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Abstract: Staphylococcus aureus can cause food-borne diseases and develop multidrug resistance. Therefore, applying phages in
preventing and controlling S. aureus has garnered, considerable attention. Four S. aureus bacteriophages SAPYZU-04, SAPYZU-15,
SAPYZU-Sapy3, and SAPYZU-Sap,,;4 were isolated and their morphology, biological characteristics, and whole-genome sequences were
analyzed. The results of transmission electron microscopy showed that the lytic phages SAPYZU-04 and SAPYZU-15 belonged to the
Herelleviridae family, and the temperate phages SAPYZU-Sapy; and SAPYZU-Sapy4 belonged to the Azeredovirinae family. The
SAPYZU-04 and SAPYZU-15 exhibited the broadest host range, being lytic towards all the 51 (100%, 51/51) S. aureus isolates. However, the
SAPYZU-Sapy 3 and SAPYZU-Sapy 4 were lytic to 48 (94%, 48/51) and 44 (86%, 44/51) S. aureus isolates, respectively. Stability experiments
showed that the activity of the four phages was enhanced within the temperature range of 40~60 C and pH range of 3~12. The one-step growth
curve suggested that the incubation period of SAPYZU-04 and SAPYZU-15 was 10 min, and the lysis volume were 210 and 322 PFU per cell,
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respectively. The incubation period of SAPYZU-Sapy; and SAPYZU-Sapy 4 was 15 min and 30 min, respectively, and the lysis volume was 52

Modern Food Science and Technology 2023, Vol.39, No.12

and 49 PFU per cell, respectively Genome sequencing showed none of the four phages contained typical virulence and drug-resistance genes.
However, the virulence phages SAPYZU-04 and SAPYZU-15 had multiple lyase genes and genes related to DNA metabolism. This study
showed that the two strains SAPYZU-04 and SAPYZU-15 exhibited broader lytic spectra, shorter latent periods, and larger burst sizes and were

more suitable for utilization as potential biological bacteriostatic agents in food safety.

Key words: Staphylococcus aureus; phage; biological bacteriostatic agent
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SEIG O R oR NP B EEhREE (MeantSD,
n=3), RFHSIGEE 3%, BUFIME. SeieBdET A
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BRI B BE Y R E . W FEMT, EAN
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B ERERASE
Fig.1' Morphology of phage plaque
VE: a: SAPYZU-04; b: SAPYZU-15; ¢: SAPYZU-Sapys;
d: SAPYZU-Sapy4. B 2~6 Fl.
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TR IFE S AR SR R AR O AS, S5 SR anE 2
7 o ZIVERE B 7K SAPYZU-04 Il SAPYZU-15 %4 —
ANRIEZ ARG M S A — N a4 R e, Sk
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Fig.2 Morphology of phage
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HEIAR] 56%; MWEEA SAPYZU-Sapwi; RERLHE
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i AE AN B R oG B B BeAb, TR R R A S et VA R R ] A< I RS i 32 1 J PR RBEAR i 1 4 1 4
SAPYZU-Sapmi; 1 SAPYZU-Sapys FEREAT1E 31 HB B, ASHE T IR AT A SAPYZU-Sapys
SESEIGIS, SHbAIRE R A RRER, 28RS A SAPYZU-Sapya HEAT i 3 BRI 5 AR BEZ K1
Zhang 5" Feng P 78— 5. B 702 W — L0 T2 AN R R R R R
TR RSP AE T2 — e MANRE AR, XA R
R EEANEEE
Table 1 Host spectrum of phage

F7 R BFt  SAPYZU-04 SAPYZU-15 SAPYZU-Sapys SAPYZU-Sapyys
1 YZUsal SA ++ ++ + +
2 YZUsa2 SA + + + +
3 YZUsa3 SA + + + +
4 YZUsa4 SA + + + T
5 YZUsa$ SA + + + +
6 YZUsa6 SA + + + &
7 YZUsa7 SA + + + +
8 YZUsa8 SA + + + +
9 YZUsa9 SA + + + +
10 YZUsalO SA + + + +
11 YZUsall SA -+ = + +
12 YZUsal2 SA + + + +
13 YZUsal3 SA -+ +H+ + +
14 YZUsal4 SA - -+ + +
15 YZUsal5 SA + + - +
16 YZUsal6 SA - + + +
17 YZUsal7 SA % + + +
18 YZUsal8 SA + + + +
19 YZUsal9 SA +t -+ - ++

