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 Antibiotic resistance increment is a major problem for the human society nowadays 
which encourages the efforts to look for new therapeutic alternatives from natural defenses.  
Synergistic antibacterial activity of epidermin and staphylolysin LasA A against Staphylococcus 
aureus (Staph aureus), Escherichia coli (E. coli) and Pseudomonas aeruginosa (Ps. aeruginosa) 
was evaluated. The antibacterial activities of epidermin from Staphylococcus epidermidis (Staph 
epidermidis) and Staphylolysin (LasA) from Ps. aeruginosa using the agar well diffusion assay 
were evaluated, and then using the micro dilution method to evaluate the minimum inhibitory 
concentration (MIC) and the minimum bactericidal concentration (MBC). The checkerboard 
method and fractional inhibitory concentration (FIC) were used to evaluate the combination 
between epidermin and LasA toward targeted clinical isolates of Staph aureus, E. coli and Ps. 
aeruginosa. The results revealed a synergistic effect between epidermin and LasA on all clinical 
isolates growth. The highest MIC and MBC of epidermin were 36.04 µL/mL and 51.73 µL/mL 
against Staph aureus; meanwhile, the highest MIC and MBC of LasA were 44.38 µL/mL and 50 
µL/mL against Staph aureus. The FICindex revealed synergistic interactions in combination 
of epidermin and LasA which recorded 0.286 for Staph aureus while for E. coli was 0.327 and 
for Ps. aeruginosa was 0.390 respectively showing a synergism effect.  This study finds that 
combination of epidermin with LasA had inhibitory activity on the targeted clinical isolate 
growth, which can be useful for designing and developing alternative therapeutic strategies 
against pathogens causing wound and burn infections.
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 Infectious diseases mortality is estimating 
about 50,000 people every day world wide1. 
The increment of antibiotic resistance cases 
has motivated scientists to explore alternative 
therapeutic strategies2. The multidrug resistant 
(MDR) emergence of bacterial strains leading 

to treatment failure of infections is becoming 
escalating problem. In developed countries, the 
reemergence of tuberculosis and pneumonia 
that were almost diminish and occurrence of 
MDR in Gram-positive and Gram-negative such 
as Staphylococcus, Bacillus, Escherichia coli, 
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Pseudomonas aeruginosa, Shigella spp. and 
Salmonella as well as  and other bacteria from all 
over the world was concurrently reported due to 
the misuse of antimicrobials3.  The compounds 
extracted from the natural source are highly used 
since the past times for different diseases treatment 
and as remedy for live improvement4.

 One strategy to overcome of the new 
emerging antimicrobial resistance is to use 
bacteriocins as therapeutic possibilities in clinical 
settings, bacteriocin by definition “are ribosomally-
synthesized antimicrobial peptides produced by 
bacteria and can exhibit narrow spectra of activity” 
mean while others may display a broader spectra of 
activity5. Bacteriocins show strong activity against 
their target strains, often within the nanomolar 
range, making them in some cases more effective 
than their counterparts with antibiotics; thus, 
bacteriocins have potential to be used in clinical 
settings6.
 Epidermin is “a tetra cyclic peptide 
produced and secreted by Staphylococcus 
epidermidis”. It is lantibiotic family member 
which is a group of plasmid-encoded, ribosomal 
synthesized and post transitionally modified 
antimicrobial peptides7. Epidermin is bactericidal 
to Gram-positive bacteria, the bacteriocin 
inhibited the synthesis of DNA, RNA, protein 
and polysaccharides simultaneously, leading to 
insufficient energy to carry biosynthetic processes, 
and eventually the energy-transuding cytoplasm 
membrane may be the primary biochemical target 
and seems to affect the membrane permeable 
barrier by forming water-filled membrane channels 
or pores, probably by a barrel-stave mechanism8. 
 Pathogenic bacteria possess an extensive 
arsenal of virulence factors that allow them to 
survive in the host and cause disease. Among 
those are secretion of extracellular proteases 
which facilitate bacterial colonization by inducing 
damage to host tissue and actively subverting 
immune responses9. LasA protease enzyme: “Is 
also designated as staphylolysin”. Its elastolytic 
and staphylolytic endopeptidase secreted by Ps. 
aeruginosa. LasA is synthesized as propoenzyme 
that mediates proteolysis to omit a 22 kDa” amino-
terminal peptide; it is protease and one of the M23 
family of â-lytic Zinc metalloendo peptidase10. 
The potential of LasA as antistaphylolytic therapy 

