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An endolysin gene was identified in PaP1, a novel virulent bacteriophage of Pseudomonas aeruginosa. 
The PaP1 endolysin gene encodes a 186 amino acid protein, containing a peptidoglycan binding 
domain at its C-terminus. Bioinformatic analysis revealed that PaP1 Endolysin possesses high 
sequence similarity with many bacteriophage endolysins or endolysin like genes at peptide level. The 
endolysin gene was cloned and expressed in Escherichia coli M15 (pREP4). Assays of the enzymatic 
activity of the purified recombinant protein indicated that PaP1 endolysin can hydrolyze the cell wall of 
P. aeruginosa and can inhibit the growth of Staphylococcus aureus. This protein is proposed to degrade 
the peptidoglycan of the host from within the cell at the terminal stage of the phage reproduction cycle. 
Biochemical analyses of the properties of this novel P. aeruginosa bacteriophage endolysin indicate 
that it has potential enzybiotic applications. 
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INTRODUCTION 
 
Pseudomonas aeruginosa is an important opportunistic 
pathogen that causes cystic fibrosis, burn wound infec-
tions, pneumonia and septicemia (Bernhardt et al., 2002). 
P. aeruginosa is also the major cause of nosocomial 
infections and immunocompromised patients are highly 
susceptible to be infected with it (Micol et al., 2006; 
Hayden et al., 2008). This organism exhibits intrinsic and 
acquired drug resistance to a wide variety of antimicrobial 
agents including � -lactams, tetracyclines, chloram-
phenicol and fluoroquinolones (Zhang et al., 2001). It is 
therefore necessary to adopt chemotherapy-independent 
remedial strategies against P. aeruginosa infection. 

Bacteriophage (or phage) is the virus that invades bac-
terial cell. Most double-stranded DNA (dsDNA) phages 
use a holin-endolysin system to destroy the bacterial cell 
wall, causing host cell death (Bernhardt et al., 2002). 
Endolysins, also termed lysins, are enzymes encoded by 
dsDNA phage genomes that  lyse  bacterial  membranes. 
 
 
 
*Corresponding author. E-mail: hufuquan@yahoo.com. Tel: 
(+86) 23 6875 2240. Fax (+86) 23 6875 2240. 

As revealed by thin-section electron microscopy, 
endolysin-mediated peptidoglycan cleavage leads to the 
formation of holes in the host’s cell wall, and through 
these holes, the high intracellular osmotic pressure 
extrudes the cytoplasmic membrane, which ultimately 
results in hypotonic lysis of the bacterial cell (Gaidelyte et 
al., 2005).  

Purified recombinant endolysin has been shown to 
digest the cell wall when applied exogenously to bacterial 
cells and these enzymes have the unique ability to cleave 
peptidoglycan in a generally species-specific manner 
(Matsuzaki et al., 2005). Endolysins re-present a novel 
class of antibacterial agents and provide a means of 
selectively and rapidly killing pathogenic bacteria without 
effecting the normal microflora (Mellroth and Steiner, 
2006; Wang et al., 2005). During the past few years, 
several reports have highlighted the potential of using 
endolysins as antibacterial reagents for both the pro-
phylaxis and treatment of bacterial infections (Cheng et 
al., 2005; Hermoso et al., 2007). 

In general, most bacterial phages invade their hosts in 
a species-specific manner. It is therefore necessary to 
determine the characteristics of all  P.  aeruginosa  phage  
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Table 1. Summary of P. aeruginosa bacteriophage endolysins. 
  

Bacteriophage name Endolysin family Accession No. Experimental confirmed 

Bacteriophage B3 transglycosylase AAQ13943 No  
Bacteriophage D3 transglycosylase AAF80791 No 
Bacteriophage F116 muraminidase AAT45887 No 
Bacteriophage PaP3 muraminidase AAL85570 No 
    

Bacteriophage phiCTX 
ORF11 BAA36237 No 
glucosaminidase BAA36238 No 

    

Bacteriophage phiEL 
glucosaminidase CAG27277 Yes (Hertveldt et al., 2005) 
ORF188 CAG27282 Yes (Briers et al., 2007) 

    

Bacteriophage phiKMV 
Muraminidase CAD44236 No 
Muraminidase CAD44227 Yes (Van Hecke et al., 2008) 

    

Bacteriophage phiKZ 
Transglycosylase AAL83045 Yes (Fokine et al., 2008) 
Transglycosylase AAL83082 Yes (Briers et al., 2008)  

 
 
 

endolysins in order to select those most suitable for 
enzybiotic applications. Full genome sequences are now 
available in GenBank for more than 20 P. aeruginosa 
phage genomes. Within eight of these genome 
sequences, 12 endolysins, or endolysin-like genes, have 
been designated. Of these genes, five have been experi-
mentally confirmed to possess peptidoglycan hydrolase 
activity, the other seven are yet to be experimentally 
confirmed (Table 1) (Hertveldt et al., 2005). Of the five 
experimentally confirmed P. aeruginosa phage endo-
lysins, none were found to possess antibacterial activity 
or the ability to inhibit the growth of P. aeruginosa directly.  