20 YZUsa20 SA + + + +
21 YZUsa2l SA +++ +H+ + -
22 YZUsa22 SA + + + -
23 YZUsa23 SA + + + +
24 YZUsa24 SA -+ -+ + -
25 YZUsa25 SA -+ - + -
26 YZUsa26 SA + + ++

27 YZUsa27 SA ++ At + +
28 YZUsa28 SA -+ ++ + +
29 YZUsa29 SA +++ -+ ++ ++
30 YZUsa30 SA -+ + ++ ++
31 YZUsa31 SA -+ +++ ++

32 YZUsa32 SA - +H+ ++

33 YZUsa33 SA +++ +H+ ++ ++
34 YZUsa34 SA -+ +++ ++ +
35 YZUsa35 SA - ++ ++ ++
36 YZUsa36 SA +++ 4+ —+

37 YZUsa37 SA - + ++ +
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R
5 iz At SAPYZU-04 SAPYZU-15 SAPYZU-Sapyi; SAPYZU-Sapuus
38 YZUsa38 SA +t+ A —+ +
39 YZUsa39 SA +t+ A —+ +
40 YZUsa40 SA +t+ A —+ +
41 YZUsa41 SA + + + .
42 YZUsa42 SA + +H+ + +
43 YZUsa43 SA +++ +H+ + +
44 YZUsa44 SA -+ -+ + +
45 YZUsa45 SA +t+ A + £
46 YZUsa46 SA it et + +
47 YZUsa47 SA + + + ¥
48 ATCC 29213 SA ++ ++ + +
49  MRSA 85/2082 SA - - + .
50  MRSA JCSC 4744 SA ++ -+ 4 .
51 MRSA WZ153 SA it N 8 _
52 CICC 10664 KIDATH - - : .
53 Eh-YZUO05 ERIATH - - \ _
54 CICC 21513 WV - - - .
55 ATCC 1911 bS] - - - -
56 CICC 21613 - ONIN: ] - - - -
E HHRTHERRME, EMRNE HATARETAMES ARENESR; TR AME, REE; R TARME.
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Fig.3 Results of determination of the optimal complex number of phage infection
SAPYZU-15. SAPYZU-Sapy; F1 SAPYZU-Sapy4 8
Jerg L, HEIR 8 h JellEE = Ak, K 3 Pros,
Wi B & SAPYZU-04 7E MOI 4 0.01 (P<<0.05) F,

HANE MOI b 5] fr) I & /& SAPYZU-04

0.1 0.01 0.001 IE-4 IE-5
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0.1 0.01  0.001 0.0001
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et (2979 10° PFU/mML) ; WEE{K SAPYZU-15 40,01 (P<0.01) i, 2k (49949 10° PFU/ML) »

E MOI A 0.000 1 B, 2t e (4975 10" PFU/ML) 5 I, M B 4K SAPYZU-04 . SAPYZU-15 .

WE R & SAPYZU-Sapys £ MOI A 0.1 i, i SAPYZU-Sapy3 A1 SAPYZU-Sapy4 HI#cHE MOI 435
(#1749 10" PFU/mL) ; W& SAPYZU-Sapyn £ MOI J90.01. 0.000 1. 0.1 F10.01.

a 10 b 10
9r 9
8 8
7 7
R R
505 C S5 5
= =
Ay 4 C Ay 4
o o
—_— 3 ac — 3
2 C 2
1 1
0 ¥ - 0 ¥ ¥ ¥
0 20 40 60 0 20 40 60
Time / min Time / min
c 12 d 12
11 11
10 10
9 9
- 8 - 8
g 7 c g 7
E 6 C E 6
: <
— °C —
3 3
2 2
1 1
0 L L 0 ¥ - ¥
0 20 40 60 0 20 40 60
Time / min Time / min
& 4 IRERMAREN
Fig.4 Thermal stability of phages
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o O o O
§ 5r § 5k
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0 ! 0 !
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Fig.5 Resistance of phages to acidity and alkalinity
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24 wGHERE AL E M

wE 4 Fron, 406 A B R E R
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SAPYZU-15 F1 SAPYZU-Sapys 54535, 1M B 44
SAPYZU-Sapyy; 7£ 70 “CH#E 60 min I 584535 . 4
FBHKY 4 FRWEHE A SAPYZU-04. SAPYZU-15.
SAPYZU-Sapy; M1 SAPYZU-Sapy4 X e fi FRITH 32 B
7135188 T Kraushaar 528438 1) 44 B R A o

