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TG R, %
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7E9. 8 mL KEFLHHIA 100 wL FEH ¥ 6 (3R T
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TIFE 20 min, TERNREE TR 3 3RS, 2 )
RSZI A, A3 AR 100 WL 20 A 1x107 PFU/mL
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HIETIA 100 L TR K 6 By 1 R0 ) 3
YN 2 M, T 25 CHl 4 CEMUETHE
20 min, FEREE TG 3 MFES T, 2 6 S8
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1x10° PFU/mL MIMEGE A , Rl MOI=1000 F1 MOI =
10 0003 1 {3 R HRAHL, #0100 wL PBS Z0hil,
RRE SRR AT S B xR IR B IR A R, e
0 h.3h.6hF12h B SRAFABHECE R R
FEVPI TR TR AL, PPN 3 PR A (I PR ICR |
Wit T A R AR RO T 5

oy ABATTTRARE-FRATTRAKE
ﬁ?&qiﬁ%‘: St T
RN ITRE R E

1.4 ZFiEATE

K Excel 2021 F1 SPSS 26. 0 4k 4 HE47 5 s 4%
AT, FIFH Origin 2021 #fb2 Kl Horp « R 22
S (P<0.05) , #¢ FoR 227 B3 (P<0.01)

2 R 55

2.1 BEESBHEULERSH

VARG FEUD ] B 0 i T8, T3 KA il P o0
BERF Bk R FE YD 1) TG e T A, 3 3 U= B i
AL AL 5 UG, ARAF TR A ST-1, FLE T BE 4N
K1 s, L Al g, we L R B
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Fig. 1 Plaque of phage ST-1
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2.2 WEEREEIEST

WP A ST-1 (7 s WL 1, R 1 AT, T
A ST-1 7] 24 BRATFE VD 1] R T T 4 S5 3R AT, Xof 512
B0y 3 B 0 R P AT AT L BRI I I T A
PRI PP 2 T TR | B € 2 IR T I BR AT | [ R
AT ER SR TG A L I 2 AL AT T RS A= B 0P 0 AT
WA ORI , B TRA ST-1 191 E i, B
H—EM L,
2.3 EE MOI 73

WEBR A ST-1 1% MOI W.3& 2, & 2 1, Y4
MOI g 0.1 B Wi T R d5c X 0 A0 38 B Je KB,
10. 45 1g PFU/mL, 136 WY W5 7R A ST-1 78 % % Bl £ 98
VT TR, X 3 R e 0.1 B AR i 2
I DTS
2.4 WBEE—TERKMZESHT

WERE AR ST-1 () — 2 A K& 2 Fios, M
P 2 AT WE B A ST-1 (3 AR 1014 20 min, 24 fi7 )

K1 EEIRST-1 8955 238

Table 1  Host range of phage ST-1

(FENEEA P BEYAF L
RO IR CICC 21484 .
(S. typhimurium)

KIHFFE 0103-1 _
( Escherichia coli 0103-1) RM 13322
KT 0103-2 _
(E. coli 0103-2) RM 10744
KIGFFE 0157 H7 _
(E. coli 0157; H7) ATCC 43895
I (8 ] _
(Vibrio parahaemolyticus) ATCC 17802
AR IR ATCC 10145 -
( Pseudomonas aeruginosa)
SRR T ATCC 15313 -
( Listeria monocytogenes )
B AR ATCC 6538 -
(Staphylococcus aureus)
fHiBR T ( Preumococcus ) ATCC 27336 -
B b fi T T _
( Enterobacter sakazakii) B 81050
MR EEER ATCC 49619 "
(Streptococcus pneumoniae)
IR (Shigella) ATCC 12038 -

B AR 2R AT I
( Bacillus cereus)

AR BB AT R

( Xanthomonas dendrogensis)

E RN BEHGEW] , +FR B b, - RN IR

BNCC 261113 -

BMZ 1480068 -
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70 min, Z4EAIH AN B F] 10. 45 1g PFU/mL,
SREEZN 106. 5 PFU/cell , PRI, WETE A ST-1 &
T EBIEVDT] QTR W P A T i AR 0T 2R 2 K Y
SR LA HRE Y  E  E , BE TR K R N A
WA KB ILFEPT IR,
2.5 BEEREESHT

