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Abstract 
 

Lactococcus lactis subsp. lactis YBD11 was isolated from boza, a traditional fermented 
Turkish beverage. The bacteriocin produced by L. lactis subsp. lactis YBD11 inhibited the growth of 
Lactobacillus plantarum, Lactobacillus sake, Lactococcus lactis subsp. lactis, Lactococcus lactis 
subsp. cremoris, Micrococcus luteus, Listeria innocua, Enterococcus feacalis, Staphylococcus aureus, 
Staphylococcus carnosus, Pediococcus pentosaceus, and Bacillus cereus but nisin producer strain 
Lactococcus lactis SIK83 and Gram-negative bacteria were not inhibited. Different enzyme, pH and 
heat treatments showed that the bacteriocin produced by L. lactis subsp. lactis YBD11 exhibited a 
similar behavior with control nisin. Maximum antimicrobial activity, 10240 arbitrary units (AU) ml-1, 
was recorded in glucose-M17 broth after 18h at 30ºC. Based on the cell lysis treatments, bacteriocin 
of L. lactis subsp. lactis YBD11 was determined as acting bactericidal activity against Micrococcus 
luteus. Bacteriocin production occured throughout exponential phase, with the highest activity 
recorded at the end of this phase. Tricine-SDS-PAGE of partially purified bacteriocin gave the same 
molecular weight of 3.5 kDa as that of nisin. These results indicate that bacteriocin produced by L. 
lactis subsp. lactis YBD11 is a nisin-like bacteriocin. 
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Introduction 
 

Fermented foods are produced world-wide using various manufacturing techniques, 
raw materials and microorganisms [1]. Consumption of lactic acid fermented foods is widely 
practiced in many Mid-Asian, Middle East and African countries [2]. Lactic acid bacteria play 
an important role in food preservation, microbiological stability and production of 
organoleptic compounds in fermented foods [3-5]. 

Boza is a traditional highly viscous fermented Turkish beverage made from cereals 
such as maize, rice and wheat flours and fermentation caused by a natural mixture of yeast 
and lactic acid bacteria [6].  Microflora identification of boza showed that it mainly consists 
of yeast and lactic acid bacteria [7]. Most of the lactic acid bacteria that have been isolated 
belong to the genera Lactobacillus, Leuconostoc, and Lactococcus from boza [7-10].  

Many strains of the lactic acid bacteria produce bacteriocins [11] are which ribosomally 
synthesized, extracellularly released small peptides with bactericidal or bacteriostatic activity 
usually against closely related strains [5]. Different researchers reported that bacteriocin producer 
lactic acid bacteria isolated from boza showed antibacterial activity against Gram-positive and 
Gram-negative bacteria [9, 12, 13]. Nowadays, consumers demand more “natural” and 
“minimally processed” food. As a result, there has been great interest and research on naturally 
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produced antimicrobials such as bacteriocins produced by lactic acid bacteria [14]. The best 
characterized bacteriocin to date is nisin produced by certain strains of Lactococcus lactis [15-17]. 
Sensitivity of nisin to α-chymotrypsin, heat stability at low pH and non-toxic nature has promoted 
its widespread use. Nisin has thus far been the only bacteriocin that found widespread application 
in the food industry such as dairy, canning and meat industry. 

In this paper we report the characterization of nisin-like bacteriocin from L. lactis 
subsp. lactis YBD11, a strain isolated from boza, a traditional fermented Turkish beverage. 
For this aim, its activity spectrum, biochemical characterization, purification, cell lysis, 
bacteriocin production and molecular mass of bacteriocin were described. 
 
Materials and Methods 
 
Bacterial strains and culture media 

The growth media and incubation temperature of the bacterial strains used as indicator 
bacteria for detection of antibacterial activity of L. lactis subsp. lactis YBD11 are shown in 
Table 1.  

