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Among the different lactic acid bacteria, lactobacilli were isolated from all of the possible 
sources tried. This is because lactobacilli grow in a variety of habitats, wherever high 
levels of sugars, peptides, amino acids, vitamins and a low oxygen tension occur. Since 
they are aciduric and acidophilic, different species have adapted themselves to grow 
under widely different environmental conditions, and their production of high levels of 
lactic acid lowers the pH of the substrate and suppresses many other bacteria; these 
features contribute to the wide distribution of lactobacilli and their successful 
establishment in many markedly different habitats (Sharpe 1981; Kandler and Weiss 
1986). Moreover, while in cold temperate climate mesophilic bacteria such as species 
of Lactococcus and Leuconostoc are predominant, in regions with a hot, subtropical 
or tropical climate, like that in India, thermophilic bacteria which include mostly 
Lactobacillus spp. prevail (Kurmann 1984; Thomas 1985; Tamine and Robinson 1988). 

The lact ic acid bacterial isolates were initially screened for antagonistic effect 
against the growth of 19 strains of lactic acid bacteria. Only 14% of the total lactic 
acid bacterial isolates showed antagonistic activity in agar spot test. The cause of this 
antagonism was thought to be either nutrient competition or induced antagonism by 
producing organic acid, hydrogen peroxide and/or antimicrobial protein or peptide 
compounds or the action of lytic bacteriophages. Even though no zone of inhibition was 
obtained with most of the isolates, it can not be considered that they were incapable 
of forming antibacterial compounds. Use of proper target organism, pH of the medium 
and temperature of incubation exerts the antagonistic effect of the potential producers. 
The concentrated culture supernatants of the positive 24 isolates also produced inhibition 
zones in well diffusion test against the respective indicator strains which responded 
positive to the agar spot test. Of them, only 7 strains, all belonged to Lactobacillus 
were positive in well diffusion test when their concentrated culture supernatants were 
neutralized. Comparison of the results with unadjusted and adjusted pH suggests that 
the antibacterial activity of most of the isolates was due to the production of organic · 
acids. The acids decrease the pH and make the environment antagonistic to less acid 
tolerant bacteria. Organic acids inhibit microorganisms by entering the cell in the 
undissociated form and then dissociating within the cell (Levine and Fellers 1940). This 
causes acidification of the cytoplasm and collapse of the proton motive force, resulting 
in inhibition of nutrient transport. Thus, organic acids· in the medium may contribute to 
growth inhibition because of increased energy consumption to maintain pH homeostasis 
(Herrero 1983). 

Hydrogen peroxide produced by lactic acid bacteria has been indentified as 
contributing to their inhibitory activity (Gibbs 1987). Staphylococcus aureus is inhibited 
by peroxide produced by Lactococcus lactis and Lactobacillus bulgaricus (Oahiya and 
Speck 1968). For determining antibacterial activity due to hydrogen peroxide, culture 
supernatants were treated with catalase and assayed in well diffusion test. Cell-free 
culture supernatants (neutralized and concentrated) of seven isolates were positive in 
this experiment, confirming the nature of antibacterial compound to be other than acid 

35 



and hydrogen peroxide. 
The inhibition zones of these seven strains were still present when the indicator 

strains were applied to the opposite side of agar discs, indicating that lytic 
bacteriophages were not responsible for these zones, as this reverse-side technique 
precludes contact between bacteriophages if present in culture supernatants or indicator 
strains (Tagg and McGiven 1971 ). 

However, the inhibitory effect of the cell-free culture supernatants was eliminated 
by proteolytic enzymes. While pepsin could inhibit the antibacterial activity in all the 
seven cultures, trypsin inhibited five of them. Preliminary studies. indicate that the 
antibacterial compound produced by these seven isolat.es is proteinaceous in nature, 
which is the key d1aracter of a bacteriocin (Tagg et a/. 1976). Hence, about 4% of 
the total lact1c acid bacterial isolates were producers of bacteriocin-like substances, 
active against the indicator strains used. This is in agreement with the findings of Geis 
eta!. (1983) who, in an extensive survey, obtained about 5% of the total 280 lactococcal 
strains isolated. Under strictly controlled screening conditions detection of bacteriocin 
producers is normally rare. Sometimes, not more than 1% of the strains tested have 
been recorded as positive (Schillinger 1990). 

