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B o ft, % h lysV208. lysV208 7T &£ K M 4T & BL2I(DE3) ¥ T g S k ik, &
0.25 mmol/L IPTG #F 16 h &, #ALiRE X 204 ug/mL. 5 0.5 mmol/L EDTA B 4 A &, Hix
B 7 MR B KR )T AN 24.2% K1E4R 5 £ 68.0%. B A AEAF 50 &0, lysV208 &9 R iEAE F iR &
H 45 °C (BB E M 75.6%), FERAFM 7 ZEE )W w ILE a5 M Ik % RATR LB (25-37 °C) A,
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. A2 K E (10.0 mmol/L) & F A B 47 4| B 7% P4 (P<0.01). g m &8, &6 lysvV208

BBNIUH : TP B A X PR RI (R AB23026030); AR H ARFLA R G2(2023)01143); AREA th R ARG
(FJ2024B185); SR M i RHE 11 %1(2022N044)

This work was supported by the Key Research and Development Program of Guangxi Zhuang Autonomous Region (GUIKE
AB23026030), the Natural Science Foundation of Fujian Province (2023J01143), the Social Science Foundation of Fujian Province
(FJ2024B185), and the Quanzhou Science and Technology Project (2022N044).

*These authors contributed equally to this work.

*Corresponding author. E-mail: linmao@jmu.edu.cn

Received: 2025-03-03; Accepted: 2025-06-25; Published online: 2025-08-11



4432 NI Jinrong et al. | Acta Microbiologica Sinica, 2025, 65(10)

TALRE S A R BB A A6 5 £ V208, ExTIEm T HMAIE SRR A M), AIEBIKE
V039. 4488 Hl. 88 ik GH32. A2 KN TY13 = Gl B R oL 5T
59.7%. 68.9%. 65.8%. 38.0% #= 65.6%. (4] F 40 5L /%8 lysV208 B4 2 % H AL a9k shin
B oAb, RS R E K phiV208 £ . X B A R B R 6 A B AEARR, VA R AR
AR Bt B 4 A 69 T & BA RAF6 A AT % .

K WEIRNE, R, AR, T4RK; KR
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Abstract: [Objective] To identify and develop a phage-derived lyase that can be heterologously
expressed with high activity and stability and determine its optimal working conditions. [Methods]
We employed the turbidity reduction assay to evaluate the bacteriolytic activity and identify the
optimal parameters.[Results] Genome annotation and protein prediction of the Vibrio alginolyticus
phage phiV208 showed that ORF30 encoded a lyase, named lysV208. This enzyme demonstrated
soluble expression in Escherichia coli BL21(DE3), reaching a purified concentration of 204 pg/mL
after 16 h induction with 0.25 mmol/L IPTG. Its bacteriolytic activity (turbidity reduction rate)
increased from 24.2% to 68.0% in the presence of 0.5 mmol/L EDTA. Enzymatic characterization
revealed that lysV208 exhibited the maximum bacteriolytic activity (75.6%) at 45 °C while
maintaining high activity (52.8% —71.9%) within the temperature range of 25-37 °C, which is
typical for bacterial disease outbreaks in aquatic and terrestrial animals. The enzyme showed the
maximum activity at pH 7.0 and retained substantial bacteriolytic activity (44.0% —63.2%) under
alkalescence conditions (pH 7.0 — 9.0), demonstrating adaptability to marine and freshwater
aquaculture environments. Divalent metal ions including Zn*", Mg®", Mn®", and Fe*" at
0.1 = 1.0 mmol/L moderately enhanced the bacteriolytic activity of lysV208, whereas those at
10.0 mmol/L reduced the activity (P<0.01). In addition, lysV208 displayed broad-spectrum lytic
effects, showing the bacteriolytic activity of 59.7% against V. alginolyticus V039, 68.9% against
Vibrio vulnificus H1, 65.8% against Vibrio parahaemolyticus GH32, and 38.0% and 65.6% against
Vibrio harveyi TY13 and GI, respectively. [Conclusion] The recombinant lyase lysV208
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demonstrates robust and stable in vitro bacteriolytic activity and a broader spectrum than its source
phage. These findings highlight its potential for the control of bacterial infections and the

development of phage-lyase synergistic agents.