 
Table 1: Antibacterial spectrum of bacteriocin produced by L. lactis subsp. lactis YBD11 and SIK83 

Inhibition zone** Indicator strains Media* ºC 
YBD11 SIK83 

Lactococcus lactis SIK-83  M17G 30 - - 
Lactobacillus sake NCDO 2714  MRS 37 +++ +++ 
Lactobacillus plantarum LMG 2003 MRS 37 ++++ +++ 
Lactococcus lactis IL 1403  M17G 30 +++ +++ 
Lactococcus lactis 105  M17G 30 +++ ++ 
Lactococcus lactis LMG 2908  M17G 30 ++ ++ 
Lactococcus lactis T1  M17G 30 ++ ++ 
Lactococcus lactis 731  M17G 30 + + 
Lactococcus lactis 2  M17G 30 + + 
Lactococcus lactis LMG 2912  M17G 30 ++ ++ 
Listeria innocua LMG 2813  LB 30 ++ ++ 
Escherichia coli LMG 3083 CFAI (ETEC) LB 37 - - 
S. enterica serotype Typhimurium SL1344 LB 37 - - 
Pseudomonas fluorescens P1 LB 37 - - 
Micrococcus luteus LB 30 ++++ +++ 
Enterococcus faecalis LMG 2708 M17G 30 + + 
Enterococcus faecalis LMG 2602 M17G 30 ++ ++ 
Staphylococcus aureus LMG 3022 TSB 37 ++ ++ 
Staphylococcus carnosus LMG 2709 TSB 37 ++ ++ 
Pediococcus pentosaceus LMG 2001 TSB 37 +++ ++ 
Bacillus cereus LMG 2732 TSB 37 + + 
Lactococcus lactis JC17 M17G 30 ++ ++ 
L. lactis subsp. cremoris LMG 2132 M17G 30 + + 
Lactococcus lactis LMG 2088 M17G 30 + + 

* M17G: Glucose-M17 broth (0.5% glucose); MRS: De Man Rogosa Sharpe Broth; LB: Luria Bertani Broth; 
TSB: Tryptic Soy Broth 
** -: no zone of inhibition; +: zone of inhibition between 1 and 5 mm in diameter; ++: zone of inhibition between 
6 and 10 mm in diameter; +++: zone of inhibition between 11 and 15 mm in diameter; ++++: zone of inhibition 
16 mm and over  
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The strain YBD11 was isolated from boza, a traditional fermented Turkish beverage. 
This strain was identified by physiological, biochemical tests and API system [18]. Total 24 
indicator strains used for the characterization of bacteriocin produced by L. lactis subsp. lactis 
YBD11. The 23 strains was provided by the Laboratory of Microbial Gene Technology, NLH, 
Ås, Norway and 1 strain (Micrococcus luteus) was provided by Refik Saydam Hıfzıssıhha 
Institute, Ankara, Turkey among 24 indicator strains. The L. lactis subsp. lactis YBD11 was 
routinely grown at 30ºC without aeration in glucose-M17 (M17G, 0.5% glucose) medium 
(Merck KgaA, Darmstadt, Germany). All strains were kept in 15% glycerol and stored at -
20ºC. Agar media were prepared by adding 1.5% (w v-1) granulated agar (Merck KgaA, 
Darmstadt, Germany) to corresponding liquid media; overlay agars were prepared by the 
addition of 0.7% (w v-1) granulated agar to the liquid media. 
 
Detection of antibacterial activity 

Strain YBD11 was grown overnight at 30ºC in M17G broth than it was transferred to 
M17G plates by using sterile toothpicks. After growth overnight at 30 ºC, an indicator lawn of 
5 ml of soft agar (0.7%), containing 100 μl of an over night culture of indicator strain, was 
poured on the surface. After 18 h of incubation the colonies were examined for zones of 
inhibition [19]. Nisin producer strain L. lactis subsp. lactis SIK83 was used as experimental 
control. 
 
Effect of pH, heat and enzymes on bacteriocin activity 

To determine the effect of pH on bacteriocin activity, cell free culture supernatant was 
adjusted to pH levels between pH 2.0 and 11.0 using 6N NaOH or 6N HCl. As a control, 
samples were treated with proteinase K before adjusting pH and tested against the same 
indicator. 

To evaluate the effect of heat on bacteriocin activity, cell-free neutralized culture 
supernatant (CFNS) was heated at 100 ºC for 5, 10, 15, 20, 30 and 60 min and at 121 ºC for 
15 min. CFNS was also treated with the following enzymes at a final concentration of 1mg 
ml-1: proteinase K from Tritirachium album (Cat. No. 0706, pH 7.0, Amresco, Solon, Ohio, 
USA), α-amylase from Bacillus species (Cat. No. A6380, pH 7.0, Sigma Chem Co, USA), 
lipase from Candida rugosa (Cat. No. L1754, pH 7.0, Sigma Chem Co, USA), trypsin from 
bovine pancreas (Cat. No. 0785, pH 7.0, Amresco, Solon, Ohio, USA), α-chymotrypsin from 
bovine pancreas (Cat. No.C4129, pH 7.0, Sigma Chem Co, USA), catalase from bovine liver 
(Cat. No.C9322, pH 7.0, Sigma Chem Co, USA), pepsin from porcine gastric mucosa (Cat. 
No.P6887, pH 3.0, Sigma Chem Co, USA) and lysozyme from chicken egg white (Cat. No. 
L7001, pH 7.0, Sigma Chem Co, USA). Following incubation at 37 ºC for 2 h, enzymes were 
inactivated by heating at 100 ºC for 5 min. Untreated sample was used as control [20]. 

