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Abstract: The present study was concentrated on the production, purification of bacteriocin 

particularly Nisin from Lactococcus lactis MTCC 440 using M-17 broth and its antagonistic 

activity against various pathogens were assessed. Optimal production of bacteriocin occurred at 

pH 5, temperature of 30ºC, 1% salinity, glucose as carbon source and peptone as nitrogen source. 

Bacteriocin was precipitated using ammonium sulphate from the crude extract and partially 

purified using dialysis. The purified bacteriocin was further analysed by SDS PAGE and the 

molecular weight of Nisin was found to be 3.4 kDa. Antibacterial activity showed maximal zone 

of inhibition against Staphylococcus aureus (20mm), Micrococcus luteus (11mm) and Bacillus 

circus (11mm). This reveals that the potential application of bacteriocin particularly nisin 

produced by Lactococcus lactis MTCC 440 as a protective culture for the improvement of the 

microbial safety of fermented foods and reduction in food contamination which causes illness to 

human beings. The present study thus confirmed the possibility of using the strain Lactococcus 

lactis MTCC 440 as a bio-preservative and a probiotic. 
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Introduction 

Bacteria play a major role in sustainability as they recycle and decompose much of the material 

found on earth, and are important to humans in terms of the symbiotic relationships that can be 

formed. Humans are utilizing bacteria in industry for many years, from starter cultures in cheese 

to their fermentation capabilities in making beverages like wines and other milk products. Lactic 

acid bacteria are widely distributed in the nature. A functionally related group of non-pathogenic, 
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phylogentically diverse bacteria that produce lactic acid as primary metabolic end products from 

glucose and are often associated with food fermentation. This lactic acid bacterium contains 

genera such as Lactobacillus, Lactococcus, Streptococcus, some Enterococcus and 

Bifidobacterium. But Bifidobacterium is not always included in the lactic acid bacteria. Lactic 

acid bacteria that are generally being used in probiotics preparation are Lactobacillus, 

Bifidobacterium and Streptococcus (Enterococcus).Lactic acid bacteria can be isolated from soils, 

waters, plants, silages, waste products, and also present as normal flora of intestinal tract of 

animals and humans. Lactic acid fermentation has long been known and applied by humans for 

making different foodstuffs. It plays an essential role in the production of all dairy products and 

also in the production of many other foods like drinks-sausages, pickles, boza, etc. They possess 

stable fermentation characteristics and resistant to bacteriophages. In our country the majority of 

the dairy products are prepared from cow, similar products such as cheese, curd, katyk (specific 

national dairy product), yellow cheese, etc also prepared from animals like sheep, goat and 

buffalo-cow. The species compositions of lactic acid bacteria in these products are not 

homogenous and inconstant when compared with those of trade products. The “wild” strains, in 

the biotechnological aspect are perspective as bacteriocin producers and probiotics. They have a 

potential use for the establishing of new, the so-called “functional foods”[1]. 

Bacteriocins were first discovered by Gratia in 1925. Bacteriocins are proteinaceous antibacterial 

compounds, which constitutes a heterologous subgroup of ribosomally synthesized antimicrobial 

peptides. In general these substances are cationic peptides that display hydrophobic or 

amphiphilic properties and in most cases the bacterial membrane is the target for their activity. 

Bacteriocins produced by lactic acid bacteria are classified into three classes based on their 

genetic and biochemical characteristics: Class I: Lantibiotics. These small (<5kDa), post-

translationally modified peptides contain one or more unusual amino acids such as lanthanide, β-

methyllanthionine and the dehydrated residues dehydroalanine and dehydrobutyrine. ClassII: 

Small (<10kDa), heat-stable unmodified membrane active peptides. Although a small number of 

these class II bacteriocins are translated with a sec-dependent leader sequence, most possess a 

double glycine-type leader (Gly-Gly). They are moderately (100˚C) to highly (120˚C) heat-stable. 

Class III: Large (>30kDa), heat-stable proteins. The anionic lipids of the cytoplasmic membrane 

are the primary receptors for bacteriocins of lactic acid bacteria for initiation of pore formation, 

while in class II bacteriocins, receptors in target membrane apparently act to determine 

specificity. Class I bacteriocins may induce pore formation according to a wedge-like model, and 

class II bacteriocins may function by creating barrelstave-like pores or a carpet mechanism 

whereby peptides orient parallel to the membrane surface and interfere with membrane structure 

[2]. 

A bacteriocin producer is insensitive to the bacteriocin it produces due to the action of one or 

more immunity proteins. The immunity protein of most of the non-lantibiotic bacteriocins is 

encoded by a gene located immediately downstream of and in the same operon as, the bacteriocin 

gene. Although two-component bacteriocins require the combined action of both peptides for full 

antimicrobial activity, they have only one dedicated immunity protein whose gene is linked to the 

two structural genes. Strains that produce multiple bacteriocins produce different immunity 
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proteins specific to each of the bacteriocins. The immunity protein is expressed concomitantly 

with bacteriocin but, in contrast to bacteriocin biosynthesis, it does not require the bacteriocin 

transport and processing system [3]. With the emergence of psychotropic food-borne 

microorganisms, the development of new food technologies and the search of consumers for 

natural food products, the bacteriocins and/or producing microorganisms have been recognized as 

a potential source of biopreservatives for foods. Since Nisin was accepted by the U.S. Food and 

Drug Administration in 1987 as a generally recognized safe food additive in dairy products. 

