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 In the last two decades, an extensive work has been carried out on bacteriocin like 

inhibitory substance and  also  on  the  producing  strains  of  lactic  acid  bacteria  

(LAB)  for  potential  use as biopreservatives. In this study, a novel bacteriocin 
produced by the strain Lactobacillus curvatus LB65 isolated from traditional Algerian 

fermented milk product, was studied. The bacteriocinogenic strain was identified by 

both phenotypical and physiological tests combined with 16S rDNA sequence analysis. 
This bacteriocin which was designed curvaticin LB65, was sensitive to protease but 

insensitive to lipase and α-amylase, is stable between pH 4-10, and is heat resistant (15 

min at 121°C). The novel bacteriocin exhibits inhibitory activity against food-spoiling 
bacteria and food-borne pathogens, including Listeria monocytogenes, Staphylococcus 

aureus, Enterococcus faecalis, Micrococcus luteus, Klebsiella pneumonia, Escherichia 

coli, and against most of the lactic acid bacteria tested. Maximal production of 
bacteriocin was reached in the late stationary phase, and inhibitory activity declined 

within 24 h. The mode of action of curvaticin LB65 was determined to be bactericidal, 

as evidenced by its action upon Listeria monocytogenes. The novel bacteriocin, 
curvaticin LB65, was purified by ammonium sulphate precipitation followed by 

chromatography at normal pressure (QAE Sephadex A-25) and HPLC anion exchange 

chromatography on DEAE. The SDS-PAGE of the active fractions resulted in a single 
band with estimated molecular mass of 3.2 kDa. The technological properties of 

curvaticin LB65 suggest that it is a novel bacteriocin with potential application as a 
biopreservative in the food industry. 
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INTRODUCTION 

 

Fermented milk is a dairy product provides the human diet with nutritious compounds of varied flavours, 

aromas, and textures. These which product is based on the metabolic activity of LAB to ferment sugars, 

especially glucose and galactose, so to produce lactic acid and aroma substances that give typical flavours and 

tastes to fermented products [08; 19; 21]. Several types of fermented milk products have been reported to exist 

throughout the world  [30]. The most popular of them in North African are Jben, Lben, Klila and Raib, [06; 14; 

23; 24]. Cheese like other fermented milk product, is made in almost every country of the world and there are 

more than 2000 varieties, made from milk of several mammals, processed industrially or by traditional methods 

[32]. 

Jben a soft variety cheese is made in the mountainous area of eastern Algeria (souk ahras, Guelma, Tebessa, 

Khanchla and Batna) of cows’ milk, with sometime additions of goats’ and sheep’s milk from January to March, 

although some manufacturers who provide a wider market use rennet to coagulate the milk just a few hours after 

milking. Traditional protocol includes rennet coagulation of raw whole cow’s milk; to which a salt was added in 

the proportion of 10-20 Nacl per litre of milk at room
 
temperature for 2 to 15 d [07].  

The microflora of Jben is dominated by lactic acid bacteria (LAB) and several strains associated with food 

systems, produces a wide range of antimicrobial metabolites which include organic acids, diacetyl, hydrogen 

peroxide and bacteriocins able to inhibit spoilage and pathogenic micro-organisms [01]. Bacteriocins are 

ribosomally synthesized, extracellularly released bioactive peptides which have a bactericidal or bacteriostatic 

effect on other (usually closely related) species [27]. Opposed to therapeutic antibiotics, which are prohibited for 
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use in foods, utilization of these natural antagonistic additives with preservative or antimicrobial properties has 

become a trademark approach in food safety and preservation [13; 15]. 

The interest in bacteriocins produced by GRAS microorganisms has been leading to considerable interest 

for nisin, being the first bacteriocin to gain widespread commercial application since 1969. As a result, the field 

has developed increasingly, resulting in the discovery and detailed characterization of a great number of 

bacteriocins from LAB in the last few decades [11]. 

