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Abstract 
Bacteriocins are ribosomal synthesized antimicrobial peptides produced by one bacterium that 

are active against other bacteria, either in the same species (narrow spectrum), or across genera 

(broad spectrum). 

Thirty isolates of Lactic acid bacteria obtained from fermented milk and Yoghurt from 

various locations in Alnajaf were analyzed by PCR to rapid screening of pediocin, plantaricin 

and enterocin genes that present on the bacterial chromosome or on plasmids 

Multiplex PCR method was used to detect the presence of bacteriocin gene by using specific 

primers to amplify a fragment from bacteriocin structural gene. Eighteen strains produced one of 

the PCR fragments with specific primers. Highest frequency of occurrence 11(61.1%) of isolates 

produced fragment of 428 bp indicate to presence of plantaricin gene, 5 (27.8%) produced 

fragment of 332 bp indicate to presence of pediocin gene whereas 2(11.1%) produced fragments 

of 412 bp indicate to presence of enterocin gene. The agar well diffusion methods was used to 

detect the selected strains with antibacterial activities against P. aeruginosa . The supernatant of 

the thirty LAB screened for bacteriocin production, eighteen (60%) were gave inhibition zones 

(12-20mm) onto the indicator pathogenic strain. Among LAB isolates, strain M5 plantaricin 

producer the most effective antibacterial compounds against P. aeruginosa. (20 mm as diameter 

of inhibition). The LAB isolates were: Lactobacillus plantarum, Pediococcus and Enterococcus. 

L. plantarum had the highest frequency of occurrence 11(61.1%), while, Pediococcus and 

Enterococcus had 5 (27.8%) and 2(11.1%) respectively. 
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 الخلاصة :
انبكخشَىعٍُ هٍ ببخُذاث ساَبىعىيُت انصُغ نها فؼانُت ضذ الاحُاء انًجهشَت حُخج يٍ قبم بكخشَا ونها حاثُش فؼال ضذ 

 ؼانُت يحذدة ( او ضذ اجُاط اخشي )فؼانُت واعؼت( .بكخشَا اخشي يٍ َفظ انُىع )ف

حى انحصىل ػهً ثلاثٍُ ػضنت يٍ بكخشَا حايض انلاكخُك يٍ انهبٍ انًخخًش وانًؼهب يٍ يُاطق يخؼذدة فٍ يحافظت انُجف 

خلال  يٍ enterocin و plantaricin  و pediocin.اجشَج غشبهت عشَؼت نًؼشفت قابهُت انؼضلاث ػهً اَخاج انبكخشَىعٍُ 

انكشف ػٍ جُُاث هزِ انبكخشَىعُاث باعخؼًال حقُُت حفاػم انبهًشة انًخغهغم يغ بادئاث خاصت بها .اظهشث انُخائج اٌ ثًاَُت 

 428%( ػضنت اظهشث حضيت بطىل 61.1) 11ػشش فقط يٍ انؼضلاث انًذسوعت اظهشث احذي انحضو انخاصت .ار كاَج 

 332%( يُها اظهشث حضو بطىل  27.8)5وهٍ انُغبت الاػهً .و  plantaricinصوج قاػذٌ وانخٍ حشُش انً وجىد جٍُ ال 

صوج قاػذٌ  412%( يُها اظهشث حضيت بطىل  11.1) 2. فًُا كاٌ  pediocinصوج قاػذٌ وانخٍ حشُش انً وجىد جٍُ ال 

انُت انبكخشَىعُُاث انًُخجت يٍ .كًا اعخؼًهج طشَقت الاَخشاس بحفش الاكاس نخاكُذ فؼ   enterocin يًا حشُش انً وجىد جٍُ ال  

  Pseudomonas aeruginosaبكخشَا حايض انلاكخُك ضذ بكخشَا يًشضت 
 

Introduction 
The Lactic acid bacteria can produce antimicrobial substances able to inhibit the growth of 

pathogenic and spoilage microorganisms in foods. The primary antimicrobial effect exhibited by 