WEpE A ST-1 rfesE tEdh e &l 3 frs, H A
3a) AT, WA ST-1 76 30~ 60 °C s Bl I RN PR 55
FIE ,60 °C RN HUH T B, 80 °C B 58 42 e i, H:
H1 70 CHEE 60 min B (YRR AL B Y s R 804
TRET 2 MBCEY, AT R, R B A
ANt B R, 60 °C AL FE 100 min 5 IR R LT
1%, TWER K ST-1 28 60 CHFE 60 min J& HIFFIN
FAM I 80% , RV H B A BRI IMF e, Al
3b) AT AL, BEBE A ST-1 (N TE pH (EA 5~ 10 BFAL
Fag , fH7E pH fli<4 F pH i >11 XM TFTHE
60 min J G PERESS . X5 N. Imklin %7 (9 8F 57 45
B3,

k2 EEK ST-1 85 MOI
Table 2 Multiplicity of infection (MOI) of phage ST-1

BRI  WEENE | AT
Mol Xt/ (3% s
(lg PFU - mL™") (Ig CFU + mL™") (lg PFU - mL™")
0. 001 3 6 9.77
0.01 4 6 9.97
0.1 5 6 10. 45
1 6 6 9.87
10 7 6 9.73
100 8 6 9.33

11~

W A3 /(1 PFU-mL™)

0 IIO 2IO 3IO 46 Sb 66 76 SIO 9IO 160 1lJO
REFETE] /min
B2 A ST-1 8 —F A RiE
Fig. 2 One-step growth curve of phage ST-1
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e B AR, FE W R AR ST-1 % G475 AU, el
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Fig. 3  Stability curves of phage ST-1
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AiVERY AN AR AL, Sk HAR 2 62 nm, EHF K
JEZ97 103 nm, AR E PR RE 7262 5123 (ICTV)
e Kb, e AR ST-1 JB TH R E A H
( Caudovirales) , JLE MR AR ( Myoviridae ) o
2.8 BEEEEEAST

W PR ST-1 (-4 HE DR 20 3 AR 52 2 & 43031
wniEl 6 FIEL 7 s, mil&l 6 IR WK ST-1 fr)
R4 K/N A 84 672 bp, GC &k 38.82% , & 4 142
A~ ORF, HH 32 4~ ORF By TIREC B R, A7 110
ORF 11 ) E # 7 B 4 {R € & F1 ( Hypothetical
Protein) , TEMEREAR ST-1 194 3L R 41 v oK & Spi
FELAFNRE I D RIS AT R R K F R4
B, HIE 7 AT LT Protein BLAST 43 ik i 20
RS TR (A ST-1 4 K& PR 201 ] 5P A o ) ek 1 £
51, Hirh Salmonella phage BPSELC-1( MN227145.1) 5
W B ST-1 22 IR B VT AL OC 2R T 1R
THEVEERR R 7 UpRINEEE (Felivounavirus ) .

12

10741* I .

W A3/ (1g PFU-mL™)

0 10 20 30 40 50
OB Y%

B4 wEE AR ST-1 69 f45 Fk
Fig. 4  Chloroform sensitivity of phage ST-1

A5 cHEAST-1 &4 e T 2ms A
Fig. 5 Transmission electron micrograph

image of phage ST-1

2.9 EEEHERRS T
2.9.1 WEHHRGRDINTREMRERR 1
PR ST-1 X5 4= 5 v BRAG FE VDT IR TR A9 28 TR RICR 4
&l 8 fisn, FHIEl 8a) AIHI 7E 4 C &4 N, X HRALAY
FUGIEVD T TICEBURTE 12 h N T 25k 25 5, MR
X HRAL, SCIR A ) R FE VDT T IR B E 12 h (Y
WA TR, BAESS 3 h 5, MOI= 1000 F1 MOI =
10 000 5255 2H (1 BRAG FEVD T T IR TE B0 43 0l BB T
0. 83 lg CFU/mL 1 0. 59 lg CFU/mL( P<0.01) .,
&l 8b) WA, 7E 25 C AT, X AL BRAG ZE V0 T]
BGC&i MRNA