In our previous study, we isolated a new phage strain of 
P. aeruginosa named as PaP1 (PaP: P. aeruginosa 
bacteriophage). PaP1 is a virulent phage that belongs to 
the Myoviridae family. The PaP1 optimal multiplicity of 
infection (MOI) has been determined to be 0.01, the 
latent period is 20 min, the rise period is 40 min and the 
average burst size is 65 PFU/cell (Ming et al., 2005, 
2006). Taken together, these biological characteristics 
make this phage and others like it, one of the best 
"natural enemies" of P. aeruginosa. The genome 
sequence of this phage has been sequenced and 
analysed. We found that one gene exhibits sequence 
similarity with many other phage endolysin genes. In this 
study, we investigated whether this potentially novel 
phage-encoded endolysin gene possesses the ability to 
hydrolyze the P. aeruginosa cell wall or the ability to kill P. 
aeruginosa cells directly. 
 
  
MATERIALS AND METHODS 
 
Sequence analysis of the novel PaP1 endolysin 
  
We carried out shotgun DNA sequencing of the whole P. aeruginosa 

virulent bacteriophage PaP1 genome (91,656 bp). The whole 
genome sequence was analyzed using ORF Finder at the National 
Center for Biotechnology Information (NCBI) website 
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html). Nucleotide and protein 
sequences of the predicted genes were scanned for homology 
using BLAST searches via the NCBI website 
(http://www.ncbi.nlm.nih.gov/BLAST). An endolysin was identified 
among the predicted ORFs. Multiple sequence alignment of the 
PaP1 endolysin with other homologous genes was performed using 
ClustalW at the European Bioinformatics Institute (EBI) website 
(http://www.ebi.ac.uk/Tools/clustalw2/index.html). 
 
 
Bacteria, bacteriophage, plasmids and reagents 
  
PaP1 phage, Staphylococcus aureus (ATCC 25923), Escherichia 
coli BL21 and P. aeruginosa were maintained in our laboratory. The 
cloning vector pMD18-T and restriction endonucleases (BamHI and 
SmaI) were purchased from Takara Biotechnology Co., Ltd (Dalian, 
China). The expression vector pQE31 and E. coli M15 (pREP4) 
were purchased from Qiagen Ltd (UK). Hen egg white lysozyme 
(HEWL, 20,000 U/mg) was purchased from Amresco (USA). 
Oligonucleotide primers were synthesized at Sangon Biological 
Engineering Technology (Shanghai, China). 
 
 
Primer design and vector construction  
 
The PaP1 endolysin primers for PCR amplification were: forward 5� 
GGA TCC GAG TAT CAA AAA TGG CTC TAA CTG 3� and reverse 
5� CCC GGG ATT TAC TTG AAG GAT TGA TAG G 3�. Restriction 
enzyme recognition sites for BamHI and SmaI were inserted into 
each primer respectively (underlined). PCR amplification, DNA 
purification, vector construction and detection of transformants were 
performed according to procedures previously described (Joseph 
and David, 2001). Briefly, PaP1 genomic DNA was isolated, purified 
and used as template to amplify the PaP1 endolysin gene. The 
PCR products were inserted into the cloning vector pMD18-T 
directly and transformed into chemically competent E. coli BL21 
cells. The recombinant cloning vectors were identified by restriction 
endonuclease (BamHI  and  SmaI)  digestion  of  plasmids  isolated  



 
 
 
 
from transformants. The digested fragments were then purified and 
inserted into the expression vector pQE31, which had been 
digested by the same two restriction endonucleases. Finally, the 
recombinant vectors were transformed into chemical competent E. 
coli M15 (pREP4) cells. Transformants were confirmed by DNA 
sequencing at Takara Biotechnology Co., Ltd (Dalian, China).  
 