has been confirmed in vivo in Staphylococcal 
experimental model of keratitis11.
 In a few studies, bacteriocins combinations 
with other antimicrobials have been conducted 
to overcome the development of antimicrobial 
resistance and/or increase antimicrobial potency. 
It is possible that the use of antimicrobials that 
function synergistically with bacteriocins will 
increase the killing effects of each other, thus 
increasing the likehood of production of resistance 
to either the bacteriocin or the antimicrobial stressor. 
Such bacteriocin-antimicrobial combinations 
could have great value, in terms of reducing the 
likelihood of resistance development because of 
the involvement of two different of antimicrobial 
action mechanisms12. Therefore, this study aimed 
to evaluate the antibacterial ability of combined 
lantibiotic with bacteriocin (epidermin and LasA) 
against some pathogens causing wound and burn 
infection, including Staphaureus, E. coli and 
Psaeruginosa.
Patients and Methods
Bacterial Isolation, Identification and 
Antimicrobial Resistance
 Seventy swab samples were collected 
from patients with wound and burn infection 
admitted at Al-Kadhimia Hospital and Central 
Childhood Hospital, Baghdad-Iraq from the 
period May 2014 till November 2015. Approval 
was obtained from our scientific review board 
and Ministry of Health-Iraq.Standard methods for 
bacterial isolation were used for bacterial isolates 
(Staphepidermidis, Staphaureus, E. coli, and 
Ps aeruginosa). They were cultured on primary 
and selective media (Nutrient agar, Blood agar, 
Mannitol salt agar and McConkey agar, HiMedia, 
India), then bacterial identification was performed 
using biochemical tests, and then antimicrobial 
sensitivity test was done for the targeted isolate13.
 A Mueller Hinton agar(MHA) with disk 
diffusion method using commercially antibiotics 
was applied. Antibiotics were from (Hi Media 
Laboratories Ltd, India). In this study Antibiotic 
sensitivity profiles determination of the reference 
bacteria, the following antibiotics (concentration 
µg/disc) were used: amoxicillin (10), cephotaxime 
(30), chloroamphinecol (10), ciprofloxacin (10), 
erythromycin (15), gentamicin (10),tetracycline 
(10) and vancomycin (30) (Bauer et al., 1996). 
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Diam eters of inhibitory zone were compared with 
the standards following the Clinical and Laboratory 
Standards Institute instructions’ (CLSI, 2019) [14].
Extraction of Crude Epidermin
 During the log phase, crud bacterioc in 
produced by Staphepidermidis was extracted using 
anaerobically incubated tryptone soya broth for 24 
hours at 37°C. After incubation, the cultures were 
centrifuged (6000 rpm at 4ºC for 10 min) to obtain 
culture-free supernatant which was filtered using 
0.22 µm pore sterilized filter (Puradisc 25mm, 
India). To eliminate possible inhibition effects of 
organic acids, the pH was adjusted to pH 7 with 1 
M NaOH. Protein content was determined using 
colorimetric at maximum absorption at 600 nm, 
using brilliant blue G-250 and Bradford method 
by bovine serum albumin [15]. Partial purification 
of bacteriocin was performed by ion exchange 
chromatography assay; final concentration was 
160ìg/ml.
LasA Protease Production
 The crude LasA protease was extracted 
from Ps. aeruginosa isolates cultivated on 
skimmed milk agar (MRS) 1% (HiMedia, India) 
according to Diggle et al., (2002) [16]. Ammonium 
sulfate participation was used according to Nadeem 
and Mukhtar, (2013)for partial purification 
of LasAaccording to previous literature [17]. 
Estimation of protein concentrationby Bradford 
method was done using the standard curve of 
bovine serum albumin (BSA) at concentrations 
(1.6, 1.4, 1.2, 1, 0.8, 0.6 and 0.4) mg/ml [18].The 
extracted LasA that produced by precipitation with 
ammonium sulfate were loaded inside dialysis 
bag at molecular weight cut-off 10000 kDa [19]. 
After the gel filtration chromatography was 
done followed (Mohsenet al., 2013)the protein 
concentration was 40 µg/ml [20]. LasA protease 
activity detection was done by as follows: 100 µl 
of partial purified LasA was added to 500 µl of 
bacterial suspension then incubated at 37°C for 
30 min, after that the reading of absorbance at the 
wave length 600 nm. To determine the proteolytic 
potency of the isolates, agar well diffusion assay 
was performed.
Antimicrobial Activity of Bacteriocinby 
AgarWell Diffusion Assay 
 Todetermine the activity of the supernatant, 
agar well-diffusion method was performed in 
triplicate.Bacterial suspension inoculated with 