2.5 BRI B AR

WK 5 i, BERER SAPYZU-04, SAPYZU-15.
SAPYZU-Sapuis 1 SAPYZU-Sapys TERREEHE s (A
Be (pHAEN 20 58403 75 pH AN 3~12 B
PERARE . 7E pH {ER 5 I, WERIA SAPYZU-04 (115K
Hriemiy 1.31x10" PEU/mL (P<<0.05) ; pH 15N 9
W, WEE K SAPYZU-15 [ %% 1 & ELA
8.94x10° PFU/mL; M Wi 1 f& SAPYZU-Sapys F
SAPYZU-Sapwys /& pH {HA 8 B, 43514
9.18x10” PFU/mL 1 9.52x10" PFU/mL . 45 5H T
£ SAPYZU-04. SAPYZU-15+"SAPYZU-Sapyy;
SAPYZU-Sapys 1E pH BN 312 i P4 2 (- KLU
P, HOH R TT 52 8 0 24050 T B 2000 B 10 4
R A (pH N 6~11 JEREI N FaEDs

26 —FERKEL

¥ WE E A SAPYZU-04 . SAPYZU-15 .
SAPYZU-Sapyu; Ml SAPYZU-Sapy4 4351575 1 R
HIaR, ARMEAER—P K. E 6 Bk,
BTG A SAPYZU-04 F1 SAPYZU-15 124475 T/
10 min PEUNERRRE AR, R EATE RIS
10 min. £ 10~150 min Iy, WEER SAPYZU-04 Fl
SAPYZU-15 [h—BRFFA EEs, MEEaTiR
S, RUETIEWIEZ1 N 140 min, ZH#EED )
YNGR 210 A1 322 PFU. 11 AT INE 15 44
SAPYZU-Sapyi3 A1 SAPYZU-Sapyna HITE RIS s
3% 15 F130 mins 2RI, 3 w2008 30 AN
45 min, ZfFESHINEAIME 52 F149 PFU. Eig
GEREOR, ZIMEVEEIA SAPYZU-04 Al SAPYZU-15

AR E T Gutierrez 25P0V4) B8 14 o 2 M
FAA (BEANYEM 15 A1 25 PFU)D . 6 A1 W 3 14
SAPYZU-Sapy3 A1 SAPYZU-Sapy 4 2 E L Feng
RSB R AR R R TD419 RRE (B4
33 PFU) HfE. ARG K Bt Rk A R R e
JIRIE B R, BB R AR K &
I B B A AT A B i 7P,

a 951

9.0

o5l /./././././._-_.
8.0
7.5

lg PFU/mL

7.0

6.5%

6‘0 1 1 1 1 1
0 50 100 150 200 250

Time / min

b 95r
9.0

8.5
8.0
7.5

lg PFU/mL

7.0
6.5

[
6.0 1 1 1 1 1
0 50 100 150 200 250

Time / min
c 65r

55}

5.0F

lg PFU/mL

4.51

4‘0 1 1 1 1 J
0 20 40 60 80 100

Time / min

lg PFU/mL

0 20 40 60 80 100

Time / min
[ 6 IREAE—SHEKRIZE
Fig.6 One step growth curve of phages

137



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.12

Host

- Staphylococcus aureus

Geographic region
Asia

South America
North America
Europe

Africa

Oceania

BN AEEN

Unknown

Tree scale: 10 ——

YZU-Sapyg HIFERI 2 4Ky
3 HATEE A SAPYZU-04
, TIE] 188 4~ ORFs; Wb A

ORFs; Wi # & SAPYZU-Sapy; 1] GC 7 &4 33.98%,
% 71 A ORFs; W 4 SAPYZU-Sapyys 1 GC & &
4 33.89%, ¥ 73 > ORFs.