Keywords: Vibrio alginolyticus; phage; lyase; recombinant expression; bacteriolysis
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Vp3; MHERIRE (Vibrio harveyi) TY13, G1, 4l
153 9K & (Vibrio vulnificus) H1; ¥ [C3K B (Vibrio
tubiashii) TY45; & /K 5 ¥ 0 B (deromonas
hydrophila) A009, A015, BI11; 8 fij 52 {5 45 [
W (Edwardsiella anguillarum) B79; i 7€ ¥y 2F #9
¥F B (Bacillus amyloliquefaciens) TY27; JC ¥ #%
BK I (Streptococcus agalactiae) SA503 Fl4x ¥ {4,
HIZIER T (Staphylococcus aureus) YY05 55,

K ¥F B (Escherichia coli) BL21(DE3), F§
UV MERE A R Iy A BR A H] 5 BEARAEIE A
Biowest A Fl; ki pET-28a(+)., BamH 1, Xho,
15% Hi, 3k 5 il B¢ A1 True Color XU {5 i Yt & H
marker, & TV TR(EE)RGARAA; #H
% I8 % 2 (Kana) . 1F A FH 4 X BE Y 35 16 Bl
(20 000 U/mg), JERURIFEERHCARAT; HH
K G (BCA %), WRHN@EIO)EDHASA
R
1.2 ZFEES lysV208 BIFF5I5 4

I FH R 30 S 565 2= L I 1) W R R phiv208
M4 LR, 8o RS B DY ORF30 7]
REELA 2RISR, K HAr £ oh 1ysv208, i
SnapGene J 4 Xof S fif B 356 > 1) 64 7 B 9140
Br g 8 (i or F i . R SR 2 B 5 5 ik
G, 7E NCBI 29 % (https://www.ncbi.
nlm.nih.gov/) L XT45 5 T 80 5 A 5% 1 AL At Tl
AR P A [FIETER & AP 5], R MEGA
H Clustal W Z30 BT BEAT RS LEXS K B LAY LE
X SC A4k 22 18 B MEGA %K 4 Phylogeny H' Test
neighbor L RG L BEW . it NCBI L1
TEZR T3 T.H. CD-search (https://www.ncbi.nlm.
nih. gov/Structure/cdd/wrpsb. cgi) T 22 fi# i 1 14
SFE5H
1.3 RS lysV208 B RIFERIA

DAWE B K phiv208 i [H] 25 Hh iy F 7k B 132
HE ORF30 WA, #it— X514 lysV208-F1
(5'-CGC-GGATCC-ATGTTCTACAAATCATT-3")
FI lysV208-R1 (5-CCG-CTCGAG-TCATGAAGC
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GTCCT-3"), Wi sl fER s b T BamH 1 #1
Xho 1 BYINL 5 . PCR U3, H 1% BAEHHEE L
HL Uk %8 22 B BE R/ PCR S I 4 & (50 pL):
2xAccurate Tag Master Mix (AG11009) 25 uL,
b FUESI (10 pmol/L) 4% 2 uL, DNA #ifR
2 uL, ddH,0 19 L. PCR [ 4&A%: 94 °CHis
P 5 min; 94 °CZEM: 1 min, 55 °CiE ‘K 1 min,
72 °CHEf# 2 min, 35 PG ; 72 °CL Ik fii
10 min, 434779 5 Bk pET-28a(+) W] )5 |
K T4 DNA # W%, B AEA
BL21(DE3)/& Az & 4 ffa v, 345 51 21 3R I8 T Bk
BL21-pET-lysV208, LA 20% HAMVE AR 7RI
F-80°C,

Wi R AT 10 H 3 A R A7 ¥k BL21-pET-lysV208
RILE 5T LB P, 37 °ClEIEAHEESE 12h )5,
AR L REPLPRBCR T TS, A% 10 mL LB A
V(% 50 pg/mL Kana)1, 37 °C. 180 r/min 3455
12h J5, H1 mL H#AEMF] 100 mL LB %
(% 50 pg/mL Kana)H', 4RZEREFE S ODgoo=0.6 /&
A, A SR E-B-D-FRACEFUBE T IPTG) &
A FEE 0.25 mmol/L, 16 °C. 180 r/min kL5 37
24 h, BEFRGAREBEEREIR, POk RIBENE
W 10 mL, 4°C. 10000 r/min &.0» 5 min, 7
W, ULUEM 1 mL A% PBS (10 mmol/L) H Ak,
T AV A VKV T ORE 7 U R TR AR (90 W, B R
1s. 535, 3£ 5min), 10 000 r/min E.0> 5 min
145 B 5 LMk Wl 1 B MR (5 2k S 50 1 DL )k
PBS # 17 F BEHRAE)

1.4 ZUREES lysV208 HUAEE M E

EBEE V208 30 °C, 180 r/min ¥ 37147,
Pt 1% PR B0 2= 100 mL LB A 55 5
H, EAHFZAE FEUESR 0L 1-16, 18, 24h Y
BRI E ODgoo (B, 2 HI A K<k

