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Abstract: Foodborne pathogens pose a major threat to human health, society, and economy. Contamination by pathogenic
bacteria can cause foodborne diseases at any stage of the farm-to-table food supply chain. As drug resistance becoming an
increasingly serious global issue, there is an urgent need to develop novel methods for controlling foodborne bacteria. Lysins
are enzymatic proteins produced by most virulent phages that can degrade bacterial cell walls. These antibacterial proteins have
attracted growing interest from researchers because of certain favorable characteristics, such as strong bactericidal activity, high
host specificity, low tendency to induce drug resistance, and potential for engineering modification. This review summarizes
the classification, structure, and antibacterial mechanisms of lysins, explores strategies to enhance their activity against gram-
negative bacteria, highlights recent advances in their application for preventing and controlling foodborne pathogens, and provides
perspectives on their future development and use. The insights presented herein aim to inform the design of novel strategies for
combating drug-resistant foodborne pathogens.
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Table 1 List of reported phage lysins used in foodborne pathogen control

A RE g s JL R 2R BH Ik |y
A FOATE LysDLnl PO AR DLnl #2233, 0 44 o S AE SF FOAT ) 69 4 2 [181/2022
Lys109 FRTEMEE AP 2 E EH HRY [51]/2021
e HRE LysGH15 H BAZH SR BSR40 F 2 & 2R E [521/2021
LysRODIA Ami HREA AR R R AR A i ad EF HIRE [531/2023
P PHA_lysin293 BNPs B E IS AR e TR A T R AT K [551/2022
PlyP100 55 5U4% B ARV R) 16 AR AR R B4 P 38 S [561/2018
LysCPAS15 ) 4 o FAEBRRE AR, RIE BE RS B 5 AR [59]/2021
LysCPS2 BEMHALE M, 95 CHF 10 min /& M E M 5K 30% [60]/2018

FAEBERE

Cpp-lys 15 min 1 £ EF KT 4log CFU/em’ = A EIEHRE T1 [631/2023
LysCP28 BV AT w8 F & AR A 49 7% B 4% 3 log CFU/g A E [641/2023
ZIE AT E Innolysin Cj BV A LT R B EIHE AT ) E [48]/2021
LysSTG2 5 phEg bR FBR KB 24 B A I T K [68]/2021
WITRE EN4 B BB S AN B A BA R AL P I TTRB A A K [69]/2023
LysJNwz 5 EDTA B B % 77 e 6938 & Aa £ F A 86% A Lag &0 T KHE [70]/2023
PlyEc2 bR A E ot 99.7% 89 KMATH O157:H7 [72]/2021
XIHAFHE O157:H7 LysPECP20 2t EDTA 4L 269 K WATE O157:H7 Ak R Ee9iad &4 [73]1/2024
Ec21 st ZARKFBHER G KB L XA F M [46]/2020
$55 I Plychap001 B A R An ol TR IR T R 8 84 85 A IR 2 R [751/2022
ORF52 REEAREA NG F23 e94 K [77]/2022
BRI LysAB2 KWK i%ﬁ%%%%LWM%géigi&igﬁﬁ%%%ﬁ,%iﬁm (3912021
HHEATE CBO1751 HEEMIBNEREAR, LERRATHLMA A E5E AN [66]/2020

4 NEHRE

S NATTXS T 335 AN 35 07 IR VR ATE 5 1K 21 8
r AT, BRI AR — A A ERPE A IR, Ak
A B AR SEAT S T3 2R B i AT A
R BB . B Ah, B DUAE SR 24 1 ) A B
TFREAGUER SO T 5 2RSS . IR
HIR TR RIS 1 — SRR W T A A Bl X 2 2 R A
A ROE (AN TR S, (ROR 2 SR I PR L,
FC IR 2R g Pl B i 22 o v 0 0 4 22 TR M R Y o
JE B AR e o B A AR A Bl 1 D R R i )
FEA DB 700 T B o, SRR Rt 7 R 4
455 AR B SR A, [ I 2 R ) % A i I R
Yraies SUECR

S, R AR SRR R T N AT B LR 4T
TS 243 14 9 D 1 1) I B T R e S et 0 23 T AR
FLRKA B TR 2 KR A St E 4
WG T PR LR, IR I o L BT R AR E R vV AR
e L LA RV B SR e SRR TR D A B

380

AR H R ARG TT R 1 KB AT RETE, 72 A B R, “ B
— AR BB AT R TR RN L S IR AN
R AR L S5 A A 2 A1) SR PR G U

[11  YANG J, ZHU X, XU X, et al. Recent knowledge in phages, phage-
encoded endolysin, and phage encapsulation against foodborne
pathogens [J]. Critical Reviews in Food Science and Nutrition, 2023,
17: 1-21.