 
Protein expression and purification  
 
This procedure was mainly performed according to Qiagen Ltd user 
manual: A handbook for high-level expression and purification of 
6xHis-tagged proteins. Protein expression was carried out in E. coli 
M15 (pREP4) cells after isopropyl-beta-D-galactopyranoside (IPTG, 
0.5 mM) induction of the exponentially growing cells (OD600nm = 0.6), 
in 1 L of Luria–Bertani (LB) medium at 37°C (5 h). Cells were har-
vested by centrifugation (4000 g, 15 min, 4°C). The cell pellets were 
resuspended and placed in a tube with 20 ml lysis buffer (50 mM 
NaH2PO4, 300 mM NaCl, 10 mM imidazole and 0.05% Tween 20). 
The harvested cells were then digested with DNase I (5 � g/mL) and 
RNase A (10 � g/ml) at 37°C for 1 h. After this procedure, all sam-
ples were kept in an ice water bath and sonicated at 450 Watts for 
40 min (3 s bursts with 2 s cooling period between each burst). The 
disrupted cells were centrifuged at 10,000 g for 30 min at 4°C. After 
centrifugation, the supernatant was loaded onto a His-affinity 
column directly and washed with an appropriate wash buffer (50 
mM NaH2PO4, 300 mM NaCl, 20 mM imidazole). The bound fusion 
protein was finally eluted with elution buffer (50 mM NaH2PO4, 300 
mM NaCl, 250 mM imidazole). In order to remove any contami-
nants, such as proteins encoded by plasmid or bacterial genes, the 
flow-through fractions containing the target protein were re-purified 
on a cation exchange resin and desalted by molecular-sieve 
chromatography. Each fraction was collected and analyzed by SDS-
PAGE.  
 
 
Purification of the P. aeruginosa peptidoglycan cell wall  
 
Cell wall purification was performed according to methods as 
described previously (Huard et al., 2003). Briefly, P. aeruginosa 
cells were incubated in 140 ml LB medium overnight at 37°C. This 
culture was used to inoculate 2 L of LB broth, which was then 
incubated in a fermentor. After 10 h incubation, P. aeruginosa cells 
were harvested by centrifugation at 5,000 g for 15 min at 4°C. The 
cells were washed twice with PBS (10 mM sodium phosphate, 2 
mM potassium phosphate, 137 mM NaCl, 2.7 mM KCl, pH 6.5) and 
then resuspended in 100 ml of PBS. Sodium dodecyl sulfate (SDS) 
was added into the resuspended solutions (final concentration, 4%) 
and they were placed in a boiling water bath for 1 h. The SDS-
insoluble peptidoglycan was collected by ultracentrifugation at 
70,000 g at 20°C for 1 h, and then washed three times with sterile 
double-distilled water to eliminate the SDS. Trypsin was added to 
the cell wall pellets (final concentration, 200 µg/ml) and incubated 
overnight at 37°C to remove the abundant unnecessary proteins. 
The pellet containing peptidoglycan was then washed twice with 
sterile double-distilled water, resuspended in 1 ml of PBS and finally 
stored at -20°C. The purified cell walls were sonicated for 15 s at 
220 Watts in an ice-water bath before use. 
 
 
Assay of enzyme activity  
 
Enzyme activity was detected in three ways: a turbidity reduction 
assay, zymography analysis and a growth inhibition assay. The 
purified P. aeruginosa cell walls were used as the substrate in the 
first two methods. In the third method, the live bacterial cells were 
used as the substrate. 

The turbidity  reduction  assay  measured  the  decline  in  optical  
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density due to the lysis of the target bacteria cell wall when treated 
with the phage endolysin derived protein. In this study, the purified 
P. aeruginosa cell walls were used as a substrate. After being 
homogenized by sonication, the cell walls were diluted to an OD600 
of 0.75 in PBS. The turbidity assay was performed by adding 
PaP1endolysin to the cell wall solutions (final concentration 0.1 
mg/ml) and incubating in a water bath at 37°C. The changes in cell 
wall density (OD600) were recorded every 5 min for ten times. The 
same quantity of HEWL was used as a positive control, and bovine 
serum albumin (BSA) in PBS was used as a negative control. 