LAB is the production of lactic acid and reduction of pH (1) .In addition, LAB can produce various 

antimicrobial compounds which can be classified as low-molecular-carbon mass compounds such 
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hydrogen peroxide (H2O2), carbon dioxide (CO2), diacetyl (2,3-butanedione), uncharacterized 

compounds and high-molecular-mass compounds like bacteriocins (2,3). Bacteriocins are ribosomal 

synthesized antimicrobial peptides produced by one bacterium that are active against other bacteria, 

either in the same species (narrow spectrum), or across genera (broad spectrum) and, as with host 

defense peptides, cell signaling mechanism can also be involved (4).  

The bacteriocins of LAB are commonly classified into three classes :class I-the lantibiotics ,class 

II-the heat stable unmodified bacteriocins and class III the larger heat labile bacteriocins . Class II 

can subdivide into class IIa, class IIb and class IIc. class IIa bacteriocins are small (less than 

10kD),heat-stable , unmodified peptides of 37-48 amino acids ( 5,6).It can inhibit growth of some 

food spoilage and pathogenic bacteria such as Listeria monocytogenes, Bacillus cereus,Clostridium 

perfringenes,Staphylococcus aureus and E.coli (7). It is the most investigated with respect to 

production,structure-function relationship, and have been considered as one of the most interesting 

and potential groups of antimicrobial peptides for use in food preservatives (8). 

The location of bacteriocins genes fear to be chromosomal (9) or plasmid. Genes involved in the 

production of bacteriocins are generally organized as operon (10). 

The objective of this study was to using molecular techniques (PCR) for rapid screening of lactic 

acid bacteria (isolated from fermented milk and Yoghurt from various locations in Alnajaf)  

producing class IIa bacteriocins ,as well as agar well diffusion assay to study the inhibitory activity.  
 

Materials and Methods 
Isolation of Lactic Acid Bacteria  

The lactic acid bacteria isolates were obtained from fermented milk and Yoghurt from various 

locations in Alnajaf.  

Ten grams of each sample were aseptically added into 90 ml of sterile 0.9% NaCl solution. 

Homogenized and serially diluted, 1 ml of the diluents was pour-plated on de Man, Rogosa and 

Sharpe (MRS) agar. Plates were incubated for 24 hrs at 30 °C under anaerobic condition (anaerobic 

generating Kit, Merck). Total of 30 representative colonies were randomly picked and sub-cultured 

to obtained pure culture. The isolates were maintained on MRS agar plates kept at 4
°
C. The stock 

cultures were stored at -20°C in MRS broth supplemented with 15% of glycerol for subsequent use.  

The bacteria were characterized by microscopic morphological examination and by 

conventional biochemical and physiological tests. Gram staining, catalase activity, gas production 

from glucose, growth in NaCl (2-6.5%), growth at different temperature (10-45°C), and production 

of amino acid from arginine and the identification work were done (11,12). 

Molecular screening of LAB producing bacteriocins by PCR: Thirty strains of LAB were 

analyzed by PCR to rapid screening of LAB producing bacteriocins genes that present on the 

bacterial chromosome or on plasmids. Total DNA was extracted from culture broth, 1.5 ml of 

culture broth pipetted into Eppendorf tubes then centrifuged at 4.300 x g for 5 min and the 

supernatant discarded; 200 ul of TE buffer was added, vortexes well, boiled for 10 min, and then 

put on ice immediately for 1 min; this was centrifuged again at 6,700 xg for 10 min and the 

supernatant was collected, which contains DNA for use as DNA template (13). 
 

PCR amplifications: Supernatant (9.5 ul) was used as a template and 0.5 ul (10uM) of each 

specific primers (table1) were added to 12.5 ul of PCR mixture (2X KAPA2G Fast Multiplex Mix). 