The use of antimicrobial peptides (bacteriocins) produced by LAB as a natural food preservative has gained 

worldwide attention in recent years because of their inhibitory activity against food spoilage and foodborne 

pathogenic bacteria [15]. Biopreservation using bacteriocins or bacteriocin-producing LAB cultures may offer 

an additional hurdle to control the growth of Gram positive food borne pathogens, such as L. monocytogenes, 

during the manufacturing process of fresh foods [02; 09]. Traditionally, new bacteriocins have been identified 

by screening bacterial isolates for antimicrobial activity followed by purification and identification of the 

bacteriocin and its genetic determinants. Such a strategy is still fundamental for detection and identification of 

powerful bacteriocins of various subclasses [05]. In Algeria, a few studies have been conducted to date about the 

occurrence of bacteriocin-producing bacteria in traditional fermented milk products. The purpose of this study 

was to characterization of a bacteriocin produced by Lactobacillus curvatus with wide inhibitory spectrum 

including a group of food borne pathogens.  

 

MATERIALS AND METHODS 

 

Bacterial strains and growth conditions: 

LB65 strain, a rod-shaped lactic acid bacterium, was selected among several Gram-positive and catalase 

negative bacteria previously isolated from Algerian traditional cheeses (Jben and Klila), due to its activity 

against the indicator strain. The selected isolate was grown at 37°C in MRS broth (De Man, Rogosa, Sharpe, 

Oxoid, UK). Listeria  monocytogenes  ATCC 7644 was grown at 37°C for 24 h in BHI broth (Brain Heart 

Infusion, Oxoid), and it was used as an indicator strain for antagonistic tests. The strains used for the 

determination of the antimicrobial spectrum of activity were obtained from different culture collections and 

were grown in appropriate media indicated in Table 1. Other strains of LAB used in this study were isolated in 

previous study [23]. All strains were maintained at -30°C in appropriates broth containing 20% (v/v) glycerol. 

 

Identification of Lactobacillus curvatus LB65 and antimicrobial spectrum: 

The LB65 strain phenotype was identified by Gram stain, catalase production, salt tolerance, carbon dioxide 

production from glucose, growth at 10° C and 45°. The carbohydrate fermentation profiles of the selected 

isolates were investigated using API 50 CH strips and API CHL medium according to manufacturer’s 

instructions (API system, Bio-Merieux, France). Strain was tentatively designated to species using APILAB 

PLUS (Version 3.33, Bio-Merieux) and standard taxonomic descriptions from Wood and Holzapfel [37], 

Axelsson, [04], Curk  et al., [12], Schillinger,  and Lucke, [29].  

 

Molecular characterization: 

The LB65 strain was further identified by molecular biology. Total genomic DNA was extracted from 

overnight culture of bacteria isolate using Bacterial Genomic DNA extraction kit (SpinKlean Genomic DNA 

Extraction Kit, Canada) [36]. Polymerase chain reaction (PCR) amplification of 16S rDNA was carried out 

using Taq PCR Master Mix Kit (Biomatik, Canada). An approximately 1500-bp fragment of the 16S rDNA was 

amplified by using the following universal primers 1492R (Bacteria/Archaea-specific) 5’-

GGTTACCTTGTTACGACTT-3’ and 27F (Bacteria-specific) 5’-AGAGTTTGATCCTGGCTCAG-3’. The 

PCR reaction (Esco Swift MiniPro Thermal Cycler) mixture (20 μl) consisting of 10μl 2x PCR master mix 

(Biomatik, Canada), 1 μl of each primer (2.5μM), 6.5μl nuclease free water and 1.5 μl template DNA. The 

thermocycler program was as follows: 94ºC for 1min; 30 cycles of 95ºC for 30 s, 44ºC for 30 s, and 72ºC for  2  

min;  and  a  final  extension  step  at  72ºC  for  4  min.  The  nested  PCR  products  were analyzed  by  

electrophoresis  on  a  1.0  %  agarose  gel  stained  with  ethidium  bromide  in  1X TAE  buffer  at  100  V for  

45min.  The bands were visualized under UV trans-illuminator by GelCompar II (software Bio1D++).  

 

Spectrum of antimicrobial activity: 

The spectrum of antimicrobial activity of isolated strain was detected by two methods, the agar-spot 

deferred test and the well diffusion assay [17]. In the first case, colonies of the strain to be tested for bacteriocin 

production were grown on the surface of MRSm containing 1.5% agar for 24 h at 30 °C. The indicator strains, 

as described in Table 1, were inoculated (4% v/v) into 7 ml of sort agar medium (containing 0.7% agar) specific 

for each strain, at a final concentration of 10
6
 C'FU/ml. The soft media were poured on the plate where growth 

of the producer occurred and the plates were incubated anaerobically, at the optimal growth temperature for the 
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indicator strains, for 24 h. Inhibition was recorded positive in presence of a detectable clearing zone around the 

colony of the producer strain. 

