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INTRODUCTION 

Food borne pathogens result in the 

contamination of food which is a severe 

problem in the industry of food. For instance, 

Staphylococcus aureus, Escherichia coli, 

Salmonella spp. Clostridium spp. And Listeria 

monocytogenes causes contamination during 

the processing of food which can result in 

serious health issues in humans and lead to 

major economic losses (Loessner, 2005). 

Hence, it is known that the new strategies in 

order to control the pathogenic bacteria in the 

food are required as soon as possible. 

        The endolysins are the bacteriophage 

encoded peptidoglycan hydrolases which are 

synthesized in the conclusion of the 

multiplication cycle of phage; they lyse cell 

wall of the host bacterial and release the afresh 

accumulated bacteriophage virions (Loessner, 

2005). To be specific endolysins targets the 

bonds in the peptidoglycan structure of the 

bacterial cell wall (Oliveira et al., 2013). 

 

 

 

 

 
 

Available online at www.ijpab.com 
  

 

 

DOI: http://dx.doi.org/10.18782/2582-2845.8468 
 

ISSN: 2582 – 2845     

Ind. J. Pure App. Biosci. (2020) 8(6), 316-325 

 

ABSTRACT 

Endolysins, bacteriophage-encoded catalysts, have arisen as antibacterial specialists that can be 

effectively applied in food handling frameworks as food additives to control microorganisms and 

eventually improve sanitation. Endolysins separate bacterial peptidoglycan structures at the 

terminal advance of the phage generation cycle to empower phage offspring discharge. 

Specifically, endolysin treatment is a novel system for controlling anti-toxin safe 

microorganisms, which are an extreme and progressively continuous issue in the food business. 

What's more, endolysins can take out biofilms on the surfaces of utensils. Besides, the cell divider 

restricting area of endolysins can be utilized as an apparatus for quickly recognizing 

microorganisms. Exploration to expand the utilization of endolysins toward Gram-negative 

microbes is presently being broadly led. This survey sums up the patterns in endolysin research 

until this point and examines the future uses of these proteins as novel food safeguarding 

instruments in the field of sanitation. 
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The holing proteinsaids the entry in the 

cytoplasmic membrane in the process where 

the endolysins lyse bacterial cell wall (Young 

et al., 1995). The endolysins in general can 

also act as the exolysins in Gram+ layer in 

bacterial peptidoglycan layer. Nevertheless, it 

cannot decrease outer bacterial membrane 

around the bacterial cells of the Gram- 

(Schmelcher & Loessner, 2016). Certainly, the 

access of endolysin is prevented well by outer 

membrane of the Gram- bacteria efficiently. 

Hence, the researches tried to establish the 

novel methods for making use of endolysins 

against the pathogens of the Gram.  

 The enzymatically active domains or 

the EADs and cell wall-binding domain or 

CBD composes a modular structure of the 

endolysins from the Gram+ phages (Rodriguez 

et al., 2016). Actual enzymatic activity is 

provided by the EADs which cleaves 

peptidoglycan structure. On the other hand, the 

CBD identifies the endolysin to specific cell 

wall that is associated with ligand molecules 

with higher specificity and leads the same.  

 The uses of endolysin are believed to 

be safe enough so that they do not aid an 

transduction of gene issues or ass to the 

developing issues of the resistant bacteria. 

Even though there are issues about phages 

application like the development of the gene 

transduction phage-resistant bacteria, the 

endolysins don’t initiate such issues 

(Bakhshinejad et al., 2014). Hence, the 

endolysins are useful biocontrol agents which 

could be used in the area of the food safety. 

Even though there are researches on medical 

applications of the endolysins has been made 

public, the studies that lists their uses in the 

industry of food around the usage of the 

endolysins are yet to be vigorously directed 

(Callewaert et al., 2011; & Oliveira et al., 

2012). Thus, this review aids to provide a 

current overview of the usage of endolysins 

and the ideas for the uses as the agents of 

control against the pathogens that are food 

borne. Both the potential and the fundamental 

queries about the endolysins in the food 

application are discussed.  