10 µl of (1 × 108cfu/ml), by swabbing over the 
entire surface of the plates. Wells nearly 6 mm in 
diameter and about 2.5 mm in depth were made 
on the surface of solid cultured medium plates 
using a sterile pasture pipette. Later, 10 µl of 
bacteriocin was inoculated into wells then 24 hr 
of incubation at 37°C was done, zone of inhibition 
for each plate was examined, the control for each 
zone was prepared using un-inoculated sterile BHI 
broth without extract served as negative control 
while standard antibiotics, 10 µl of gentamicin 
(10 µg/mL)or ciprofloxacin (10 µg/mL) were used 
as reference positive controls.The plates were 
incubated at 37°C for 24 hrs, and then zones of 
inhibition measured manually. Zones of inhibition 
e” 8 mm in diameter were considered as positive. 
In vitro Antibacterial Activity of Epidermin 
and LasA
Determination of Minimum Inhibitory 
Concentration (MIC)
 The broth microdilution technique was 
adopted using 96-well microtiter plates with a 
volume of 300 µl were used with tetrazolium salt 
(2,3,5-triphenyltetrazolium chloride, Sigma, India) 
as an indicator to determine the MIC(50µLof 0.5% 
solution) according to the procedures by the (CLSI, 
2019) [14]. Different concentrations of bacteriocin 
and LasA were prepared byserial dilutions of 100 
ìL with 2 fold dilutionsin the range of (0.12-250) 
µL/mL prepared by incorporation of the bacteriocin 
(epidermin) and LasAinto Muller Hinton Broth 
(MHB) (Hi Media, India). Then 100 µL (a bacterial 
inoculum), corresponding to 5 ×105CFU/mL was 
added to 100 µL of serial fold dilutions of the 
bacteriocin or LasA in the wells of microtiter 
plates with  a final volume 200µL for each well 
was performed. Two wells containing microbial 
media broth served as positive control and negative 
control, respectively. Incubated for 24 hrs at 37°C 
of the parafilm sealed microtiter plates were done, 
and then the growth of the bacteria was observed. 
A color changing to pink indicates growth of 
bacteria. The MIC value of the bacteriocin was 
taken as “the lowest concentration of bacteriocin 
that inhibits visible growth of individual test 
bacteria”.MIC values were detected by ELISA 
reader (Bio-Rad, Germany) at 492 nm [21]. The 
percentage of inhibition in growth of test bacteria 
due to antimicrobial proteins was calculated as the 
following formula: 
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Table 1. The prevalence of Staphylococcus 
epidermidis isolated from wound and burns 

skin swabs

Bacterial isolates  No. of  Percentage 
 swabs %

Staph epidermidis 50 71%
Others 20 29%
Total 70 100%

Table 2. Antibiotic Susceptibility Pattern of Target isolates as 
Determined by the Disc-Diffusion Technique a

Antibiotic Concentration   Targeted isolates
 µg/disc Staph aureus E.coli Ps. aeruginosa

