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Abstract 

Bacteriocin produced by Lactobacillus acidophilus was partially purified by 

ammonium sulfate precipitation 60% saturation. The bacteriocin exhibited 

activity of 320AU/ml against Serratia marcescens. Characterization of 

bacteriocin showed that its active principle was proteinaceous in nature since it 

was inactivated by proteolytic enzymes but not by other enzymes. Treatment of 

bacteriocin with organic solvents 5% concentration did not affect the activity of 

it, but its activity was reduced to the half at 10% concentration of the solvents. 

Bacteriocin activity was stable at pH 4 -7, half of its activity was lost at pH8, and 

whole activity was lost at other pH values. Bacteriocin was stable at 40-100°C for 

10min, but it retained only 50% of its activity at 40 and 60°C for 30min. whole 

activity was lost at 80 and 100°C for 30min and at 121°C for 15 min.  

                                                                                                                       الوسخخلص

جزئيا بٌاسطت الخشسيب باهلاح   Lactobacillus acidophilusحوج حنقيت البكخشيٌسين الونخج هن بكخشيا 

هل ضذ بكخشيا  /ًحذة 320اظيش البكخشيٌسين فعاليت بلغج % . 60حشبع  كبشيخاث الاهٌنيٌم ًبنسبت 

Serratia marcescens  .   اظيش حٌصيف البكخشيٌسين انو رً طبيعت بشًحينيت إر فقذ فعاليخو بعذ حعشضو

لن حخأثش فعاليت البكخشيٌسين بعذ هعاهلخو بخشكيز . للإنزيواث الوحللت للبشًحين ًلكنو لن يخأثش بالإنزيواث الأخشٍ 

. هن ىزه الوزيباث % 10ليخو اخخزلج إلَ النصف بعذ هعاهلخو بخشكيز هن الوزيباث العضٌيت لكن فعا% 5

ًفقذث نصف ىزه الفعاليت عنذ الشقن  7 - 4أظيشث فعاليت البكخشيٌسين اسخقشاسا عنذ الأسقام الييذسًجينيت

عاليت اظيش البكخشيٌسين اسخقشاسا في الف. ًكاهل الفعاليت عنذ الأسقام الييذسًجينيت الأخشٍ   8الييذسًجيني 

100 -40بذسجت 
O

م ًلوذة  60ً  40دقائق لكنو احخفع بنصف ىزه الفعاليت عنذ حعشضو لذسجخي  10م ًلوذة 

 15م ًلوذة 121دقيقت ًكزلك عنذ حعشضو لذسجت  30م لوذة 100ً 80دقيقت ًفقذ كاهل فعاليخو بذسجخي  30

                                                     . دقيقت

Introduction   

Since Metchnikoff proposed a role for lactobacilli in suppressing undesirable 

intestinal microflora, numerous researchers have investigated the antimicrobial 

activities of Lactobacillus acidophilus [1]. L. acidophilus strains have been widely 

utilized as a dairy starter culture for their therapeutic activities associated with an 

intestinal microbial balance, and has been used in fermented foods, and as a probiotic 

in dietary supplements [2]. 

 Bacteriocins are proteinaceous antimicrobial compounds with activity against species 

that are usually closely related to the producer culture [3]. L. acidophilus has received 

more attention and has been the subject of much research because of its ability to 

produce bacteriocins against other bacteria [4].   

Some bacteriocins that are produced by strains of L. acidophilus have been purified 

and characterized including acidocin 8912, lactacin B, acidophilin, acidolin, and 

lactocidine[5]. [6] first described a bacteriocin-type inhibitor produced in aged liver 

veal agar cultures of L.acidophilus. Crude "lactocidin" was nonvolatile, non-

dializable, insensitive to catalyase, active at neutral pH and displayed inhibitory 
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activity against numerous genera, including Proteus, Salmonella, Escherichia, 

Staphylococcus, Bacillus, Streptococcus, and L. actobacillus. Lactacin F was the first 

biochemically and genetically characterized bacteriocin of a L. acidophilus strain. The 

majority of bacteriocins produced by the L. acidophilus group of lactic acid bacteria 

are heat-stable, low-molecular-mass, non-lantibiotic peptides which belong to class II 

[7]. 