[2] MATHER A E, GILMOUR M W, REID S W J, et al. Foodborne
bacterial pathogens: genome-based approaches for enduring and
emerging threats in a complex and changing world [J]. Nature Reviews
Microbiology, 2024, 22(9): 543-555.

3] LR B B, A5 202 14 A [ R By i e s A A s ) %
BT A B A b AR 24 E,2022,34(4):816-821.

[4]  FLK R B R 5. 20224 b [ K i £ I M 2
T GERLr[0]. b [ A B AR 2R A5, 2024,36(8):962-967.

[S] FERRO S, AMORICO T, DEO P. Role of food sanitising treatments
in inducing the ‘viable but nonculturable’ state of microorganisms [J].
Food Control, 2018, 91: 321-329.

[6] HUTCHINGS M I, TRUMAN A W, WILKINSON B. Antibiotics:

past, present and future [J]. Current Opinion in Microbiology,




MR @R

Modern Food Science and Technology

2026, Vol.42, No.2

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

2019, 51: 72-80.

KAKASIS A, PANITSA G. Bacteriophage therapy as an alternative
treatment for human infections. A comprehensive review [J].
International Journal of Antimicrobial Agents, 2019, 53(1): 16-21.
PIRES DP, COSTA AR, PINTO G, et al. Current challenges and future
opportunities of phage therapy [J]. FEMS Microbiology Reviews,
2020, 44(6): 684-700.

HO MKY, ZHANG P, CHEN X, et al. Bacteriophage endolysins
against gram-positive bacteria, an overview on the clinical
development and recent advances on the delivery and formulation
strategies [J]. Critical Reviews in Microbiology, 2022, 48(3): 303-326.
GUO X H, SODERHOLM A, SANDESH K P, et al. Structure and
mechanism of a phage-encoded SAM lyase revises catalytic function
of enzyme family [J]. Elife, 2021, 10: e61818.

KHAN F M, CHEN J H, ZHANG R, et al. A comprehensive review
of the applications of bacteriophage-derived endolysins for foodborne
bacterial pathogens and food safety: recent advances, challenges, and
future perspective [J]. Frontiers in Microbiology, 2023, 14: 1259210.
ABDELRAHMAN F, EASWARAN M, DARAMOLA O 1, et al.
Phage-encoded endolysins [J]. Antibiotics (Basel), 2021, 10(2): 124
SCHMELCHER, M, DONOVAN D M, LOESSNER M J.
Bacteriophage endolysins as novel antimicrobials [J]. Future
Microbiology, 2012, 7(10): 1147-1171.

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

GERSTMANS H, CRIEL B, BRIERS Y. Synthetic biology of modular
endolysins [J]. Biotechnology Advances, 2018, 36(3): 624-640.

FINET IR, SRR BE, P 2R T A8 R T A SRR £ it 22 A U P F
R[] 62 b 22 A TR I 544, 2021,24(12):9415-9421.

KONG M, RYU S. Bacteriophage PBC1 and its endolysin as
an antimicrobial agent against Bacillus cereus [J]. Applied and
Environmental Microbiology, 2015, 81(7): 2274-2283.

LI N, YUAN X, LI C, et al. A novel Bacillus cereus bacteriophage
DLnl and its endolysin as biocontrol agents against Bacillus cereus in
milk [J]. International Journal of Food Microbiology, 2022, 16: 369:
109615.

PENG Q, YUAN Y. Characterization of a novel phage infecting the
pathogenic multidrug-resistant Bacillus cereus and functional analysis
of its endolysin [J]. Applied Microbiology and Biotechnology, 2018,
102(18): 7901-7912.

MONDAL S I, DRAPER L A, ROSS R P, et al. Bacteriophage
endolysins as a potential weapon to combat Clostridioides difficile
infection [J]. Gut Microbes, 2020, 12(1): 1813533.

PASTAGIA M, EULER C, CHAHALES P, et al. A novel chimeric
lysin shows superiority to mupirocin for skin decolonization of
methicillin-resistant and-sensitive Staphylococcus aureus strains [J].
Antimicrobial Agents and Chemotherapy, 2011, 55(2): 738-744.
SCHUCH R, NELSON D, FISCHETTI V A. A bacteriolytic agent that
detects and kills Bacillus anthracis [J). Nature, 2002, 418(6900): 884-
889.

LOESSNER M J. Bacteriophage endolysins-current state of research
and applications [J]. Current Opinion in Microbiology, 2005, 8(4): 480-
487.