52 T AR ok 0 2 1 R A
PRV wAE T, SR 200 pL SN A4 2R (100 pL
ARA100 pL PRSP RE ), Hp R
FEEXHE KW TER, 8 000 r/min &.0> 2 min,
LA PBS 2% il F B UTIER BE 2 ODgog=2.0£0.1
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CAEFRHTE BRI B W) . 1 J 2 s i T
W . PBS 2% ¥ (pH 7.4) B M X MR 1R T
(20 000 U/mg) FHMEXT IR 3 ANS286 4, 53i%4s T
HEZ1 (200 pL WAEW), &4 3 P17, 25°CF
SN 2 h ]G ODegoo 18, TTEEMUEE AR, anay
KR
P BE RRAIR R =(2% 1 % HR 2 ODgoo fEL—
SEIGAH ODgoofE)/ 25 FAXT BRZ1 ODisoofEx100% (1)

1.5 ZUFEES lysV208 FY4ali{k 5iRENIE

YRR IS B9 F IS4 0.22 pm FOVEE g, JE
i HisPur™ Ni-NTA Spin Columns £ #F 4fi 1k &
H, f# Amicon Ultra-15 2.0 i J€ %% (10-kDa
MWCO, UFC9010)#F 172z v i 4 LA BR 3L, 15
F 4L )5 0 B H lysv208, T80 °CIR:7F .
FH A = Je 3 B IR 40 - SR V9 0 T e R RS R UK
(SDS-PAGE) 43 Mt 4li fk i 1) 24 it il lysvV208. fifi
FHAE A 2 SR & (BCA ¥R E B MR EE
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7% 3R 200 pL [0 AR 22 FI BRI A
D7k, MR B AE AN RS T e . 7E4R
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Y 100 L PR o 1R E R lysV208 (2R
51 pg/mL)aY, PBS 2z il 5 ARk B2 1% EDTA (&
W43k 0, 0.5, 125, 2.5, 5. 10 mmol/L)
PR AW . TR A BT Ab TR . % 4K
A KA WA T B S TR R A, AR S PR
V208 AR 2o B % 3. 120 24 h (W)
X3 AAERKBB)ME WK, 8 000 r/min & L
2 min J5 E &, W 100 pL @2 W0 100 pL
lysV208 (51 pug/mL)Y5 EDTA (0.5 mmol/L)AJiR &
W, AT RS A

LR E R AT -
lysV208 1Y frcidi A FH e B, B 100 uL 1) A1 A2
J 100 pL lysV208 (253512 0. 8.5, 17, 35,
51, 68, 85, 102 ug/mL)5 EDTA (0.5 mmol/L)
RAWHAT RN, LLAHRFE 0 pg/mL 414E M X
Mo ERGEERMWIE T, B iR R i 1E R

BN AT B A (10-45 °C), 435l v 2 h
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9.0, 10.0) NN 2 h J5KEM ODgoo 7AESL, Hi3E
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PERIFZIN, 7E 100 pL J030FE & H R T 1ysv208
(51 pg/mL) F1 EDTA (0.5 mmol/L), &% T
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I B A phiV208 11 24 fift 33 46 I R FH o5 B8
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R SR 1.6 7 vk, A BRI G TR VA E
ODi00=2.0+0.1 W H AW, 7E 96 FLARH KA A
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(51 pg/mL)5 EDTA (0.5 mmol/L) IR &k, &
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SR ZE T 30 cCHHE A TIEE 2 h, BEE
S FHEEFR X E ODgoo IR RTEVE

2 BRE5M

2.1 ZUARES lysV208 BIFFI A ST
B TR AR phiv208 114 24 i il 3% R lys 208
J¥ %] (GenBank % 5% 5 & QIWS88961.1) F A
SnapGene #fFH, BIPE A ERR Y91 Ja 317 3
EPER AT lysvV208 L P51 424 516 bp, %
i 171 NMEAEER, e R/NAR 19.2 kDa.
B s R B, HASHEFESITI. &
Gk B WP R, lysV208 5 9K B M i 4
PVAL B 247 Bt 55 DR B2 R UR (& 1), AT R —
Oy B, 5RO R AR 4 i B L X A SR — B
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Ul lysV208 75 2-170 D /R 22 1814 Z1iS
(COG3926) % T8 B K 4k bk ;. 76 1-94 &=
R Z A1 N- e RE R I (cd13926) 25 M4 58 7
6-94 MR ILFR 2 8145 Glyco_hydro 108 ZE4 3,
T 45 R B R R N- 20 B i BE R R
(pfam05838) (& 1), X — & Ik 24 ik 1iig 1) 41 £k
B, AT A OGS A
2.2 ZFEES lysV208 BIfE, RIE, £
ES541k