Currently, there are no bacteriocins from L.acidophilus that are being applied 

commercially in food systems as food preservatives. But this is not only true for the 

bacteriocins from L.acidophilus but also true for many bacteriocins isolated from 

lactic acid bacteria (LAB). Many bacteriocins have been characterized biochemical 

and genetically but many aspects of these compounds are still unknown which 

explains why till date nisin, approved by the Food and Drug Administration, is the 

only purified bacteriocin widely used as a food preservative. Toxicity data exist for 

only a few bacteriocins, none of which are for bacteriocins from L.acidophilus, but 

research and their long time intentional use strongly suggest that bacteriocins can be 

safely used [8]. 

Because of bactriocins potential as antimicrobial agents for improving the safety of 

food products, therefore, this study was aimed to extraction, partially purification and 

characterization of abactriocin produced by Lactobacillus acidophilus.  

Materials and Methods 

Bacterial isolates and Culture media 

The bacteriocin producer was Lactobacillus acidophilus, the indicator bacteria were 

Staphylococcus aureus, Enterococcus feacalis, Pseudomonas aeruginosa, 

Pseudomonas fluorescens, Serratia marcescens and Lactobacillus acidophilus 

(Department of biology/College of Science/Al-Mustansiriya University). L. 

acidophilus was grown in MRS broth (Hi-Media/ India) while other indicator bacteria 

were grown in nutrient broth (NB) (Difco/ USA). 

Bacteriocin activity assay 

This was carried out as described by [9] with some modification, L. acidophilus was 

cultivated overnight in MRS broth at 37°C. After centrifugation at 6000 rpm for 

15min at 4°C, the cell-free supernatant was filtered through 0.22μm filters and 

neutralized to pH 6.5, to eliminate the inhibitory effect caused by the decrease of pH. 

Pour plates were prepared from nutrient agar seeded with10
6
 cell/ml of indicator 

bacteria. Wells cut into the pour plates with 6mm cork borer were filled with 100 μl 

of the cell-free supernatant.  The plates were incubated at 37°C for 24 h. Inhibition 

was detected by a zone of clearing sterile around the supernatant well. The highest 

dilution that produced a definite zone of growth inhibition of the indicator lawn was 

defined as 1 arbitary unit of bacteriocin activity per milliliter (AU/ml) [3]. AU was 

calculated as: 

(1000 / 100) ×D, where 1000: constant, 100: volume of supernatant in a well (µl) and 

D: the dilution factor [10]. 

Partial purification of bacteriocin  

Cell-free supernatant was obtained by centrifugation (6000 rpm for 15 min, 4°C) of 

MRS broth inoculated with L. acidophilus and incubated at 37°C for 24h. Ammonium 
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sulfate was added to cell-free supernatant  at (40,50,60,70, 80) % saturation (w/v), the 

mixtures were  stirred for 2h  at 4°C and later centrifuged at 8000 rpm for 20 min at 

4°C, the precipitates were resuspended in 50 mM potassium phosphate buffer (pH 

6.5) and dialyzed against the same buffer for 24h at 4°C. 

Characterization of bacteriocin 

Effect of enzymes, solvents, pH and heat stability 

Partially purified bacteriocin was treated with enzymes at a final concentration of 

1mg/ml as the following: pepsin, lipase, α-amylase (Philip Harris Biological Ltd/UK), 

papain(BDH/England) and trypsin(Merck /Germany). All samples were adjusted to 

pH7 except that treated with pepsin, which was adjusted to pH3. Samples were filter-

sterilized using filter membrane 0.22 μm and then incubated at 37°C for 2h. Residual 

enzyme activity was finally stopped by boiling for 5min [10]. The effect of 5 and 10 

% of chloroform, ethanol, methanol and butanol was studied by adding the solutions 

of these materials, respectively to partially purified bacteriocin. All samples were 

incubated at 37°C for 2h. 

For pH stability, partially purified bacteriocin samples were adjusted to pH range of  

2- 9 (at increments of one pH unit), all samples were incubated at 37°C for 2h and 

then adjusted to pH 5.5.  

For the study of thermal stability, partially purified bacteriocin samples were adjusted 

to a pH 5.5 and then heated to (40, 60, 80, 100) °C respectively. Bacteriocin activity 

was assayed after (10, 30) min at each of these temperatures. Activity also assayed 

after 15min at 121°C.  

