinformatics classified vB_Sal/P_SHI as a
long-tailed phage belonging to the family Caudoviricetes, vB_SalP_SH?2 as a short-tailed phage belonging
to the family Schitoviridae, and vB SalT SHI as a mycotoxigenic phage belonging to the family
Demerecviridae. The three phage strains can maintain high potency activity under conventional culture
environment conditions, with stable biological properties, short incubation period for lysing host bacteria,
and high efficiency and rapid lysing of Salmonella, which has potential application value.

(3) Genomic characteristics: The three phages are double-stranded cyclic DNA phages, all of them
contain lysinase, and do not contain antibiotic resistance genes or genes related to virulence factors, so all
three phages belong to phages that can be used safely. However, the genome size of the three phage strains
is very different and distantly related. In the host lysis module, vB SalP SHI contains only Endolysin
protein, vB SalP SH2 contains spanin outer membrane lipoprotein and Endolysin protein, and phage
vB_SalT SHI contains Holin protein, spanin outer membrane lipoprotein and Endolysin protein. Phage
vB_SalT SHI has the strongest ability to lyse host Salmonella and the fastest lytic rate, followed by
vB_SalP_SH?2, and finally vB_SalP SH]I.

(4) The results of host prediction of phage: vB_SalP_SH1 infected five Salmonella serotypes, and also
effectively infected Klebsiella pneumoniae and Shigella fumigatus, with a wide range of host adaptability;
phage vB_SalP_SH?2 showed effects on only two Salmonella serotypes, and presented a higher targeting of
Salmonella; phage vB SalT SHI infected four Salmonella serotypes and has the potential to combat
Salmonella infections with different serotypes. Determination of Salmonella phage cleavage profiles The
host cleavage profiles of the three phages in the experiments were consistent with the host prediction
results.

(5) Phage Genome Multiple Linear Comparison Results:vB SalP SHI has some homology with
VB _ST SPNIS2. vB_SalP SHI endolysin gene has not yet been reported. vB_SalP_SH?2 protein function
was verified with Shigella phage B2 and Salmonella phage S5 complementing each other. vB_SalT SHI,
vB_SalS ABTNLsp9 and vB_Sen-E22 are closely related to each other.

Conclusion: In this study, five serotypes of multidrug-resistant Salmonella spp. of chicken origin were
successfully isolated and identified, and three Salmonella phages were isolated from sewage as hosts, and
the biological properties and genomes of the phages were systematically analysed. The results showed that
all three phages had good environmental stability and different ranges of host lysis ability, and the genomes
of the three phages were relatively conservative, with no known virulence genes or drug resistance genes
detected, which possessed high biosafety and application development value.

Key words: chicken-origin Salmonella; phage; isolation and identification; biological properties;

genome-wide analysis
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1.1 01NKENARER

111 T IRE R A

WITIKRE (Salmonella) & T WMttE#L (Enterobacteriaceae), {F BRI
W EEEURE, HAL T AR &2 REN ZEMAEDR K TIEW 2 1885 4,
H A #1728 Daniel E. Salmon F1 Theobald Smith B /X M\JE £ ELIA 1] -1 5K Th 4y &5 IE 4
SEATRHAIRY, YOTTIREE B B AT RPN A R IiE v I TIREE(S. enterica) 53X
IRV TTIRTE(S. bongori), HH S, enterica 4 T 95%LA FEI NKBUR K, FEdE—P
M NN TEF (subspecies [ -VID i 2600 N IiER (serovars) B, WL EUH
PEVDTTIGEE 32 ZRIE T W& D 1T IR AR T g 2y, AFEs SR 11IKE (S, Pull
orum) ~ WABFEVWITRE (S. Typhimurium) FgRIVITIRE (S. Enteritidis) %% .

