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Detection of genes encode for producing Bacteriocins in Lactobacillus genus isolated
from local Iraqi dairy products
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Abstract
This study was aimed to isolate and identify lactobacillus bacteria from some dairy products,
antibiotic susceptibility and supernatants antimicrobial activity was tested, then detection for
genes encoded to produce bacteriocins. morphological, microscopically and biochemical
tests results showed that eight isolates were lactobacillus, antibiotic susceptibility test
showed that most Lactobacillus isolates appeared multi resistant to more than one of
antibiotics and sensitive to chloramphenicol while several of them are sensitive to others
antibiotics , also results showed varying inhibitory effect of all Lactobacillus isolates
supernatants in growth of pathogenic bacteria tastes, the highest inhibition zone that
observed was against Escherichia coli O157:H7, Salmonella typhimiurum, Enterococcus
faecalis, Clostridium spp, and Staphylococcus aureus, while weaker inhibition zone of
Lactobacillus Isolates that observed

was against Klebsiella

sp and Pseudomonas

aeruginosa,. DNA was extracted from isolates and PCR reaction was performed using
primer specific for gene producing bacteriocins, this gene was produced PCR products with
molecular weight ≈ 4000pb. The results showed that bacteriocins gene appeared in all
lactobacillus isolates, therefore, such these Lactobacillus can be used as probiotic and as
bio-preservative in food.
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Introduction
Lactobacilli genus belong to group of bacteria that has Unique abilities like production of
lactic acid, enzymes such as β-Galactosidase and bacteriocins as a natural metabolic
substance [1]. this genus present widespread in dairy, fish, vegetable and grains products,
also found in normal vaginal flora and protect the vagina from urinary tract infection, in fact,
many species are capable of colonizing certain parts of the body, like oral cavity,
gastrointestinal and urinary-genital tract, where they play an important role in health and
competitive exclusion of pathogenic bacteria [2]. bacteriocin is plentiful and varied group
of ribosomal synthesized antimicrobial peptides produced by bacteria and antimicrobial
agent potential of inhibiting some pathogenic bacteria growth [3]. Traditionally, bacteriocin
production has been considered an important feature in the selection of probiotic bacteria
strains, but until recently, few studies have definitively demonstrated the impact of
bacteriocin production on the ability of a strain to compete within complex microbial flora
and influence the host health, so lactobacillus has gained special attention nowadays, due to
the production of bacteriocins or peptide like bacteriocins [4]. there is more evidence
suggests that bacteriocins may be have several mechanisms within the gastrointestinal tract,
bacteriocins may directly inhibit or competing with pathogens, or modify the composition
of bacteria and affect the host immune system [5]. bacteriocins are a kind of ribosomal
synthesized antimicrobial peptides and biologically active proteins produced by bacteria,
which can kill or inhibit bacterial strains closely-related or non-related to produced bacteria
but will not harm the bacteria themselves by specific immunity proteins, while antibiotics
are chemicals that inhibit the growth of bacteria, produced by different organisms
(organisms and microorganisms, plants and fungi) [6]. many bacteriocins are ribosomal
synthesized, there are many others that are non-ribosomal synthesized, commonly divided
into three groups: class I – the antibiotics; class II – the heat stable unmodified bacteriocins;
class III the larger heat stable bacteriocins. These compounds are variety in sizes, structures,
physicochemical properties, and inhibitory spectrum, with large diversity [7].
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Materials and methods
Collection of dairy products
Local dairy products samples were collected (Fresh laban Kanoon, sheep milk soft cheese,
cow milk soft cheese, Fresh cow milk and Fresh sheep milk) from commercially markets in
sterile containers and were transported to the lab.
Isolation and Identification of Lactobacillus genus
One ml of collected dairy products were cultured in 9 ml MRS- L. Cysteine-HCL broth
(Oxoid, England), then, incubated at 37oC for 48 – 72 hrs. serial dilution that was made for
these samples in MRS broth. 0.1 ml of last dilution was spreader on MRS – CaCO3 (Oxoid,
England), and incubated an aerobically at 37oC for 24 hrs. the raised colony, which
surrounded by clear zone was transferred on MRS agar (pH 5.5) for purification. then,
several steps were applied for purity, bacterial isolates were identified based on the colony
characteristics, gram staining, biochemical characterization and production of catalase, acid
and curd in litmus milk, ammonia from arganine, and growth at 15°C and 45°C in MRS
broth. the identification of the genus Lactobacillus was confirmed according to [8] and as
described by [9].
Preparation of culture supernatants:
Isolates were grown in MRS broth (pH 5.5) at 37 ºC for 18-20 hrs. the Lactobacilli culture
was centrifuged at 10,000 rpm for 5 min, and then the supernatant was adjusted to pH 5.5±1
with 1N NaOH to eliminate the putative effect of produced organic acids then filtration with
Millipore (0.22 µm pore size) [10].
Antibiotic susceptibility of Lactobacillus isolates
Conducted the sensitivity of lactobacillus isolates to antibiotics by following the method
of [11] with some modified by using antibiotics tablets which included (ampicillin 10μg,
cephalexin 30μg, chloramphenicol 30μg, gentamicin 10μg, tetracycline 30μg, erythromycin
15μg, amoxicillin 25μg and cefotaxime 15μg) (Oxoid, England), Lactobacillus isolates were
spreader on MRS agar (Oxoid, England) by streaking, antibiotic discs were placed on the
agar surface and incubated for 24 hrs. at 37C° under microaerophilic condition.
Antimicrobial activity of Lactobacillus isolates
Screening for antimicrobial activity in the tested supernatants against several indicator
pathogenic bacteria was performed. indicator pathogenic bacteria was used in this study
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provided from the laboratories of bio – technological and food science department/college
of Agriculture / Baghdad University, gram negative bacteria were: Escherichia coli
O157:H7,

