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Isolation, identification and biological characteristics of
Salmonella phage YT90
LI Gang,DONG Yuhao, HUANG Hao,SUN Qianhui, LIU Yongjie "

(College of Veterinary Medicine ,Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; [ Objectives ] The aim of this study was to isolate a bacteriophage with a broad host range targeting multidrug-resistant
Salmonella Enteritidis and to investigate its biological characteristics. [ Methods ] Fifty-eight fecal samples were collected from a duck
farm in Yantai,Shandong Province, and used for isolation of bacteriophages with S. Enteritidis of duck origin, sdc-11, as the host.
Morphological feature, temperature and pH stability, optimal multiplicity of infection ( MOI) and one-step growth curve of the
bacteriophage were analyzed. lts lysis spectrum against 71 Salmonella strains of different serotypes,and its effects on the inhibition of
biofilm formation and the removal of mature biofilm of Salmonella sdc-11 were tested. Also,the genome sequencing analysis was
performed. [ Results] A phage with a long tail was isolated and named YT90. The phage showed a good proliferation ability in the
temperature range of 30 to 60 °C and within the pH value range of 4 t010,the optimal MOI was 107, the latent period was 10 min,
the lysis period was 90 min,and the burst size was 278 PFU per infected cell. And 66.7% (14/21)of S. Enteritidis ,66.7% (28/42)
of S. Typhimurium and 75.0% (3/4)of S. Pullorum could be lysed by YT90. In 96-well cell plates,the YT90 showed considerable
potential in preventing the biofilm formation and clearing the mature biofilm of Salmonella sdc-11. Whole genome analysis showed
that the total length of the YT90 genome was 121 240 bp, which did not contain the known virulence factors and drug-resistance
related genes,and did not encode integrase. The phylogenetic tree based on the terminase family protein showed that YT90 was
closely related to the Salmonella phage GRNspS50 and belonged to the genus Jerseyvirus in the Guernseyvirinae subfamily.
[ Conclusions ] A lytic phage YT90 was isolated from fecal samples of duck,which could lyse different serotypes of Salmonella with
strong tolerance, short latent period and large burst size. This phage exhibits excellent application potential in the prevention and
treatment of Salmonella infection.
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Table 1 Sources and serotypes of the Salmonella strains used for host profiling

SRR/ MIER RARY e B IR/ ML i 7 R
HBE ) AP/ TR bR (1) AP i e
I Animal origin/ Number of . Animal origin/ Number of
Strain( No.) X Strain( No) .
Serotype strains Serotype strains
Qd(2.3.4) WS/ i 5% 3 ZWSA L NGRS 6
‘ Y Duck/ Enteritidis (079,080,081,138,185,281) Pig/ Typhimurium
s/ s 5 M/ BLpi 7€
sdQ(11,13,36,38,42,43,44,45) Duck/ Enteritidis 8 ZWSA282 Duck/Typhimurium !
X5/ 1 9 %/ R
$-(06,07,12,14,15) Chicken/Enteritidis 3 CVeesaz Standard strain/Typhimurium !
. 1,/ f % . /X8 [
$-(16,17,19,43,45) DucksEnteritidis 5 $-(21,28,29,40) Chicken/Pullorum N
LRGeS . X/ B R 9
sdQ(14,15,37) Duck/Typhimurium 3 531 Chicken/Paratyphi A !
$-(02,03,04,05,08,09,8-10,13, M/ A9 16 .01 i/ E IR 1
23,25,26,35,36,37,38,39) Chicken/Typhimurium " Muscovy duck/Tansley
&/ i G/ R AR
$-(18,22,27,32,34) Goose/ Typhimurium 5 S Muscovy duck/Kottbus !
i/ LA W/ i b
5-(33,42,44) Duck/Typhimurium 3 S-24 Chicken/Thompson !
e/ A9
15-5-(1,2,8,9,12,16,23) Goose/Typhimurium 7
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HE ARG 37 CIEIRES SRR 9% 8~ 10 b, 38 5o WL ZR IV T BEAT I ) T2 s 17 AR RE 75 A Mk A A
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(hops://card.memaster.ca/ ) F18E 17 HFE0H8 % (http ://www.mge.ac.cn/ VFs/main. htm ) HAS I 0 B 1< 3 (K]
2H R BATAET 25 3L RN EE J13E K, A NCBI(http ://blast.ncbi.nlm.nih. gov ) HE #7347 W B AR B A PR 5F
PR AR S A o il R B SR TP 47, FH MEGA-7 SR AR R G L B AR
113 HEHREIt59Hh