For the well diffusion assay, isolated strain Lb. curvatus LB65 was grown in 2 ml of MRSm broth, under 

anaerobic conditions in order to avoid formation, up to stationary phase (48 h at 37 °C). Cultures were 

centrifuged at 8000 X g for 10 min; the supernatant was collected, adjusted to pH 6.5, sterilized by 

microfiltration (0,22 µm pore size filler paper). The solution thus obtained, designated as crude supernatant fluid 

(CSF), was stored at -20°C until further use. A 50 µl of the CSF was placed into the well (6 mm diameter) of the 

seeded plates. After pre-diffusion at 4 °C for 1 h, the plates were incubated under the conditions described above 

for the various indicator strains. The antibacterial activity was determined by measuring the 

diameter of the inhibition zone around the wells.  

 

Verification of protein nature of the active substance: 

The  following  enzymes  were  tested  for  their  hydrolytic  activity  on the  antimicrobial  compounds  

contained  in  the  supernatants: protease K (2.6 U mg
-1

), Trypsin (22 U mg
-1

), pepsin (16U mg
-1

),catalase  

(adjusted  to  a  final  activity  of  2600  U  mg
-1

),  lipase  (50  Umg
-1

), and α-amylase (15 U mg
-1

). The assays 

were performed at a final concentration of 0.5 mg ml
-1 

and at pH 6.5, except for pepsin (pH 3.0).  Samples with 

and without enzymes were held at 35° C for 6  h  and  the  remaining  activity  was  determined  by  well-

diffusion assay  as  described  before  using  L.  monocytogenes  ATCC7644  as indicator strain. 

 

Physicochemical stability of the active substance: 

Further characterization of active substance was performed by testing effect of pH, thermal treatment and 

different chemicals on antimicrobial activity. CFS of Lb. curvatus LB65 was incubated at 60°C  and 80° C for 

30 min, at 100°C for 20 min and autoclaved at 121°C for 15 min. Untreated CFS used as controls. The residual 

activity of treated CFS was tested as described earlier and compared to that observed in control. To test the 

influence of pH, CFS was adjusted to pH between 2 and 12 using 1 N NaOH or 1 N HCl and incubated for 2 h 

at 37° C. After the incubation, pH was neutralized (6.5) and the residual activity was evaluated. The surfactants 

tested were sodium dodecyl sulphate (SDS), Tween 80, β-mercaptoethanol, Tritone X-100, EDTA, NaCl and 

urea at final concentration 1, 2 or 5%. Controls consisted of either active supernatant or detergents used. All 

samples and controls were incubated at 37° C for 5 h and tested for activity.  

 

Kinetic of growth and bacteriocin biosynthesis: 

MRS broth (250 ml) was inoculated with 100 µl of a Lb. curvatus LB65 culture of 18 h at 37 °C to an initial 

cell density of 10
8
 CFU ml

-1 
and incubated at the same temperature without agitation. At appropriate intervals, 

samples were collected for measurement of biomass by absorbance at A630 nm, cell growth by viable plate count 

(CFU ml
-1

) on MRS agar, pH value and BLS production, The antibacterial activity was evaluated by assaying 

serial two-fold dilutions of Lb. curvatus LB65 against L.  monocytogenes ATCC7644 . The antimicrobial titre 

was defined as the reciprocal of the highest twofold dilution showing a clear zone and expressed in terms of 

arbitrary units per millilitre (AU ml
-1

) [17].  

 

Mode of action: 

To investigate the activity of curvaticin LB65, ten millilitre filter-sterilized cell-free supernatant (256 AU 

mL 
-1

) was added to the 50 mL culture of L.  monocytogenes  ATCC7644 at early exponential phase and then 

incubated at 37°C to give about 10
8
 CFU ml

-1
. Samples were taken at 2 h intervals during 36 h to record the 

optical density at 600 nm and determine the viable cells (CFU mL
-1

) on TSYE agar plates. As control, a sample 

without inhibitor was used. 