Amoxicillin  10 R R R
Cephotaxime 30  S S S
Chloroamphinecol 10 S R R
Ciprofloxacin 10 S S S
Erythromycin 15 R R R
Gentamicin 10 S R R
Tetracycline 10 R S R
Vancomycin 30 S S S

a Abbreviation: S = sensitive; R =  resistance 

Fig. 1. Epidermin activity during purification steps 
against Staph.aureus; whereas (1) Sterile BHI broth 
(negative control); (2) Crude epidermin; (3) Pure 
epidermin (dialysis step) and (4) Dissolved antibiotic 
(Positive control)

% of reduction in growth = OD Value of Control 
Well – OD of Test Well / OD Value of Control 
Well × 100
Minimum Bactericidal Concentration (MBC)
 The next step was transferring 100 ìL 
of liquid from each well without visible growth 
on to MHA for determination of MBC was used 
and incubated at 37°C for 48-72 hrs. Finally, “the 
lowest concentration of antimicrobial agent being 
able to reduced 99.9% of the bacteria was assessed 
as MBC”. Triplicate procedures were done. 
Synergism test of bacteriocin Combination with 
LasAby Fractional Inhibitory Concentration 
(FIC)
 A checkerboard microdilution method was 
chosen to assess the efficacy of possible interaction 
between epidermin and LasA which could 
besynergistic, additive, antagonist or exhibiting 
no interaction against the pathogens. Inoculation 
were prepared spectrophotometrically and further 
diluted to obtain final concentrations (0.5 × 106) 
CFU/mL. Each microdilution well included 100 
ìL of the diluted (two times) concertation of both 

anti microbials (bacteriocin and lantibiotic) was 
inoculated with 100 ìL of the diluted (two times) 
inoculum suspension with 200 ìL as a final volume 
of each well, the trays were incubated at 37°C, and 
the results were read at 24 hours visually using an 
ELISA reader system. 
 The fractional inhibitory index (“ FIC) 
index was calculated by the following formula:
FICindex= FICA+ FICB = MICA (A in presence of 
B) / MIC (A alone) + MICB (B in presence of A) / 
MIC (B alone)
 Where “MICA alone:” is the MIC value 
of bacteriocin “A” tested alone; “MICBalone” is 
the MIC value of staphylolysin “B” tested alone; 
“MICAcombined” is the MIC value of bacteriocin 
“A” tested in combination with staphylolysin “B”; 
“MICB combined” is the MIC value of staphylolysin 
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Table 3. The Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal 
Concentration (MBC) of bacteriocin (epidermin) and staphylolysin (LasA) against targeted 

pathogenic bacteria

Bacteria                                        MIC µL/ml                                    MBC µL/ml
 Epidermin LasA Epidermin LasA

Staph aureus 36.04 51.73 44.38 50
E. coli 13.85 7.48 30.33 27.48
Ps. aeruginosa 19.95 15.76 11.91 15.82

Table 4. The Fractional Inhibitory Concentration (FIC)  of bacteriocin (epidermin)
combined with staphylolysin (LasA) against targeted pathogenic bacteria

Bacteria MICA  MICB  MICAin the  MICBin the  FICindex Activity 
 (Alone) (Alone) presence of B presence of A

Staph aureus 36.04 51.73 1.55 1.08   0.286 S
E. coli 13.85 7.48  2.03  3.76  0.327 S
Ps. aeruginosa 19.95 15.76  0.99 1.26   0.390 S

FICindex= FICA+ FICB; FICA = (MICA combined/MICA alone) and FICB = (MICB combined/MICB alone). FIC d” 0.5: 
synergistic effect (S); 0.5 < FIC d” 1: additive effect (AD); 1 < FIC d” 4: nointeractive effect (I); FIC > 4: antagonistic 
effect (A)

“B” tested in combination with bacteriocin “a”. 
According to this method, synergistic effect if the 
FIC index is of d” 0.5; additive effect if the FIC 
index of (0.5 <FIC d” 1.0); no interactive effect if 
the FIC index of (1 <FIC d” 4.0) and antagonism 
effect if the FIC index   e” 4.0[22].
Statistical Analysis
 The data were analyzed using SPSS 18.0 
program for Windows was used to analyze the 
results obtained by analysis of variance (ANOVA) 
with significance level set atP d” 0.05.