Results and Discussion 

Bacteriocin activity assay 

Serratia marcescens which exhibits the most sensitivity to bacteriocin was used as the 

indicator bacteria in all experiments in this study table (1). The sensitivity of gram 

negative bacteria to bacteriocins produced by LAB is not common. But some other 

researchers observed inhibition of pathogenic Salmonella and Escherichia by the 

bacteriocin of L.acidophilus [7, 11]. Previous finding of positive results for inhibitory 

action of bacteriocin produced by Lactobacilli on gram negative bacterium is 

consistent with the present observation [12]. 

Table (1): Antibacterial activity of the cell-free supernatant of Lactobacillus acidophilus against 

indicator bacteria by the agar well diffusion assay 

indicator bacteria Diameters of inhibition zones( mm) 

Staphylococcus aureus 0 

Enterococcus feacalis 16 

Lactobacillus acidophilus 0 

Pseudomonas fluorescens 0 

Pseudomonas aeruginosa 0 

Serratia marcescens 18 

Extraction and Partial Purification of bacteriocin  

Partial purification of bacteriocin was performed by precipitation with ammonium 

sulfate. Ammonium sulfate precipitation is the most commonly method used to purify 

protein from broths culture [13]. It is the best, first –choice salt because it is high 
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solubility and is relatively inexpensive [14]. The bacteriocin was recovered following 

the 60% ammonium sulfate saturation of the cell-free supernatant with an increase 

from activity unit of 160 AU/ml for cell-free supernatant 320 AU/ml for partially 

purified bacteriocin.The activity ratio between the various bacteriocins differed from 

species to species and even from strain to strain [15]. Even during controlled 

fermenter experiments, considerable differences in activity yields are obtained, and an 

influence of the environmental process conditions on the obtained bactriocin activity 

can be seen. 

In addition, temperature, pH and nutrient availability seem to play a crucial role in 

bactreiocin production.  In general, the cultivatin conditions directly affect bactriocin 

production as such (specific bactriocin production in particular) and, indirectly, 

through biomass production [16]. [13] showed that some bactriocin activity was lost 

in the supernatant, probably due to the saturation of adsorbing sites on the bacterial 

cells.  

However, during the purification producers, each step resulted in a considerable loss 

of protein concentration while specific activity increases [17].  

Characterization of bacteriocin 

Bacteriocin was totally inactivated by treatment with trypsin, pepsin and papain, 

whereas treatment with lipase and α-amylase did not affect the activity of it table (2). 

The sensitivity of bacteriocin to the proteolytic enzymes indicate that it is 

proteinaceous in nature. 

   Table (2): Effect of enzymes on the partial   purified bacteriocin activity produced by actobacillus 

acidophilus 

Enzyme Bacteriocin activity (AU/ml) 

Trypsin 0 

Pepsin 0 

Papain 0 

Lipase 320 

α-amylase 320 

The activity of bacteriocin was not affected after treatment with 5% concentration of 

all solvents that used in this study, but  its activity was reduced to the half at 10% 

concentration of them table (3). 

Similler results were reported for some other bactriocins [18]. Organic solvents alter 

the native structure of proteins by disrupting hydrophobic interactions between the 

non polar side chains of amino acids. Relatively high concentrations of these solvents 

are required to unfold the ordered structure of poly peptide chains. Some solvents 

showed strong stability effect, while others showed either no effect or a strong 

destabilizing effect, the stabilizing effect of these solvents gradually decreases as the 

concentration is increased and finally start to accelerate the denaturation of 

protein[19]. 
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Table (3): Effect of solvents on the partial   purified bacteriocin activity produced by 

Lactobacillus acidophilus 

Solvent Concentration (%) Bacteriocin activity (AU/ml) 

Chloroform 5 320 

10 160 

Ethanol 5 320 

10 160 

Methanol 5 320 

10 160 

Butanol 5 320 

10 160 

Full activity of bacteriocin was retained in samples at pH 4-7, at pH 8 activity was 

reduced to the half, and at the pH 2, 3, 9 no activity was observed table (4). LAB 

bacteriocins are generally highly stable under acidic conditions, but many of them, 

including nisin are easily inactivated under neutral and alkaline conditions [20]. At 

the low pH the solubility is often increased; less aggregation of hydrophobic peptides 

occurs and less bounding of bacteriocins to the cell surface takes place [21].The pH 

stability data suggests that this bacteriocin could prove to be useful in preservation of 

acidic foodstuffs, such as fermented products. [22] reported that piscicolin 126, a 

bacteriocin produced by Carnobacterium piscicola JG126 was stable at acidic pH 

values but it was inactivated at neutral or alkaline pH values. 