HE 2021 4 4 H, GenBank #df/EHic3t 192
AN GO R ER WS B AR R AP 51 . A FTE i
U - B (0 A ER B B AR IR A P ST R AR B 4

138

Geographic region

Xl

FRRAE A

BT, AAIT 4 ARG B RN I Ath 45 35 60881 28 BR PR W T R 2
HRR. ATER (B 7 R9 T 3 ANEERfE
WR (D, RESWEREN, T FE K
SAPYZU-04 F1 SAPYZU-15 5 Hellelleviridae &}
HRRE—NE RS GERID, H SAPYZU-04 FI
SAPYZU-15 51§ F 1A qdsa001 FE[K ZHAZ R 51 Bk
8L, A >99.0%; IRAILE K SAPYZU-Sapy; A1
SAPYZU-Sapw4 5 Azeredovirinae VA Dubowvirus J&
MEEERE - NMiERFP (BRI, H
SAPYZU-Sapy; 1 SAPYZU-Sapyis 5 TEM126 I
SAP26 [RER AL EHIRT 41— 8 >95%. Kk, i
P ICTV2022 4 BT (0 4 25 b B2, g i 1k
SAPYZU-04 f1 SAPYZU-15 J&T Hellelleviridae };
M SAPYZU-Sapyis A1 SAPYZU-Sapyis J& T
Azeredovirinae YA} Dubowvirus J& .



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.12

HURL LA

SAPYZU-04 <l /imuisi's il 1w

‘h‘uuvlw ik [+H‘ J"‘.'H"l‘
g Eb R IR
B ——

LA R

fif

I-l‘ljl‘ll -:lml i l:l::l:

SAPYZU-15 | jimi
SAPYZU-Sap,,; , ;.

SAPYZU-Sapy;,, fggu s i 1 B ——

\u\

e

}‘ ‘f\\
M\M\

) ‘ * #; -‘H ‘\‘\ ‘)‘lill 1jn;{|:-‘:| i | } } u | || ; -n‘ 11\:‘1‘{- :":w‘;“ ‘\ I H :‘:UA i 1 :j

4:“-‘” M1 ")fﬂ I\llll " 4” :‘1 l* *H ] hhn.] i ' }l],\
1 DNA replieation B Phage morphogenesis
B host lysis =3 Lysogen functions

B Phage DNA packaging B Virulence genes

E 8 &EEA ST
Fig.8 Whole genome analysis
E: FEH DNA Kt #FARAAR; e hm L2 EAR;

RAR; $EAENLE.
28 &AEA T

XoF 4 PRI BT A DT 2HL 485 5 5 TR 1) 2 1 D e A T
B, R E 8 . WEEAR SAPYZU-04 AL ZH
it 32 > DNA AUAHSCHE R, CHERXIR 1 DI 5L A
(orf38). DNA f#elgFE A (orfl15) 1 DNA FA T
[ 5K (orfl44) %5; WEB1A& SAPYZU-15 [5EHIZH A
2 DNA R RH, HA s 3 > DNA AR
R Corfl. orf3 Al orf5). 2 4> DNA E4&H# [ (orfl0.
orfll ) A1 DNA #f & & H (orf82); W& ¥ &
SAPYZU-Sapw; [FFE R 2R 13 > S5 1EF 4 DNA &
il R AN SR AR G IR IR, R HEAL IR A1 U] g A
Corf?). ¥ (orf9). DNA EHIFEH (orf25)
F1 DNA fi#t el (orfd5) 55 il B & SAPYZU-Sapy4
Hah 11 N EWEE A DNA AU SCHIZER, fdEE %
K7 (orfll). DNA 8@ H (orf24). DNA A iehi
(orf28) AR M VIl (orf51)-4%, H:4v SAPYZU-15
FERH GG FE ) DNA A RIS R0 T e e 74 Kgr
FHIE . SAPYZU-04 (125 R 20 w15 3 /M DNA 423
£ (orfe6. orf68 1 orf69), SAPYZU-15 3L K4
il 1 1~ DNAZH25JER] (orfl17) , SAPYZU-Sapys
A1 SAPYZU-Sapis 365 2 1~ DNA G255 (4351
A orfd8. orf49.. orf52 1 orf53) . A SAPYZU-15
it () DNA (330 53R ik LSA2308P & R
P BAT.95.9%KIFH s LSA2308 [ KELI N
407 PFUfcells DNA 192 85 1 1] DLA 20K DNA R
FEEIWER R R AT, IR AR A 20, g A
SAPYZU-04 £ SAPYZU-15 (3£ R4 b4 Bl 3 A4
A 1ANEEE AR (43514 orfl08. orfl10. orfl58
Al orf142), Wik A SAPYZU-Sapys 4ifi% 5 AN BB
KEHER, GfFREEEAER (orfo7) M3
T HER (orf58 1 orf62) %5 1fii SAPYZU-Sapwis &
ih 6 ARG R, A4 e R A Corf57,
orfel. orf62) %, IXLERRE A AR ]2t
4 BRWRB AR BAT 2 RS R R o SapYZU-15