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

B4]

[35]

[36]

B7]

[38]

BLASCO L, AMBROA A, TRASTOY R, et al. In vitro and in vivo
efficacy of combinations of colistin and different endolysins against
clinical strains of multi-drug resistant pathogens [J]. Scientific Reports,
2020, 10(1): 7163.

KEENEY K M, YURIST-DOUTSCH S, ARRIETA M C, et al. Effects
of antibiotics on human microbiota and subsequent disease [J]. Annual
Review of Microbiology, 2014, 68: 217-235.

MURRAY E, DRAPER L A, ROSS R P, et al. The advantages and
challenges of using endolysins in a clinical setting [J]. Viruses, 2021,
13(4): 680.

IMANISHI I, UCHIYAMA J, TSUKUI T, et al. Therapeutic potential
of an endolysin derived from kayvirus S25-3 for Staphylococcal
Impetigo [J]. Viruses, 2019, 11(9): 769.

World Health Organization. Bacterial Priority Pathogens List, 2024:
Bacterial pathogens of public health importance to guide research,
development and strategies to prevent and control antimicrobial
resistance [EB/OL]. (2024-05-17) [2024-10-20]. http://www.who.int/
publications/i/item/9789240093461.

BREIJYEH Z, JUBEH B, KARAMAN R. Resistance of gram-
negative bacteria to current antibacterial agents and approaches to
resolve it [J]. Molecules, 2020, 25(6): 1340.

OLIVEIRA H, BOAS D V, MESNAGE 8§, et al. Structural and
enzymatic characterization of ABgp46, a novel phage endolysin
with broad anti-gram-negative bacterial activity [J]. Frontiers in
Microbiology, 2016, 7: 208.

NI P, WANG L, DENG B, et al. Characterization of a lytic
bacteriophage against Pseudomonas syringae pv. actinidiae and its
endolysin [J]. Viruses, 2021, 13(4): 631.

NIE T, MENG F, LU F, et al. An endolysin Salmcide-pl from
bacteriophage fmb-pl against gram-negative bacteria [J]. Journal of
Applied Microbiology, 2022, 133(3): 1597-1609.

JIANGY, XU D, WANG L, et al. Characterization of a broad-spectrum
endolysin LysSP1 encoded by a Salmonella bacteriophage [J]. Applied
Microbiology and Biotechnology, 2021, 105(13): 5461-5470.
PLOTKA M, KAPUSTA M, DORAWA S, et al. Ts2631 endolysin
from the extremophilic Thermus scotoductus bacteriophage vB
Tsc2631 as an antimicrobial agent against gram-negative multidrug-
resistant bacteria [J]. Viruses, 2019, 11(7): 657.

SISSON H M, FAGERLUND R D, JACKSON S A, et al. Antibacterial
synergy between a phage endolysin and citric acid against the gram-
negative kiwifruit pathogen Pseudomonas syringae pv. actinidiae [J].
Applied and Environmental Microbiology, 2024, 90(3): e0184623.
HONG H W, KIM Y D, JANG J, et al. Combination effect of
engineered endolysin ECs,, with antibiotics [J]. Frontiers in
Microbiology, 2022, 13: 821936.

KIM J, KIM J C, AHN J. Assessment of bacteriophage-encoded
endolysin as a potent antimicrobial agent against antibiotic-resistant
Salmonella typhimurium [J]. Microbial Pathogenesis, 2022, 168:
105576.

NING H Q, LIN H, WANG J X. Synergistic effects of endolysin
Lysqdvp001 and &-poly-lysine in controlling Vibrio parahaemolyticus
and its biofilms [J]. International Journal of Food Microbiology, 2021,
343:109112.

381




MR @i

Modern Food Science and Technology

2026, Vol.42, No.2

[39]

(40]

[41]

(42]

(43]

(44]

[45]

[46]

(47]

(48]

(49]

[50]

[51]

[52]

[53]

[54]

382

CHEN X, LIU M, ZHANG P, et al. Membrane-permeable antibacterial
enzyme against multidrug-resistant Acinetobacter baumannii [J]. ACS
Infectious Diseases, 2021, 7(8): 2192-2204.

JEONG T H, HONG H W, KIM M 8, et al. Characterization of three
different endolysins effective against gram-negative bacteria [J].
Viruses, 2023, 15(3):679.

LIM J, HONG J, JUNG Y, et al. Bactericidal effect of Cecropin A
fused endolysin on drug-resistant gram-negative pathogens [J]. Journal
of Microbiology and Biotechnology, 2022, 32(6): 816-823.