The zymography assay (renaturing SDS-PAGE) is an electro-
phoretic method for measuring proteolytic activity. This method is 
based on an SDS-gel impregnated with the protein substrate which 
can be degraded by proteases during the incubation period. This 
procedure was performed as previously described with some 
modifications (Huard et al., 2004). The SDS-polyacrylamide slab gel 
(12% polyacrylamide gel, 5% polyacrylamide) was mixed with P. 
aeruginosa cell walls (0.2 - 0.4%, w/v). 10 µl (10 mg/mL) samples 
(endolysin, HEWL and BSA) were applied to each well before 
electrophoresis. Following electrophoresis, the gel was soaked in 
25 ml of double-distilled water for 30 min at room temperature with 
gentle agitation, and the water was changed every 10 min. The gel 
was then transferred to 25 ml of renaturation buffer (0.1% Triton X-
100 and 10 mM sodium phosphate buffer, pH 6.5) and incubated at 
37°C with gentle agitation overnight. After incubation, the gel was 
rinsed with double-distilled water and stained with 0.1% methylene 
blue in 0.01% KOH for 3 h and destained in double-distilled water 
for 5 - 6 h. Lytic activity was visualized as transparent bands 
against the dark background of the stained cell walls.  
 
 
Assay of antibacterial activity 
 
Antibacterial activity was assayed by applying the PaP1 endolysin 
exogenously to cultures of P. aeruginosa, S. aureus (ATCC 25923) 
and E. coli BL21. All the bacterial cultures were grown to mid-
exponential phase at 37°C (OD600 of 0.8). Cells were then 
harvested and resuspended in PBS. 1 ml of cell suspension (100 
mg [wet weight]/ml) was mixed with 10 ml of broth agar (LB broth 
containing 1.5% agar) and overlaid on the surface of solid LB agar 
plate (containing 1.5% agar). Five holes (8 mm in diameter) were 
then punched on the agar and 20 � l of PaP1 Endolysin was 
dropped into three of the holes. HEWL and BSA were used as 
positive and negative controls, respectively, and were added to the 
two remaining holes. Plates were incubated overnight at 37°C. The 
zones of growth inhibition were detected.  
 
 
RESULTS 
 
Sequence-based bioinformatic analysis of the PaP1 
endolysin 
 
A total of 196 ORFs larger than 100 bp were identified in 
the newly sequenced P. aeruginosa virulent bacterio-
phage PaP1 genome (91,656 bp), and most of these 
ORFs showed no sequence homology to sequences in 
the GenBank database. However, one ORF was shown 
by BLAST search analysis to have homology to many 
endolysin or endolysin like genes. The complete ORF 
contained 561 nucleotides, which corresponds to a 
protein of 186 amino acids. Sequences alignment was 
performed between this gene and its homologues from 
other species.  

The  results  revealed  67%  amino  acid   identity   with 
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Figure 1. Multiple sequence alignment of the amino acid sequences of the PaP1 endolysin with other endolysin proteins from phage 
and bacteria. The consensus amino acid sequences across all species are indicated by asterisks (*) below the sequences, and similar 
amino acids across all species are indicated by the most representative amino acid (note: PACL_0019 is from P. aeruginosa, PHICTX-
ORF11 is from bacteriophage phiCTX and its host is P. aeruginosa, PHIRSA1_ORF14 is from bacteriophage phiRSA1 and its host is 
Ralstonia solanacearum, RALTA_A0923 is from R. solanacearum. The protein accession numbers are shown in parentheses). 

 
 
 
ORF11 of bacteriophage phiCTX and 68% amino acid 
identity with PACL_0019 of P. aeruginosa (Figure 1). 
ORF11 is a lytic enzyme of bacteriophage phiCTX. Like 
many other phage endolysins, this gene also contains a 
peptidoglycan binding domain (PGBD) in the C-terminal 
region. This gene was named as PaP1 endolysin and 
submitted to GenBank (GenBank accession No. 
GU068593). 
 
 
Subcloning, expression and purification of the PaP1 
endolysin 
 
The PaP1 endolysin gene was inserted into the expres-
sion vector pQE31, transformed to E. coli M15 (pREP4) 
and expressed by IPTG induction. Time-course analysis 
of small-scale protein expression showed that the fusion 
protein was highly expressed (constituting about 20% of 
the total protein products) after 5 h IPTG induction at 
37°C.  

The molecular weight of the recombinant fusion protein 
was about 23 kDa, which was in agreement with the 
expected molecular mass (22.8 kDa) (Figure 2A). The 
recombinant protein was then purified using the N-
terminal His6-tag and Ni2+ affinity chromatography under 
native conditions. The purity of the recovered proteins 
was assessed by visual inspection on SDS–PAGE 
(Figure 2B). The results showed that the recombinant 
protein was mostly expressed in soluble form. 