 

Purification of curvaticine LB65 produced by Lb. curvatus LB65: 

Ammonium sulfate precipitation and anion exchange chromatography at normal pressure (QAE Sephadex A-

25): 

Purified bacteriocin, termed curvaticin LB65, was obtained as follow. The producer was grown in MRS 

broth (2l) at 37°C. The cells were removed by centrifugation at 10 000g for 10 min. The supernatant was 

precipitated with ammonium sulphate at 80% saturation for 24 h. The protein precipitate was obtained by 

centrifugation at 17 000g for 15 min, dissolved (1/100 of the original volume) in 50 mmol l
-1

 Tris buffer pH 9.5, 

and applied on a 2.5-10 cm QAE Sephadex A-25 column pre-equilibrated with 50 mmol l
-1

 Tris buffer pH 9.5. 

The flow-through fraction was collected. The bound fractions were eluted by increasing the concentration of 

NaCl (0–1 mol l
-1

) in 50 mmol l
-1

 Tris buffer pH 9.5. Fractions of 3 ml each were collected and then dialysed 

two times against 2 l of distilled water for 24 h using dialysis bag with molecular weight cutoff 3.5 kDa. The 

flow-through and the dialysates were concentrated by lyophilisation before testing for bacteriocin activity.  
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HPLC anion exchange chromatography on DEAE sephadex: 

For this analysis, we used a HP 1100 LC system (Agilent Technologies, Palo Alto , CA , USA ) equipped 

with a quaternary pump, an integrated degasser. The HP Chemstation software (version A.09.01) was used for 

data analysis. The column was maintained at a temperature of 32° C. The matrix was a DEAE anion exchanger. 

A gradient was formed by mixing two buffers: Buffer A was 50 mM Tris -HCl pH 8.8 and Buffer B was buffer 

A containing 0.5 M NaCl. The matrix was conditioned by passing three volumes of buffer A in the column at a 

flow rate of 1 ml per minute. The injected sample volume was 50 µl. The gradient used was as follows : 0-5 

minutes, 0 to 30% buffer B , 5 to 10 minutes, 30 to 100 % buffer B , 10 to 20 minutes , held at 100 % buffer B , 

20 to 25 minutes , 100 0% buffer B , 25 to 30 minutes, maintained at 0 % buffer B. The peaks were detected at a 

wavelength of 220 nm. The antimicrobial activity of the peaks was then verified by the method and assay wells 

by the method of serial dilutions. 

Eluted peaks were dried under vacuum, dissolved in deionised water and store at -20° C. Their protein 

content was estimated by the BCA Protein Assay Kit and their antagonistic activity was determined at each step 

of the purification process.  

 

Molecular weight determination in SDS-PAGE: 

The molecular weight of the bacteriocin was determined by 12,5% Sodium dodecylsulfate polyacrylamide 

gel electrophoresis. After electrophoresis, the gel was stained with Comassie Brilliant Blue R-250. Molecular-

weight markers with sizes ranging from 2.5 to 45 kDa with five polypeptides were used as a marker. 

 

RESULTS AND DISCUSSION 

 

Isolation and identification of the bacteriocinogenic strain: 

In the present study, Lactobacillus curvatus was isolated from an Algerian traditional fermented (Jben). The 

strain was considered to be LAB based on his positive Gram staining, nonmotility, their rod shape, absence of 

catalase activity and physiological and biochemical characteristics, tested according to the abovementioned 

taxonomical keys of Wood and Holzapfel (1995) [37], Axelsson, 1993[04], Curk et al., 1996 [12], Schillinger, 

and Lucke, 1987 [29], and also according to interpretation of APILAB PLUS database.  

16S rDNA sequencing PCR analysis of genomic DNA revealed band that was the predicted size of 1.5 kb 

(Figure 1). Indicated that this strain is Lactobacillus curvatus, which received the designation Lactobacillus 

curvatus LB65. 

 
Fig. 1: Electrophoretical pattern of 16S rDNA amplicons (1500 bp) obtained on genomic DNA from selected 

isolates: Lane M, 1kb ladder (10000-500pb); 1: Lactobacillus curvatus (JBB65). 