K H GraphPad Prism 5 BAAF#HATEARACEE R A ¢ WIS HEAT 225 B &0, SR EE 3 Ik, 45
FLPEH AR 22 TR
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MG AT BXE 2R 300 0 v )3 B B, MR Y [RJE . A6 S FLAR R OURER, YT90 Sk #B L4 (57.5+0.29) nm, B
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el
1 EEER YT0 HEE
Fig. 1 Identification of phage YT90
AFEVDTTH sde-11 W& EAA MY YTOO Wi BE; B E 1K YT9O HUBE FIEAS
A. Plaques of YT90 on the lawn of Salmonella sdc-11;B. Morphology of phage YT90 under electron microscope.
2.2 WEEAE YTI0 My #45E
HE 2-A B, YTOO 7E 30 °CAa g M, 100 min NAETE RYEFFIE 96% ~ 100% 340 °C 1415 R Yk 1E
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87.7% ~100% ;50 1 60 °C 511 T MAARLEIE ZH 60 min {537 7E 91.58% L) I, 60 min J5 % F K, 100 min
IHAF 15 RATS 8K 43 3N 89.30% i1 87.74% , HNIE 2-B Fi/R A€ pH {H ] 4~ 10 BI04 F,YT90 % & 1 h AT
T RHRLE 80% LA I, pH {H M 4 I YTOO 71K Z 02 94.75% , pH {H A 10 I YTOO 773K 2K & 95.98% ; 9K fij , &b
T BRI R BRI S T, 0 pH {8 2.3 A 12 B, 25 1 h B9 5 YT90 RYAETE RAUN 1% A4,
K 2-CHII7R - 24 MOI 2~ 107 B YT90 R ey , A% 1.23x10" PFU-mL™" | fi b ] LAFSH YT90 fi et MOIT
107, a2 AR R, AT LK YTOO 385 JE 01 R 43 A v AR 0] 2430 A2 0] 3 S B, AL 2-D Af
1, YTOO PRI M 10 min, BEJS #E A ZL# , 100 min J5 HEAFEE W, 240 24400 278 PFU(IK 2-D)
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Fig.2 Biological characteristics of YT90
AR BERE P B. pH (RS M Co e L ; D — B AR K il 2k
A.Temperature stability ; B.pH value stability ; C.Optimal multiplicity of infection;D.One step growth curve.
MOT . JE&YL & %L Multiplicity of infection.

2.3 BEEEK YT90 597 £k o #f

ANIET 3 B/ 6 FAS PR ORAF G 71 BRIDTTER, YTOO HY ALY RIA 67.6% , 1T 44l 66.7% (14/21) 1y
RUPTTH (66.7% (28/42) M FEVD I THIH 75.0% (3/4) R FRITP T T . (EAHE R AL, YTO LR L
VP TTEE R EI TV T R AR A D T 1T
2.4 YT90 34 48 FE 2 B B9 HD 14 F

K 96 FLAR & e Y (iR I K VD 1T sde-11 AR ANE Wy B B i e J7 ., 45 3 o IR A8 55
48 h,sde-11 A PR EIE WA J1 e dE (1 4-A) o Btk DL 48 h X — B[] a5k EAG W AT 48 Y'T9O X 41 147 A=
VIR e ST B . 45 SR ANIE 4-B Bz, 24 MOT {H K 107° ~ 10° B, BRI A YTOO RE & 2 3l vb I 1
sde- 11 AT A ; 24 MOT /NTF 107 B, YTOO JGi2: 1 il A W 9 I () 9 ok
2.5 YT90 3tib | THE sde-11 B AE MR R ERR1EA

WA 5-A Fr7R, YTO0 X sde-11 A4 A W pk B ELA Besm i BRAVE R, VR 12,24 36 h XFAE W BT
BREEHLI 20 EE 2 5 (P<0.01 37 P<0.001) , F Al 2 VEH 24 h MR seft:, B 5-B WoR, YT90 Ab#H
12~36 h, X AE PP (V0 T TR BT 2R KAE T, B R 080 T sde-11 A P gl B rb U0 11 B8 i B3 it
(P<0.001),12 h Ja AHECR AR, HHE SIS W AN P A (%) X HE A 40 P 2% T 3 & 1 i ok 3
FT(EPS) 2%, 2 sde-11 BATESRI AV T BLRE 1 (B 5-C) 5 M35 5748 hi¥ i i) sl 2 A= P pi g, fin
AWERAR YT90 36 h Ji , 417 2 1 EPS B i/ (€ 5-D) , BT YTOO %Fb 1] 1 L A= #y o s EL A 95 i )
HERAER,
2.6 YT90 £EREANFERSH

TFF45 3 WK . YT90 KK 20 J& AU4E DNA , 4K 121 240 bp, GC & HE/E 53.06% , HUA 140 4N FFTC b
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Fig. 3 Lysis spectrum of 71 Salmonella strains by phage YT90
PROT BRI YTOO0 4 A TR B , IR (7 B /s AN BE SR A Bk
The black squares represent the Salmonella strains that can be lysed by YT90, while the gray squares represent the

Salmonella strains that do not be lysed.