WITRE NSRRI, ®FEEEFR, KN (0.6~0.9) pmx (1~3)
um, PP, oA HApBESMNE R R 28 (LPS). Wi/ls A AME B R %,
TERL AR ) = RS, ZH Rk R A S ¥ (peritrichous flagella), &3IFEX,
ELXE R0 T DT R 477 FE 0D 1 T T AT = 8 IR 2k 1 A I N R az 3 ). AR T
oA T R CH fim BRRFE gD AR T I3 MKW E (W1 pef W E) 1ETE
TR B I A O LA R

1.1. 20 TKRELEFR S L SRS

YOI PR ML 70 2 B T 90 10 UG B 40 P 3R 1 B iR 5 L7 77 AR 2 s Bt AT 1R A
A, FE K IMLIE 731 R4 (Kauffmann-White 732877 %) . 1Z ARG OLPUR M BT
A& O HLIR(IE 2 HER R AL) . $iEE H PR (1C F /B FE R i) A Vi HT CR-
N- B FUEIZIR), IXLEPT R AR T AR A AR T IR 75 By 4 R 4000

AR O PUE HEE RSO, M ZERRE T O PURMZ MR, O #t
JRI 4 (100°C 2.5 /NS AHREIR ), 2 VDT IR MG 70 B i Al HArc s 67 o
PUERE, DATRAE TS (40 0:1. O:4. 0:9). #illn, O HiEEE B (0:4,5,12) XM
BTV TTIRE, 1 D1 (0:9,12) XN RPITIRED . HiE HbuJE: HEER (f
lagellin) ¥y, HAHAFEM (60°C 30 /08 AT BIR ). H PR NIH: fiC %
FOEE 1A CRE SRR, i e gZ%) M /B 4wflss 2 M CARSRSEAE, 01,2, 1,54 1,

1
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748, @A T (phase variation) SEILFRIA V)00, (i yE B dy 44 LL“H1:H2” X
For, PR AGFEDITIRE R HPERN :1,2, mBRWITRE N gm:- 5 2 HIR
RKiE). VibuJR (EEHUED: NAFAE T30 MiER (WGFEWDTIRTE S. Typhi A7 ALF
YW TTIREE S.Paratyphi C), HERE-N-LBE A VERER IR, EaaT O BrsEsMul, wr
FARI M A T 00 25 B A B AR R AR S o Vi BUJRAE g ik e b g e s R Y, (H LA
FER]REFEL O PUR e S S S A MR, 75 8 ok 38 0 A 38 22 B J 7 ml A i,
BAEERETAR MG ZE T8 RGEWITRE (S Bphimuri
um, 0:4,512;H:i:1,2) FgRIITIKE (S, Enteritidis, 0:9,12;H:gm:-), FE5|KH
BRVEE A fE FadEM A %I TTIRE (S Typhi, 0:9,12,VirHid:-) E PG A,
IR RGP FER: BIRBURE: XS EFITIRE (S Pullorum, 0:9,12;H:-) FIE{;
FEVPITIRE (S, Gallinarum, 0:1,9,12;H:-) 7] 5808 K 5m HpE R L0,

1.1 3 W REEF ST

WK & T A R EM A, B KiIRE N 35-37C, pH 6.8-7.2, 5H
b S AT R R B AR AT, Vb 1T QB PRl B 7R BRI L35 9% 24-48h J5, WK RHIE N HLAR
2-3mm METE. . G5O FEWUKAG. WEREDCE A LR, fEikiF
BrFRAE R, W TIREAE SS Bl TH B T A K EEFLIE . 38 SR O A BT ] 1 5 22 IR BE P B
LB Ao, T TR & AL IE AR, B als), fE3 RLEE Ll T3
WK BEAL S BE AN K EE, AREF IR, WIE— BN TE A, FEHEE S (. WEEST,
B TE R /N—B, 5 KA B (0 B 20 8ok 41 (o B V5 A B R X 00l =k (TS K 7idk
W, REmLE B , RERE (RYW , A RaembEuiE =407,

WHRER LB R (BS Ki7is) RmAUEFEME SN 7R, TEHTAELITIKE,
IR FE SR FEVD TR . HoAZ O o B FE AR IR B JR 4% B3R B YT .
WARBR A IR BRI AR, S TTIREARE AN E (He S A AL
Bh (Biz S; ), JEHEBERLSERTE, MIELE (0.025g/L) AI | HE 22 [BH M B &
ZHAEAFRE, TEk . B E N He S AR, o o R gD, 5 S
S Biflef=Z FEYLERIEAH L, BS Bt A MRS, SFimtE, SR, Tk
SR, W GB 4789.4—2016 FI| Ak 1% 57 £ 201,