After pH, heat and enzyme treatment, the remaining bacteriocin activity was assayed 
by the critical dilution method, using Micrococcus luteus as indicator. Briefly, two fold serial 
dilutions of cell-free culture supernatant were made with fresh M17G medium, and aliquots 
(50 µl) of each dilutions were dispensed into the wells which were prepared with LB soft agar 
(0.7% w v-1) seeded with ~106 indicator cells. The activity expressed as arbitrary units (AU) 
per milliliter was calculated as follows, (1000 x 50-1) x (D-1).  

Mean of the D was the highest dilution that allowed no growth of the indicator 
organism for 18 h incubation [20]. Each assay was performed in triplicate. 
Cell lysis 

A 20 ml aliquot of bacteriocin containing filter sterilized and cell free supernatant of 
YBD11 (pH 6.0) was added to a 100 ml growing cells of Micrococcus luteus in LB broth in 



Partial Biochemical Characterization of Nisin-Like Bacteriocin Produced by Lactococcus lactis subsp. lactis 
YBD11 Isolated from Boza, A Traditional Fermented Turkish Beverage 

 

 
Romanian Biotechnological Letters, Vol. 15, No. 1 4943

early exponential phase. The optical density (at 600 nm) of the culture was determined every 
hour for 9 h. The experiment was performed in triplicate.  
 
Bacteriocin production 

A 100 ml M17G broth was inoculated with an 18h old culture (1%, v v-1) of strain 
YBD11. Incubation was at 30ºC, without agitation. Samples were taken at 1 h intervals to 
determine the optical density (at 600nm) of the culture and the antibacterial activity of the 
bacteriocin produced. Bacteriocin activity was defined as the reciprocal of the highest dilution 
showing definite inhibition of the indicator strain and was expressed as activity units per 
milliliter (AU ml-1). 

 
Bacteriocin purification procedure 

Bacteriocin was isolated from a 500 ml culture of the L. lactis subsp. lactis YBD11, 
grown in M17G broth at 30 ºC for 18h. The cells were removed by centrifugation at 15500x 
g, 4ºC, 20 min (Sigma 3K 30, rotor 12155) and the pH of the cell-free culture supernatant was 
adjusted to 6.5 by addition of 10 N NaOH. This cell-free culture supernatant was brought to a 
final ammonium sulphate concentration of 40% saturation by slow addition of the salt, and 
was stirred at 4°C over a night. Then, the mixture was centrifuged at 15500 x g, 4ºC, for 30 
min (Sigma 3K 30, rotor 12155) and the surface pellicles and bottom pellets were harvested 
and resuspended in 5 ml of sodium phosphate buffer (pH 6.5). To one volume of the 
resuspended product, 15 volumes of a methanol-chloroform mixture (1:2, v v-1) were added, 
and the mixture was extracted at 4ºC for 1h. The sample was centrifuged at 15500 x g, 4ºC, 
for 45 min (Sigma 3K 30, rotor 12155), the supernatant fraction decanted and the pellet air-
dried. The pellet was resuspended in 2 ml of sterile ultra pure water (Milli Q). This partially 
purified bacteriocin was stored at –20ºC [21]. 

 
Tricine-SDS-PAGE and detection of antibacterial activity 

The size of the partially purified bacteriocin was determined by tricine-sodium 
dodecyl sulphate-polyacrylamide gel electrophoresis (Tricine-SDS-PAGE, 16.5% acrylamide, 
16.5x22 gel size) according to the method of Schägger and von Jagow [22]. A molecular 
weight marker (Sigma Chem. Co., USA, Cat. No: C6210) with a size range of 1.06 to 26.60 
kDa kit was used for size standards. 