& h DNA QEAR; ZEAEHRBELARLR; BREHE
S (R R 1A R S R e KSAP 11 S bl 20 e o
FRFEHIA 95.90% AR I : . KSAPIT B 2 (IZ %
i, XF 30 Bk SA Bk (ELFE MSSA Fil MRSA BPR)
BAZMRETE . W SAPYZU-04 5 | NFEALE
A Corf53) il 3 ANLREGILA (orf52. orfl00 F
orfl02), SAPYZU-15 &1 45 fLEHEF (orfl07),
5 NAYEEEREA (orfl03¢ orfl05: orfl49. orf153 Al
orf155); 1fj SAPYZU-Sapy s F1 SAPYZU-Sapyy4 3%
RIZH3 A5 1 ANGEFLEREER (435100 orf70 A orf2)
A LANZYRRREE R Oy orf7l Florf3). ZfLERHE
BRI E SRt R s S 1 R M P A Ak, TR T R
]3¢, HT SAPYZU-15 B G 2 NRURRGER
(orf103 #70rf155) 5 MR003 HA # = R LIRS
FAIPE (97.90%F1 99.00%), MROO3[37]%%§‘5ZE’J SA
FUVERRTR R . DRI, FEIXSETEERI P EIVER R,
& SAPYZU-04 F1 SAPYZU-15 ¥R 4, ‘“’”%’:EE
o WEAN, R RTNE RAARJE R 4H B S L R AN CT
RIS e FAE R A BB R R, BERER
TIPS DNA 73 (R B A A3 Mk B AR 1
et i TIE A B A ANTIRRDY, 3 FLIRRIG B A
Ik CrEE A BHLV”%J@QIEG%%%M Y NIIp:i
NIE R T BEIE B 42 W TR AR 7E 12 Uit gk N
SR, ASCHRAIER A SAPYZU-Sapyys Al
SAPYZU-Sapys 2 K 41 4 i 57 14 B2 45 BHIE B BT
BAEME, BNEHHEE A, H RS Cl
RELIE £ AR TR AR eI 3R R, 0] A 5 S0 R W B A4
SAPYZU-Sapys M1 SAPYZU-Sapy 4 7E1E T 1EM N 5
BENZURSAR, RS S Tian SR 745 58—

ghie

S B ERE T E B B LA, RN A
BRI E R AL AN —. Kitk, 8552
RN SERERINIG T8, UStm AT PAKE,
PR 2 A . AT 4 B M e B A
SAPYZU-04 #1 SAPYZU-15 %t#r#4i% %] 10° PFU/mL,

3

139



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.12

T HBAG 58 (AR, PRI AR 51 Bk SA Ttk
(ZLRA I EIE 100%; T 40~60 “CUEEER N  pH
BAE 3~12 JuREINIRRE R & BRIRR . R
fife R 715, R 5l Ak RN 4H M 210 #1322 PFU.
4 B KA P8 o i 45 R B R SAPYZU-04 Al
SAPYZU-15 #4652 Fh DNA ARBFER . 24240
FER . MURFR) DNA QLR J R i R . AU,
FIPENE TR & SAPYZU-04 F1 SAPYZU-15 &—Fisi &
&, AR AEYDEERE, AENA TR S
H G T R RIS

[1] Mccarthy A J, Lindsay J A. Genetic variation in
Staphylococcus aureus surface and immune evasion genes is
lineage associated: implications for vaccine design and
host-pathogen interactions [J]. BMC Microbiology, 2010,
10(1): 173.

[2] Sergelidis
Staphylococcus aureus: A controversial food-borne pathogen
[J]. Letters in Applied Microbiology, 2017, 64(6): 409-418.

