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Abstract A strain of Lactobacillus paracasei subsp. pa-

racasei BMK2005 isolated from healthy infant faeces has

shown a remarkable antibacterial activity against 32 bac-

terial pathogenic strains of human clinical isolates. Among

them, 13 strains belonging to species of Escherichia coli,

Citrobacter freundii, Citrobacter diversus, Klebsiella

oxytoca, Enterobacter cloacae and Pseudomonas aeru-

ginosa were resistant to Cefotaxime (CTX) and Ceftazi-

dime (CAZ), and 4 strains of Staphylococcus aureus were

resistant to Methicillin (MRSA). This antibacterial activity

was attributed to a bacteriocin designated as Paracaseicin

A. It was heat-stable up to 120�C for 5 min and active

within the pH range of 2–5. Its activity was lost when

treated with proteases, which reveals its proteinaceous

nature. This bacteriocin was successfully purified only by

two steps of reversed phase chromatography. Its molecular

mass, determined by mass spectrometry analysis, was

2,462.5 Da. To our knowledge, the present study is the first

report on characterization and purification of a bacteriocin,

produced by a L. paracasei subsp. paracasei strain exhib-

iting an antibacterial activity against various multidrug-

resistant species of Gram-positive and Gram-negative

bacteria, which reveals its potential for use in prevention or

treatment of infections caused by multidrug-resistant spe-

cies especially in cases of antibiotics-associated diarrhea

(AAD).
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Introduction

At the worldwide level, diarrheal diseases due to the

enteric pathogens are one of the main causes of morbidity

and mortality of children under five. They are still

responsible for the deaths of up to 2–3 million pre-school

children each year in the developing countries. Further-

more, intestinal infections due to both foodborne and

waterborne pathogens have an important impact in the

industrialized world (Prashar et al. 2003; Farthing and

Kelly 2007). The antibiotic therapy is usually used to treat

these infections and other infectious diseases of bacterial

origin. However, administration of antibiotics and espe-

cially for infants may cause undesirable effects particularly

the disruption of intestinal beneficial flora, hypersensibility

and renal or hepatic complications (Sullivan et al. 2001;

Kalogeromitros 2004; Beaugerie and Petit 2004). More-

over, the emergence of multidrug-resistant pathogens is a

major public health problem, and some clinicians are

worried that common infections may become untreatable in

the near future (Thomson and Bonomo 2005; Guignard

et al. 2005; Woodford and Livermore 2009). Thus, search

for novel potential and possible alternatives becomes one

of the public health necessities. Probiotics or live micro-

organisms have already been used to treat some bacterial

enteric infections (Marcos and DuPont 2007). They can
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Faculté des Sciences et Techniques de St Jérôme,
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improve gut health by inhibiting the undesirable micro-

organisms through preventing pathogens from adhesion

sites, competition for nutrients and production of several

antimicrobial compounds such as bacteriocins (Brassart

and Shiffrin 1997; Rolfe 2000; Servin and Coconnier

2003). Bacteriocins are small bacterial proteins or peptides

synthesized by ribosomes and inhibit species that are

generally closely related to the producer strain or species

with similar nutritive necessities (Klaenhammer 1993; Jack

et al. 1995). Therefore, bacteriocin production appears to

be aimed at inhibiting the growth of the other bacteria

which are present in the same ecological niche (Riley

1998). Many bacteriocins produced by Lactic Acid Bac-

teria (LAB) are small (less than 6 kDa), cationic, and

amphipathic peptides (Klaenhammer 1993). They can be

classified into three main groups (Nissen-Meyer et al.

1997). Group I includes the lantibiotics that contain post-

translationally modified amino acids (Sahl et al. 1995).

Group II consists of the unmodified heat-stable peptide

bacteriocins (Stoddard et al. 1992; Cintas et al. 1997).

Group III contains larger and heat-labile bacteriocins. The

bacteriocins are candidates to be the next generation of

antimicrobial agents (Gillor et al. 2005). Most of Lacto-

bacillus species are normal and non-pathogenic inhabitants

of human and animal intestine and their presence is

important for the maintenance of the intestinal ecosystem

(Jacobsen et al. 1999). Many studies carried out on some

Lactobacillus paracasei subsp. paracasei strains have

shown that they have probiotic properties and are able to

produce bacteriocins, which are active against many spe-

cies of Gram-positive and Gram-negative bacteria, and

yeasts (Atanassova et al. 2003; Lozo et al. 2007; Verdenelli

et al. 2009).

The present study describes the characterization and

purification of Paracaseicin A, a bacteriocin produced by

L. paracasei subsp. paracasei BMK2005 isolated from

healthy infant faeces and its activity against human mul-

tidrug-resistant pathogens, which supports its potential use

for prevention or treatment of bacterial infections caused

by these pathogens.