RESuLTS

 A total of 70 skin swabs were collected 
from wound and burn infection, then standard 
laboratory identification such as cultural 
characteristics and biochemical tests were applied 
on samples. Fifty samples were identified as Staph 
epidermidis using mannitol salt agar (HiMedia, 
India) as selective media, of which 5 strains were 
epidermin producers. Only one isolate was used in 
this study. Targeted bacteria (E. coli, Ps aeruginosa 
and Staph aureus) were isolated from corneal 
scraping samples which were taken according to 
ophthalmologist order from patients suffering of 

microbial keratitis (corneal ulcer) referred to Ibn 
Al-Haitham Teaching Eye Hospital Laboratory 
in Baghdad as shown in Table (1).Antibiotic 
susceptibility pattern of the targeted isolates 
was summarized in Table (2). The antibacterial 
activities of epidermin from Staph epidermidis 
isolate were determined us ing the agar well 
diffusion assay summarized in Figure (1). The 
antibacterial activity quantitatively assessed on 
the basis of the inhibition zone. Epidermin showed 
antibacterial activity against staph aureus with 
concentration 160ìg/ml after purification with 
gel filtration through sephadex G-75; whereas E. 
coli and Ps. aeruginosaisolates came with poor 
inhibition zones.  
 The results of the MIC and MBC of 
epidermin were determined by the microdilution 
method and are shown in Table (3). The MIC of 
epidermin against Staph aureus was 36.04 µL/ml 
followed by 19.95 against Ps. aeruginosa, whereas; 
the MIC of LasA against Staph aureus was 51.73 
µL/ml, followed by 15.76 µL/ml againstPs. 
aeruginosa.Regarding the MBC of epidermin 
against Staph aureus was 44.38µL/ml followed by 
30.33 against E. coli, whereas; the MBC of LasA 
against Staph aureus was 50 µL/ml, followed by 
27.48 µL/ml against E. coli.
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 The FIC value for epidermin and LasA 
were shown in Table (4). The FIC of synergism 
between epidermin and LasA against all targeted 
bacteria showedsynergistic effect.

DISCuSSIon 

 Bacteriocins encoding genes located 
in the genomes of most  Gram-negative 
pathogens, including Ps. aeruginosa, E. coli and 
Klebsiellapneumoniae(K pneumoniae) [23]. Taking 
in mind, they are highly had specific antibacterial 
activity that kill only bacteria closely related to 
the producer and are deployed during the fight for 
resources with competitor strains[24].This makes 
them attractive as therapeutics as they offer a more 
targeted approach. In fact, one major problem with 
conventional antibiotics is the dysbiosis induced 
by broad-range killing of  bacteria. While the 
narrow killing spectrum of bacteriocins means 
that the bacteria responsible for the infection have 
to be identified prior to treatment which gives the 
advantage of being able to specifically target one 
species, or even one strain of bacteria, spearing 
thenormal healthy microflora intact [25].
 In this study, the synergism between 
epidermin and staphylolysin LasA had been 
applied in an attempt to reach for antibacterial 
activity against the foremost among the Gram-
negative pathogens; Ps. aeruginosaand E.coli 
which pose serious threats to global healthcare 
and patient safety; same goes for Staph aureus 
underthe hypothesisthat whether treatment with 
combination of bacteriocin (epidermin) and 
lantibiotic (staphylolysin LasA) have higher 
antimicrobial activity against targeted pathogens 
(Staph aureus, E.coli and Ps. aeruginosa), the first 
step in which a strains needs to fulfill is that they 
should be resistant or multi-resistant to antibiotics 
after that, the combination between epidermin and 
LasA was furthertested to evaluate the possible 
synergistic effect against targeted pathogens.
 A numerous studies have been conducted, 
involving combinations of bacteriocins with 
other antimicrobials, to reveal the development 
of antimicrobial resistance and/or increase 
antimicrobial potency, Turgis et al., (2016) 
performed a research on synergistic antimicrobial 
effect of combined bacteriocins (nisin, pediocin, 
enterocin MT104b and enterocin MT162b) 