Pseudomonas

aeruginosa,

Salmonella

typhimiurum,

Klebsiella

spp,

Enterococcus faecalis, while gram positive bacteria were: Clostridium spp, Staphylococcus
aureus. All these indicator bacteria are pathogenic for human and animals, also considered
as important food pathogens that cause damage for some food [12]. Well diffusion assay
was used to study antimicrobial activity according to method described by [13]. aliquots of
50 μl of the sterile supernatant were placed in 6 mm diameter wells on Muller-Hinton-agar
(Oxoid, England) plates previously seeded with the respective indicator bacteria. after 1618h of incubation at 37°C, the diameters of growth inhibition zones were measured, two
plates were done for each isolate.
Detection of genes encode for produce bacteriocins
DNA extraction
DNA was extracted from the elected isolated cells according to the protocol of i-genomics
CTB DNA Extraction Mini kit (cat no.17341) which supplied by intron Korea, agarose gel
electrophoresis was adopted to confirm the presence and integrity of the extracted DNA.
Primer and PCR Technique
PCR reaction was performed using primer specific for gene producing bacteriocins (Bioneer
/Korea). the primer set bacteriocin forward sequence was 5 - AAG AGT TTG ATC CTG
GCT CAG - 3 and the reverse was 5 - CTA CGG CTA CCT TGT TAC GA - 3 [14] , the
primers were used in PCR to amplify a 4000 bp DNA fragment of the lactocin bacteriocins
gene from chromosomal DNA of the isolates, The PCR reaction was performed in a thermal
cycler (Techne Thermocycler, Applied, USA), optimization of polymerase chain reaction
was accomplished after several trial. the PCR mixtures were prepared according to [14] ,
each PCR mixture (25 μl) contained a reaction mix of 12.5 µl Master Mix 1 μl of each
primer,2 μl of DNA sample and 8.5 μl of D.W . each PCR cycling profile consisted of an
initial denaturation time of 3 min at 95°C was followed by an amplification for 30 cycles of
denaturation (30 s at 94°C), annealing (30 s at 61°C) and extension steps (2 min at 72°C)
and the holding time was 3 min at 15°C. PCR products were analyzed on agarose gel (1%)
using horizontal electrophoresis unit(Bioneer, Korea ) at 5v/cm for two hours after ethidium
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bromide staining, then DNA bands were visualized by using U.V transilluminator (VilberLourmat, France) at 365 nm [15].
Results and discussion
Isolation and Identification of Lactobacillus spp.
From the total sixty that collected, eight Local dairy products samples gave colonies
appeared pale, round shape, soft, mucoid, convex and surrounded by inhibition zone after
cultured on MRS contained 1% CaCO3. isolates were gram-positive bacilli when examined
microscopically and negative to catalase test except one isolate gave few bubbles when
hydrogen peroxide was added, also gave negative results for gelatin test, they were able to
produce clot on litmus milk medium, unable to produce ammonia from arginine, unable to
grow in 150C while, all grown in 450C except one isolate, which grew slowly at such
temperature, all isolates were able to ferment glucose and lactose. But unable to ferment
xylose and mannitol [8].
Antibiotic susceptibility of Lactobacillus isolates
Results in Table (1) showed that most Lactobacillus isolates showed multi resistant to more
than one of antibiotics, Lb.1, Lb.4, Lb.7, and Lb.8 can be resistant to three antibiotics, Lb.2,
Lb.3, and Lb.5can be resistant to two antibiotics and Lb.6 for one antibiotics. Also, most
Lactobacillus isolates were sensitive to chloramphenicol while several of them were
sensitive to other antibiotics. Several genes among Lactobacilli have been reported
responsible for antibiotic resistance properties like chloramphenicol resistance genes
(chloramphenicol acetyltransferases CAT) [16] In addition, erythromycin resistance genes,
[17] tetracycline resistance genes [18] Aminoglycoside resistance genes [19], and β-lactam
resistance genes (blaZ) [20].
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Table 1.
Antibiotic susceptibility test of Lactobacillus isolates
Lactobacillus