Materials and methods

Bacterial strains and media

The Lactobacillus strain used in this study was isolated

from the faeces of an Algerian breastfeeding healthy infant

of 1 year old. The strain was maintained as frozen stocks at

-80�C in de Man Rogosa and Sharpe (MRS) broth (Merck,

Darmstadt, Germany) with 20% (v/v) glycerol (Sigma-

Aldrich Chemie, Steinheim, Germany) and propagated

twice in MRS broth before use. The indicator pathogenic

strains were isolated from faeces of hospitalized diarrheal

under-five patients and identified by phenotypic characters.

The strains of enteropathogenic Escherichia coli (O111,

B4), Shigella dysenteriae, Citrobacter freundii, Klebsiella

oxytoca, Klebsiella pneumoniae, Enterobacter cloacae,

Proteus vulgaris, Proteus mirabilis and Proteus penneri

were grown on Luria–Bertani broth (Difco, Lennox,

France). The strains of Pseudomonas aeruginosa and

Staphylococcus aureus were grown in BHI broth (Oxoid

Ltd., Basingstoke, UK). The target strains susceptibilities

to Cefotaxime, Ceftazidime and Cefoxitin (BioMerieux

Marcy l’Etoile, France) were determined on Mueller–

Hinton agar (Merck) by the standard disk diffusion method

as described by the Antibiogram Committee of the French

Society for Microbiology (CASFM 2010). In this study, the

most sensitive enteropathogenic E. coli (O111, B4) strain

was used as the reference target because it is mostly

involved in infants’ diarrhea.

Identification of Lactobacillus paracasei subsp.

paracasei strain

The API 50CHL system (BioMerieux) was used to identify

the Lactobacillus strain at species level as described by

Felten et al. (1999). To confirm the phenotypic identifica-

tion of L. paracasei subsp. paracasei strain, the 16S ribo-

somal RNA gene was amplified by Polymerase Chain

Reaction (PCR) and sequenced. The chromosomal DNA of

this strain was extracted as described by Chagnaud et al.

(2001). The amplification of the 16S ribosomal DNA

(rDNA) was carried out using universal oligonucleotide

primers: F515 [50-GTGCCAGC(AC)GCCGCGG-30], R930

[50-G(CT)CCCCGTCAATTC(AC)T-30], F915 [50-A(GT)

GAATTGACGGGG(GA)C-30] and R1406 [50-ACGG

GCGGTGTGT(GA)C-30] (Maidak et al. 1999). The PCR

conditions used included: DNA denaturation at 95�C

(5 min), hybridization at 53�C (1 min) and polymerization

at 72�C (2 min). Thirty cycles amplification reactions

(95�C for 30 s, 53�C for 1 min and 72�C for 2 min) were

carried out in Mastercycler gradient PCR system (eppen-

dorf, Germany) using 70 ng of the Lb. paracasei strain

chromosomal DNA as a template. The PCR products were

separated by electrophoresis, in 2% agarose gel containing

0.5 lg/ml of ethidium bromide (Sigma-Aldrich), and were

purified using QIAquick PCR purification kit (Qiagen,

Hilden, Germany). Nucleotide sequences of the purified

fragments were determined by the dideoxy chain termina-

tor method (Sanger et al. 1977) using the Prism Ready

Reaction d-Rho-damine Terminator sequencing kit

(Applied Biosystems, Foster City, California, USA) in an

ABI Prism 377 genetic analyzer (Applied Biosystems). The

identities of the sequences, obtained after analysis of

amplified PCR products, were verified by a nucleotide

1544 World J Microbiol Biotechnol (2012) 28:1543–1552

123



BLAST search against the NCBI sequences database

located at http://blast.ncbi.nlm.nih.gov/Blast.cgi, using

BLASTN 2.2.24? program.

A similarity of at least 97% to existing 16S rDNA

sequences of type strains in the NCBI GenBank database

was used as a criterion for identification (Verdenelli et al.

2009).

Antibacterial activity assay

For detection of the antibacterial activity, 10 ml of MRS

broth were inoculated with 0.2 ml of a pre-culture (18 h) of

Lb. paracasei subsp. paracasei BMK2005 containing 108

CFU/ml, and incubated at 37�C for 16 h. After incubation,

the cells were removed by centrifugation at 12,000g for

30 min at 4�C (Sorvall RC50 Plus, Germany). The cell-free

supernatant was filter-sterilized through 0.22 lm-pore-size

filters (Millipore Corp., Bedford, Mass., USA). The anti-

bacterial activity of the sterile cell-free supernatant was

tested against enteropathogenic E. coli (O111, B4) by the

well diffusion agar assay as described by Cintas et al.