 

The antibacterial spectrum of neutralized, cell free supernatant of Lactobacillus curvatus LB65 was 

determined by assaying Gram-positive and Gram negative bacteria with the well-diffusion method (table 1). It 

inhibited only wide range of strains from the group of closely related LAB species. Activity of neutralized 

culture filtrates was displayed against 4 strains of Lactobacillus delbrueckii subsp lactis, two of each 

Lactobacillus casei, Lactobacillus plantarum and Lactobacillus brevis, one of each Lactobacillus rhamnosus 

and Lactobacillus helviticus were sensitive to the studied antibacterial substance. Bacillus. cereus ATCC 14578 

and Bacillus subtilis ATCC8 were sensitive to the cell free extract too. The studied substance was active against 

strains of the food pathogen Listeria monocytogenes ATCC7644, Ent. faecalis ATCC 19433, Staphylococcus 
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aureus ATCC 25293. The bacteriocin was also active against pathogenic strains, Escherichia coli ATCC 25422, 

Klebsiella pneumoniae E77 and Pseudomonas aeruginosa ATCC 27853 (Table 1).  

It has been reported that, bacteriocins are not frequently active against Gram-negative bacteria.  The outer 

membrane of this class of bacteria acts as a permeability barrier for the cell.  It is responsible for preventing 

molecules such as antibiotics, detergents and dyes from reaching the cytoplasmic membrane [27]. However, 

some studies have already reported bacteriocin activity against this group of bacteria.  Examples are plantaricin 

35d, produced by Lactobacillus plantarum and active against Aeromonas hydrophila [26]; bacteriocin  

ST151BR,  produced  by  Lactobacillus pentosus  ST151BR [34] and a  bacteriocin  produced  by  Lactobacillus 

paracasei subsp.  paracasei active against E. coli [10]; thermophylin, produced by  Streptococcus  thermophilus 

active against E. coli, Yersinia pseudotuberculosis  and Yersinia  enterocolitica among the Gram-negative 

species and against several Bacillus  species, Listeria  monocytogenes and  Salmonella typhimurium  among  the  

Gram-positives  [18].  

 
Table 1: Inhibitory  spectrum  of  the  pH  neutralized  cell-free  supernatants  of  the  Lb. curvatus LB65  strains  isolated  from  Jben, as 

determined with the well-diffusion assay. 

Indicator organism Origina Medium-incubation 

temperature (°C) 

Inhibitory activityb 

Lactic acid bacteria    
Lactobacillus brevis JB05  Jben MRS (37°C) ++ 

Lactobacillus casei JB14 Jben MRS (37°C) ++ 

Lactobacillus plantarum LB2 Lben MRS (37°C) ++ 
Lactobacillus lactis LB14  Lben MRS (37°C) ++ 

Lactobacillus ramnosus RB02 Raib MRS (37°C) +++ 

Lactobacillus helveticus JB08 Jben MRS (37°C) +++ 
Lactobacillus lactis JB01 Jben MRS (37°C) +++ 

Lactobacillus casei RB06 Raib MRS (37°C) ++ 

Lactobacillus lactis RB11 Raib MRS (37°C) +++ 
Lb. brevis KB93 Klila MRS (37°C) ++ 

Lc.lactis subsp.lactis RB31 Raib M17 (37°C) ++ 

Lc.lactis subsp.lactis KB22 Klila M17 (37°C) +++ 
Spoilage or pathogenic bacteria    

Staphylococcus aureus EJ02      IP BHI (37°C) +++ 

Staphylococcus aureus ATCC 25293     ATCC TSA (37°C) +++ 
Micrococcus luteus 247       IP BHI (37°C) ++ 

Enterococcus faecalis IP02   IP BHI (37°C) + 

Enterococcus faecalis ATCC 19433      ATCC BHI (37°C) ++ 
Bacillus cereus ATCC 14578     ATCC GN (37°C) ++ 

Bacillus stearothermophilus 43    IP GN (37°C) - 

Listeria monocytogenes ATCC 7644    ATCC TSAYE (37°C) +++ 

Bacillus subtilis ATCC8   ATCC GN (37°C) +++ 

Aeromonas hydrophilus 686      IP BHI (37°C) - 

Escherichia. coli. ssp  CH03    HP BHI (37°C) ++ 
Salmonella spp. CH04    HP BHI (37°C) - 

Klebsiella pneumoniae E77 IP BHI (37 °C) ++ 

Pseudomonas fluorescens IP01     IP MAC (37°C) - 
Pseudomonas aeruginosa ATCC 27853     ATCC MAC (37°C) ++ 

Escherichia coli ATCC 25422     ATCC GN (37°C) ++ 

S. marcescens  IM 21     IP TSA (37°C) - 
a JB, LB and RB strains belong to our culture collection and were isolated from Algerian traditional cheese (Jben, Klila) and fermented milk 

(Lben, Raib). 