With the passage of time, a gradual decrease in bacteriocin titre was encountered 
in all the seven producing strains. This observation led us to search for spontaneous 
loss of bacteriocin-producing character within the populations of positive isolates. In 
order to rega1n the original titre of bacteriocinogenic principles, the Bac· variants were 
eliminated by applying replica plating technique time to time. Because of this autocuring 
property, it is assumed that these bacteriocins are encoded by plasmids. Loss of 
bacteriocin plasmid in several strains frequently produce variants that results in loss of 
production (Deschel and Klaenhammer 1985; Ray eta/. 1989; Hastings and Stiles 1991; 
van Belkum eta/. 1992; Noerlis and Ray 1994). 

Although factors affecting the production of the peptide antibiotic nisin have been 
studied, information regarding those affecting the production of other bacteriocins from 
lactic acid bacteria is scarce (Parente and Hill1992). Limited studies are available on 
the effect of some media ingredients (Biswas et a/. 1991) or on comparison of 
bacteriocin production in different media (Geis eta/. 1983). Comparisons of bacteriocin 
production in different media, commonly used for the growth and production of 
bacteriocins, showed varied levels of bacteriocin titres. The media generally used for 
growth of lactic acid bacteria have a high peptone content which poses subsequent 
purification of bacteriocins difficult Therefore, the objective of this study was to select 
a medium that would allow a maximum bacteriocin production with a minimum input of 
peptone. SO-MRS broth was found to be most suitable in all respects for further studies. 
Peptone is completely absent in this medium; instead casein acid hydrolysate (a 
pancreatic d1gest of casein) and yeast extract provide the organic nitrogen source. 
This may be particularly advantageous in media for bacteriocin production because most 
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of the organic nitrogen is in peptides or amino acids with molecular weight lower than 
1 kOa (Bridson 1990) which makes them suitable to be dialyzed out during purification 
of bacteriocin. On the other hand, MRS, APT, tomato juice medium (T JM) and MRS-
0.2 broths have a high content of peptone. The SO-MRS broth was used for the 
production of lactacin 8 (Barefoot and Klaenhammer 1984) and helveticin J (Joerger 
and Klaenhammer 1986). In comparison with the MRS broth and T JM the sugar content 
of the SO-MRS broth is low which ensures low levels of acid production. Another merit 
in using this medium is that the interference of colour in the diffusing broth to the zone 
of inhibition was markedly less in this medium, producing a zone with better contrast · 
against the surrounding. 

Effect of pH of the medium on bacteriocin prodyction is well documented (Goebel 
eta/. 1955; Joerger and Klaenhammer 1986). Production ofbacteriocins in this study · 
as well was dependent on initial medium pH, suggesting that manipulation of pH in broth 
might facilitate their production. In general, a high amount of bacteriocin titre was 
achieved when the initial p,H of the medium was adjusted to 5.5-6.4, corresponding to 
a high cell mass. However at initial pH levels higher than this, both the growth of producer 
strains and the bacteriocin titres were adversely and irreversibly affected. This 
phenomenon is most likely due to the acidophilic nature of the microorganism, as 
lactobacilli tend to be.inhibited by alkaline or neutral medium (Kandler and Weiss 1986). 
The high titr.e of ~acteriocin at pH 5.0-6.4 may be partly attributed to its stability at 
lower pH values, because of its adsorption to the cells of the producing organisms, 
possibly followed by enzymatic digestion either in the cell or medium at this specific 
pH. 

The producer strains showed optimal growth at 32°C, generation time being 3 h 
55 min. In SO-MRS broth having pH 6.2, the period of incubation at 32°C was optimized. 
Tne excretion of bacterioci~ in MRS broth was dependent on the phase of bacterial 
growth. 

The bacteriocins were produced entirely during the late logarithmic phase. 
Production started after 6 h of incubation at 32°C in SO-MRS broth and reached the 
maximum level at 24 h. Further incubation did not increase the bacteriocin titre. The 
bacteriocins were produced continuously when nutrients were availa,ble for metabolic 
activity. Incubation for periods beyond 2 d yielded low bacteriocin titres, which may be 
attributed to proteolytic degradation, like most bacteriocins which show a more or less 
sharp decrease in activity at the end ·of growth (Barefoot and Klaenhammer 1984; 
Joerger and Kiaenhammer 1986; Piard eta/. 1990; ·Parente and Hill 1992; Oaba eta/. 
1993; Parente and Ricciardi 1994; Parente et 'ir;J'. Production occured over the entire 
pH range, which lactobacilli normally encounter (4.0-6.5). 