1. Endolysins: The Structure, Substrate 

Recognition and Enzymatic Function 

The latest phase of the gene expression 

expresses the endolysins in double stranded 

DNA phage lytic cycle (Oliveira et al., 2013). 

Further the replication of phage inside 

bacterial host, the phage progeny should be 

released by the degradation of the cell wall. 

Endolysins becomes the part in this step by 

wearying the bacterial cell wall and the 

hydrolyzing peptidoglycan of the host.  

         Generally, endolysins is present in the 

modular structure that is composed of two 

different functional domains (Fig. 1). The 

endolysins of the gram+ possess some EADs 

at N terminal end along with the CBD at the 

end of C Terminal and they are also connected 

with a small liner (Oliveira et al., 2013). As 

they have both CBD and EADs, endolysins 

possess both host bacteria substrate along with 

enzymatic hydrolysis factors identification 

functions respectively. To be specific the 

participates of EAD in cleavage of several 

bonds in peptidoglycan of bacterial cell wall, 

while CBD identifies and fixes to bacterial cell 

wall with the higher specificity. The Gram- 

endolysins commonly possess a globular 

structure which possess EADs; unlike the 

Gram+ it also rarely shows any modular 

structure (Oliveira et al., 2012). The few 

Gram- endolysins which possess a modular 

structure all have inverted molecular structure 

related to the Gram+ endolysins. EADs are 

located in the end of the C terminal and the 

CBD is placed in the N terminal end. For 

example: Pseudomonas endolysin KZ144 

(Briers et al., 2009). One such endolysins 

known as OBPgp279 from Pseudomonas 

putida phage OBP which has been predicted to 

have double CBDs (Cornelissen et al., 2012). 

Remarkably, CBDs in the Gram+ endolysins 

displays the specificity of high post and betters 

the substrate affinity of enzymes, while CBDs 

from the Gram- endolysins displays a wide 

binding spectrum Oliveira et al. 2012.
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Various types of EAD are present namely 

glycosidases, amidases and endopeptidases/ 

carboxy. Glycosidases bout the bonds of 

amino sugar moieties, while peptidases and 

amidases cleave amide of the peptide linkages 

of cross-linking peptides and the interpeptide 

bridges Oliveira et al. 2013. Endolysins 

displays the high specificity since they possess 

a CBD which identifies and bonds to substrate 

(Eugster et al., 2011). Thus, EAD 

demonstrates much effectively when it 

coincides with CBD as it leads endolysin to 

host cell membrane with the high affinity 

(Becker et al., 2015). Subsequently, endolysin 

in specific can target the bacteria as CBD 

precisely links to host.  

2. Mechanisms of the Action of endolysins 

against the Gram+ pathogens  

Few applications of the endolysins on the 

fields of food science are disclosed in the Fig. 

2. As per the linkages that endolysins attacks, 

it can be categorized into five distinctive 

classes (Oliveira et al., 2013). The N- 

acetylmuramidases or lysozymes, 

transglycosylases and N- 

acetylglucosaminidases attacks sugar 

backbone moiety of the peptidoglycan; 

endopeptidases target peptide moiety and the 

N-acetylmuramoyl-L-alanine amidases, that 

are foretold to lead one of the strongest 

damages in peptidoglycan, hewing the amide 

link between the N-acetylmuramic acid and 

the L-alanine. Amongst the endolysins, 

muramidase, that are found in Pseudomonas 

aeruginosa phage phiKZ gp144 lysin 

(Miroshnikov et al., 2006)., is very rare kind, 

contrary to the amidases that hydrolyze most 

conserved links in peptidoglycan are widely 

dispersed (Chang et al., 2017; & Loessner et 

al., 1998). The researches about 

endopeptidases showcased that Listeria 

endolysin Ply500, Ply118 (Guo et al., 2016) 

and few od Bacillus cereus endolysins (Son et 

al., 2012; & Swift et al., 2019) have L-alanyl- 

D-glutamate endopeptidases. Additional, 

staphylococcal endolysins phi11 have D-

alanyl-glycylendopeptidase and hew within 

peptides that cross-linkage the cell wall 

(Donovan et al., 2006). 