Amoxicillin

Cefotaxime

Erythromycin

S

R

S

S

S

R

S

S

Lb.3

S

R

S

R

S

S

S

S

Lb.4

R

S

S

S

R

S

S

R

Lb.5

S

S

S

S

S

S

R

R

Lb.6

S

R

S

S

S

S

S

S

Lb.7

S

S

S

R

S

S

R

R

Lb.8

S

R

S

R

S

R

S

S

Lb.1

R

Tetracycline

Cephalexin

Lb.2

Antibiotics

Gentamicin

Ampicillin

Chloramphenicol

isolates

S

S

R

S

S

S

R

R: resistant, S: sensitive

Antimicrobial activity of Lactobacillus. Isolates
Results showed varying inhibitory effect for all isolates supernatants on pathogenic bacteria
which tested, (Table 2) the highest inhibition zone observed was against Escherichia coli
O157:H7, Staphylococcus aureus, Enterococcus faecalis, Salmonella typhimiurum, and
Clostridium spp, while weaker inhibition zone of Lactobacillus Isolates supernatants was
observed against Klebsiella sp and Pseudomonas aeruginosa. Lactobacillus produced
bacteriocins that had broad spectrum of inhibition against pathogenic bacteria, like
Escherichia coli and Enterococcus faecalis, [21, 22]. Lactobacillus is containing different
mechanisms underlying antibacterial activity includes lowering of pH and production of
lactic acid and antibacterial compounds, including bacteriocins and non-bacteriocin, and
non-lactic acid molecules Some investigations had been declared the ability of bacteriocins
to inhibit pathogenic bacteria like E. coli, Pseudomonas and Klebsiella [23].
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Table 2.
Antimicrobial activity of Lactobacillus isolates against some pathogenic bacteria
Pathogenic

Lactobacillus isolates

isolates bacteria
Diameter
of inhibition

Lb.1 Lb.2 Lb.3 Lb.4 Lb.5 Lb.6 Lb.7 Lb.8

zone (mm)
Escherichia coli O157:H7

16

14

17

16

16

13

18

14

Pseudomonas aeruginosa

8

-

9

7

-

7

10

9

Staphylococcus aureus

15

14

13

10

14

12

14

13

Enterococcus faecalis

16

17

20

18

14

15

19

17

Klebsiella sp.

9

7

-

9

-

7

9

11

Salmonella typhimiurum

20

19

16

19

17

14

19

17

Clostridium sp.

16

14

19

15

16

12

16

14

*each number represent rate of two repeated
*- no inhibition

Lactobacillus genus is wide bacteria that widespread in dairy, fish, vegetable and grains.
also found in normal vaginal flora and protect the vagina from urinary tract infection. In fact,
many strains of this genus are capable of colonizing specific parts of the body, like oral
cavity, gastrointestinal and uro-genital tract, where they play an important role in enhance
health and competitive exclusion of pathogen [2]. bacteriocins may act as antimicrobial or
killing peptides, directly inhibiting competing strains or pathogens [24]. bacteriocins may
work as peptides indicates, either indicate other bacteria through quorum sensing and across
bacteria communities or the host immune system cells signals [25].
Detection of genes encode for produce bacteriocins
lactobacillus isolates from Dairy products samples were detected for gene encoding for
bacteriocins by amplified extraction DNA with bacteriocin gene primers. Results in Figure
(1) showed that bacteriocins gene bands

appeared in all lactobacillus spp isolates with

molecular weight 4000pb. So, all lactobacillus isolates in this study can produce
antimicrobial compounds which can be similar to bacteriocins and the isolates possessed
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genes encoding bacteriocins, it is conceivable that the ingredient in the tested supernatants
could include bacteriocin because they have bacteriocins genes. [26] tested 9 isolates of
lactobacillus for bacteriocin gene and demonstrated that 8 out of the 9 tested isolates
produced the 3500- 4000 bp in the PCR products. Lactobacillus isolates possess the ability
to produce inhibitor substances, such as, bacteriocin and bacteriocin like substances, so
isolates possess antimicrobial activity against gram positive and gram-negative bacteria
according to studies and previous research [27].