NIE T, MENG F, ZHOU L, et al. In silico development of novel
chimeric lysins with highly specific inhibition against Salmonella by
computer-aided design [J]. Journal of Agricultural and Food Chemistry,
2021, 69(12): 3751-3760.

YAN G, LIU J, MA Q, et al. The N-terminal and central domain of
colicin A enables phage lysin to lyse Escherichia coli extracellularly [J].
Antonie Van Leeuwenhoek, 2017, 110(12): 1627-1635.

DAMS D, BRONDSTED L, DRULIS-KAWA Z, et al. Engineering
of receptor-binding proteins in bacteriophages and phage tail-like
bacteriocins [J]. Biochemical Society Transactions, 2019, 47(1): 449-
460.

KOCOT A M, BRIERS Y, PLOTKA M. Phages and engineered lysins
as an effective tool to combat gram-negative foodborne pathogens
[J]. Comprehensive Reviews in Food Science and Food Safety, 2023,
22(3): 2235-2266.

ZAMPARA A, SORENSEN M C H, GRIMON D, et al. Exploiting
phage receptor binding proteins to enable endolysins to kill gram-
negative bacteria [J]. Scientific Reports, 2020, 10(1): 12087.

SISSON H M, JACKSON S A, FAGERLUND R D, et al. Gram-
negative endolysins: overcoming the outer membrane obstacle [J].
Current Opinion in Microbiology, 2024, 78: 102433.

ZAMPARA A, SORENSEN M C H, GENCAY Y E, et al. Developing
innolysins against Campylobacter jejuni using a novel prophage
receptor-binding protein [J]. Frontiers in Microbiology, 2021, 12:
619028.

WARRING S L, MALONE L M, JAYARAMAN J, et al. A
lipopolysaccharide-dependent phage infects a pseudomonad
phytopathogen and can evolve to evade phage resistance [J].
Environmental Microbiology, 2022, 24(10): 4834-4852.

TR TR B, 28 55 W A AR R R A A RAAE . LS
HLAE P ) B IR S0 1 b R [J]. 6 A RE,2021,42(23):315-
324.

SON B, KONG M, LEEY, et al. Development of a novel chimeric
endolysin, Lys109 with enhanced lytic activity against Staphylococcus
aureus [J]. Front Microbiol, 2021, 11: 615887.

YAN J, YANG R, YU S, et al. The application of the lytic domain
of endolysin from Staphylococcus aureus bacteriophage in milk [J].
Journal of Dairy Science, 2021, 104(3): 2641-2653.

YOUSSEF O, AGUN S, FERNANDEZ L, et al. Impact of the
calcium concentration on the efficacy of phage philPLA-RODI,
LysRODI A Ami and nisin for the elimination of Staphylococcus
aureus during lab-scale cheese production [J]. International Journal of
Food Microbiology, 2023, 399: 110227.

BEHERA M, SINGH G, VATS A, et al. Expression and

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

characterization of novel chimeric endolysin CHAPk-SH3bk against
biofilm-forming methicillin-resistant Staphylococcus aureus [J].
International Journal of Biological Macromolecules, 2024, 254(Pt2):
127969.

STONE E, PENNONE V, REILLY K, et al. Inhibition of Listeria
monocytogenes by phage lytic enzymes displayed on tailored
bionanoparticles [J]. Foods, 2022, 11(6): 854.

IBARRA-SANCHEZ L A, TASSELL M L V, MILLER M 1.
Antimicrobial behavior of phage endolysin PlyP,, and its synergy
with nisin to control Listeria monocytogenes in Queso Fresco [J]. Food
Microbiology, 2018, 72: 128-134.

GRIGORE-GURGU L, BUCUR F I, MIHALACHE O A, et al.
Comprehensive review on the biocontrol of Listeria monocytogenes in
food products [J]. Foods, 2024, 13(5): 734.

YADAV ] P, KAUR S, DHAKA P, et al. Prevalence, molecular
characterization, and antimicrobial resistance profile of Clostridium
perfringens from India: A scoping review [J]. Anaerobe, 2022, 77:
102639.

CHO J H, KWON J G, O’SULLIVAN D J, et al. Development of
an endolysin enzyme and its cell wall-binding domain protein and
their applications for biocontrol and rapid detection of Clostridium
perfringens in food [J]. Food Chemistry, 2021, 345: 128562.

HAE, SON B, RYU S. Clostridium perfringens virulent bacteriophage
CPS2 and its thermostable endolysin LysCPS2 [J]. Viruses, 2018,
10(5): 251.