 Endolysins may act proficiently when 

they are present together with holing (Young 

et al., 1995). Holin aids in leading endolysins 

to move towards their substrate (Young et al., 

1995). During the phage maturation in the 

infected bacteria, the endolysins contributes in 

cytoplasm. Consequently, the protein of holing 

penetrates cytoplasmic membrane and develop 

holes which allow endolysins to get close and 

target, the peptidoglycan results in the cell 

lysis and releases the progeny phases (Young 

et al., 1995). Until bacterial call loses the 

rigidity, the endolysins damages peptidoglycan 

sheet and interrupt internal pressure that is 

osmotic.  

          Generally, the Gram+ phage possesses a 

system that is holing endolysins in which the 
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holing gives endolysins access to cytoplasmic 

membrane which destroys bacterial cell wall 

(Wang et al., 2000). A number of phage 

contains signal peptides which leads to 

secretory pathways from proteins 

(Thammawong et al., 2006). Significantly, 

when the gram+ endolysins are put externally 

to the bacterial cell, it can access cell wall 

carbohydrates directly and also the 

peptidoglycan membrane from the outside of 

cells, thus behaving as antibacterial agents 

(Oliveira et al., 2012). Additionally, a little 

amount of purified endolysin is enough to 

speedy lyse gram+ bacterial cells within few 

minutes and seconds (Son et al., 2012). Thus, 

researchers tent to target the gram+ endolysins 

as the biocontrol agents against the few 

pathogens that includes Streptococcus 

pneumonia, S. aureus, L. monocytogenes, 

Enterococcus faecalis and Clostridium 

perfringens (Bai et al., 2016; & Ha et al., 

2018).

 

 

 

3. Application of the endolysins against the 

Gram- pathogens  

Contrary to the gram+ bacteria the gram- cells 

are resistant to treatment of external endolysin 

treatment as they have an outer membrane on 

the cell wall which refrains the interaction 

between, the peptidoglycan layer and 

endolysins (Oliveira et al., 2012). Even though 

the gram+ endolysins have been put as the 

biocontrol agents, the current research has 

displayed the methods in order to overcome 

outer membrane barrier to lyse and destroy the 

gram- bacteria (Bai et al., 2019; & Oliveira et 

al., 2014).  

 The usage of the outer membrane 

permeabilizing the agents such as the chelators 

is most common strategy in order to increase 

the effectiveness of gram- endolysins as the 

biocontrol agents. For instance, the chelators 

like enthylenediamine tetra acetic acid or ETA 

and the organic acids (malic and citric acids) 

have commonly been used as the 

permeabilizers for outer membrane (Bai et al., 

2019; & Briers et al., 2015). A proper instance 

comes from endolysins OBPgp279, that was 

stated to report to possess bactericidal activity 

against the Salmonella Typhimurium cell 

when it is used with EDTA as a combination 

(Walmagh et al., 2012). Additionally, Oliveira 

et al.  showcased that Salmonella endolysins 

Lys68 destroys the Gram- cells such as 

Acinetobacter, Salmonella, Shigella, E. coli 

O157:H7, Pseudomonas, Pantoea, 

Cronobacter sakazakii, Proteus and 

Enterobacter when mixed with malic and 

citric acid. In the research (Oliveira et al., 

2014), organic treatment of acid led to a better 

efficiency than the EDTA treatment: authors 
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display a- 5-log CFU/mL bacterial cell wall 

decrement within 2 hours when endolysin was 

put externally in the conditions that were 

slightly acidic. Nevertheless, usage of both the 

EDTA and the organic acids with the 

endolysins is problematic as the EDTA is said 

to harm the human cells and the organic acids 

can deactivate endolysins in the acidic pH 

conditions( Bai et al., 2019). In distinct 

researches, the combination treatment of the 

physical stressors and endolysins such as the 

high hydrostatic pressure that produced the 

endolysins antibacterial effects (Briers et al., 

2015). In specific terms, high hydrostatic 

pressures led to transient permeabilization of 

outer membrane and allowed gram- endolysin 

to admittance the substrate (Briers et al., 

2015). In a distinct case, Cronobacter 

sakazakii endolysins LySs1 showcased 

antibacterial action against gram- bacterial cell 

were pretreated with the chloroform or heat to 

destabilize in the integrity of outer membrane 

(Endersen et al., 2015). 