Figure 1.
Gel electrophoresis for amplification genes encoded to produce bactriocins in Lactobacillus isolates.
Electrophoresis was performed on 1% agarose gel and run with a 5v/cm current for 2 hrs. With
(10000 bp) ladder, Line Lb.1 – Lb.10 Lactobacillus isolates and Negative control.

the antimicrobial activity against pathogenic bacteria is mostly due to the bactericidal effect
or\and protease sensitive [28]. other studies have indicated that antagonistic effects towards
pathogens could be related to bacteriocins and the production of organic acids and hydrogen
peroxide [29]. However, a bacteriocins of Lactobacillus activety against E. coli and
Salmonella typhimurium have been reported [30] also bacteriocins inhibit the growth of a
broad spectrum pathogenic bacteria and spoilage bacteria as well as yeast therefore, such
these Lactobacillus can be used as probiotic [4]. More that, these probiotic bacteria have
ability to produce bacteriocins which can be used widely in food, animal husbandry, and
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medicine. [31] due to the bacteriocin producing bacteria presence in fermented meat, they
were considered as a natural food additive [32].
Conclusion
Lactobacillus bacteria that isolated from dairy products can produce bacteriocins or protein
like bacteriocin as therapeutics and bio-preservative agents inhibit the growth of
pathogenic and spoilage bacteria.
References
1. Brooks GF, Butel, JS, and Morse SA. Microbiol. Appleton and Lange a Simon and Schuster
Company. Princeton Hall, Upper Saddle River, New Jersey, USA. 1998
2. Carr FJ, Hill D, Maida N. The lactic acid bacteria: A literature survey. Crit. Rev. Microbiol
2002;28:281-370.
3. Todorov S. Bacteriocins from Lactobacillus plantarum production, genetic organization and
mode of action . Braz. J. Microbiol. 2009;(40):209-221.
4. Topisirovic L, Kojic M, Fira L, Golic N, Strahinic I, Lozo J. Potential of lactic acid
bacteria isolated from specific natural niches in food production and preservation.
International Journal of Food Microbiology 2006;112:30-235.
5. Chen H, Hoover DG. Bacteriocins and their food applications. Comprehensive Reviews in
Food Science and Food Safety 2003;2:83-97.
6. [6] Deegan LH, Cotter PD, Colin H, and Ross P. Bacteriocins: biological tools for biopreservation and shelf-life extension International Dairy Journal 2006;16:1058-1071.
7. Dimov S, Ivanova P, Harizanova N, Ivanova I. Bioactive peptides used by bacteria in the
concurrence for the ecological niche: eneral classification and mode of action (overview).
Biotechnol. Biotechnol. Eq 2005;3:3-22.
8. [8] Macfaddin JF. Biochemical Tests of Medical Bacteria. (3ed ed.). Lippincott Williams and
Wilkins, USA. 2000
9. Kandler O, Weiss N. Genus Lactobacillus. In: Sneath P. (Ed): BergeyÕs Manual of
Systematic Bacteriology. Vol. 2. William and Wilkins, Baltimore 1986;1209-1234.
10. Georgievaa R. Yochevab L, Tserovskab, L, et al. Antimicrobial activity and antibiotic
susceptibility of Lactobacillus and Bifidobacterium spp. intended for use as starter and
probiotic cultures, Biotechnology & Biotechnological Equipment 2015;29:84-91.
11. Bauer AW, Kirby WM, Sheriss JC. and Turc M. Antibiotic susceptibility testing by
standardized single method. Am. J. Clin. Pathol 1996;45:493-496.
12. Abu Elnaga Riham H, Nagwa S. and Mona S. Bacterial aspect of Food Poisoning. Life Sci J
2014;11(3):290-298.
13. Cleidson V, Simone M, Elza F. and Artur Smânia J. Screening Methods to Determine
Antibacterial Activity of Natural Products. Brazilian Journal of Microbiology 2007;38:369380.