against food pathogens and spoilage bacteria, his 
results concluded into that combination of nisin 
with MT104b caused a synergistic effect on the 
elimination of Staph aureus which agrees with this 
study results[22]. A study by Field et al., (2016) 
found that  is in was effective against Psaeruginosa 
biofilms when used together with polymyxins[26]. 
Ps aeruginosa biofilm-forming abilities contributes 
to its pathogenicity and causing cystic fibrosis 
in lungs of patients which warrants further 
extensive research to target its biofilm forming and 
consequent pathogenic properties[27]. Biswas et 
al., (2017) investigate antibacterial and synergistic 
activity bacteriocin of lactic acid bacteria (LAB) 
against â-lactamase-producing nosocomial bacteria 
(E. coli ,Streptococcus pyogenes, Enterococcus 
faecalis, Klebsiella pneumoniae and Bacillus 
cereus), revealed that there is a bacteriocingenic 
activity of LAB against nosocomial pathogens  
which agrees with study results [28]. Another study 
by Zbar et al., (2018) revealed that the antibacterial 
activity of partially purified bacteriocin produced 
by Cronobacter sakazakii against E. coli, Staph 
aureus, K. pneumoniae, Shigella dysenteriae, 
Proteus vulgaris and Serratia marcescens showed 
that the synergistic effect of bacteriocin with both 
amikacin and tetracycline in different ratios [29].
 A recent study by Bhola and Bhadekar 
(2019) revealed that the inhibitory potential was 
seen in a combination of the three Lactobacillus 
species, Lactobacillus plantarum, Lactobacillus 
acidophilus and Lactobacillus casei var. rhamnosus 
in the ratio 1:1:1 had the highest antimicrobial 
activity with whole broth and cell lysate of 
Lactobacillus consortium exhibited up to 85% 
inhibition of multi-drug resistant Staphylococcus 
aureus both standard strain isolate (Staph aureus 
NCIM2127 and clinical isolates [30]. The synergism 
effect of mixing bacteriocins can be as powerful as 
combination between bacteriocin and antibiotics. 
 In regards to staphylolysin LasA 
antibacterial activity, a study by Al- saa’edi et 
al., (2015) investigate the experimental treatment 
of bacterial keratitis (in vivo) of infected rabbits 
eyes caused by Staph aureus and revealed that 
the efficacy of LasA protease was effective 
as Lysostaphin drug in eradicating the Staph 
aureus from the infected corneas comparing to 
Vancomycin drug that revealed late healing period 
(approximately after 3 days) after application 
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of treatment [31].A study by Jose et al., (2017) 
showed that Ps aeruginosa LasA protease was 
having lytic action on bacterial cell walls other 
than that of Staphaureus and its application in rapid 
extraction of DNA from a wide range of bacteria 
[32].

ConCLuSIonS

 Bacteriocins have great potential as an 
antimicrobial agent. In combination with each other 
or with other antimicrobial agents they may have 
empower value in decreasing use of antibiotics. 
The synergistic effects between bacteriocin and 
lantibiotic against resistant bacteria provide a 
new and alternative way of treatment of resistant 
clinical isolates.The synergistic action is of more 
importance in case where antibiotic(s) is no longer 
effective as a therapeutic agent. Combinationsof 
bacteriocins provide an effective and economical 
way in combating antibiotic-resistant bacteria. The 
FIC indexes have indicated that they have favorable 
antimicrobial interactions. The combinations of 
bacteriocin have not been well investigated, so 
further studies are required to evaluate the effect 
of bacteriocins in combination. The combination 
therapies increase the treatment options and 
reuse of antibiotics in a case where resistance has 
developed. 
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