4. Food Safety Application of the 

Endolysins as Biocontrol Agents  

There are number of outbreaks of the food 

borne diseases is growing, and the 

development of the antibiotic-resistant bacteria 

is problematic. According to many research 

groups an interest in the endolysins as the 

alternative bacterial agents to the synthetic 

antimicrobials, together with antibiotics.  

         Even though phages are better biocontrol 

candidates some issues are present when 

considering the phages as antimicrobial agents 

for the usage in food industry; these also 

includes requirements to select the virulent 

phage to ignore transduction and the capable 

development of bacteria which are resistant to 

phages (Shannon et al., 2019). 

 

 

 

5. Applications of Endolysins against the 

Biofilms for the Surface Disinfection  

Biofilms are the stalk less communities of the 

microorganism which grows on the exterior 

and embedded in the self- made extracellular 

matrix. They are made up of a number of 

bacterial cells that are attached on the exterior 

and are surrounded by extracellular matrix 

which contains a combination of 

polysaccharides, extracellular DNA and 

proteins. The bacterial biofilms control is 

considered vital in the food industry because 

their existence on the exteriors of utensils 

might cause grave harm on human health. 

More intriguingly, the bacteria rooted in 

biofilms are extremely resistant to 

disinfectants or antibiotics in comparison to 

planktonic cells. 
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Endolysins are a good substitute of antibiotics 

as they are promising agents of antibiofilm 

which remove biofilms from the environment 

of food production. Several staphylococcal 

endolysins along with their derived proteins 

showed sturdy biofilm elimination activities 

against S. aureus and Staphylococcus 

epidermidis. According to various studies, 

endolysins are capable anti-biofilm agent 

which can be used for reducing the formation 

of biofilms in food business. The activities of 

biofilm removal by endolysin must be 

scrutinized under realistic conditions; 

precisely, flow on the basis of cell models 

(Purevdorj-Gage et al., 2007; & Snel et al., 

2014 ), multispecies biofilm matrixes (Elias et 

al., 2012; & Rickard et al., 2012 )   moreover 

surface substrates or coating encountered in 

the facilities of food processing should be 

investigated (Chorianopoulos et al., 2011). 

  

CONCLUSION 

As this survey shows, endolysins are 

promising new specialists for the resistor of 

food borne microorganisms, especially in food 

handling and protection applications. Given 

their high host particularity, they can control 

just the focused-on microbes as opposed to the 

useful microscopic organisms, for example, 

probiotics, in nourishments. In any case, the 

use of endolysins should be painstakingly 

considered as their enzymatic properties can 

be changed under different physicochemical 

conditions, for example, temperature, pH, and 

NaCl concentrations focuses. Endolysins can 

likewise deny the spread of anti-toxin safe 

microscopic organisms, which is a significant 

issue around the world. Since endolysins 

additionally have biofilm evacuation 

capacities, they could be applied to the 

surfaces of food-creating amenities. 

Despite the fact that issues with endolysin 

application have already existed, particularly 

toward Gram- microorganisms, different 

examinations have now presented novel 

systems that use endolysins as control 

specialists against Gram-negative 

microorganisms. In this manner, endolysins 

areconceivably incredible proteins that could 

forestall foodborne diseases and upgrade 

wellbeing in the area of food science. 

  

Acknowledge 

First and foremost, I would to thank Allah 

Almighty for giving me the strength, 

knowledge, ability and opportunity to 

undertake this research work and to preserve 

and complete it satisfactorily. Without his 

blessings, this achievement would not have 

been possible.  I take pride in acknowledging 

the insightful guidance of Dr. Soma Ghosh, 

Principal, H M M College for Women, 

Kolkata, West Bengal, India, for sparing her 

valuable time whenever I approach her and 

showing me the way ahead.   

I would also like to express my gratitude to my 

entire colleagues of H M M College for 

Women, Kolkata who have been so helpful 

and cooperative in giving their support at all 

times to help me to achieve my goal.  

My acknowledgment would be incomplete 

without thanking the biggest source of my 

strength, my family and the blessing of my late 

parents.  