After the electrophoresis, the gel was stained with Coomassie Brilliant Blue R-250 
and than it was divided in two parts. One of these parts was prewashed with sterile ultra pure 
water (Milli Q) and used for the detection of antibacterial activity with Micrococcus luteus as 
the indicator strain. The overlaid gel was incubated at 30ºC for 24h and examined for growth 
inhibition of Micrococcus luteus. 
 
Results and Discussion 
 

The antibacterial activity of L. lactis subsp. lactis YBD11 was tested by using sterile 
toothpicks against Gram-positive and Gram-negative strains as described by van Belkum et 
al. [19]. L. lactis subsp. lactis YBD11 strain displayed broad spectrum of antibacterial 
activity, as it inhibited 20 of the 24 indicator strains (Table 1). However nisin producer strain 
Lactococcus lactis SIK83 and Gram-negative bacteria (Escherichia coli LMG 3083 CFAI 
(ETEC), Salmonella enterica serotype Typhimurium SL1344 and Pseudomonas fluorescens 
P1) were not inhibited. 
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The effect of pH, heat and enzymes on bacteriocin activity compared to that of nisin 
producing strain L. lactis subsp. lactis SIK83 used as an experimental control is shown in 
Table 2.  

 
Table 2. Sensitivity of culture supernatants from L. lactis subsp. lactis YBD11 and SIK83 towards different 

enzyme, pH and heat treatments 

Treatment Bacteriocin activity (AU ml-1) 
 

YBD11 SIK83 
Control 10240 5120 
Proteinase K 320 0 
Trypsin 10240 5120 
α-Chymotrypsin 2560 2560 
Pepsin 10240 5120 
α –Amylase 640 640 
Lipase 10240 5120 
Catalase 10240 5120 
Lysozyme 10240 5120 
pH 2.0 20480 10240 
pH 3.0 20480 10240 
pH 4.0 20480 10240 
pH 5.0 10240 5120 
pH 6.0 10240 5120 
pH 7.0 10240 5120 
pH 8.0 10240 5120 
pH 9.0 5120 2560 
pH 10.0 2560 1280 
pH 11.0 1280 640 
100˚C 5 min 10240 5120 
100˚C 10 min 10240 5120 
100˚C 15 min 10240 5120 
100˚C 20 min  10240 5120 
100˚C 30 min 5120 2560 
100˚C 60 min 2560 1280 
121˚C 15 min 640 160 

 
The antibacterial activity of L. lactis subsp. lactis YBD11 supernatant was not affected 

by treatment with lipase, catalase, lysozyme, pepsin and trypsin; however treatments with 
proteinase K, α-amylase and α-chymotrypsin resulted in substantial decreases in antibacterial 
activity (Figure 1). These results indicate that the antibacterial compound produced by L. 
lactis subsp. lactis YBD11 have a proteinaceous nature and could be classified as bacteriocin. 
Nisin is inactivated by α-chymotrypsin [23, 24] but not pepsin [24] and trypsin [23] as 
bacteriocin produced by YBD11 strain in our study. The bacteriocin produced by YBD11 was 
lost activity upon treatment with α-amylase. This indicated that bacteriocin produced by 
YBD11 is active only when they form aggregates with carbohydrate residues. Although by 
definition all bacteriocins are made of proteins, some have been reported to consist of 
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combinations of different proteins or are composites of proteins together with lipid or 
carbohydrate moieties [25, 17]. 

 

 
Figure 1: Inhibitory activity of enzyme treated, neutralized cell free supernatant of L. lactis subsp. lactis YBD11 
against Micrococcus luteus. (a) control 10240 AU ml-1 , (b) proteinase K 320 AU ml-1, (c) α-chymotrypsin 2560 

AU ml-1 and (d) α-amylase 640 AU ml-1 
 
Inhibitory activity of neutralized culture supernatant of YBD11 strain did not decrease 