The PCR mixture contains KAPA2G Fast HotStart DNA Polymerase (1 U per 25 μl reaction), 

KAPA2G Buffer A (1.5X at 1X), dNTPs (0.2 mM each dNTP at 1X), MgCl2 (3.0 mM at 1X) and 

stabilizers.  The amplification profile was initial denaturation at 94°C for 5 min, followed by 30 

cycles of denaturation at 94°C for 45 s, annealing 51°C for 45 s, extension 72°C for 45 sec and final 

extension 72°C for 5 min,. 

The presence of PCR products was determined by gel electrophoresis in 1.0 % agarose gel 

containing ethidium bromide. Electrophoresis in 1XTris-borate-EDTA was performed at 100 volts, 

and photographed under an Ultraviolet transilluminator. 
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Table ( 1 ) Primers sequences used for PCR amplification 
 

Target gene Primer sequence Product size (bp) Reference 

Pediocin 

 

F 5’-GGTAAGGCTACCACTTGCAT-3’ 

R 5’-CTACTAACGCTTGGCTGGCA-3’ 

332 (13) 

 

Enterocin 

 

F 5’-GGGTACCACTCATAGTGGAA-3’ 

R 5’-CCAGCAGTTCTTCCAATTTCA-3’ 

412 (13) 

 

Plantaricin F 5’-GGCATAGTTAAAATTCCCCCC-3’ 

R 5’-CAGGTTGCCGCAAAAAAAG-3’ 

428 (14) 

 

Screening for antibacterial activity.The agar well diffusion assay was used to determine 

antibacterial activities against P. aeruginosa . Single colony from MRS agar plate was inoculated in 

5ml MRS broth and incubated at 30°C for 18 -24 hr under anaerobic condition.Cell-free supernatant 

was obtained by centrifugation at 10.000 xg for 10 min with adjustment of pH to 6 (2N NaOH) to 

eliminate the inhibitory effect of organic acids. 

Inhibitory activity was detected by the agar-well diffusion method (15), with some modifications. 

Portions (100 μl) of cell free supernatant were added to wells (5mm) cut into the plate, which was 

inoculated with P. aeruginosa (as the indicator strain) and the plate was incubated for 18 hour at 

37°C. The isolates that showed clear inhibition zones were purified by streaked from the broth and 

restreaked for single colony. 
 

Results and Discussion 
Molecular screening of bacteriocins genes by PCR: Thirty strains of LAB had were analyzed 

by PCR to rapid screening of LAB producing bacteriocins genes that present on the bacterial 

chromosome or on plasmids. The results of the specific PCR reactions are shown in figure 

1.Eighteen (60%) strains produced one of the PCR fragments with specific primers. Fragment of 

332 bp indicate to presence of pediocin , fragment of 428 bp indicate to presence of plantaricin, 

whereas fragment of 412 bp indicate to presence of enterocin. This techniques able to easily 

determine whether or not classIIa bacteriocin genes were present in lactic acid bacteria as well as 

this technique was proved to be useful for the rapid screening of classIIa bacteriocin producing 

bacteria and can be an alternative method to direct detection of bacteriocin production without sub 

culturing and more specific DNA extraction, especially when multiple species present in natural 

samples such as milk, faeces and fermented food (14). 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure (1) Agarose gel electrophoresis of PCR products from amplification of plantaricin (lane 

2,3,4,6) ,pediocin (lane 1), enterocin ( lane 5) genes,Lane 7 no PCR products detected. Lane M, 

DNA ladder; lanes 1–7 amplicons from DNA isolated from selected LAB colonies. 
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Antibacterial activities of selected lactic acid bacteria The agar well diffusion assay (AWDA) 

was used to detect strains with antibacterial activities against P. aeruginosa . The supernatant of 

strains of lactic acid bacteria gave inhibition zones (12-20mm) onto the indicator pathogenic strain 