D, Angelidis A S. Methicillin-resistant

[3] Courvalin P. Why is antibiotic resistance a deadly emerging

disease? [J]. Clinical Microbiology and Infection, 2016, 22(5):

405-407.

[4] Galarce N E, Bravo J L, Robeson J P, et al. Bacteriophage
cocktail reduces Salmonella enterica serovar Enteritidis
counts in raw and smoked salmon tissues [J].”Revista
Argentina de Microbiologia, 2014;46(4): 333-337.

[51 Golkar Z, Bagasra O, Pace D G Bacteriophage therapy: A
potential solution for the antibiotic. resistance crisis [J]. The
Journal of Infection Developing Countries; 2014, 8(2):
129-136.

[6] A E i, LR 57 2R, S5 Gk TR S 07 A B IR G A ATt
T[] AR E A R, 2015,42(3):769-773.

[71 Kortright K E, Chan B K, Koff J L, et al. Phage therapy: A
renewed approach to combat antibiotic-resistant bacteria [J].
Cell'Host & Microbe, 2019, 25(2): 219-232.

[8] Xu C, Yu M, Xie Y, et al. Screening and identification of
vancomycin  anti-idiotypic  antibodies  for  against
Staphylococcus aureus from a human phage display domain
antibody library [J]. Immunology Letters, 2022, 246: 1-9.

[9] Ngassam-Tchamba C, Duprez J N, Fergestad M, et al. In vitro
and in vivo assessment of phage therapy against

Staphylococcus aureus causing bovine mastitis [J]. Journal of

Global Antimicrobial Resistance, 2020, 22: 762-770.

[10] Zhang L, Shahin K, Soleimani-Delfan A, et al. Phage JS02, a

140

[17]

[18]

[20]

[21]

putative temperate phage, a novel biofilm-degrading agent
aureus [J]. Letters

Microbiology, 2022, 75(3): 643-654.

for Staphylococcus in  Applied
Chang Y, Bai J, Lee J H, et al. Mutation of a Staphylococcus
aureus temperate bacteriophage to a virulent one and
evaluation of its application [J]. Food Microbiology, 2019, 82:
523-532.

Al-Anany A M, Fatima R, Hynes A P. Temperate
synergy through
depletion of lysogens [J]. Cell Rep, 2021,35(8)::109172.

Tian F, Li J, Li L, et al. Molecular dissection of the first

phage-antibiotic eradicates  bacteria

Staphylococcus cohnii temperate phage TME1354.01" [J].
Virus Research, 2022, 318: 198812.

Yang Z Q, Tao X Y, Zhang/H, et al. Isolation and
characterization of virulent phages infecting Shewanella
baltica and Shewanella putrefaciens, and their application for
biopreservation ~of " chilled channel catfish (Ictalurus
punctatus) [J]. International Journal of Food Microbiology,
2019,292: 107-117.

Besemer J, Lomsadze A, Borodovsky M. GeneMarkS: A
self-training method for prediction of gene starts in microbial
genomes. - Implications for finding sequence motifs in
regulatory regions [J]. Nucleic Acids Research, 2001, 29(12):
2607-2618.

Letkowitz E J, Dempsey D M, Hendrickson R C, et al. Virus
taxonomy: The database of the International Committee on
Taxonomy of Viruses (ICTV) [J]. Nucleic Acids Research,
2018, 46(D1): D708-D717.

Li L, Zhang Z. Isolation and characterization of a virulent
bacteriophage SPW specific for Staphylococcus aureus
isolated from bovine mastitis of lactating dairy cattle [J].
Molecular Biology Reports, 2014, 41(9): 5829-5838.

Zhou W, Wen H, Li Y, et al. Whole-genome analysis reveals
that bacteriophages promote environmental adaptation of
Staphylococcus aureus via gene exchange, acquisition, and
loss [J]. Viruses, 2022, 14(6): 1199.

Letunic I, Bork P. Interactive tree of life (iTOL) v5: An online
tool for phylogenetic tree display and annotation [J]. Nucleic
Acids Res, 2021, 49(W1): W293-W296.

SO, 20, g A A FUR A IR B € 2 BRI
A P82 )7y B SAFIEW T[], A [ FE AU DR, 2022,49(6):
2318-2325.