Today nisin is a permitted preservative in at least 48 countries, in which it is used in a variety of 

products, including cheese, canned food and cured meat [4]. Considering the above facts, the 

present study were an attempt made on the production, purification of bacteriocin particularly 

nisin from Lactococcus lactis MTCC 440 and its antagonistic activities. 

Materials and methods 

Microorganism and its maintenance 

The bacterial strain Lactococcus lactis MTCC 440 was procured from MTCC, Chandigarh, India. 

It was maintained on M17 agar slants (Pancreatic Digest of Casein - 5.0g; Soy Peptone - 5.0 g; 

Beef Extract - 5.0 g; Yeast Extract - 2.5 g; Ascorbic Acid - 0.5 g; Magnesium Sulfate - 0.25 g; 

Disodium-β-glycerophosphate- 19.0 g; Agar - 11.0 g), incubated at 30°C for 48hours, stored 

at4°C and sub cultured after every 30 days. 

Inoculum preparation and fermentative production 

The inoculum was prepared by transferring a loop full of above maintained bacterial culture in 25 

ml of sterile M17 medium containing (g/l) Pancreatic Digest of Casein - 5.0g; Soy Peptone - 5.0 

g; Beef Extract - 5.0 g; Yeast Extract - 2.5 g; Ascorbic Acid - 0.5 g; Magnesium Sulfate - 0.25 g; 

Disodium-β-glycerophosphate- 19.0 g, with initial pH of 6.8 in 50 ml capacity Erlenmeyer flasks. 

These flasks were incubated at 30°C for 18 hrs under static conditions and used as inoculum when 

the O.D. reached to 1.1 at 620 nm. This inoculum was used for inoculating production medium 

for the nisin. Later fermentation was carried out in M17 medium in which the inoculum was 

added in about 250 ml capacity Erlenmeyer flasks and incubated at 30°C for 18 h in a shaker. 

Optimization for growth 

PH, temperature, salinity and substrate concentration are the factors which were expected to 

influence the production of bacteriocin particularly nisin from Lactococcus lactis MTCC 440.The 

conditions were optimized by selecting one parameter at a time. The effect of changing pH on 

growth (i.e.) 5, 6, 7, 8, 9, 10 and 11, temperature 25, 30 and 37°C, different salinity 0.5%, 1%, 

1.5%, 2% 2.5% and 3.0% alongwith changing substrates like carbon sources (glucose, fructose, 

lactose, sucrose, maltose) and nitrogen sources (peptone, corn steep liquor, beef extract, yeast 

extract, tryptone were checked and noted after 24 hrs(OD600 nm). 
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Partial purification of Nisin 

The cell free extract was collected by spinning the tube at 15,000 rpm for 10mins. The 

supernatant was precipitated with 80% ammonium sulphate followed by dialysis in a tubular 

cellulose membrane against 2L distilled water for 24hrs at 4°C. The partially purified nisin was 

lyophilized in a Vertis lyophilizer and kept for further study. 

Polyacrylamide gel electrophoresis 

The partially purified nisin was subjected to sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis (SDS-PAGE)on a 15% uniform-pore gel. The gel was stained with Coomassie 

brilliant blue, along with the standard proteins marker of range 3.4-100 KDa[5]. 

Antagonistic Test 

Agar well diffusion method  

Overnight grown cultures of pathogenic bacteria like Staphylococcus aureus, Micrococcus luteus 

and Bacillus circus were swabbed in Muller Hinton Agar (MHA) (Hi-media Laboratories) plates. 

By using a sterile cork borer, wells were punctured inagar medium. One well served as control 

and the remaining two wells were loaded with 100 µl, 200 µl of Nisin extract were added. The 

plates were then incubated at 4° C for at least 2 hours to allow the diffusion followed by 

incubation for 18 hours at 30° C. The diameter of inhibition zones was measured.  

Results and discussion  

The present study was focused on the production of bacteriocin from Lactobacillus lactis MTCC 

440.Bacteriocins are proteinaceous antibacterial compounds that exhibits bactericidal activity 

against species closely related to the producer strains. Many bacteriocins are active against food-

borne pathogens, especially against Listeria monocytogenes. Bacteriocins are classified according 

to their molecular weights. Small bacteriocins are made up of just 13-17 amino acids. These small 

bacteriocins may have unusual amino acids derived from conventional amino acids after 

translation [6].In our study, the important bacteriocin that has been identified and characterized 

was Nisin. The characteristics of nisin produced by Lactobacillus lactis MTCC 440have been 

detailed below. Generally, nisin has been found to be more active against gram positive bacteria, 

particularly spore forming bacteria. They have a food preservative like effect because of their 

action against mesophilic Lactobacillus [7]. 