DL B R phiv208 3 R 4] oA AR, LU

57

100E

lysV208-F1 F1 lysV208-R1 K 5| ¥ i# 47 PCR §~
14, PCR J=HyBE R LUK FE 500 bp 2247 4k 3 5%
W, FA TP E 516 bp BIFMI(E 2), WXL
UK H 09 R B %3] pET-28a(+) kL [, K
2 ki % 2 BL21(DE3) /&2 5 40 b, Iy Jo
)5 LA IPTG 15 3 24 A Bl lysV208 1 K &Ik nT
BiEFRIR
AR B 3), EEIKE V208 78 )

PRIEFEM 0-3 h A THRZEH, 4-12 h kb T4t
K], 13h ZE#E ARE . WEEE S50
FEAE (ODsoo) LIE L, 24 4T TR 245 #) 5 3K I I 2% B
Acinetobacter phage Scipio (UQS93271.1)

Acinetobacter phage vB_AbaM_IME284 (AYP68979.1)
Acinetobacter phage vB_AbaM_IME285 (AYP68897.1)

Acinetobacter phage vB_AbaM-IME-AB2 (YP_009592219.1)
Acinetobacter phage vB_AbaM_fThrA (WVH13573.1)

Acinetobacter phage 1L.Z35 (YP_009291906.1)

100

Alteromonas phage vB_AcoS-R7M (YP_009859567.1)

35 —————— Vibrio phage PVA1 (YP_009009740.1)

Vibrio alginolyticus phage phiV208 lysV208 (QIW88961.1)

89

Shewanella sp. phage 1/41 (YP_ 009103290.1)

Vibrio phage VP16T (AAQ96493.1)

49 Vibrio phage 24 (AIA08697.1)

98 Vibrio phage 381E49-1 (CAH9016514.1)

56 |—Vibrio phage 1.013.0._10N.286.54.F9 (AURS81802.1)

1001 piprip phage 1.247.A. 10N.261.54.E12 (AUR9S131.1)

0.05

El1l IEEAphiV208E T 2 iREslysV20810ZN RS 4 BN

Figure 1

x1 BLAEEElys V20855135 B9 TN

Phylogenetic tree of phage phiV208 based on the lyase lysV208.

Table 1 Conserved domain prediction for lyase lysV208

Name Accession Description Interval ~ E-value
Z1iS C0G3926  Lysozyme family protein 2-170  8.53x107%
GH108 cd13926 N-acetylmuramidase domain of the glycosyl hydrolase 108 family — 1-94 4.52x107%
Glyco_hydro 108  pfam05838  This family acts as a lysozyme (N-acetylmuramidase) 6-94 1.44x107
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bp M 1

El2 lysV208E E PCRY 1= 4RI EE kBl . VkiH
M: DNAZTEFRfE; JKiEL: Iysh208,

Figure 2 The PCR amplification products of
lysV208. Lane M: DNA marker; Lane 1: lysV208.

1.6
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t/h
&3 AEINEV208HY 4 sk

Figure 3  The growth curve of Vibrio alginolyticus
V208.

(EHS s A0 B PR ) 2 T R, EAER
K T R 7 DS BN S ) T TR B Tl A s I T

V208 it R [ 44.8% (18] 4), 3% BH 55 2H 2 it il
WAE T AR IA . dE— Ak )5 iY 2 i

lysV208 7£ SDS-PAGE [ H1F 20 kDa &b 5 i H
—IBMi AT, 5 —8(& 5), BCA i

100 -

kok

Hk % *k%
80

60 -

40

Turbidity reduction rate (%)

20

0
PBS  Supernatant Lysozyme

E4 BHEFEAREBEMHELE RSB
AEINE V2088 A E M
Figure 4

(]3]

Bacteriolytic activity of the sonicated
lysate supernatant from recombinant bacteria and the
control lysozyme against Vibrio alginolyticus strain
V208. *** indicates extremely significant differences
between groups (P<0.001).

kDa M 4
180
140—
100—
757
60—y
45— ...

i

L— — 20D

&5 EiAZMRESlysV208ZE L RTRRVE KB, TKiE
M: HEHFEARME; JKiE: BL21 pET28a(+)-
UKiE2: RATCH) B TkiE3-4: BRAES
2URVEBLR

Figure 5 SDS-PAGE analysis of recombinant lyase
lysV208 before and after purification. Lane M:
Protein marker; Lane 1: BL21-pET28a(+); Lane 2:
Unpurified supernatant; Lanes 3—-4: First and second

eluates from the nickel column.
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T D SiAk Y B R FE A 204 ug/mL.
2.3 ZURES lysV208 MRIE{(EREHE

7 EDTA B[Rl /E A& &, Wk B 3 [l
0.5-10 mmol/L fi EDTA ¥ . Z 42T+ T 1ysV208
XoF s I BT ) ¥ TR 90 2 (58.6%—68.0%) ,  Herp B
FH 0.5 mmol/L EDTA Hsf {35 B 16 P ¢ 155 (68.0%)
3TC EDTA 241(24.2%) 85 T 2.8 £%(1& 6A).