W GC g+ MDNA & HlAR
W GC - mAfR

WEB A ST-1

j_ o FEHEK/N 84 672 bp

B 6 Lk ST-1 894 KM A%
Fig. 6 Complete genome map of phage ST-1

Salmonella phage BPS17W1
-Salmonella phage BPS17S6
Salmonella phage BPS1556
Salmonella phage NJ12
e ST-1
Salmonella phage BPSELC-1
Salmonella phage GSP193
Salmonella phage HMD-P8
Salmonella phage SWIM-02
Salmonella phage vB_SalM_SPJ41
Salmonella phage BPS17L1
Salmonella phage Meda
Salmonella phage UAB_69
-Enterobacteria phage UAB_Phi87
Salmonella phage PMBT20
Salmonella phage vB_Si_35FD
Salmonella phage SUT _S920
Salmonella phage SUT _S720
Salmonella phage SUT_S820
Escherichia phage vB_EcoM-LTH02
Escherichia phage vB_EcoM CRP22

0.02

B 7 A ST-1 09 AL #
Fig. 7 Phylogenetic tree of phage ST-1
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ICHEBUETE 12 h WS BFHE TR LA
AT X B4, 5 40 20 19 FR A5 98 VD 1) EG B AR e 7
12 h WA R, HAESS 3 h B5F, MOI=1000 1
MOI=10 000 SZEG2H 539 FR& T 1. 33 1g CFU/mL Al
1.16 lg CFU/mL( P<0.01), [H I, W& & ST-1 78
25 CHT T EIR B AR ACR , X T B B R
Al 2 B R A Sl 1 S R T R AR A
5 F 0, SE AR TR R ST-1 MR ERUR .

2.9.2 MEBPFRHGEVDINRENREMNR W
PR ST-1 X B A FEVD T I TR A 2% TR RICR 4
9 iR, M 9a) ATHI,7E 4 CAMET X RRA R

BGZEVD T TG BOETE 12 h VR | i3, A1
BT X RRAE S A Y BRI FEVD T G TR ERE7E 12 h
WA B TR, HAES 12 h B, MOI = 1000 Fl
MOI=10 000 SZ452H 535 T B T 2. 27 1g CFU/mL F1
2.33 Ig CFU/mL(P<0.01) , BEAh,2 A0 4 i B
PFEVPT TR AR 7E 3 h A 22 57 1. 3% (P<0.05)
MOI=1000 55620 1 FRAG IRV 1] IR TR AR 38 MOI =
10 000 SZ 56 21 {2 3 %A T 0. 58 lg CFU/mL, X 7]
RESE R Ry e MOI 250 W B A 30 ot 2 284 i 1
TR VAR R i A 28 i 4 i 401, S50 1 3 TR A
HHBUEE T K 9b) AT £ 25 C A

8

S I X
[ | MOI=1000 [ | MOI=1000
| MOI=10 000 | MOI=10 000
EKis Z6r
D D *
6 6 Kk
g o T * o) " * %
4r —E % B = !
& s TL = E3 i o
= & = il IR
R 2r g 2+
i -4
0 0
0 3 6 12 0 3 6 12
FEFRIFE]/h HEFRIF TR/
a4 CHMAT b)25 CHMTF
B8 R ST-1 44 b R R TR 89 F B AR
Fig. 8 Bactericidal effects of phage ST-1 on S. typhimurium in milk
8
[ Rapiitl I 5 R oww
[ | MO=1000 oL L_1MO1000 ek
T MOI=10 000 | MOI=10 000
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T
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|
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0 3 6
FEFRIHA] /M

ad CHMAT
B9

A
T

AV TR SE/(Ig CFU-mL™")
[\

)

12

(o2}
T

BT TR SR/ (1g CFU-mL™)
(3] &~

3 6 12
FEFRIN ] /D

b)25 CH&MHTF

P B AR ST-1 A& o S5 R TR ) A AR

Fig. 9 Bactericidal effects of phage ST-1 on S. typhimurium in egg white
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A B B FE VD T TR AR AE 12 h ARG
TR AR TR R A, S0 4 A R AT FE VD)
CHBURTE 12 h NIA S N, HAZESS 12 h i,
MOI'=1000 1 MOI=10 000 SZ541 /353 TR T 3. 53
lg CFU/mL #1 3. 99 lg CFU/mL( P<0.01) , X F I
DA ST-1 e b A Vb 1T PR AE SRV Th AR