The study exhibited that the optimal growth environment for bacteriocin production particularly 

Nisin from Lactobacillus lactis MTCC 440was at pH 5, 30ºC, 1% salinity, glucose as carbon 

source and peptone as nitrogen source with incubation time of 24hrs shown in Figure 1.Earlier 

study showed that various physicochemical factors influence bacteriocin production and activity. 

The optimal environment was found to be at pH 5, temperature 40°C and 0.9%NaCl. The results 

obtained serve as evidence that bacteriocin can be used in fermented acidic foods like pickle or 

yogurt.M17brothappeared to be a better medium compared to other media for the bacteriocin 
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production and secretion. In M17 medium, bacteriocin secretion started at 14 hrs culture, as a 

secondary metabolite [8].Another report showed that the isolate could grow at 10°C but not at 

45°C, nor in 6.5% NaCl and did not produce gas from glucose. The data indicate that the strain 

belongs to the genus Lactococcus. It does not utilize L- arabinose, lactose and starch similar to 

many species of Lactococcus [9]. 

Figure 1. Influence of pH [A], Temperature [B], Salinity [C], Carbon sources [D] and Nitrogen sources [F] 

on the production of Nisin. 

 

Our study showed that the partially purified nisin exhibited a molecular weight of 3.4 kDa which 

was shown in Figure 2. There are other bands with molecular weight of 7 and 14 kDa were found. 

Bacteriocin production particularly Nisin was strongly influenced by factors like pH, nutrient 

source and salinity and incubation temperature. It was found that further purification is 
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required.Nisin consist of 34 amino acid residues. The molecule possesses amino and carboxyl end 

groups and five thio ether bands form internal rings. The accurate molecular weight of Nisin is 3.5 

kDa as per previous reports [10]. The dimmer forms and tetramers have molecular weight of 7 

and 14 kDa respectively. Two types Nisin A – Hisidine residues, Nisin Z – Asparagine residues. 

They differ in single amino acid residue at position 27. Nisin is also called as lantibiotics as it 

contains unusual amino acids lanthionine and b-methyl lanthionine. Previous studies showed that 

the molecular weight of Nisin extracted from growth media was about 3.5 kDa[11].The molecular 

weight of bacteriocins partially purified by ammonium sulphate precipitation of L. lactis subsp. 

N5 cell free supernatant showed similarity with nisin. Another study concluded that the purified 

bacteriocin was purely protein moiety. They said so because enzyme inhibitor study was proof 

that the bacteriocin was only inhibited by protease and molecular weight of the protein was 

determined about 2.5 kDa [8]. Lactobacillus acidophilus produced bacteriocin were proteineous 

in nature, they were also stable over a wide range of pH the molecular mass of Lactobacillus 

acidophilus Bacteriocin was estimated at 3.8 kDa[12, 13]. 

Figure 2-Determination of molecular weight of Nisin using SDS-PAGE (M- Marker; N- Nisin) 

 

By agar well diffusion method, it was found that the partially purified Nisin which is a peptide 

showed antagonistic effects against pathogenic organisms displayed in Figure 3. They exhibited 

maximal inhibitory activity against pathogens like Staphylococcus aureus (20 mm), Micrococcus 
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luteus(11 mm) and Bacillus circus(11 mm). Previous study showed by using the well agar assay 

method the strain L. fermentum showed maximum inhibitory activity against harmful disease 

causing bacteria such as Pseudomonas aeruginosa and E. coli with minimum action against to S. 

paratyphi, Proteus mirabilis, Vibro cholera and K. pneumoniae [11].Based on the cell lysis 

treatments, nisin-like bacteriocin produced by N5 was determined as acting bactericidal activity 

against Micrococcus luteus. Nisin is characterized by a strong bactericidal mode of action as other 

subtype Alantibiotics such as subtilin, epidermin, gallidermin. Nisin affect a rapid killing of 

sensitive bacteria. For instance, Streptococcus agalactiae was killed within 10 min after addition 

of nisin, whereas the majority of cells of sensitive Lactobacillus strains were killed within 1 min 

of nisin treatment [14].Bacteriocins of lactic acid bacteria are either being plasmid or 

chromosomally encoded. The synthesis and export of these bacteriocins involve four or more 

different genes organized in a gene cluster, which usually consists of a number of operons that are 

not necessarily transcribed in the same direction. Bacteriocins are synthesized as pre-peptide 

which are processed and externalized by dedicated transport machinery. Bacteriocin production in 

lactic acid bacteria is growth associated, it usually occurs throughout the growth phase and ceases 

at the end of the exponential phase [15]. 

Figure 3 - Zone of Inhibition of the Nisin against the pathogens by Agar well diffusion method 
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Conclusion 

The study clearly showed that the bacteriocin particularly Nisin production and purification from 

Lactobacillus lactis MTCC 440is a peptide having antimicrobial effects on pathogens. This led us 

to the conclusion that nisin produced by Lactobacillus lactis MTCC 440can be looked on as a 

protective culture for the enhancing microbial safety of fermented foods helps in reducing 

incidence of food contamination which leads to illness and morbidity in consumers. This study 

confirms the probable application of the strain of Lactobacillus lactis MTCC 440as a bio-

preservative and probiotic. 
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