However, different bacteriocins behave in different manner on exposure of different 

pH values. For example, bacteriocins of vaginal Lactobacilli strains are stable 

between pH range of 4.5-7.0 but sensitive to pH9. Similarly, bacterocins of L. 

acidophillus and L. bulgaricus are stable at pH range of 3-10. Conflictingly, 

bacteriocin produced by L.helveticus is stable at pH range of 3-9 but sensitive to pH 

10[11, 23]. 

Table (4): Effect of pH treatment on the the partial purified bacteriocin activity produced by 

Lactobacillus acidophilus 

pH  Bacteriocin activity (AU/ml) 

2 0 

3 0 

4 320 

5 320 

6 320 

7 320 

8 160 

9 0 

The bacteriocin was resistant to treatments of (40,60,80,100)°C for 10 min, 

respectively. However, 50% activity was lost after 30min at 40 and 60°C.whole 

activity was lost at 80 and 100°C for 30 min and also after autoclaving (121°C 

/15min) Table (5).The thermostability feature might be related to the molecular 

structure of the bacteriocin. 

Heat stability of bacteriocin could be due to the formation of small globular structures 

and the occurrence of strongly hydrophobic regions and stable cross-linkage [24].  
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Table (5): Effect of temperature treatment on the bacteriocin activity produced by 

 Lactobacillus acidophilus 

Temperature (°C) Time (minutes) Bacteriocin activity (AU/ml) 

40 10 320 

30 160 

60 10 320 

30 160 

80 10 320 

30 0 

100 10 320 

30 0 

121 15 0 

In conclusion, more characterization was needed for a bacteriocin produced by 

Lactobacillus acidophilus such as its molecular weight, effect of storage conditions on 

its activity and attempt to purify this bacteriocin to reach high purification to use it in 

food industry as biopreservative. 

References 

1. Barefoot, S. F. and Klaenhammer, T. R. (1983). Detection and activity of   lactacin B, 

a bacteriocin produced by Lactobacillus acidophilus. Appl. Environ. Microbiol. 

45(6):1808-1815. 

2. Sanders, M. E. and   Klaenhammer, T. R. (2001).  Invited review: the scientific basis 

of Lactobacillus acidophilus NCFM functionality as a probiotic. J. Dairy Sci.  84: 

319-331. 

3. Kanatani, K.,   Oshimura, M. and   Sano, K. (1995). Isolation and characterization of 

acidocin A and cloning of the bacteriocin gene from Lactobacillus acidophilus. Appl. 

Environ. Microbiol. 61(3):1061-1067. 

4. Sivakumar, N., Rajamani and Al-Bahry, S. (2010). Partial Characterization of 

bacteriocins produced by Lactobacillus acidophilus and Pediococcus acidilactici. 

Braz. Arch. Biol. Technol.  53 (5):1177-1184. 

5. Oh, S., Kim, S. H. and Worobo, R. W. (2000).  Characterization and purification of a 

bacteriocin produced by a potential probiotic culture, Lactobacillus acidophilus 30SC. 

J. Dairy Sci. 83(12):2747–2752. 

6. Vincent, J. G., Veomett, R. C. and Riley, R. F.  (1959). Antibacterial   activity 

associated with Lactobacillus acidophilus.J. Bacteriol.  78:477-484. 

7. Zamfir, M., Callewaert, R.; Cornea, P. C., Savu, L., Vatafu, I. and De Vuyst, L. 

(1999).  Purification and characterization of a bacteriocin produced by Lactobacillus 

acidophilus IBB 801. J. Appl. Microbiol. 87:923-931. 

8. Ahmed, Z., Wang, Y., Cheng, Q. and Imran, M. (2010).  Lactobacillus acidophilus 

bacteriocin, from production to their application: An overview. Afr. J. Biotechnol. 9 

(20):2843-2850. 

9. Leer, R. J., Van der Vossen, J. M. B. M., Van Giezen, M., Van Noort, J. M. and 

Pouwels, P. H. (1995). Genetic analysis of acidocin B, a novel bacteriocin produced 

by Lactobacillus acidophilus. Microbiol. 141:1629-1635. 