*
A 20 B o0 .
15 =z

0.5 . EL

0.0 ‘ ! J 0.0 | | | | | |
24 43 72 96 0 10° 10' 10° 10" 10° 107 10" N

t/h MOI
4 DITHE sde-11 EMWIRFRL (A) RIEE A YTI0 3 E 2408 (B)
Fig.4 Biofilm formation of Salmonella sdc-11( A) and effect of phage YT90 on its formation ability(B)
N AR B2 XTI, * P<0.05, *** P<0.001, FIH],

N is the blank control without bacteria. * P<0.05, *** P<0.001. The same as follows.
BEHE(ORF) , Horb A7 10 4> ORF 4 RYSIREEE FIC TERE (3R 2) o 48 tRNAscan-SE v2.0 BPFHI, YT90 423k
PP 1A (RNA FEA G oA 280 DR 5080 120 A2 g DX 700l P L R AE SR T 2 vp ok B85 )
FEDRRITR 2L, A, RS e e G ERE IR, W] YTOO 2 R MM TR K, I MEGA-7 JiE T i
B 5L 1 LR T AR £ 2R 58 R B E AR, Wil 6 7, YT9O0 5 ¥ 11 B& Wik T 12 GRNspS0 3 4% 56 & fix
T, J& AR PG 3¢ W B ( Guernseyvirinae ) i3 VUK B2 E (Jerseyvirus ) .
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O sde-11; O sdc-11+YT90

A 20 B g sokk sk dokk
’ o s sk G 7 ] B =
15 .E E 6 F
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2 E 2
q 10r C a4t
5,
05 ® 8ol
: ® M
)==3 1
NV
0.0 0
12 24 36 12 24 36
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funp
20.0pm

5 YT90 % sde-11 B MK IR A ERRER
Fig. 5 The clearance effect of YT90 on the mature biofilm of sdc-11

A. YT90 X sde-11 A=W BT BRAE T s B. YTOO X AE MBI sde-11 35 B A A AR 5 C. 43 il i B2 AR R 28 i
BRAHEY sde-11 A= 5E; D. HI B BEULEE YT90 X sde-11 A B35 H (36 h) . ** P<0.01,

A. The clearance effect of YT90 on sdc-11 biofilm; B. Removal of live bacteria in sde-11 biofilm by YT90;C. The biofilm of
sde-11 without YT90 treatment observed by scanning electron microscope; D. The sdc-11 biofilm cleaned by YT90 at 36 h
observed by scanning electron microscopy. ** P<0.01.

®2 WEME YT EERAHES ORF HKREHINEER
Table 2 Functional proteins encoded by partial ORF in the phage YT90 genome

AR LA LR KJEZ (aa) TERIIRE
Initiation site Termination site Length (amino acid) Annotation feature

7211 8 284 357 T2 HHSEHE H RdgC Recombination-associated protein RdgC

41 702 41 322 126 Sk EBAEMH H I Head decoration protein
3233 5503 756 DNA AT DNA polymerase

11 423 9417 668 LERR /R FB#E  Phage tail protein

29 756 28 713 347 WHEEACTEFE 11 Minor capsid protein

33 362 32 091 423 ARIGHER W HE Terminase family protein

36 495 36 007 162 W KRR G E Glycoside hydrolase family protein
3132 958 724 5 F {8 HipG Molecular chaperone HipG
2 980 404 858 GTP 54 & GTP-binding protein
1035 961 24 %32 RNA (RNA

3 Wi

WETE R BAT 5 3K 4%  JE 25k e s ST BRSO R RIAYT LA AR M O RN
ABEFEM A 5 HEFR0G 37 FA8E b D o B RS E 1 1 RR VD T TR TR A, i 44 04 YT9O0, YT9O Wk I B K
HIEW] ZENHA GRS RN, R VIR IR E A, YT SN A 1 D4t (RNA JF51, HH5Ek
B, W T A PR P 7 tRNA. BE SRR F2 18 P i /b 9 tRINA. (75 5 T A T D42 i R0 2 i 25 2 11 1 AL
AL BT (RNA R PR AR TR AR, 7 0 R A2 7 e g e — AR e R AR e T A
it o AT R A, YTOO0 RER I ¢ | SR | L ) £ 98 197 3 25 22 P 3 B A V0 1T By, eSS 13X
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Fig. 6 Phylogenetic tree based on the terminase family protein of phage YT90
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