by heating at 100ºC for 5, 10, 15 and 20 min. Compared with unheated neutralize supernatant, 
inhibitory activity was reduced by 50%, 75% and 94% for treatments at 100ºC for 30 and 60 
min and 121ºC for 15 min, respectively. Tramer [26] showed that nisin was remained stable 
after autoclaving at 115.6ºC at pH 2.0, but loses 40% of its activity at pH 5.0 and more than 
90% at neutral pH (6.8). Heat stability is a very useful characteristic in case of using 
bacteriocin as a food preservative, because many food-processing procedures involve a 
heating step [27]. The supernatant from strain YBD11 was active in a wide range of pH from 
2.0 up to 11.0. The antibacterial activity of bacteriocin YBD11 was highest (20480 AU ml-1) 
when the pH of the supernatant was between 2.0 and 4.0. Bacteriocin produced by YBD11 
strain was stable at pH values between 5.0 and 8.0, but lost 50%, 75% and 87.5% of its 
activity at pH 9.0, 10.0 and 11.0, respectively. The biological activity of nisin is highly 
dependent on the pH of the solution [28, 29]. In acidic conditions nisin shows greatest activity 
[29, 30, 17] but its activity decreases in alkaline conditions [29, 17] as confirmed in this 
study. Bacteriocin of L. lactis subsp. lactis YBD11 strain gave identical results to those 
obtained with nisin produced by L. lactis subsp. lactis SIK83 strain used as an experimental 
control under different pH, heat and enzyme treatments. On the basis of these observations, it 
appeared that L. lactis subsp. lactis YBD11 produced a nisin-like bacteriocin. 

The antibacterial effect of bacteriocin produced by strain YBD11 was observed by 
recording the cell density (at 600 nm) of Micrococcus luteus over 9 h. Addition of the filter 
sterilized cell free supernatant containing bacteriocin (10240 AU ml-1) to early exponential 
phase cells of Micrococcus luteus (3h old, OD600nm= 0.4) resulted in growth inhibition after 
1h (OD600nm= 0.2), followed by complete growth inhibition for the following 5 h (Figure 2). 
Based on the cell lysis treatments, nisin-like bacteriocin produced by YBD11 was determined 



YASIN TUNCER, BANU OZDEN 

 

 
Romanian Biotechnological Letters, Vol. 15, No. 1 4946

as acting bactericidal activity against Micrococcus luteus. Nisin is characterized by a strong 
bactericidal mode of action as other subtype A lantibiotics such as subtilin, epidermin, 
gallidermin. Nisin affect a rapid killing of sensitive bacteria [5]. For instance, Streptococcus 
agalactiae was killed within 10 min after addition of nisin [31], whereas Ogden and Waites 
[32] noted that the majority of cells of sensitive Lactobacillus strains were killed within 1 min 
of nisin treatment. 

 

0

0,5

1

1,5

2

0 1 2 3 4 5 6 7 8 9

Time (h)

O
D

, 6
00

 n
m

Bacteriocin

 
Figure 2: Mode of action of nisin-like bacteriocin YBD11 on L. lactis subsp. lactis YBD11, growth of 

Micrococcus luteus without bacteriocin (▲) and with bacteriocin (●). The arrow indicates the point at which 
cell-free supernatant containing active nisin-like bacteriocin YBD11 was added to the culture 

 
Nisin-like bacteriocin YBD11 production occured throughout exponential phase, 

with the highest activity recorded at the end of this phase. Detectable level of bacteriocin 
produced by strain YBD11 was recorded from 1 h after inoculation, indicating that peptide is 
primary metabolite. The highest level of bacteriocin activity (10240 AU ml-1) was recorded 
after 8h of growth in M17G broth at 30ºC (Figure 3). De Vuyst and Vandamme [33] reported 
that nisin production with L. lactis subsp. lactis NIZO 22186 clearly parallels that of biomass, 
and thus shows primary metabolite kinetics. Moreover, the highest nisin titre is reached at the 
end of the exponential phase, as confirmed this study. 
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Figure 3: Production of nisin-like bacteriocin YBD11 at uncontrolled pH at 30 ºC. (▲) optical density at 600 

nm; (●) bacteriocin activity (AU ml-1) 
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Tricine-SDS-PAGE analysis showed that the molecular weight of active peptide band 
was 3.5 kDa (Figure 4). Previous studies showed that the molecular weight of nisin extracted 
from growth media was about 3.5 kDa [34-36, 15, 17]. The molecular weight of bacteriocin 
partially purified by ammonium sulphate precipitation of L. lactis subsp. lactis YBD11 cell-
free supernatant showed similarity with nisin. 

 
Figure 4: Tricine-SDS-PAGE of peptide band of SIK83 and YBD11 and detection of antibacterial activities. 
Line 1 and 2: Zone of growth inhibition of SIK83 and YBD11, respectively. Line 3 and 4: Peptide bands of 

SIK83 and YBD11 stained with Coomassie blue, respectively. Lane 5: Molecular weight marker. The gel was 
then placed on LB agar plate and overlaid with LB soft agar containing Micrococcus luteus 
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