10. Pilasombut, K., Sakpuaram, T.,   Wajjwalku, W., Nitisinprasert, S., Swetwiwathana, 

A., Zendo, T., Fujita, K., Nakayama, J. and Sonomoto, K. (2005). Purification and 



Journal of Biotechnology Research Center                                    Vol.7  No.1 2013 

 

86 

 

amino acid sequence of a bacteriocins produced by Lactobacillus salivarius K7 

isolated from chicken intestine. Songklanakarin J.Sci.Technol.  28(1):121-131. 

11. Riaz. S., Nawaz, S. K. and Hasnain, S. (2010).  Bacteriocins produced by L. 

fermentum and L .acidophilus can inhibit cephalosporin resistant E .coli. Braz. J. 

Microbiol.  41: 643-648. 

12. Saravana Kumar, A. (2010). Purification and characterization of a bacteriocin 

produced by Lactobacillus lactis isolated from marine environment. Advanced J. 

Food Sci. and Technology. 2(2):138- 144.  

13. Tulini , F. L., Gomes , B. C. and De Martinis , E. C. P. ( 2011) Partial purification and 

characterization of a bacteriocin produced by Enterococcus faecium  130 isolated 

from mozzarella cheese . Ciência e Tecnologia de Alimentos.  31 (1): 155-159. 

14. Jakoby, W. B. (1971). Crustallization as a purification technique. Enzyme purification 

and related techniques. Methods in Enzymology, vol. 22, Academic Press. 

15. Eijsing, V. G. H., Skeie, M., Middelhoven, P. H., Brurberg, M. B. and Nes, I. F. 

(1998). Comparative studies of class II a bactfricins of lactic acid   bacteria. Appl.  

Environ.  Microbiol. 64 (9): 3275- 3281.   

16. DeVuyst, L. and Leroy, F. (2007).  Bactriocins from lactic acid bacteria: production, 

purification, and food application. J. Mol. Microbiol. Biotechnol. 13: 194-199. 

17. Ogunbanwo, S. T., Sanni, A. I. and Onilude, A. A. (2003). Characterization of 

bacteriocin produced by Lactobacillus plantarum F1 and Lactbacillus brevis OG1. 

Afr. J. Biotechnol.  2(8): 219-227.  

18. Hyronimus, B., Le Marrec, C. and Urdaci, M. C. (1998). Coagulin, a bacteriocin – 

like inhibitory substance produced by Bacillus coagulansI4. J. Appli. Microbiol. 85: 

42-50.  

19. Asakura, T., Adachi, K. and Scuartz, E. (1978). Stabilizing effect   of various organic 

solvents on protein. J. Biological chemistry. 253(18): 6423-6425.  

20. Fujita, K., Ichimasa, S., Zendo, T., Koga, S., Yoneyama, F., Nakayama, J. and 

Sonomoto, K. (2007). Structural analysis and characterization of lacticin Q, a novel 

bacteriocin belonging to a new familyof unmodified bacteriocins of Gram-positive 

bacteria. Appl. Environ. Microbiol. 73(9):2871-2877. 

21. Messens, W. and De Vuyst, L. (2002).  Inhibitory substances produced by lactobacilli 

isolated from sourdoughs – a review. Int. J. Food. Microbial. 72: 31 – 43. 

22. Jack, R. W.,  Wan,  J., Gordon, J., Harmark, K., Davidson, B. E., Hillier, A. J., 

Wettenhall, R. E. H.,  Hickey, M. W. and Coventry, M. J. (1996). Characterization of 

the chemical and antimicrobial properties of piscicolin 126, a bacteriocin produced by 

Carnobacterium piscicola JG126. Appl. Environ. Microbial. 62(8):2897-2903. 

 23. Al – Gharabawee, R. H. R. (2012).The effect of purified bactriocin and ethanolic 

extract of Plantago lanceolata and Quercus infectoria on enerropathogenic E. coli. 

PhD thesis, Baghdad University, Collegeof Vererinary Medicine. 

 24. Lim, S. M. and Im, D. S. (2007). Bactericidal effect of bacteriocin of Lactobacillus 

plantarum K11 isolated from dongchimi on Eschericia coli O157. J. Food Hyg. 

Safety.  22(3): 151 – 158. 