Analysis of enzymatic activity by zymography and 
turbidity reduction analysis 
 
Zymography analysis and turbidity reduction assay were 
carried out to determine the enzyme activity of the 
recombinant PaP1 endolysin protein. The purified P. 
aeruginosa cell wall was used as the substrate. A clear 
transparent band was detected by zymography analysis 
after the substrate was incubated with PaP1 endolysin 
and HEWL (Figure 3A, lanes 1 - 5), which indicated that 
PaP1 endolysin can hydrolysis the cell wall of P. 
aeruginosa directly. The results of the turbidity reduction 
assay also confirmed its enzymatic activity. A significant 
decline in optical density was detected when the 
substrate was treated with the PaP1 endolysin protein. 
This result also conformed that the PaP1 endolysin can 
hydrolyze the target bacteria cell wall. PaP1 endolysin 
protein showed a higher hydrolase activity than the 
control HEWL (Figure 3B). 
 
 
Growth inhibition assay of PaP1 endolysin 
 
We also investigated the effect of PaP1 endolysin on the 
growth of P. aeruginosa, S. aureus (ATCC 25923) and E. 
coli BL21. The antibacterial activity results revealed that 
PaP1 endolysin protein can inhibit the growth of S. 
aureus (ATCC 25923) directly when added exogenously 
to the  culture  medium  after  an  overnight  incubation  at  
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A                                                                                       B  
 
Figure 2. Time-course analysis of small-scale protein expression and protein purification of the PaP1 Endolysin. 
(A) Protein expression was induced with 0.5 mM IPTG at 37°C. Aliquots were removed at the indicated times to 
measure the protein production rate. PAGE gels were stained with Coomassie Brilliant Blue R-250. Lane C: 
negative control; lane 1 h to lane 9 h: induced with IPTG for 1 – 9 h, respectively; lane M: low molecular weight 
marker. (B) The recombinant fusion protein in the supernatant was purified using Ni-NTA agarose under native 
conditions with different imidazole concentrations during the washing and elution steps. The products were then 
re-purified by cation exchange. All the fractions were visualized by Coomassie Brilliant Blue R-250 staining. 
Lane 1: samples of the sonicated supernatant; lane 2: run-through fractions from the nickel column; lane 3: 
fractions from the 20 mM imidazole wash; lane 4: fractions from the 250 mM imidazole wash; lane 5: low 
molecular weight marker (97.4, 66.2, 43.0, 31.0, 20.1 and 14.4 kDa); lane 6: repurification of endolysin after 
cation-exchange chromatography. 

 
 
 

  
A                                                                                       B   
 
Figure 3. Zymography analysis and turbidity reduction assay of the PaP1 endolysin. (A) Enzyme 
activity of the endolysin detected by zymography analysis. The PAGE gel used for electrophoresis 
contained 0.2% P. aeruginosa cell walls. The purified endolysin, HEWL and BSA were diluted into 10 
mg/ml solutions and loaded into each well. The gel was then performed as described in the Materials 
and Methods section and stained with methylene blue. Lane 1, phage PaP1 endolysin (10 mL); lane 2, 
phage PaP1 endolysin (5 ml); lane 3, HEWL (10 ml); lane 4, HEWL (5 ml); lane 5, HEWL (1 ml); lane 6, 
BSA (10 ml). (B) Turbidity reduction assay. The decrease in optical density (OD) (y axis) over time (x 
axis) following the addition of samples to the P. aeruginosa cell wall suspension is shown. The P. 
aeruginosa cell walls (OD600 is 0.75) were used as the substrate and incubated at 37°C (pH 7). 
Samples (BSA, HEWL and endolysin, 10 mg/ml, respectively) were added to each cuvette and the 
absorbance of the suspensions was monitored and recorded every five minutes (Data points are 
represented by: solid triangles for PBS, solid diamonds for BSA, solid circles for HEWL and solid 
squares for endolysin). 

 
 
 
37°C (Figure 4, zones 2 - 4). However, the PaP1 
endolysin was unable to inhibit the growth of P. 
aeruginosa or E. coli BL21 directly.  

DISCUSSION 
 
Bacteriophages  must  pass   through  the  host  cell  wall  
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Figure 4. Growth inhibition assay to determine the 
antibacterial activity of endolysin. S. aureus cells were 
mixed with Luria-Bertani (LB) broth agar. Five holes were 
then punched on the agar and samples were dropped 
into the holes and the plate was incubated overnight. 
BSA (10 mg/ml), negative control (hole 1); endolysin (1, 5 
and 10 mg/ml) treatment (holes 2, 3, 4); HEWL (10 
mg/ml), positive control (hole 5). 