ME— 23 B X AS ) A= K Bt 10 328 3 I T 7 3
AR (] 6B), 455 EIR lysV208 X7 9K A
XA KA R R VA TR TG R 61.7%, X FReE
WIEIRRETERE R 10.3%, W2 m R VE PR
RS AE K B Bem U oG, e 45 Rt eoR
ST A A I RO 4T

A S F A (18] 6C), Ml 1ysV208
F14) V35 RT3 P i L e 4 v T S R . R,
My 51-102 pg/mL X (] 28, %X 6]
VS DRI PR R 9.2%, 7% vk B 4k 82 19 i xof
TEPERE R 25 AR

TR R R MR SIS R B (K] 6D),  1ysV208 119 5
FEVE IR EE A 45 °C, IERHAEE G PR 75.6%,
MAE K A= 31 7 28 i 2 Sl W D %) 4 1 1P 9
WATILEE (25-37 °C)JLFE M, lysV208 HLH 5544
VAT IETE(52.8%-71.9%).

pH Fa e PS5 46 78 (K] 6E), 1ysV208 7E pH
7.0 2 AE 1B 1 (63.2%) 0 FRVE 5542 T B K
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Figure 7 The bacteriolytic activity of the recombinase lysV208 against different bacteria. Different lowercase
letters denote significant differences between groups (P<0.05).

B phi68 g f 1) Lys68 FL[FAEFH 2 h, AT {f 4
B R R 3-5 DX . Jiang SRR A
KL, VT TR (Salmonella)V E A& SLMP1 4fd
f) LysSP1 7E 5 mmol/L EDTA % i i n 2L 4
2% K PH M 09 2= W kR B (Listeria monocytogenes)
ABF5EH, 0.5 mmol/L EDTA I H (&l 6A) ]
W 2455 T 1ysv208 X %5 i I I V208 Y 7 1 17
P 24.2% K2 5 2 68.0%), [A] B X T F2 i
BL21(DE3)YHLAE™ 2 18.3% FUMANATEIHEE 7).
PP RIS RGE D, 248 LysLorf22 [7]
FELL BL21 1358 TR BT R 51 & bR A%,
{87 [ F1 2467 5256 v 28 5 0 A B IR 20 A R 45
Fa )5 W) AT 68% FRIA TR TG M o

ANIEE NS4 g B, bR T T AR A A

P4 actamicro@im.ac.cn, 78 010-64807516

) (4n EDTA)FIAG HLIR A5 5o ik B 22 PGB TR A M
MARB VRSN, 38 PT LI o 20 2410 iy 1 R
WIMHAMEB BRE S . 2 4 FU e B 1A
fE it Lysp3 (19 C s i 3—12 AN HiK & LR
AT 5 RO EK I 1 S A, X s
B A58 T RSNATRRE TS . Briers 451221 RL
BT S 28 75 N T 2R (artilysins), S22 holin
—BZ k& 2N 2L i b, s hRER & Y
75 2 B[R] DR I 25 46 I 00 PN 8 2% 0 IR SR
I ARG o 1% A BRIV SR & ) Rl 7R 2 A il
Art-175 (& SMAP-29 Jik 5 KZ144 % %) A [A]
s 8 1) 4] 2% {1 B MY 1T (Pseudomonas aeruginosa)
JH: Z2 T 245 TR AR 1 ML AD R G ) R SR )2
W E A AR TN TR], M oIS TR AE 1 o X BB



flaxak 25 | BUEYIaEAR, 2025, 65(10)

4441

JERFRAT, B 1ysV208 AT LA 741 Bt
At A2 50 o) A1 308 375 70 A AR . B B AR A 2 I
IO FH A5 A I 3 790 A AT — s BR ], R
B2 IR DR 2R S AN — S R B e A Y P R R
S