Since during purification the antibacterial compounds need to be exposed to various 
conditions, it was essential to determine the stability against pH, temperature and 
organic solvents o( the crude extracts. The bacteriocins were found to be heat-stable; 
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there was no loss of activity even after autoclaving at 121 °C for 15 min. In this respect, 

these bacteriocins resemble brevicin 37 , nisin, lactacin F and lactocin 27. The 
bacteriocins of W25B, W26B and W28 were stable at pH 2.0-8.0 for 24 h at 4°C. 
Readjustment of samples at pH 9-11 back to pH 6.5 failed to restore activity. 

The bacteriocins remained active after high temperature treatment and at a 
relatively low pH. This is similar to the properties reported for other bacteriocins, such 
as nisin (Bailey and Hurst 1971 ), lactocin 22 (Upreti and Hinsdill 1973, 1975), acidolin 
(Hamdan and Mikolazcik 197 4) , diplococcin (Davey and Richardson 1981 ), pediocin A 
(Daeschel and Klaenhammer 1985) and pediocin PA-1 (Gonzales and Kunka 1987). 

Treatment with most organic solvents did not cause any loss of activity, probably 
because of absence of lipid moieties in the molecule. However, on treatment with n
butanol, a part of the activity was recovered in the organic phase. Complete recovery 
of the bacteriocin activity was not possible as in acidocin 8 (ten Brink et a/.1 994). 

Since it was not possible to obtain sufficiently concentrated source of bacteriocin 
preparation, large initial volumes of the culture supernatants were concentrated. 
Lyophilization proved to be the best method of concentration. Freeze-dried culture 
supernatants, dissolved in smal l volume of distilled water, were used as the source of 
bacteriocin purification. Initial attempts to purify the active fraction by dialysis using 
tubings with molecular exclusion limits of 12 kDa failed, because the membrane was 
incapable of retaing the active fraction . On concentrating the dialysate, activity was 
found. This activity was lost when treated with proteolytic enzymes trypsin and pepsin , 
confirming the size of the bacteriocins as less than 12 kDa. It was mainly due to th is 
reason that ammonium sulphate precipitation was not attempted as the act ive fraction 
was lost while removing the ammonium sulphate by dialysis. Dialysis using a tubing 
with molecular exclusion limits of 3.5 kDa retained the active fraction, suggesting the 
molecular weight of the active fraction to be between 3.5 and 12 kDa. Since Lb. casei 
W28 produced high bacteriocin titres in comparison to the other producer strains, 
purification was attempted only with this strain. Great difficulties were encountered in 
purifying this bacteriocin further. One of the reasons was the production of bacteriocin 
in low amounts (-5.1.7 mg/1) that occured during each purification step employed. This 
is not unique, for other authors have similar problems with bacteriocins from Gram 
positive organisms ( Sahl and Brandis 1981 ; Barefoot and Klaenhammer 1 984; 
Rammelsberg and Radler 1990). The antimicrobial preparation was 292-fold purified 
after passage through gel filtration column followed by elution from an anion-exchange 
and desalting columns. In spite of low (4%) activity recovery following these methods, 
there was a marked increase in the specific activity (666.67 AU/mg). Though cation
exchange chromatography has been used extensively for bacteriocin preparation (Holo 

et a/. 1991 ; Mortvedt et a/. 1991 b; Stoffels eta/. 1992), successful application on an 
anion-exchanger has also been reported (Bhunia eta/. 1 988). Substantial losses during 
purificat ion by ion-exchange chromatography have been reported; 97 .5% and 97% of 
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the activity were lost during ion-exchange purification of sakacin B and lactacin B, 
respectively (Barefoot and Klaenhammer 1984, Samelis eta/. 1994). With the 
semipurified preparation obtained, some characteristics of the antibacterial activity, 
previously established with the crude extract were confirmed. Since Exocellulose GF-5 
has an exclusion limit of 5 kDa, the molecular weight of Lb. casei W28 bacteriocin is · 
greater than 5 kDa. 