(P. aeruginosa) tested (figure 2 and table 2). Of the thirty LAB screened for bacteriocin production, 

eighteen (60%) were potential bacteriocin producers. Among LAB isolates, strain M5 plantaricin 

producer the most effective antibacterial compounds against P. aeruginosa. (20 mm as diameter of 

inhibition). It was reported that LAB species can produce antimicrobial substances which can be 

assimilated to bacteriocins (16). 
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure (2) Inhibition zones around cell free supernatants of different tested isolates detected by 

using the agar well diffusion method, Pseudomonas aeruginosa was used as the indicator strain. 

 

Among LAB species, the strain S5 produced most active inhibitory substance (18 mm of 

diameter of inhibition) (Fig 1). It has also been reported (17) that species can produce active 

antimicrobial substances like bacteriocins. The spectrum activity varies within the same genus. The 

difference observed in the spectra of activity of bacteriocins produced by the lactic acid bacteria 

strains could be due to the structural diversity of bacteriocins synthesized. In fact, the four classes of 

bacteriocins (18) known to date have different structures and different modes of action. The mode 

of action of bacteriocins is their "macroscopic" effect in a population of target bacteria. It is 

generally accepted that those bacteriocins produced by lactic acid bacteria act on target cells in two 

stages: adsorption of bacteriocin on the cell surface followed by a lethal effect (19). Physiological 

state of the target bacteria plays a role in the mode of action of a bacteriocin (20). The combined 

effect of different bacteriocins can increase activity and spectrum of action, especially by 

combining bacteriocins belonging to different classes. The mechanism of action of the bactériocins 

breaks up into three stages: the first stage consists of the fixing of peptide on the membrane of the 

target cell. During this stage, peptide adopts a three- dimensional conformation enabling to express 

its activity. The second stage consists with the insertion of the bactériocin in the cytoplasmic 

membrane. During this stage, several antibacterial peptides are recruited to form a pore (18, 20). 

These results indicate that the lactic acid bacteria strains screened in the study are capable of 

synthesizing antimicrobial substances active on P. aeruginosa. Thus those antimicrobial substances 

produced by our lactic acid bacteria strains comprise a heterogeneous group of physicochemical 

diverse ribosomally – sythesesized peptides or proteins showing a narrow or broad antimicrobial 

activity spectrum against Gram-positive bacteria. 

Further investigations of these strains to study the spectrum inhibitory activity against other 

pathogenic microorganisms to explore their potential as preservative in food industry.  
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Table (2): Antimicrobial producing isolates isolated from various samples. 
  

Types of samples Total isolates 
Number of isolates that 

produced clear zone 

Yoghurt 15 6 

Fermented milk 15 12 

Total 30 18 
 

Biochemical, morphological and physiological characteristics of isolated strains  
Thirty lactic acid bacteria were obtained from fermented milk and Yoghurt. The isolates were 

initially differentiated on the basis of their cultural and morphological studies after which they were 

subjected to various physiological and biochemical tests.The cell studies revealed medium short 

rods to relatively long rods. The isolates were Gram positive, non-sporing, non-motile, Catalase, 

Oxidase, methyl red, voges-proskauer and indole negative. They cannot produce H2S gas and 

cannot hydrolyse starch. Fermentation tests reveal the isolates possessing the ability to ferment 

almost all sugars. 

The LAB isolates were: Lactobacillus plantarum, Pediococcus and Enterococcus. L. plantarum 

had the highest frequency of occurrence 11(61.1%), while, Pediococcus and Enterococcus had 5 

(27.8%) and 2(11.1%) respectively, this has being reported by various workers (21,22). The lactic 

acid bacteria constitute an important group of organisms, particularly in the food processing 

industry. Generally, the cultural and biochemical properties of the isolates agreed and confirmed 

with Bergey’s Manual of systematic bacteriology (Sneath et al. 1986).  
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