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Introduction                                                                                       

Recently, probiotic application, including lactic 
acid producing bacteria, has established 
abundant consideration to avert and treat diverse 
kinds of diseases with particular attentions to 
gastrointestinal disorders [1]. Probiotics are 
live useful microorganisms with high benefits 
on human health when administered in suitable 
amounts [2]. These bacteria can colonize into the 
epithelial cells and layers and produce diverse 
metabolites with antimicrobial effects [3]. 

Bacillus coagulans (B. coagulans) is a lactic 
acid producing bacterium responsible for diverse 
good effects in the probiotic manufacturing. B. 
coagulans is considered as an effective agent to 
improve diverse kinds of gastrointestinal disorders 
such as colitis-induced by bacteria, particularly 
Clostridium difficile, irritable bowel syndrome 
(IBS), diarrhea, abdominal cramps, rheumatoid 
arthritis and nausea [4-6]. Furthermore, B. 
coagulans spores can germinate in the gut and 
act as a probiotic organism. Of late, B. coagulans, 
has considered as an important probiotic 
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bacterium in clinical, laboratory and food related 
experiments [6]. Furthermore, B. coagulans has 
a higher survival rate and resistance toward the 
environmental condition than other probiotic 
bacteria and as a result, it is a perfect agent to 
progress more resistant probiotics for functional 
food industry [7, 8].

Several investigations revealed that the 
bacteriocin, ribosomally synthesized antimicrobial 
peptide, is the main factor synthesis by different 
probiotic bacteria such as B. coagulans to cause 
diverse biological effects [4, 9, 10]. Bacteriocins 
are low molecular weight peptides with 
antimicrobial activities synthesized by diverse 
kinds of bacteria and archaea which institute a 
varied bundle of peptides respecting structure, 
size, antimicrobial potency, mode of action, target 
cell receptors and immunity mechanisms [10-12]. 

Despite the high importance of the bacteriocin 
producing probiotic bacteria, scarce data are 
available about the exact antimicrobial effects of 
the bacteriocin produced by the B. coagulans IS2 
strain. Thus, the present research was performed to 
assess the bacteriocin production of B. coagulans 
IS2 and confirmation of its antimicrobial effects 
against some food-borne bacteria. 

Materials and Methods                                                     

B. coagulans unique IS2 growth condition 
B. coagulans unique IS2 pure culture was 

purchased (Unique Biotech Limited, Hyderabad, 
India). The bacterium was cultured on to 
nutrient broth, tryptic soy broth (TSB) and Man, 
Rogosa, Sharpe (MRS) media (Merck, Germany) 
separately to found the best medium suitable 
for bacteriocin production by the bacterium. 
All media were incubated at for h. The optical 
density (OD) of all cultures were measured 
(Spectrophotometer, CT5700, Taiwan) to found 
the best one for bacteriocin production. Finally, 
the TSB medium by the mean OD value of 1.1 to 
1.2 after 12 to 24 h incubation was selected as the 
best one for growth and bacteriocin production by 
the B. coagulans IS2. 

Bacteriocin extraction
Bacteriocin was extracted from the B. 

coagulans unique IS2 culture using the ammonium 
sulphate method [13]. For this purpose, 250 mL 
of B. coagulans IS2 which was activated one 
day before on TSB media was inoculated on 
50 mL MRS broth medium and incubated at 30 
°C for 72 h. Then, obtained culture was added 
into 450 mL MRS broth and incubated at 30 °C 

for 18 h. Then, cultured were transferred to 50 
mL falcons and incubated on ice for about 1 h. 
Cultures were centrifuged at rpm for about 10 
min (Sigma, Germany). The supernatant was 
filtered through the 0.22 µm syringe filter and its 
pH was adjusted to 7-7.5. Then, 22.86 g of 70% 
ammonium sulphate powder were added to 50 mL 
of obtained supernatant and incubated at 4 °C for 
24 h. Then, obtained solution were centrifuged 
at rpm for about 10 min. Sediment was mixed 
with the lowest volume of distilled water (Merck, 
Germany) for further analysis [13].

Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) analysis

The molecular weight of an extracted 
bacteriocin was analyzed by the SDS-PAGE using 
the 14% separating gel, a 4% stacking gel and a 
10% spacer gel. Ultra-Low-Molecular-Weight 
Protein Marker I (3.3–22 kDa, Realtimes, China) 
was applied to protein size estimation. Coomassie 
brilliant blue G-250 stain was used to gel staining 
[14, 15].

Antimicrobial effects of extracted bacteriocin
Presence of growth inhibition zone around the 

extracted bacteriocin for Escherichia coli (E. coli 
ATCC 8739), Salmonella enterica (S. enterica 
ATCC 35664), and Listeria monocytogenes (L. 
monocytogenes ATCC 19111) (Obtained from 
the Department of Microbiology, Damghan 
Branch, Islamic Azad University, Damghan, 
Iran) was considered as its antimicrobial effect. 
For this purpose, E. coli, S. enterica, and L. 
monocytogenes were cultured on the Mueller 
Hinton Broth (Merck, Germany) media and 
incubated at 37 °C for 24 h. Then, activated 
bacteria were sub-cultured on Mueller Hinton 
Agar (Merck, Germany) media and in order to 
well-dried, they were incubated at 30 °C for 1 h. 
Then, two separate 6 mm wells were created in 
media contained 200 µL of extracted bacteriocin. 
Plated were incubated at 4 °C for 4 h and then, all 
plates were incubated at 30 °C for 24 h [16].

Results                                                                                          

The present survey was performed to synthesis 
of bacteriocin from the B. coagulans unique IS2 
and confirmation of its antimicrobial effects 
against E. coli, S. enterica, and L. monocytogenes 
bacteria. 

Figure 1 shows the dimeter of the growth 
inhibition zone of S. enterica toward the extracted 
bacteriocin. Figure 2 shows the dimeter of the 
growth inhibition zone of E. coli toward the 
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extracted bacteriocin. Figure 3 shows the dimeter 
of the growth inhibition zone of L. monocytogenes 
toward the extracted bacteriocin. Presence of the 
growth inhibition zone around bacteriocin wells 
confirmed the antimicrobial effects of extracted 
bacteriocin against three examined bacteria.

Fig. 1. Dimeter of the growth inhibition zone of S. enterica toward the extracted bacteriocin.

Fig. 2. Dimeter of the growth inhibition zone of E. coli toward the extracted bacteriocin.

Fig. 3. Dimeter of the growth inhibition zone of L. monocytogenes toward the extracted bacteriocin.

The molecular weight of an extracted 
bacteriocin was analyzed by the SDS-PAGE. 
Figure 4 shows the SDS-PAGE pattern of the 
extracted bacteriocin. Findings revealed the 
presence of a sharp band with the molecular 
weight lower than 10 KD in the SDS-PAGE gel. 
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Fig. 4. The molecular weight of an extracted bacteriocin in the SDS-PAGE. 

Discussion                                                                                    

B. coagulans, as a sporogenous probiotic 
bacterium, has develop a emphasis of investigate 
owing to its high resistance toward hard conditions 
and probiotic features. Numerous valuable 
effects of B. coagulans including improvement 
of intestinal digestion, regulation of symbiotic 
microbiota of host, contamination the growth 
and survival of pathogens, and improvement of 
host regional immunity, have been stated [6]. 
Consequently, B. coagulans  administration may 
be beneficial to avoid and treat diverse human 
diseases.