CONFLICT OF INTERESTS  

The author declare that there exist no 

commercial or financial relationship that 

could, in any way, lead to potential conflict of 

interest.  

FUNDING DECLARATION  

Author declared that he hasn’t received any 

financial assistance from any organization for 

conducting above mentioned work.       

ORCID Id:   https://orcid.org/0000-0003-

0796-5238 

  

REFERENCES 

Bai, J., Kim, Y., Ryu, S., & Lee, J. (2016). 

Biocontrol and rapid detection of 

food-borne pathogens using 

bacteriophages and endolysins. Front. 

Microbiol, 7, 1–15.  

Bai, J., Yang, E., Chang, P., & Ryu, S. (2019). 

Preparation and characterization of 

endolysin-containing liposomes and 

evaluation of their antimicrobial 

activities against gram-negative 

https://orcid.org/0000-0003-0796-5238
https://orcid.org/0000-0003-0796-5238


 

Ahmad, R.S.                                Ind. J. Pure App. Biosci. (2020) 8(6), 316-325     ISSN: 2582 – 2845  

Copyright © Nov.-Dec., 2020; IJPAB                                                                                                             322 
 

bacteria. Enzyme Microb. Technol, 

128, 40–48.  

Bai, J., Lee, S., & Ryu, S. (2020). 

Identification and in vitro 

characterization of a novel phage 

endolysin that targets gram-negative 

bacteria. Microorganisms , 8, 447. 

Bakhshinejad, B., & Sadeghizadeh, M. (2014). 

Bacteriophages as vehicles for gene 

delivery into mammalian cells: 

Prospects and problems. Expert Opin. 

Drug Deliv, 11, 1561–1574.  

Becker, S. C., Swift, S., Korobova, O., 

Schischkova, N., Kopylov, P., 

Donovan, D. M., & Abaev, I. (2015). 

Lytic activity of the staphylolytic 

Twort phage endolysin CHAP domain 

is enhanced by the SH3b cell wall 

binding domain. FEMS Microbiol. 

Lett, 362, 1–8.  

Briers, Y., Schmelcher, M., Loessner, M. J., 

Hendrix, J., Engelborghs, Y., 

Volckaert, G., & Lavigne, R. (2009). 

The high-affinity peptidoglycan 

binding domain of Pseudomonas 

phage endolysin KZ144. Biochem. 

Biophys. Res. Commun, 383, 187–191. 

Briers, Y., Walmagh, M., Puyenbroeck, V. V., 

Cornelissen, A., Cenens, W., Aertsen, 

A., Oliveira, H., Azeredo, J., Verween, 

G., & Pirnay, J. P. (2014). Engineered 

endolysin-based ―Artilysins‖ to 

combat multidrug-resistant gram-

negative pathogens. mBio, 5, e0 1379-

14. 

Briers, Y., & Lavigne, R. (2015). Breaking 

barriers: Expansion of the use of 

endolysins as novel antibacterials   

against Gram-negative bacteria. 

Future Microbiol, 10, 377–390. 

Callewaert, L., Walmagh, M., Michiels, C. W., 

& Lavigne, R. (2011). Food 

applications of bacterial cell wall 

hydrolases. Curr. Opin. Biotechnol, 

22, 164–171. 

Chang, Y., & Ryu, S. (2017). Characterization 

of a novel cell wall binding domain-

containing Staphylococcus aureus 

endolysin LysSA97. Appl. Microbiol. 

Biotechnol, 101, 147–158. 

Chang, Y., Kim, M., & Ryu, S. 

(2017).Characterization of a novel 

endolysin LysSA11 and its utility as a 

potent biocontrol agent against 

Staphylococcus aureus on food and 

utensils. Food Microbiol, 68, 112–

120. 

Chang, Y., Yoon, H., Kang, D., Chang, P., & 

Ryu, S. (2017). Endolysin LysSA97 is 

synergistic with carvacrol in 

controlling Staphylococcus aureus in 

foods. Int. J. Food Microbiol, 244, 

19–26.  