1.1. 401 TRES FEMFERMIZARF invd EFES 16S rRNA HITHEEREMT
K ihE R

WITIRE 7> T AN dk b T me e vk = RBUZAMPESERRE =, OV A
HI B i 22 A WA IR RZ W 1 BT ik, e 2 TR Ve S RS s Ginvd) FTE AR
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SFRFF (16S rRNAD AT IR REAFIg S K RHEIER . invd BHPRY (12285
H A B, invasion protein A) 2T TIREJEITREA WAREER, AT )5 SPI-
1 (Salmonella Pathogenicity Island 1) W, Ft9wtd I M3 KA RS EHZEH (T
S33) , WITKRE & MER invd FEFFHILRSFIE S CRITETE>98%) 22, HoAth i
BHME (KIBFFESE) A invd £, I inv4 ZEF# 1SO 6579-1:2017 Fil FDA
YT T (BAMD A8 AT TR E PCR AT KRR HERE S R3], DL invd NEEFEA,
Wit IEM 514 5'-“GTCACCGTGGTCCAGTTT-3"F1 /% [7] 51 ¥ 5'-CTCTTTCCAGTACGCT
TCG-3'9 48 inv4 FERF) 175bp Fr B4, 18 3 /Nisk 2 P RIAT 58 BOBEAS A b 1] B 1) e 1k
R, REERIE 1~10CFU/g, EAEM. HY. AR PSR E, nf Dls 4
FE G 1% 30 AR I P R R AN A8 SO ST, MHEEZ R, 16S rRNA 240 B 5 K% E )
WA TRRIC, 1 16S rRNA fIEA X (V3-V4 [X) FEi@ETd 51 L al DLSz B 2]
B EZE MK FRI%E, 16S tRNA 514 (27F:5-AGAGTTTGATCMTGGCTCAG-3',
1492R:5-GGTTACCTTGTTACGACTT-3") 1] 7 i £ K 2 £ 40 b A 2200, (HIELXFVb 1T IR
W R e e 2, S S5 HAE G W rRRA . B AR R BL, HA
REDX 73 BUR A FEBUR D T IR, (AR RS (Ui i) 1 2 B R A A 7
HAATEAMER, v H T8 WG s B AR 7R A ISR b, invd 5
16S tRNA R E%h: DL inv4 5551 PCR B SE VDT T IR FHYEREA S, 16S RN
A WP T WM E IR T RE R E i . ZAERIMERLE S T invd #E1A ksl
s REMES 16S RNA B PAIH T g Ryt i X — B A RS, AMURE 7
Mz, A MR 7R — T ER o IR IR SR FH R . 16S rRNA Joik Sl
FRASFE /20 3%, 1H 16S rRNA sy &7 £ vl DU SR v 1T IRBE A, [ BeAs
) ML 375 2 22 TE) 3 Ak 9% &R, W SNP 43477 & B S. Enteritidis A1 S.Pullorum 7 168 rRNA
AL A, BT BAA SR A TIPS

1.1. 5 IR ERYfE F KRBz R

IO TR X TS IR V) & 5 A7 S A B A 7 453 SR A 2 LA e =7 T FR A 2290
SNPERETT I, a8 ERF AR ETE R YR T IR A &b T IR WX AA
BawrI0iE . WEFCRY, 1 AR LN RS IR G R R AERIE 50%~80%, AFi% X1 2 54k
KM, BONAANTE, KKLUUREE TR 15%~30%5%, 455 1d MIEMER
ROTTREM R OFEDITRED BRA5ESVESET., ] PEE e A A
HIliziE . FEANSEN A, 3 I AR I B o b 1] R e B X 22 DI 58l BN 57 7 R
HOGEEAARR, ENREE 10%~30%, WAL JE TR 1 < XS -5 R 5 -3 K
VW AL G B E S . AL R TTTH,  HFIDTT IR RIS T SO R AR R B 1
0%~20% (PRI R R EE0E 158 IR0, HIGE R 8%~15%, RIT A &

3