IP: Institute Pasteur, Paris, France; ATCC: American Type Culture Collection; CH: health public laboratory.  
bInhibition zone (mm): +++ >15 mm; ++, 11-15 mm; +,7-11 mm; -, no inhibition 

 

Characterization of the inhibitory agent: 

The activity of the inhibitory agent was tested under conditions which eliminate the possible effect of 

organic acids by adjusting the pH of the cells free  supernatant to pH 6,5 and of hydrogen peroxide by catalase 

treatment. In the both cases the activity was not affected. 

The effect of various enzymes on the inhibitory agent was studied (table 2). Complete inactivation or 

significant reduction in activity was observed after treatment of the cell free supernatant or purified inhibitory 

substance with proteinase K, trypsin and pepsin which indicated of the proteinaceous nature of the active agent. 

Treatment with catalase did not affect the activity against the target strains (Table 2), discarding clearly the 

involvement of H2O2in the antagonism process. Moreover, the other enzymes tested in our study (amylase and 

lipase) did not cause inactivation. This confirmed that carbohydrate and lipid moieties were not required for the 

inhibitory activity. 

 The antimicrobial substance in neutralized active culture supernatant was seen to be the most stable to heat 

treatments up to and beyond 100° C.  maintains its activity  even  after  treatment  at  121°C  for  15  min.  

Similar results were recorded for a number of bacteriocins produced by Lactobacillus spp [33; 34]. 
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It has been reported that the  heat  stability  may  be  due  to  the formation  of  small  globular  structures  

and  the  occurrence  of  strongly  hydrophobic  regions  stable  cross-link- ages,  and  a  high  glycine  content  

[20].  This  heat  stability would  be  a  very  useful  characteristic  if  the  bacteriocin was  to  be  used  as  a  

food  preservative,  because  many food-processing  procedures  involve  a  heating  step.  Furthermore, Storage 

of the active substance at 4° C for more than two months and in frozen state over six months did not influence 

the activity.  

Antimicrobials compounds produced by Lactobacillus curvatus LB65 exhibited inhibitory action within a 

wide pH range from 2 to 11, retaining full activity in the 4–8 pH range. Similar observations for bacteriocins of 

Lb. curvatus strains were reported in other studies [31; 38]. 

Treatment of crude curvaticin LB65 with Urea, β-mercaptoethanol, Nacl, Na-EDTA, SDS, Tween 80 and 

Triton X100 did not affect bacteriocin activity. The resistance to SDS and Triton X-100 was also observed for 

paracin C [28], pediocin ST18 [33], and many other bacteriocins. These differences in the effect of different 

detergents and other chemicals on different bacteriocins can provide some information about the structure of 

these peptides. Anionic detergents often unfold proteins by complexion of the hydrophobic core of their native 

structure, which may affect their three-dimensional conformation. 

 
Table 2: Effect of heat treatment, pH, enzymes and detergents on inhibitory activity of curvaticin LB65. 

Traitements Zone d’inhibitrice (mm) 

Heating 

60°C for  30 min +++ 

80°C for  30 min +++ 

100°C for  15 min ++ 

121°C for 10 min ++ 

Storage 
- 20°C (20 weeks) at pH 6.5 ++ 

4°C (20 weeks) at pH 6.5 +++ 

pH 

2 + 

4 +++ 

6 +++ 

8 +++ 

10 ++ 

12 +/- 

Enzymes 

Trypsin - 

pepsin  - 

protease K - 

catalase +++ 

α-Amylase +++ 

lipase ++ 

Detergents/chemicals 

urea ++ 

β-mercaptoethanol ++ 

Nacl ++ 

EDTA (1%) ++ 

SDS (1%) ++ 

Tween 80 (1%) ++ 

Triton X100 (1%) ++ 
a All assays were conducted with Listeria monocytogenes  ATCC 7644 as indicator strain. 
bInhibition zone (mm): +++ >15 mm; ++, 11-15 mm; +,7-11 mm; -, no inhibition 

 

Mode of action: 

The addition of curvaticin LB65 to cell suspensions of Listeria monocytogenes ATCC 7644, led to a 

marked decrease in the number of the indicator organism cells (Fig. 2). Bacterial count was about 2 log cycle 

lower after 6 h, 4 log cycles lower after 8 h and 5 log cycles lower after 24 h than control without BLS. These 

results indicated the bactericidal mode of action of curvaticin LB65. 