SRR TR VA2 18 32 AR RS MBI 2R 5
W, AWESE EEAEARSN AT, R TP X
S BEAE S PRk 7 SRR B R N HACR . 5
B WO R R ER o SRR R DA RS i 7R
I FH A8 J7 AN [R) (A e 7 44 24 i@ i TSPphg Al
MMPphg*), 7K = 7578 ¥R 35 v 1) 42 2= PR 25 (an ok
Jie sl KARSE S LA K S5 58 A 1 B 58 U 45
A RESZ W 2L BETERE , LS BR I T ASCR S i —
ARIE . SRTAT, lysV208 A8 BRCE 5 40 B ) AR
KB B AH G, 0T B30 K D) A TR A9
B e AR E IR T 51.4%, X—BZ S5RIFL
i BR 7 (Streptococcus parauberis) 3L f# E Sply828
(PR PR A — 350, 3 B 20 T 40 B e vk 2
213 B B 2578 P R b 5 i il 2027, st
lysV208 PO G 1 52 0 — 7 1Y) 46 i o -k B A4
PE. 0.1-1.0 mmol/L M4 & &5+ nl i i HA i
YEMI, 7E 10.0 mmol/L MU T IS8 42k 0%, 28
I 7E LysWL59, LysWL60 K ASA2 45 %1 fig
AT

ROR W TR AR P AR (PO g 20 ek
i ECI AR R 2 AU T, SRR
SRR N, RV SRR W R R VPs20 {LRER
fif o —pa bk, [HH A% 02 EE Lys69 BA ™
IS, FIVERT 5 BREN PRI . 3 Bk
825 && (Vibrio anguillarum), {B4)5 )& FR T 45 B
JEP AN, ARG lysV208 i it 40
] IR R MR 2 (AR ST A Ak, 0 Ml D e T 4R 1) 11
TR ARIRE, I B R R RE . Hoal A
RO BN . QoI L e 2 QI R
kTR A 2 R 2 IRPIPETE , B BT
PR 1. &5 TR, HECTIRIE A phiv208
(75 TR, 12 R 2 i e R 1) DR S 45 ) S B

PSRRI T, O IT AR B BT R SR 4 T
%H]%O

1B STk = A

il or . Bgaordr . S0 A A
PRAPAT | 1R 30 e BRI 0P

LW AR 0T IR R B R .
RGBS AR . BIHEH, i
EEE A BT IBSCHI; B
L. TPk, WSCH B S5F . RAEREE
WICH I MOk RIS, PR JH
EHFNIE A

1B Al 25 v RANTF 7 A

VRS P AN AEAT AR T RE 23 52 R AS SCHI 4l
(RO IENE o E T N S

RPN

[1] QIN YQ, REN XY, ZHANG YK, JU HY, LIU J, XIE J,
ALTAF MM, DIAO XP. Distribution characteristics of
antibiotic resistance genes and microbial diversity in the
inshore aquaculture area of Wenchang, Hainan, China[J].
Science of The Total Environment, 2024, 914: 169695.
SCHMELCHER M, DONOVAN DM, LOESSNER MJ.
Bacteriophage endolysins as novel antimicrobials[J].
Future Microbiology, 2012, 7(10): 1147-1171.

[3] GUPTA R, PRASAD Y. P-27/HP endolysin as
antibacterial agent for antibiotic resistant Staphylococcus
aureus of human infections[J]. Current Microbiology,
2011, 63(1): 39-45.

[4] COOPER CJ, KHAN MIRZAEI M, NILSSON AS.
Adapting drug approval pathways for bacteriophage-
based therapeutics[J]. Frontiers in Microbiology, 2016, 7:
1209.

[5] B, R4, fa75F . B0 BEHA T ORI S8t )8 5 T
B [T]. SRR, 2015, 42(1): 178-184.

YANG H, YU JP, WEI HP. Research progress in lysin
therapy[J]. Microbiology China, 2015, 42(1): 178-184 (in
Chinese).

[6] YANG H, WANG DB, DONG QH, ZHANG ZP, CUI
ZQ, DENG JY, YU JP, ZHANG XN, WEI HP. Existence
of separate domains in lysin PlyG for recognizing
Bacillus  anthracis spores and vegetative cells[J].
Antimicrobial Agents and Chemotherapy, 2012, 56(10):
5031-5039.

[71 RAHMAN MU, WANG WX, SUN QQ, SHAH JA, LI C,
SUN YM, LI YR, ZHANG BL, CHEN W, WANG SW.

[2

—

http://journals.im.ac.cn/actamicrocn



4442

NI Jinrong et al. | Acta Microbiologica Sinica, 2025, 65(10)

[10]

[11]

[12]

[14]

[15]

[17]

Endolysin, a promising solution against antimicrobial
resistance[J]. Antibiotics, 2021, 10(11): 1277.

GHOSE C, EULER CW. Gram-negative bacterial
lysins[J]. Antibiotics, 2020, 9(2): 74.