Chorianopoulos, N. G., Tsoukleris, D. S., 

Panagou, E. Z., Falaras, P., & Nychas, 

G. J. E. (2011). Use of titanium 

dioxide (TiO2) photocatalysts as 

alternative means for Listeria 

monocytogenes biofilm disinfection in 

food processing. Food Microbiol, 28, 

164–170.  

Cornelissen, A., Hardies, S. C., Shaburova, O. 

V., Krylov, V. N., Mattheus, W., 

Kropinski, A. M., & Lavigne, R. 

(2012). Complete genome sequence of 

the giant virus OBP and comparative 

genome analysis of the diverse φKZ-

related phages. J. Virol, 86, 1844–

1852.  

Donovan, D. M., Lardeo, M., & Foster-Frey, J. 

(2006). Lysis of staphylococcal 

mastitis pathogens by bacteriophage 

phi11 endolysin. FEMS Microbiol. 

Lett, 265, 133–139. 

Elias, S., & Banin, E. (2012). Multi-species 

biofilms: Living with friendly 

neighbors. FEMS Microbiol.   Rev, 36, 

990–1004. 

Endersen, L., Guinane, C. M., Johnston, C., 

Neve, H., Coffey, A., Ross, R. P., 

McAuliffe, O., & O’Mahony, J. 

(2015). Genome analysis of 

Cronobacter phage vB_CsaP_Ss1 

reveals an endolysin with potential for 

biocontrol of gram-negative bacterial 

pathogens. J. Gen. Virol, 96, 463–477.  



 

Ahmad, R.S.                                Ind. J. Pure App. Biosci. (2020) 8(6), 316-325     ISSN: 2582 – 2845  

Copyright © Nov.-Dec., 2020; IJPAB                                                                                                             323 
 

Eugster, M. R., Haug, M. C., Huwiler, S. G., 

& Loessner, M. J. (2011). The cell 

wall binding domain of Listeria 

bacteriophage endolysin PlyP35 

recognizes terminal GlcNAc residues 

in cell wall teichoic acid. Mol. 

Microbiol, 81, 1419–1432. 

Fischetti, V. A. (2008). Bacteriophage lysins 

as effective antibacterials. Curr. Opin. 

Microbiol, 11, 393–400. 

García, P., Martínez, B., Rodríguez, L., & 

Rodríguez, A. (2010). Synergy 

between the phage endolysin LysH5 

and nisin to kill Staphylococcus 

aureus in pasteurized milk. Int. J. 

Food Microbiol, 141, 151–155. 

Guo, T., Xin, Y., Zhang, C., Ouyang, X., & 

Kong, J. (2016). The potential of the 

endolysin Lysdb from Lactobacillus 

delbrueckii phage for combating 

Staphylococcus aureus during cheese 

manufacture from raw milk. Appl. 

Microbiol. Biotechnol, 100, 3545–

3554. 

Gutierrez, D., Ruas-Madiedo, P., Martínez, B., 

Rodríguez, A., & García, P. (2014). 

Effective removal of staphylococcal 

biofilms by the endolysin LysH5. 

PLoS ONE, 9, e107307.  

Ha, E., Son, B., & Ryu, S. (2018). Clostridium 

perfringens virulent bacteriophage 

CPS2 and its thermostable endolysin 

LysCPS2. Viruses, 10, 251. 

Ibarra-Sánchez, L. A., Van Tassell, M. L., & 

Miller, M. J. (2018). Antimicrobial 

behavior of phage endolysin PlyP100 

and its synergy with nisin to control 

Listeria monocytogenes in Queso 

Fresco. Food Microbiol, 72, 128–134. 

Kahn, L. H., Bergeron, G., Bourassa, M. W., 

Vegt, B. D., Gill, J., Gomes, F., 

Malouin, F., Opengart, K., Ritter, G. 

D., & Singer, R. S. (2019). From farm 

management to bacteriophage therapy: 

Strategies to reduce antibiotic use in 

animal agriculture. Ann. N. Y. Acad. 

Sci, 1441, 31–39. 

Loessner, M. J., Gaeng, S., Wendlinger, G., 

Maier, S. K., & Scherer, S. (1998). 

The two-component lysis system of 

Staphylococcus aureus bacteriophage 

Twort: A large TTG-start holin and an 

associated amidase endolysin. FEMS 

Microbiol. Lett, 162, 265–274. 

