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Abstract 

Lysins or Lytic enzymes of Bacteriophage are highly evolved molecules produced to release their 

progeny by hydrolyzing the bacterial host cell wall. Now days, due to Multi Drug Resistance in many 

streptococcal infections; this mechanism is exploited as an alternative therapy against traditional 

antibiotic therapy. But in the treatment of phage therapy the mode of action is still unclear in the 

literatures. This study will evidence the probable mode of mechanism by the lysin in the breakage of host 

cell wall by In Silico approach. 3-D structure of Lysin was retrieved from Protein Data Bank and 

structure of peptidoglycan is retrieved from the PubChem. Docking studies was performed using Hex 6.3 

taking lysin as receptor and peptidoglycan as ligand. Results were visualized in PyMol molecular 

visualization software. Docking studies showed the hydrophilic interaction between the peptidoglycan 

and lysin. The interacting residue of lysin belongs to CHAP domain which is responsible for the amidase 

catalytic activity which results in the breakage of cell wall for the release of their progeny. Molecular 

interactions between the lysin and peptidoglycan showed the possible mechanism for lysin which is 

responsible for breaking the major bonds in peptidoglycan layer for the release of bacteriophage progeny 

inside the host bacterial cell. This study will give the further evidence for the mode of action and by 

understanding this mechanism further improved therapies can be achieved in the Multi Drug Resistance 

bacterial infections. 
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Introduction 

With the rising prevalence of antibiotic-resistant bacteria[1,2] alternatives to treatment with antibiotics 

are receiving increased attention. One such alternative is the possible therapeutic use of bacteriophages-

viruses that parasitize and kill bacteria. When first discovered early in the previous century, the potential 

to use phage against pathogenic bacteria to cure infections, so-called “phage therapy”, was immediately 

grasped, but the emergence of antibiotics put this goal on the back burner[3,4]. However, as multi-drug 

resistant bacteria have become an enormous public health problem, there is a renewed interest in phage 

therapy. At our centre, bacteriophages for MDR Staphylococcus aureus, Pseudomonas aeruginosa, 

Klebsiella pneumonia, Acinetobacter baumannii, Enterococci species, E.coli and Streptococcus species 

has been isolated and utility of these phages to rescue wound infections in animal model has been studied 
[5-10]. 

Bacteriophage typically encodes holins and lysins as part of their lytic system to achieve virus exit 

from the host bacterial cell[11]. Holins are responsible for forming pores in the cytoplasmic membrane, 

following which lysins, having accumulated in the cytoplasm, are responsible for degradation of the 

peptidoglycan layer i.e., cell wall. Damage to this layer results in rapid cell rupture and concomitant virus 

release through loss of osmotic integrity. So lysins play a very important role in the lysis of bacterial cell 
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wall that results the potential therapeutic effect against multi drug resistant bacteria in foot infections of 

type II diabetes mellitus. 

Lysins derived from phage that infect Gram-positive bacteria are generally composed of a single 

polypeptide consisting of an N-terminal catalytic domain and a C-terminal cell wall binding domain 

(CBD) held together by a short flexible linker [12]. In some rare cases, two or three catalytic domains may 

be linked to a single binding domain [13,14]. With few exceptions, the catalytic domain is usually 

represented by one of four families of peptidoglycan hydrolases: N-acetylglucosaminidases, N-

acetylmuramidases (lysozymes), N-acetylmuramoyl-L-alanine amidases and endopepridases [15]. 

The Streptococcal C1 phage lysine, PlyC, is the most potent lysine described to date. PlyC is 

furthermore unique among the Gram-positive lysins in that it consists of two separate proteins-a single 

50-kDa PlyCA subunit that is suggested to form a complex with at least eight 8-kDa PlyCB subunits [16]. 

PlyCA is known to contain an active cysteine-histidine dependent amino hydrolases/peptidase (CHAP) 

domain, a fold distantly related to the papain-like cysteine-protease family, with Cys 333 and His 429 

shown to be essential for amidase catalytic activity [16]. The PlyCB octamer is suggested to represent the 

CBD because purified material lacking the PlyCA subunit was able to specifically bind Streptococcus 

pyogenes, S.ubris, S.equi, and groups C and E Streptococci, but not other bacterial species (i,e., 

Streptococcus agalactiae, and Streptococcus mutans) [16]. 