ASFDUIE . X IR B 0 I R W P AR P G B8 M M A
R ~AAT5E D). 1] 236 K, 2018.

FU HQ. Isolation, identification and genome-wide
research of Vibrio phages from shrimp farm[D]. Xiamen:
Jimei University, 2018 (in Chinese).

BRIERS Y, VOLCKAERT G, CORNELISSEN A,
LAGAERT S, MICHIELS CW, HERTVELDT K,
LAVIGNE R. Muralytic activity and modular structure of
the  endolysins  of  Pseudomonas  aeruginosa
bacteriophages ¢KZ and EL[J]. Molecular Microbiology,
2007, 65(5): 1334-1344.

POHANE AA, JAIN V. Insights into the regulation of
bacteriophage endolysin: multiple means to the same
end[J]. Microbiology, 2015, 161(12): 2269-2276.
SHANNON R, RADFORD DR, BALAMURUGAN S.
Impacts of food matrix on bacteriophage and endolysin
antimicrobial efficacy and performance[J]. Critical
Reviews in Food Science and Nutrition, 2020, 60(10):
1631-1640.

BAI J, YANG E, CHANG PS, RYU S. Preparation and
characterization of endolysin-containing liposomes and
evaluation of their antimicrobial activities against Gram-
negative bacteria[J]. Enzyme and Microbial Technology,
2019, 128: 40-48.

JUF Gy, R, RALIE, AEA, whAREBE, e, £ KM,
e A YLk (AR 7 VIPS 25 1 I R IX 1 Rk &%
AL R R RS [I]. LRI B2, 2011, 39(17):
10461-10463.

YAN XJ, LT F, QIN LT, LI QQ, HAN CX, FENG D,
WANG XM, GAO W. Knockout of IBDV VPS5 protein
transmembrane region and the soluble prokaryotic
expression research[J]. Journal of Anhui Agricultural
Sciences, 2011, 39(17): 10461-10463 (in Chinese).
FARTE, AL, EFE B N E LR 1A qdvp001 H2H
N 2R 175 2 3K LA S BRAR R ) A WIS (0], £t Tl
BHE, 2016, 37(16): 205-209.

WANG WY, LIN H, WANG JX. Characterization of
recombinant endolysin from Vibrio parahaemolytics-
infecting  bacteriophage qdvp001[J]. Science and
Technology of Food Industry, 2016, 37(16): 205-209 (in
Chinese).

YE YY, TONG GX, CHEN GH, HUANG LX, HUANG
LQ, JIANG XL, WEI XX, LIN M. The characterization
and genome analysis of a novel phage phiA034 targeting
multiple species of Aeromonas[J]. Virus Research, 2023,
336:199193.

WARR, R, A WE K EC-p9 Fl SM-p2 N il
Lo Zf FUER B RRPE LI5S B A FH [0, 080 5 I Tl
2021, 47(24): 7-12.

SHI DL, XIE TH, SHI H. Characteristics and combined
bacteriostasis of endolysin and holin in phage EC-p9 and
SM-p2[J]. Food and Fermentation Industries, 2021,

P4 actamicro@im.ac.cn, 78 010-64807516

[18

[19

[20

21

[22

[23

[24

[25

[26

—_—

—

[

—

—_—

—_

—_

—_

—_

47(24): 7-12 (in Chinese).

ZHANG PF, ZENG P, LAI CKC, IP M, TO KKW, ZUO
Z, XIA J, LEUNG SSY. Synergism of colistin and
globular endolysins against multidrug-resistant Gram-
negative bacteria[J]. International Journal of Biological
Macromolecules, 2024, 278: 134670.

OLIVEIRA H, THIAGARAJAN V, WALMAGH M,
SILLANKORVA S, LAVIGNE R, NEVES-PETERSEN
MT, KLUSKENS LD, AZEREDO J. A thermostable
Salmonella  phage endolysin, Lys68, with broad
bactericidal properties against Gram-negative pathogens
in presence of weak acids[J]. PLoS One, 2014, 9(10):
e108376.

JIANG YH, XU DQ, WANG LZ, QU M, LI FL, TAN ZJ,
YAO L. Characterization of a broad-spectrum endolysin
LysSP1 encoded by a Salmonella bacteriophage[J].
Applied Microbiology and Biotechnology, 2021, 105(13):
5461-5470.

BRSEPT, SRR, XUBTPY, X458, 250, X2 U T IR
Wk TR 1A 224 7 1t LysLorf22 Fy il 85 X 5 BTG M 3 BT 0], 7L
Fhgalr 24, 2020, 36(1): 212-218.