Loessner, M. J. (2005). Bacteriophage 

endolysins—Current state of research 

and applications. Curr. Opin. 

Microbiol, 8, 480–487.  

Mao, J., Schmelcher, M., Harty, W. J., Foster-

Frey, J., & Donovan, D. M. (2013). 

Chimeric Ply187 endolysin kills 

Staphylococcus aureus more 

effectively than the parental enzyme. 

FEMS Microbiol. Lett, 342, 30–36.  

Mayer, M. J., Payne, J., Gasson, M. J., & 

Narbad, A. (2010). Genomic sequence 

and characterization of the virulent 

bacteriophage ΦCTP1 from 

Clostridium tyrobutyricum and 

heterologous expression of its 

endolysin. Appl. Environ. Microbiol, 

76, 5415–5422.  

Miroshnikov, K. A., Faizullina, N. M., 

Sykilinda, N. N., & Mesyanzhinov, V. 

V. (2006). Properties of the endolytic 

transglycosylase encoded by gene 144 

of Pseudomonas aeruginosa 

bacteriophage phiKZ. Biochemistry 

(Moscow), 71, 300–305. 

Misiou, O., van Nassau, T. J., Lenz, C. A., & 

Vogel, R. F. (2018). The preservation 

of Listeria-critical foods by a 

combination of endolysin and high 

hydrostatic pressure. Int. J. Food 

Microbiol, 266, 355–362.  

Oliveira, H., Azeredo, J., Lavigne, R., & 

Kluskens, L. D. (2012). Bacteriophage 

endolysins as a response to emerging 

foodborne pathogens. Trends Food 

Sci. Technol, 28, 103–115.  

Oliveira, H., Melo, L. D., Santos, S. B., 

Nóbrega, F. L., Ferreira, E. C., Cerca, 

N., Azeredo, J., & Kluskens, L. D. 

(2013). Molecular aspects and 

comparative genomics of 

bacteriophage endolysins. J. Virol, 87, 

4558–4570.  



 

Ahmad, R.S.                                Ind. J. Pure App. Biosci. (2020) 8(6), 316-325     ISSN: 2582 – 2845  

Copyright © Nov.-Dec., 2020; IJPAB                                                                                                             324 
 

Oliveira, H., Thiagarajan, V., Walmagh, M., 

Sillankorva, S., Lavigne, R., Neves-

Petersen, M. T., Kluskens, L. D., & 

Azeredo, J. (2014). A thermostable 

Salmonella phage endolysin, Lys68, 

with broad bactericidal properties 

against gram-negative pathogens in 

presence of weak acids. PLoS ONE, 9, 

e108376. 

Purevdorj-Gage, B., Orr, M., Stoodley, P., 

Sheehan, K., & Hyman, L. (2007). 

The role of FLO11 in Saccharomyces 

cerevisiae biofilm development in a 

laboratory based flow-cell system. 

FEMS Microbiol, 7, 372–379.  

Rickard, A., Gilbert, P., High, N., 

Kolenbrander, P., & Handley, P. 

(2003). Bacterial coaggregation: An 

integral process in the development of 

multi-species biofilms. Trends 

Microbiol, 11, 94–100.  

Rodríguez-Rubio, L., Guriérrez, D., Martínez, 

B., Rodríguez, A., & García, P. 

(2012). Lytic activity of LysH5 

endolysin secreted by Lactococcus 

lactis using the secretion signal 

sequence of bacteriocin Lcn972. Appl. 

Environ. Microbiol, 78, 3469–3472.  

Rodríguez-Rubio, L., Gutiérrez, D., Donovan, 

D. M., Martínez, B., Rodríguez, A., & 

García, P. (2016). Phage lytic proteins: 

Biotechnological applications beyond 

clinical antimicrobials. Crit. Rev. 

Biotechnol, 36, 542–552. 

Schmelcher, M., Powell, A. M., Becker, S. C., 

Camp, M. J., & Donovan, D. M. 

(2012). Chimeric phage lysins act 

synergistically with lysostaphin to kill 

mastitis-causing Staphylococcus 

aureus in murine mammary glands. 