SEKIYA H, OKADA M, TAMALI E, et al. A putative amidase
endolysin encoded by Clostridium perfiingens St13 exhibits specific
lytic activity and synergizes with the muramidase endolysin Psm [J].
Antibiotics (Basel), 2021, 10(3): 245.

SWIFT S M, WATERS J J, ROWLEY D T, et al. Characterization
of two glycosyl hydrolases, putative prophage endolysins, that target
Clostridium perfringens [J]. FEMS Microbiology Letters, 2018,
356(16): fny179.

ZHAO X, LI L, ZHANG Q, et al. Characterization of the Clostridium
perfiingens phage endolysin cpp-lys and its application on lettuce [J].
International Journal of Food Microbiology, 2023, 405: 110343.

LU R, LIU B, WU L, et al. A broad-spectrum phage endolysin
(LysCP28) able to remove biofilms and inactivate Clostridium
perfringens strains [J]. Foods, 2023, 12(2): 411.

SHIN D, HA E, KONG M, et al. Characterization of thermostable
bacteriophage CPD2 and its endolysin LysCPD2 as biocontrol
agents against Clostridium perfringens [J]. Food Science and
Biotechnology, 2023, 32(14): 2069-2077.

ZHANG Z, LAHTI M, DOUILLARD F P, et al. Phage lysin
that specifically eliminates Clostridium botulinum Group 1 cells [J].
Scientific Reports, 2020, 10(1): 21571.

MORZYWOLEK A, PLOTKA M, KACZOROWSKA A K, et al.
Novel lytic enzyme of prophage origin from Clostridium botulinum E3
strain Alaska E43 with bactericidal activity against clostridial cells [J].
International Journal of Molecular Sciences, 2021, 22(17): 9536.
ZHANG Y, HUANG H H, DUC H M, et al. Endolysin LysSTG2:
Characterization and application to control Salmonella typhimurium

biofilm alone and in combination with slightly acidic hypochlorous




MR @R

Modern Food Science and Technology

2026, Vol.42, No.2

[69]

[70]

(71]

[72]

(73]

[74]

water [J]. Food Microbiology, 2021, 98: 103791.

ABHISINGHA M, DUMNIL J, PITAKSUTHEEPONG C. Effect
of lysin EN4 in combination with sodium bicarbonate on reduction
of Salmonella in chilled and thawed chicken meat [J]. International
Journal of Food Microbiology, 2023, 387: 110058.

SHEN K, SHU M, ZHONG C, et al. Characterization of a broad-
spectrum endolysin rLysJNwz and its utility against Salmonella in
foods [J]. Applied Microbiology and Biotechnology, 2023, 107(10):
3229-3241.

PULIGUNDLA P, LIM S. Biocontrol approaches against Escherichia
coli O157: H7 in foods [J]. Foods, 2022, 11(5): 756.

XU S, CAMPISI E, LI J, et al. Decontamination of Escherichia coli
O157:H7 on fresh Romaine lettuce using a novel bacteriophage lysin
[J]. Int J Food Microbiol, 2021, 341: 109068.

OH M, CEVALLOS-URENA A, KIM B S. Bacteriophages PECP14,
PECP20, and their endolysins as effective biocontrol agents for
Escherichia coli O157: H7 and other foodborne pathogens [J].
International Journal of Food Microbiology, 2024, 409: 110460.
LOPATEK M, WIECZOREK K, OSEK J. Antimicrobial resistance,

[76]

[77]

(78]

virulence factors, and genetic profiles of Vibrio parahaemolyticus from
seafood [J]. Applied and Environmental Microbiology, 2018, 84(16):
€00537-18.

WANG L, JU X, CONGYY, et al. A single catalytic endolysin domain
Plychap001: characterization and application to control Vibrio
parahaemolyticus and its biofilm directly [J]. Foods, 2022, 11(11):
1578.

JIANG Y, CHU Y, XIE G, et al. Antimicrobial resistance, virulence
and genetic relationship of Vibrio parahaemolyticus in seafood from
coasts of Bohai Sea and Yellow Sea, China [J]. International Journal of
Food Microbiology, 2019, 290: 116-124.

XIAO H, YANG H, YAN N, et al. Bacteriostatic effects of phage
F23s1 and its endolysin on Vibrio parahaemolyticus [J]. Journal of
Basic Microbiology, 2022, 62(8): 963-974.

LI M, JIN Y, LIN H, et al. Complete genome of a novel lytic Vibrio
parahaemolyticus phage VPpl and characterization of its endolysin
for antibacterial activities [J]. Journal of Food Protection, 2018, 81(7):
1117-1125.

383