CAI XZ, PENG L, LIU KR, LIU SL, LI C, LIU AP.
Preparation and activity analysis of endolysin LysLorf22
derived from Salmonella bacteriophage[J]. Jiangsu
Journal of Agricultural Sciences, 2020, 36(1): 212-218
(in Chinese).

BRIERS Y, WALMAGH M, van PUYENBROECK YV,
CORNELISSEN A, CENENS W, AERTSEN A,
OLIVEIRA H, AZEREDO J, VERWEEN G, PIRNAY JP,
MILLER S, VOLCKAERT G, LAVIGNE R. Engineered
endolysin-based “Artilysins” to combat multidrug-
resistant Gram-negative pathogens[J]. mBio, 2014, 5(4):
e01379-14.

BRIERS Y, WALMAGH M, GRYMONPREZ B, BIEBL
M, PIRNAY JP, DEFRAINE V, MICHIELS J, CENENS
W, AERTSEN A, MILLER S, LAVIGNE R. Art-175 is a
highly efficient antibacterial against multidrug-resistant
strains and persisters of Pseudomonas aeruginosal[l].
Antimicrobial Agents and Chemotherapy, 2014, 58(7):
3774-3784.

TR A . S TR Tt P ) 5 S LA TR XS i) 3 v ) 197
BORVFA D). EEWI: BEWIHE TR, 2020.

ZHANG GL. Preparation of compound lysin and
evaluation of its application in broiler breeding[D].
Kunming: Kunming University of Science and
Technology, 2020 (in Chinese).

ALY, WREIL . (U5 R 2L 55 B R AT i Wk o (K 22 fie ity
Sply828 1Y 4T T 1% M [J]. B4 ¥ 27 3l 4k, 2022, 49(5):
1719-1730.

TU CD, CHEN KG. Antibacterial activity of a prophage
lysin ~ Sply828  from fish-derived  Streptococcus
parauberis[J]. Microbiology China, 2022, 49(5):
1719-1730 (in Chinese).

PRITCHARD DG, DONG SL, BAKER JR, ENGLER
JA. The bifunctional peptidoglycan lysin  of
Streptococcus  agalactiae  bacteriophage ~ B30[J].



flaxak 25 | BUEYIaEAR, 2025, 65(10)

4443

[29]

Microbiology, 2004, 150(Pt 7): 2079-2087.

OECHSLIN F, DARASPE J, GIDDEY M, MOREILLON
P, RESCH G. In vitro characterization of PlySK1249, a
novel phage lysin, and assessment of its antibacterial
activity in a mouse model of Streptococcus agalactiae
bacteremia[J]. Antimicrobial Agents and Chemotherapy,
2013, 57(12): 6276-6283.

FE- . W A B LysWLS9 Fl LysWL60 Fi i 45 |
Rt A K LD AfEZ2: )1 Al K27, 2020.
WANG YP. Preparation, characterization and application
of endolysins LysWL59 and LysWL60[D]. Ya’an:
Sichuan Agricultural University, 2020 (in Chinese).
SCHMELCHER M, POWELL AM, CAMP MJ, POHL
CS, DONOVAN DM. Synergistic streptococcal phage
ASA2 and B30 endolysins kill streptococci in cow milk

and in a mouse model of mastitis[J]. Applied
Microbiology and Biotechnology, 2015, 99(20):
8475-84386.

[30] ZHANG Z, YU F, ZOU YQ, QIU Y, WU AP, JIANG TJ,

131

—_

[32]

[33

[

PENG YS. Phage protein receptors have multiple
interaction  partners and  high  expressions[J].
Bioinformatics, 2020, 36(10): 2975-2979.

FILIPPOV AA, SERGUEEV KV, HE YX, HUANG XZ,
GNADE BT, MUELLER AJ, FERNANDEZ-PRADA
CM, NIKOLICH MP. Bacteriophage-resistant mutants in
Yersinia pestis: identification of phage receptors and
attenuation for mice[J]. PLoS One, 2011, 6(9): ¢25486.
McCUTCHEON JG, PETERS DL, DENNIS JJ.
Identification and characterization of type IV pili as the
cellular receptor of broad host range Stenotrophomonas
maltophilia bacteriophages DLP1 and DLP2[J]. Viruses,
2018, 10(6): 338.

AR . B i S R R R A 1 0 88 6 5 I H B A Tt ) 3
iK[D]. K KIEH TR, 2023.

LIU S. Isolation and identification of phage from Vibrio
parahaemolyticus and expression of endolysin[D].
Dalian: Dalian University of Technology, 2023 (in
Chinese).

http://journals.im.ac.cn/actamicrocn