3 Z5ig

ARG R I RUZ BB M i B 2D 43 88 01 4 0
T AR W AR B A FEVD T IR A W R A ST-1,
IZWERR ) MOT /s AR BB, #4Eeue PR pH
FOE ALY, 6 ks, RN K/ A 84 672 bp,
GC &M 38.82%, ¥ A 142 4~ ORF, A& Pkt
PRI EE ) LB REAE A S i N T35 e 4R W Fn e
TR ZEVD T T IR M AR K, 2 — bk EA By F ip
SRR A, A 5T AT S I K W T 44 A 0 B i 7
BEESEAE B A A AR S PR R UR E, (H PR — W TR
TR B B SCRAFAE oy BR M, AR ke 75 38 3 43 125 5 2 I
PR IT R FHER 5 B i A B HI TR BOR |

SE k.

(1] #e®m, TEH, EWH, % ARESFHE % Z PCR

Rl AR # S R H A [T]. % T % 4#,2022,37(1) ;
12-19.
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Abstract ; [ Objective ] This study aims to explore the antibacterial effect of phages on Salmonella in food.
[ Methods ] Phages were isolated and purified from wastewater samples collected from a wastewater treatment plant
in Zhengzhou, with Salmonella typhimurium as the host bacterium, by the double-layer agar plate method . Their
biological characteristics, genomic features, and antibacterial effects on S. typhimurium in artificially contaminated
milk and egg white were investigated. [ Results ] The optimal multiplicity of infection ( MOI) of the isolated and
purified phage ST-1 was 0. 1, with a maximum titer of 10. 45 lg PFU/mL. Iis latent period was 20 min, the lysis
period was 70 min, and the burst size was approximately 106. 5 PFU/cell. It had a narrow host range, being able
to lyse only S. typhimurium and Streptococcus pneumoniae. It exhibited good stability, maintaining activity within a
temperature range of 30~60 °C and a pH range of 5~ 10, while also being insensitive to chloroform. Phage ST-1
belongs to the order Caudovirales. lts genome size is 84 672 bp, with a GC content of 38. 82%, and it contains 142
open reading frames ( ORFs). It does not carry resistance genes or virulence genes and can significantly inhibit the
growth of S. typhimurium in artificially contaminated milk and egg white. [ Conclusion ] Phage ST-1 has high lysis
efficiency, good thermal stability, acid-base tolerance, safety, and control effects, which can provide a reference
for the development of targeted biocontrol agents against Salmonella.

Key words : Salmonella ; phage ; biological characteristic ; genomic feature ;antibacterial effect
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Abstract ; [ Objective ] This study aimed to investigate the bacterial community diversity in red vinasse acid (a
traditional fermented acidic food from Wuxuan County, Guangxi Zhuang Autonomous Region) and thereby provide
potential microbial strain resources for red vinasse acid products. [ Methods ] MiSeq high-throughput sequencing
technology was applied to analyze the bacterial a-diversity, community structure, and functional profiles of 12 red
vinasse acid samples collected from Wuxuan County, Guangxi. And a pure culture technique was utilized to isolate
and identify lactic acid bacteria ( LAB). [ Results] The dominant bacterial phyla in the samples were Firmicutes
and Proteobacteria, with average relative abundances of 90. 17% and 9. 17% , respectively. The dominant bacterial
genera were Lactobacillus, Pediococcus, and Levilactobacillus, with average relative abundances of 32.18%,
20.54%, and 11.62%, respectively. The samples exhibited relatively high abundances in the transport and
metabolism of carbohydrates and amino acids. A total of 29 LAB strains were isolated from the 12 samples, which
belong to 6 species of 5 genera. Among them, the dominant cultivable LAB species were Lactiplantibacillus pentosus
and P. acidilactici, accounting for 44. 83% and 24. 14% of the total LAB isolates, respectively. [ Conclusion] Red
vinasse acid from the Wuxuan region exhibits high bacterial diversity and abundant LLAB resources, and thus can
serve as microbial strain resources for the industrial production of red vinasse acid.

Key words: red vinasse acid; high-throughput sequencing; pure culture; bacterial diversity; gene function

prediction ;lactic acid bacteria
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