5K TR I, G, A8k < B CE0 0 0 R TR R A A 2R
PR R S R A 23 S TE (D). AR D 2 4, 2021,61(7):
2043-2052.



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.12

[22]

[24]

[26]

[29]

[30]

PREETT B (TSR, A8 TR PP 4200 PR < 0] ) BR T 2R
PEMEER K PhMASA-WI (AR 2R K o0/ SRR
KP4 ). Hh A i 24 06,2020,33(5):521-526.

Yang D, Wang S, Sun E, et al. A temperate Siphoviridae
bacteriophage isolate from Siberian tiger enhances the
virulence of methicillin-resistant Staphylococcus aureus
through distinct mechanisms [J]. Virulence, 2022, 13(1):
137-148.

Feng T, Leptihn S, Dong K, et al. JD419, a Staphylococcus
aureus phage with a unique morphology and broad host
range [J]. Frontiers in Microbiology, 2021, 12: 602902.
WL R [, e 55 P, 55— AR WA LD AU e T A
TR TR R R PR AR P T8 B L AR 2 R A A ). v 34
FEYLT241,2022,30(4):104-109.

Atterbury R J, Van Bergen M A, Ortiz F, et al. Bacteriophage
therapy to reduce Salmonella colonization of broiler chickens
[J]. Appl Environ Microbiol, 2007, 73(14): 4543-4549.

Chan B K, Abedon S T. Bacteriophages and their enzymes in
biofilm control [J]. Curr Pharm Des, 2015, 21(1): 85-99.
Kraushaar B, Thanh M D, Hammerl J A, et al. Isolation and
characterization of phages with lytic activity against
methicillin-resistant Staphylococcus aureus strains belonging
to clonal complex 398 [J]. Archives of Virology, 2013,
158(11): 2341-2350.

FUERRISE L, AT, TR IR DU IR SA WRTE A 12 JO0S
A= Wl R 1 7 B 4 FH [3/OL]. P B 3h 4 4% 4L 93 2441 , DO
10.19958/j.cnki.cn31-2031/5.20220407.002.

Gutierrez D, Vandenheuvel D, Martinez B, et al. Two phages,
philPLA-RODI  and' philPLA-CI1C,
dual-species  Staphylococcal< biofilms  [J]:
Environmental Microbiology, 2015, 81(10): 3336-3348.

lyse ‘mono- and

Applied and

[31]

[34]

[35]

[36]

371

[38]

[39]

Gill J J, Hyman P. Phage choice, isolation, and preparation
for phage therapy [J]. Current Pharmaceutical Biotechnology,
2010, 11(1): 2-14.

Turner D, Shkoporov A N, Lood C, et al. Abolishment of
morphology-based taxa and change to binomial species
names: 2022 taxonomy update of the ICTV bacterial viruses
subcommittee [J]. Arch Virol, 2023, 168(2): 74.

Ma F, Ning Y, Wan Q, et al. Bacteriophages LSA2308 and
LSA2366 infecting drug-resistant.Staphylococcus aureus:
Isolation, characterization and potential application for milk
safety [J]. LWT, 2021, 152:112298.

Yang Y, Yang P, Wang N, et ali Architecture of the
herpesvirus genome-packaging complex and implications for
DNA translocation [J]. Protein Cell, 2020, 11(5): 339-351.
Kitamura N, Sasabe E, Matsuzaki S, et al..Characterization of
two newly isolated Staphylococcus aureus bacteriophages
from Japan belonging to the genus Silviavirus [J]. Archives of
Virology, 2020, 165(10): 2355-2359.

Young R. Phage lysis: Do we have the hole story yet? [J].
Current Opinion in Microbiology, 2013, 16(6): 790-797.

Peng C, Hanawa T, Azam A H, et al. Silviavirus phage
$¢MRO03
methicillin-resistant Staphylococcus aureus of human origin
[J]. Applied Microbiology and Biotechnology, 2019, 103(18):
7751-7765.

displays a broad host range against

Stark W M. Making serine integrases work for us [J]. Current
Opinion in Microbiology, 2017, 38: 130-136.

Nuidate T, Kuaphiriyakul A, Surachat K, et al. Induction and
genome analysis of HY01, a newly reported prophage from
an emerging shrimp pathogen Vibrio campbellii [J].
Microorganisms, 2021, 9(2): 400.

141