Appl. Environ. Microbiol, 78, 2297–

2305.  

Schmelcher, M., Powell, A. M., Camp, M. J., 

Pohl, C. S., & Donovan, D. M. (2015). 

Synergistic streptococcal phage λSA2 

and B30 endolysins kill streptococci in 

cow milk and in a mouse model of 

mastitis. Appl. Microbiol. Biotechnol, 

99, 8475–8486.  

Schmelcher, M., & Loessner, M. J. (2016). 

Bacteriophage endolysins: 

Applications for food safety. Curr. 

Opin. Biotechnol, 37, 76–87. 

Shannon, R., Radford, D. R., & Balamurugan, 

S. (2019). Impacts of food matrix on 

bacteriophage and endolysin 

antimicrobial efficacy and 

performance. Crit. Rev. Food Sci. 

Nutr, 18, 1–10.  

Solanki, K., Grover, N., Downs, P., Paskaleva, 

E. E., Mehta, K. K., Lee, L., Schadler, 

L. S., Kane, R. S., & Dordick, J. S. 

(2013). Enzyme-based listericidal 

nanocomposites. Sci. Rep, 3, 1–6.  

Son, B., Yun, J., Lim, J., Shin, H., Heu, S., & 

Ryu, S. (2012). Characterization of 

LysB4, an endolysin from the Bacillus 

cereus-infecting bacteriophage B4. 

BMC Microbiol, 12, 1–9.  

Snel, G. G. M., Malvisi, M., Pilla, R., & 

Piccinini, R. (2014). Evaluation of 

biofilm formation using milk in a flow 

cell model and microarray 

characterization of Staphylococcus 

aureus strains from bovine mastitis. 

Vet. Microbiol, 174, 489–495. 

Swift, S. M., Etobayeva, I. V., Reid, K. P., 

Waters, J. J., Oakley, B. B., Donovan, 

D. M., & Nelson, D. C. (2019). 

Characterization of LysBC17, a lytic 

endopeptidase from Bacillus cereus. 

Antibiotics, 8, 155.  

Thammawong, P., Kasinrerk, W., Turner, R. 

J., & Tayapiwatana, C. (2006). Twin-

arginine signal peptide attributes 

effective display of CD147 to 

filamentous phage. Appl. Genet. Mol. 

Biotechnol, 69, 697–703.  

Walmagh, M., Briers, Y., Dos Santos, S. B., 

Azeredo, J., & Lavigne, R. (2012). 

Characterization of modular 

bacteriophage endolysins from 

Myoviridae phages OBP, 201φ2-1 and 

PVP-SE1. PLoS ONE, 7, e36991. 

Van Tassel, M. L., Ibarra-Sánchez, L. A., 

Hoepker, G. P., & Miller, M. J. 

(2017). Hot topic: Antilisterial activity 



 

Ahmad, R.S.                                Ind. J. Pure App. Biosci. (2020) 8(6), 316-325     ISSN: 2582 – 2845  

Copyright © Nov.-Dec., 2020; IJPAB                                                                                                             325 
 

by endolysin PlyP100 in fresh cheese. 

J. Dairy Sci, 100, 2482–2487.  

Wang, I. N., Smith, D. L., Young, R., & 

Holins, (2000). The proteins clocks of 

bacteriophage infections. Annu. Rev. 

Microbiol, 54, 799–825.  

Yang, H., Linden, S. B., Wang, J., Yu, J., 

Nelson, D. C., & Wei, H. (2015). A 

chimeolysin with extended-spectrum 

streptococcal host range found by an 

induced lysis-based rapid screening 

method. Sci. Rep, 5, 1–12. 

Young, R., & Bläsi, U. (1995). Holins: Form 

and function in bacteriophage lysis. 

FEMS Microbiol. Rev, 17, 191–205.  

Zhang, H., Bao, H., Billington, C., Hudson, J. 

A., & Wang, R. (2012). Isolation and 

lytic activity of the Listeria 

bacteriophage endolysin LysZ5 

against Listeria monocytogenes in 

soya milk. Food Microbiol, 31, 133–

136.

 

 

 

 

 

 

 

 

 