 

 
Fig. 2: Mode of action of curvaticin LB65 ((1280 AU)), growth of de L. monocytogenes ATCC 7644 without 

bacteriocin (■) and with bacteriocin (▲).The initial cell number was about 10
8 
CFU ml

-1
. 
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Kinetics of growth and bacteriocin production: 

Antimicrobial activity in CFS was detected early in the exponential growth phase and was produced 

continuously. The maximal bacteriocin curvaticin LB65 production (2560 AU/mL) was recorded after 12 h of 

growth in MRS broth at 37°C (Fig. 3) and at a pH of 4.6. During the growth of Lb. curvatus LB65 in MRS 

media the pH decreased from its initial value of 6.50 to 3.52. The cell density (OD 600nm) increased from 0.95 

to 8.70 in 16 h and stayed more-or-less constant during the following 14 h . The decrease in bacteriocin activity 

was observed after 26 h incubation (till 1280 AU/mL) and after 30 h incubation the titer of bacteriocin activity 

was detected at very low level (320 AU/mL). Many study reported that generally bacteriocins are produced 

during the exponential growth phase with a maximum in the middle or at the end of this phase or at the 

beginning of the stationary phase [22]. The decrease in activity of bacteriocin curvaticin LB65 at the end of the 

monitored period could be explained by the degradation of the bacteriocin by extracellular proteolytic enzymes. 

Similar decreases have also been observed for bacteriocins produced by E. faecium ST311LD [35], and Pediocin 

SA-1 produced by Pediococcus Acidilactici NRRL B5627 [03]. 

 

 
 

Fig. 3: Bacteriocin production during the growth of Lactobacillus curvatus LM65 in MRS broth at 37°C. The 

optical density (absorbance at 600 nm (▲) and pH (■) of culture were measured at the time intervals as 

indicated. The antibacterial activity (gray bar) was also assayed and expressed as AU mL
-1

. 

 

Purification of curvaticin LB65: 

curvaticin LB65 was purified by salt precipitation, chromatography at normal pressure (QAE Sephadex A-

25) and HPLC anion exchange chromatography on DEAE. For various purification techniques, the yield, 

activity and purification fold of curvaticin LB65 obtained were summarized in Table 3.  

Clarified, filter-sterilized and neutralized culture supernatant from Lactobacillus curvatus LB65 was 

precipitated at 4°C by slowly adding ammonium sulphate. The results indicate that the antimicrobial substance 

could not be precipitated with 50 % saturation ammonium sulfate. Here, the pellet and the supernatant are tested 

separately. This allows to demonstrate that the activity resides in the supernatant, however, the addition of 

ammonium sulfate to a final concentration of 80 %, results in the precipitation of 80 % of the total activity of the 

bacteriocin, which allowed to increasing the specific activity of the bacteriocin from 16.39 to 71.11 AU / mg , 

increasing the specific factor of 04 -fold . 

The FII fraction obtained after precipitation with ammonium sulfate and dialyzed was separated by anion 

chromatography on Sephadex resin A-25 ( Figure 4) the chromatogram indicates the presence of the major 

peaks (1 to 6) , the First- four peaks showed no or negligible zone of inhibition, whereas, fractions 5 and 6 

showed visible zones of inhibition. However, zone of inhibition in peak 5 was much greater than that of fraction 

6. This step of purification resulted in 35-fold (568,88 AU/mg) increase in specific activity as compared 

ammonium sulfate precipitation step. 

The fraction FIII is the concentration of FII desorbed from the resin after the passage of a 0.5 M NaCl 

solution (the 5th peak). This fraction was concentrated 10- fold and had a specific activity greater than that of 

the preceding step about 08 fold or 568,88 AU / mg . Part of fraction FIII (peak 5) concentrated, 0.5 ml, was 

separated by HPLC chromatography on DEAE anion exchanger ( Figure 16 ) . A total of 50μl of 10 injections 

were performed. The fraction represent a region of chromatograrn have demonstrated activity after 

concentration. The concentration has increased its volume of 10 ml to 0.5 ml. This step increased the specific 

activity of about 07 fold compared with the previous fraction, it is to finding. 4266.66 U.A / mg. The final 

purification yield is 0.4 %. 
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Table 3: Purification of curvaticin LB65 produced by Lactobacillus curvatus LB65 

purification stage 
Volume 

(ml) 