176

Rahem E. Alziadi / Muthanna Medical Journal 2017; 4(2): 168-178

14. Ventura M, Elli M, Reniero R. and Zink, R. Molecular microbial analysis of Bifidobacterium
isolates from different environments by the species specific amplified ribosomal DNA
restriction analysis (ARDRA). FEMS Microbiol. Ecol 2001;36:113-121.
15. Sambrook JL, Fritsch EF, and Maniatis, T. Molecular cloning: a laboratory manual, 3rd ed.
Cold Spring Harbor Laboratory, Cold Spring Harbor. N.Y. 2001.
16. Hummel AS, Hertel C, Holzapfel WH, Franz CM. Antibiotic resistances of starter and
probiotic strains of lactic acid bacteria. Appl. Environ. Microbiol 2007;73:730-739.
17. Mayrhofer S, Mair C, Kneifel W, and Domig KJ. Susceptibility of bifidobacteria of animal
origin to selected antimicrobial agents. Chemother. Res. Pract 2011;9:89-99.
18. Ammor M, Gueimonde M, Danielsen M, et al. Two different tetracycline resistance
mechanisms, plasmid-carried tet(L) and chromosomally located transposon-associated tet(M),
coexist in Lactobacillus sakei Rits 9. Appl. Environ. Microbiol. 2008;74 :1394–1401 .
19. Rojo-Bezares B, Sáenz Y, Poeta P, et al. Assessment of antibiotic susceptibility within lactic
acid bacteria strains isolated from wine. Int. J. Food Microbiol. 2006;111:234-240.
20. Aquilanti L, Garofalo C, Osimani A, Silvestri G, Vignaroli C. and Clementi F. Isolation and
molecular characterization of antibiotic-resistant lactic acid bacteria from poultry and swine
meat products. J. Food Prot 2007;70:557-565.
21. Ogunbanwo S, Sanni A, Onilude A. Characterization of bacteriocin produced by Lactobacillus
plantarum F1 and Lactobacillus brevis OG1. African Journal of Biotechnology
2003;2(8):219-227.
22. Majeed H, Gillor O, Kerr B. and Riley MA. Competitive interactions in Escherichia coli
populations: the role of bacteriocins. ISME J 2011;5:71-81.
23. Domitille F, Cedric N, Marie H, Coconnier P, Vanessa L. and Alain L. pH-, Lactic acid-, and
non-lactic acid-dependent activities of probiotic Lactobacilli against Salmonella enterica
Serovar Typhimurium. Applied and environmental microbiology 2005;71(10):6008-6013.
24. Garneau S, Martin NI, and Vederas JC. Two peptide bacteriocins produced by lactic acid
bacteria. J. Biochem 2002;84:577-592.
25. Ezendam J. and Van Loveren H. Probiotics: immunomodulation and evaluation of safety and
efficacy. Nutrition Reviews. 2006;64(1):1-14.
26. Taale E, Savadogo A, Cheickna Z, Ilboudo AJ. and Traore AS. Bioactive molecules from
bacteria strains: case of bacteriocins producing bacteria isolated from foods. Current Research
in Microbiology and Biotechnology 2013;1(3):80-88.
27. Cascales E, Buchanan SK, and Duché D. "Colicin Biology". Microbiol. Mol. Biol. Rev.
2007;71(1):158-229.
28. Cotter PD, Ross R. and, Hill C. Bacteriocins a viable alternative to antibiotics? Nat. Rev.
Microbiol 2013;11:95-105.
29. Lozo J, Vukasinovic M, Strahinic I, and Toposirovic, L. Characterization and antimicrobial
activity of bacteriocin 217 produced by natural isolate Lactobacillus paracasei subsp.
paracasei BGBUK2-16. Journal of Food Protection 2004;67(12):2727-2734.
30. Savadogo A, Ouattara CA, Basssole I, and Traoer SA. Bacteriocins and lactic acid bacteriaa minireview. Afr J Biotechnol 2006;5:678-683.

177

Rahem E. Alziadi / Muthanna Medical Journal 2017; 4(2): 168-178

31. Mccatez AM, Doust RH, Sattari M, and Mantheghi N. Mantheghi. Antimicrobial effects of
bacteriocin like substance produced by Lactobacillus acidophilus from traditional yoghurt on
P. aeruginosa and S.aureus. J. Biol. Sci 2008;8:221-224.
32. Todorov SD, Franco BD, and Wiid IJ. In vitro study of beneficial properties and safety of
lactic acid bacteria isolated from Portuguese fermented meat products. Benef. Microbes
2014;24:1–16.

178