Materials and methods 

The bacteriophage for Streptococcus pyogenes was isolated from different sources of water by the 

method of Smith and Huggins [17]. In vitro confirmation of bacteriophage activity was done on bacterial 

lawn, prepared on nutrient agar plates employing 1.0ml of 24hr culture by flooding and draining out the 

excess. Wells were dug into the agar by employing a sterile cork borer and the 20 l phage suspension 

were loaded into each of the well. Sterile distilled water served as the control. The plates were incubated 

at 370 C for 24 hr. There after the zone of inhibition, if any, was recorded. The plaques if obtained were 

further passaged on the same target bacterial host and other members of the same genus to reconfirm its 

diversified activity [8]. 

Computational methods 

To understand the replication process of bacteriophage, an In Silico method is approached to provide 

more evidence that how this will be achieved inside the host cell. The experimentally solved 3-

Dimensional structure of Lysin is retrieved from the Protein Data Bank 

(http://www.rcsb.org/pdb/home/home.do) and Peptidoglycan is retrieved from the PubChem 

(http://pubchem.ncbi.nlm.nih.gov/). Peptidoglycan sdf extension file retrieved from the PubChem is 

converted into pdb using Open Babel software. Docking of Lysin and Peptidoglycan is performed using 

Hex 6.3 software and obtained result is visualized in PyMol software. 

Results 

Streptococcus phage isolated formed plaques on 88% of Streptococcus species isolated from diabetic 

foot infection specimens. The 3-Dimensional structure of Lysin was retrieved from Protein Data Bank 

bearing the PDB ID: 4F88 (Table 1, Fig 1), consists of 465 amino acid residues and Peptidoglycan was 

retrieved from PubChem bearing the accession number of CID 9816401 (Fig 1). The retrieved Lysin file 

consists of two complete PlyC molecules. One molecule was removed using PyMol software to perform 

docking studies. Docking studies revealed that oxygen atom of Peptidoglycan is showing hydrophilic 

interaction with hydrogen atom of Valine 388 in Lysin (Fig 2). 

Discussion 

The discovery of antibiotics was a leap in modern medicine. They have been able to stop the growth or 

kill many different kinds of microorganisms. However, bacteria have proven to be much more innovative 

and adaptive than we imagined and have developed resistance to antibiotics at an ever-increasing pace. 
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Bad practices and mismanagement have only exacerbated the situation. We could soon return to a state of 

medical health that was as dire as that which occurred prior to antibiotic use. The situation has reached 

such a decisive point that the World Health Organization (WHO) has cautioned of a return to a “pre-

antibiotic era”. The bacteriophages used in animal experiments have proved that they can resolve wound 

infection effectively than antibiotics [6-10] 

Docking study on phage and the host revealed that PlyC consists of two components. A catalytic 

subunit or domain called PlyCA and binding subunit or domain called PlyCB. The binding domain is 

responsible for binding in peptidoglycan layer whereas catalytic subunit is responsible for breakage of 

major bonds in peptidoglycan layer, results in bacterial lysis. 

In PlyCA there are two distinct catalytic domains to achieve cell lysis. One is CHAP (Cysteine-

Histidine-dependent Aminohydrolase/Peptidase) domain, residue ranges from 309 to 465 amino acids, 

responsible for amidase catalytic activity and second one is GyH (Glycosyl hydrolase) domain, residue 

ranges from 1 to 205 amino acids, responsible for glycosidase activity. 

From this result, we can understand that the interaction showing amino acid residue Valine 388 lies in 

the CHAP domain and this domain is responsible for the amidase catalytic activity. Due to this catalytic 

activity, the breakage of major carbon-nitrogen bonds of the Peptidoglycan in the cell wall will occur. 

This results in the degradation of bacterial cell wall and facilitates virus egress from the host. This is how 

we can predict the bacterial infections are countered in the Streptococcal infections. The studies on utility 

bacteriophages reinforces that the phages could be used in a situations where there is no substitutes 

available for treating multi-resistant strains or as a valuable adjunct to antibiotics when the bacteria are 

still susceptible. 

Conclusion 

Molecular interactions between the lysin and peptidoglycan showed the possible mechanism for lysin 

which is responsible for breaking the major bonds in peptidoglycan layer for the release of bacteriophage 

progeny inside the host bacterial cell. This study will give the further evidence for the mode of action and 

by understanding this mechanism further improved therapies can be achieved in the Multi Drug 

Resistance bacterial infections. 

Tables and figures 

Table 1. Retrieved 3-D structure of Lysin form PDB 

PDB ID Organism Sequence ID Amino acid residues 

4F88 Streptococcus phage C1 Q7Y3F1 465 
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Figure 1: Three-Dimensional structure of Lysin and Peptidoglycan 

 

(a) 
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(b) 

Figure 2. (a) Docking results of Lysin and Peptidoglycan, (b) Interaction between Hydrogen atom of Valine 388 and 

Oxygen atom of Peptidoglycan in cartoon representation 
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