Arbitrary 

units (AU 

/ ml) 

Total 

activity  

(UA) 

Protein 

concentration 

(mg/ml) 

total 

protein 

(mg) 

Specific 

activity 

(AU/mg) 

Recovery 

(%) 

Purification 

factor 

Culture supernatant 500 256 128000 15,62 7810 16,39 100 1 

Ammonium sulphate 
precipitation, 80% 

(dialysed and 

lyophilised) 

100 512 51200 7,20 720 71,11 40 4 

chromatography at 
normal pressure 

(QAE Sephadex A-

25) 

10 1024 10240 1,80 18 568,88 08 35 

HPLC anion 

exchange 

chromatography on 
DEAE 

0,5 1024 512 0,24 0,12 4266,66 0,4 260 

 

 
Fig. 4: Chromatogram of the purification by anion exchange on QAE resin Sephadex A-25 of curvaticine LB65. 

The elution buffer is 1.50 mM Tris-HC pH 8.8, the flow rate is kept at 1 ml per minute. The elution is 

monitored by reading the absorbance at 280 nm (─), measurement of the inhibitory activity was done by 

the critical dilution method expressed as AU ml
-1

 (…). 

 

 
Fig. 5: Anion DEAE exchange chromatogram. Elution pattern of curvaticin LB65 desorbed from Anion 

exchange (QAE Sephadex A-25). The final fraction was bioassayed for bactericidal activity 

(represented by dotted lines) against L. monocytogenes ATCC7644 by the critical dilution method 

described in materials and methods. 
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Molecular weight estimation of curvaticin LB65: 

Crude and purified fractions of curvaticin LB65, eluted; from gel filtration and HPLC columns respectively 

were subjected to SDS-PAGE. Figure 6 show the electrophoregram of crude and purified curvaticin LB65. From 

the received results it could be concluded that the molecular mass of the purified bacteriocin was about 3,2 KDa. 

bacteriocins from Lactobacillus curvatus have been extensively purified and characterized: curvaticin 13 

(10 kDa) antilisterial bacteriocin produced by Lactobacillus curvatus SB13 isolated from Belgian sausage [31]; 

curvacin A (4.3 kDa) from Lactobacillus curvatus LTH 1174 isolated from fermented sausage [25] and 

curvaticin FS47 (4.07 kDa) from Lactobacillus curvatus FS47 isolated from ground beef [16]; curvaticin L442 

(4.5kDa) from Lactobacillus curvatus L442, isolated from Greek traditional fermented sausage [38]. The above 

mentioned Lactobacillus curvatus bacteriocins are active against closely related species and pathogens, such as 

Listeria monocytogenes. 

However, to our knowledge, there is no bacteriocin produced by any Lactobacillus curvatus strain with a 

molecular mass of 3,2 kDa with similar characteristics to curvaticin LB65. Thus, it is possible that curvaticin 

LB65 may be a novel bacteriocin produced by Lactobacillus curvatus. In future studies, further mass 

spectrometry assessments will be performed for more accurate size determination. 

 

 
 

Fig. 5: SDS-PAGE of bacteriocin isolated from Lb. curvatus. lanes 1, active fraction desorbed from the column 

of HPLC anion exchange chromatography on DEAE.; lane 2, puried curvaticin LB65 after 

chromatography at normal pressure (QAE Sephadex A-25) separation; lanes 3 fraction of curvaticin 

LB65 after ammonium sulfate precipitation; Lanes 4, Crude fractions of curvaticin LB65; Lanes 5, 

marker mass marker (Broad Range Prestained SDS Page Standard). 

 

Conclusion: 

In recent years much attention has focused on bacteriocinogenic LAB isolated from various sources, 

because bacteriocins produced by these bacteria are considered safe as food biopreservatives and can be 

degraded by gastrointestinal proteases. As a result of this study the characterization of new strain, Lb. curvatus 

LB65 was performed. Bacteriocin produced by the studied strain is heat stable and active in a broad pH range, 

as well in the presence of different detergents and its mode of action against selected indicator strains was found 

to be bactericidal. These studies might hopefully lay the groundwork for future application of curvaticin LB65 

and its producer, and broaden the application range of Lb. curvatus LB65 producing starter and bio-preservative 

in the food industry. 
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