The present survey was conducted to assess 
the antimicrobial effects of bacteriocin produced 
by the B. coagulans IS2 toward E. coli, S. enterica, 
and L. monocytogenes. Findings revealed that 
the extracted bacteriocin from the B. coagulans 
IS2 had the molecular weight lower than 10 
KD which can directly confirm the presence of 
bacteriocin as they are classified as low molecular 
weight proteins [17, 18]. Additionally, extracted 
bacteriocin from the B. coagulans IS2 exhibited 
high antimicrobial effects against E. coli, S. 
enterica, and L. monocytogenes bacteria. Findings 
showed the presence of growth inhibition zones 
for E. coli, S. enterica, and L. monocytogenes 
around the wells contained extracted bacteriocin 
which directly can confirm its antimicrobial 
effect. It seems that the extracted bacteriocin from 
the B. coagulans IS2 had the highest antimicrobial 
effects against S. enterica and E. coli. However, 

its exact confirmation need more accurate 
experiments. Put together, this is the first report 
of the confirmation of the antimicrobial effects of 
the bacteriocin extracted from the B. coagulans 
IS2 bacterium toward E. coli, S. enterica, and L. 
monocytogenes bacteria. 

Diverse researches confirmed the therapeutic 
effects of B. coagulans in different gastrointestinal 
disorders including inflammatory bowel disease 
(IBD) [19, 20], antibiotic-associated diarrhea [21, 
22], rheumatoid arthritis [23, 24], and colorectal 
cancer [25, 26]. Moreover, United States Food 
and Drug Administration (FDA) introduced 
the B. coagulans as Generally Recognized As 
Safe (GRAS) bacterium [27]. Garrison (2019) 
[28] conducted a survey on the characterization 
and evaluation of the probiotic properties of the 
sporeforming bacteria, B. coagulans unique 
IS2. The author of this survey showed that the 
B. coagulans spores were stable at 4˚C in broth 
culture contained pH 3-8 up to 4 months. The 
author recommended the inclusion of B. coagulans 
IS2 to foodstuffs as a probiotic culture and also 
preservative. Diverse researches showed that the 
Coagulin is a definitive bacteriocin produced 
by the Bacillus species [12, 14]. Antimicrobial 
effects of different types of bacteriocin against E. 
coli [29], S. enterica [30] and L. monocytogenes 
[31] have been reported previously. 

The present survey is an initial work about the 
antimicrobial effects of the bacteriocin produced 
by the B. coagulans IS2. This study was limited 
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by the absence of quantitative data especially 
on the dimeter of the growth inhibition zone of 
bacteriocin produced by the B. coagulans IS2 
toward E. coli, S. enterica and L. monocytogenes 
bacteria. Additionally, absence of antibiotic 
disks to compare their antimicrobial effects with 
an extracted bacteriocin is another limitation 
of the present survey. However, assessment of 
antimicrobial effect of extracted bacteriocin 
against both Gram-negative (E. coli and S. 
enterica) and Gram-positive (L. monocytogenes) 
bacteria is the most important strength of the 
present research. Totally, it seems that application 
of B. coagulans IS2 as a potential source of 
bacteriocin can improve the microbial quality of 
diverse foodstuffs. 

Food-borne diseases are a constant threat 
to human beings. Several reports showed high 
prevalence of food-borne diseases amongst 
Iranian foodstuffs [32-53]. Thus, extraction and 
synthesis of bacteriocin-based antimicrobial agent 
with edible nature can help humans to decrease the 
rates of food-borne diseases globally. Bacteriocin 
application as antimicrobial in food system does 
not change the taste, taste or smell of the food as 
it has a natural source.

The present study was limited to the lack of 
quantitative data on the diameter of the growth 
inhibition zone of the B. coagulans IS2 against 
bacteria and also lack of the comparison of 
diameters with specific antibiotic agents. 

Conclusion                                                                           

In conclusion, this is the first report of the 
antimicrobial effects of bacteriocin produced by 
B. coagulans IS2 in the world. However, it is a 
preliminary work in its field but our findings show 
that an extracted bacteriocin had antimicrobial 
effects toward both Gram-negative (E. coli and S. 
enterica) and Gram-positive (L. monocytogenes) 
bacteria in vitro condition. However, 
supplementary researches should address to found 
the exact role of bacteriocin produced by the B. 
coagulans IS2 against numerous kinds of bacteria 
and its further uses in food systems. 
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