Limited information is available on the mechanism of action of bacteriocins of the 
genus Lactobacillus. Information regarding the kinetics and mechanism of lethal·action 
of bacteriocins is primarily based on studies of colicins and bacteriocins produced by 
lactococci. A widely accepted hypothesis is that the mode of action occurs in two steps. 
In the first step, the bacteriocin is adsorbed to specific receptors on the cell suiiace 
and, after a time the second develops which results in cell death. Bacteriocins differ in 
their lethal action and can initiate reactions which inhibit energy production, synthesis 
of protein or nucleic acids or alter membrane permeability and transport. Cell death 
with lysis or leakage of cell membrane is associated with the drop in optical density 
of the cell suspension and decrease in viable count (Piard et a/. 1 990). Exposure of 
Lb. plantarum GMR1 to active cell-free culture supernatant of the producer strains 
resulted in a 91-92% decrease after 1.5 hand 100% decrease after 4.5 h in the number 
of viable cells. This suggests that these bacteriocins are bactericidal, since the affected 
indicator cells could not revive after withdraw! of bacteriocins. The bactericidal mode 
of action and the proteinaceous nature of the substance are typical characteristics of 
a bacteriocin (Tagg eta/. 1976). No change in the optical density was observed in the 
control and treated sets. Optical density in the treated set remained constant throughout. 
Therefore, it may be concluded that cell death occured due to reasons other than lysis 
or leakage of cellular materials through the cell membrane. The results were in 
agreement with the findings of Barefoot and Klaenhammer (1984) for salivaricin B, 
Joerger and Klaenhammer (1986) for helveticin J, Bhunia eta/. (1988) for pediocin 
AcH, Piard et a/. ( 1990) for lactacin 481, Samelis et a/. (1994) for sakacin 8 and ten 
Brink et a/. ( 1994) for acid6cin B. 

The physiological state of the indicator cells has been shown to have a strong 
influence on susceptibility of the lethal action of a bacteriocin. Decrease in the number 
of viable cells to 99% within 1.5 h was achieved only when the target cells were in the 
logarithmic phase of growth. No action of the bacteriocin preparation was found when 
the target cells were in stationary phase. Similar results were obtained by Vaughan et 
a/. (1992) on the mode of action studies of helveticin V-1829. According to Tagg eta/. 
(1976), actively multiplying cells are most sensitive to bacteriocin action. 
The three bacteriocins from Lb. casei inhibited only strains of Lb. casei and Lb. 
plantarum among all the lactic acid bacteria tested. In most cases, the activity of the 
three bacteriocins was strain specific rather than species specific. The range of their 
inhibitory activity was broader than that reported for antimicrobial compounds produced 
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by many other lactic acid bacteria. Though bacteriocins found in lactobacilli display 
inhibitory activity within Lactobacillaceae (Kiaenhammer 1988), Lactobacillus bacteriocins 
showing a broad activity spectrum have been reported for salivaricin 8 and sakacin A 
(Schill inger and Lucke 1989, ten Brink eta/. 1994). Inhibition was scored positive against 
a few Gram positive bacteria which included strains of Bacillus cereus, Bacillus subtilis, 
Staphylococcus aureus and Enterococcus faecium. Bacillus licheniformis was inhibited 
by one bacteriocin . Air the three bacteriocins showed activity aga inst the two 
actinomycetes, Streptomyces coelicolor and Streptosporangium roseum. None of the 
Gram negative bacteria and yeasts was susceptible to any of the three bacteriocins, 
sharing the property with other lactic acid bacterial bacteriocins. Comparisons of the 
antimicrobial spectra of the culture supernatants suggest that the inhibitory compounds 
are not identical. Bacteriocins produced from six strains of Lb. sake have been 
distinguished on the antibacterial spectra of the culture supernatant (Schillinger and Lucke 
1989). 

There is report of just one bacteriocin (caseicin 80) from Lb. casei. (Rammelsberg 
eta/. 1990: Mueller and Radler 1993). A closer comparison of the physical properties 
of Lb. casei W28 bacteriocin and caseicin 80 show several differences. Whereas 
caseicin 80 is a large compound ( 42 kDa) thermolabile (20 min at 1 00°C) molecule, 
Lb. casei W28 bacteriocin is a low molecular weight (5-12 kDa) compound and heat
stable (15 min at 121°C). Studies on production of bacteriocin show that Lb. casei 
W28 bacteriocin is produced in the late logarithmic phase of growth, whereas caseicin 
80 is produced usually after 3d at 30°C, when the cells reach stationary phase. Another 
dissimilarity is the time taken for killing target cells; caseicin 8cJ requires days to 
demonstrate its activity on slow-growing indicator, Lb. casei 8109 (Rammelsberg and 
Radler 1990), whereas Lb. casei W28 bacteriocin shows an irreversible bactericidal 
effect, exhibiting 99% killing within 1.5 h. 

Because of these unique characteristics, the bacteriocin Lb. casei W28 is 
designated as caseicin-W which is different from the bacteriocins hitherto known. 

In view of the interesting inhibition spectrum of caseicin-W and its technological 
properties (good pH, temperature-and storage stability and its inactivation by digestive 
proteases such as pepsin and trypsin), this novel bacteriocin has an application potential 
as a safe biopreservative. 
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