 
 
 
twice during one replication cycle. Most dsDNA phages 
employ two distinct strategies to traverse the bacteria cell 
wall (Delbruck, 1940). One strategy is termed “lysis from 
outside” (LO) the cell (Kao and McClain, 1980), and in 
this strategy, the phage-encoded endolysin is part of the 
structural protein that forms an integral component of the 
virion tail. Its function is to digest the cell wall from 
outside to facilitate the injection of the phage genome into 
the host cell. This kind of endolysin (or murein hydrolase) 
appears to be widespread in the phage virions that infect 
gram-positive and gram-negative bacteria. The other 
strategy is termed “lysis from within” (LI) at a genetically 
determined time after infection (Takac and Blasi, 2005). 
In this case, the lysis enzymes involve two proteins: a 
holin and an endolysin, which constitute a ‘two-
component cell lysis cassette’. Generally, endolysin lack 
secretory signal peptides and its access to the peptido-
glycan layer from inside the cell is dependent on a small 
protein, termed a holin, which helps endolysin molecules 
pass through the inner membrane (Borysowski et al., 
2006). Holin is a tunnel-like protein, which gene is mostly 
located immediately upstream of the endolysin. It is a 
small hydrophobic integral membrane protein that per-
meabilizes the host cell cytoplasmic membrane, allowing 
the muralytic enzyme (endolysin) to attack and degrade 
the peptidoglycan (Young et al., 2000). In this research, 
bioinformatic analysis showed that no holin gene was 
detected in the PaP1 genome sequences analyzed. This 
raises the question  of  how  the  expressed  endolysin  of  

 
 
 
 
bacteriophage PaP1 is able to breakthrough the host cell 
membrane. The answer might be that the passage of 
endolysin from inside the cell to the peptidoglycan layer 
might depend on some other type of secretion system, 
such as the Lyz endolysin of bacteriophage P1, in which 
export is mediated by an N-terminal transmembrane 
domain (TMD) and requires host sec function (Xu et al., 
2004). 

In this study, the PaP1 endolysin gene was cloned and 
expressed in E. coli. We demonstrated that PaP1 Endo-
lysin could not hydrolyze E. coli while it was expressed in 
E. coli M15 (pREP4), this results indicates that the 
expressed PaP1 endolysin is unable to pass through the 
cell membrane of E. coli and therefore cannot lyse the 
cell wall directly. Our findings also showed that the puri-
fied fusion protein could hydrolyze the purified cell wall of 
P. aeruginosa (Figure 3) and inhibit the growth of S. 
aureus (Figure 4). However, the protein was unable to 
inhibit the growth of its host directly. These results indi-
cated that the outer membrane of gram-negative bacteria 
prevents access of the endolysin to the pepti-doglycan 
layer of the membrane. Furthermore, the PaP1 endolysin 
is not a structural protein. We therefore proposed that 
PaP1 endolysin uses the LI strategy to hydrolyze the bac-
terial cell wall.  

The folded endolysin protein accumulates in the 
cytosol, and at a genetically pre-determined mo-ment, 
lyses the P. aeruginosa membrane from within the cell 
and releases new phage offspring.  Endolysins possess 
several important features, for instance, a novel mode of 
action, a narrow antibacterial spectrum, activity against 
bacteria regard-less of their antibiotic sensitivity and a 
low probability of developing resistance. The nar-row 
spectrum of lytic activity is often restricted (with some 
minor exceptions) to the host bacterial species of the 
phage from which a certain endolysin was derived 
(Borysowski et al., 2006). In this study, PaP1 endolysin 
also showed a narrow spectrum of antibacterial activity. 
This characteristic maybe, makes PaP1 endolysin to be 
the potential enzybiotic of P. aeruginosa. 

Bioinformatic analyses also revealed that PaP1 
endolysin shares 67% sequence similarity with the lytic 
enzyme of bacteriophage phiCTX and 68% similarity with 
an autolysin-like gene of P. aeruginosa. Many other 
phage endolysins have been found to share sequence 
homology with bacteria autolysins (Xu et al., 2004), indi-
cating the close evolutionary relationship between these 
enzymes. Further studies are required to fully classify the 
phage PaP1 endolysin and the potential applications of 
this novel, PaP1 endolysin.   
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