(1995) with some modifications. Briefly, 15 ml of Muller-

Hinton agar (Difco, Lennox, France) containing 107 CFU/

ml of the target strain were poured in a sterile plate. After

solidification, 6 mm-diameter wells were sterilely pre-

pared. Next, 50 ll of the sterile supernatant were loaded

into each well. The plates were pre-incubated at 4�C for

2 h to allow total diffusion of supernatant, and then incu-

bated at 37�C for 24 h. The antibacterial activity was

evaluated by measurement of zones of inhibition diameters

(mm) around the wells. The bacteriocin titers were deter-

mined by a modification of the critical dilution method

described by Joerger and Klaenhammer (1986). A serial of

twofold dilutions of the supernatant was realized and the

activity of each dilution was determined by the well dif-

fusion agar assay as described previously. Bacteriocin titers

reported in arbitrary units (AU) per milliliter were

expressed as the reciprocal highest dilution inhibiting the

growth of the indicator strain. A sample of MRS broth

adjusted to the same pH value of the supernatant (pH 4.5)

with 5 M HCl (Sigma-Aldrich) solution and filter-sterilized

was used as a blank control.

Partial purification of the antibacterial substance

A partial purification of the antibacterial substance was

carried out by C18 Sep-Pack reversed-phase method. Thus,

from a pre-culture (18 h) of Lb. paracasei subsp. paracasei

BMK2005 containing 108 CFU/ml, 250 ml of MRS broth

were inoculated at 2% (v/v) and incubated at 37�C for

16 h. Next, bacterial cells were removed by centrifugation

(12,000g, 30 min at 4�C), and the cell-free supernatant was

loaded onto C18 Sep-Pack reversed-phase cartridges (10 g,

60 ml, Discovery DSC-18, Supelco, USA). After that, each

cartridge was washed twice with 120 ml of 0.05% trifluo-

roacetic acid (TFA) (Sigma-Aldrich) in water and then

with 120 ml of 10 and 20% of acetonitrile (Sigma-Aldrich)

in aqueous TFA 0.05% (v/v) successively. The antibacte-

rial substance was eluted with 120 ml of 30% acetonitrile

solution (in aqueous TFA 0.05%). Active fractions were

pooled and evaporated using a rotatory evaporator R-134

(Büchi, Switzerland), and then dissolved in 20 ml of 0.05%

TFA in water. The protein content of the active fractions

was estimated with Bradford protein assay (Bradford 1976)

and their bacteriocin titers were expressed in arbitrary units

(AU) as described above.

Effect of enzymes on activity of the antibacterial

substance

The effect of several enzymes on the activity of the par-

tially purified antibacterial substance was tested at optimal

conditions for each enzyme (pH and temperature). Thus,

aliquots of 100 ll of the partially purified antibacterial

substance containing 80 AU (approximately 30 lg of

protein) were evaporated using a Speed-Vac concentrator

and added to 500 ll of enzyme solutions. These solutions

were prepared at 1 mg/ml in 0.05 M buffers as follows:

pepsin (Sigma-Aldrich) in sodium-citrate buffer (pH 3.0),

trypsin (Sigma-Aldrich) in sodium-phosphate buffer (pH

7.0), papain (Merck) in sodium-phosphate buffer (pH 7.0),

a-chemotrypsin (Sigma-Aldrich) in sodium-phosphate

buffer (pH 7.0), proteinase K (Sigma-Aldrich) in Tris–HCl

buffer (pH 7.0), a-amylase (Merck) in sodium-phosphate

buffer (pH 7.0), catalase (Merck) in sodium-phosphate

buffer (pH 7.0) and lipase (Sigma-Aldrich) in sodium-

phosphate buffer (pH 7.0) (Farias et al. 1994; Contreras

et al. 1997; Atanassova et al. 2003). All buffers were pur-

chased from Sigma-Aldrich Chemie, Steinheim, Germany.

After incubation for 4 h at 37�C in water bath, reactions were

stopped by boiling the mixture for 3 min. The residual

antibacterial activity of the samples adjusted to pH 5 with

1 M NaOH (Sigma-Aldrich) or 1 M HCl (Sigma-Aldrich),

filter-sterilized and concentrated at 50 ll, was determined

against enteropathogenic E. coli. Samples of sterile MRS

broth adjusted to pH 5.0, untreated partially purified anti-

bacterial substance and buffered enzyme solutions were

prepared under similar conditions and used as controls.

Effect of pH and heat treatment

The antibacterial activity of the partially purified bacte-

riocin was tested at various pH values from 2.0 to 9.0.

Aliquots of 100 ll of partially purified bacteriocin con-

taining 80 AU (approximately 30 lg of protein) were

evaporated and separately mixed with 500 ll of 0.05 M of
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the following buffers: glycine–HCL (pH 2.0), citrate–

phosphate (pH 3.0, 4.0, 5.0 and 6.0), sodium-phosphate

(pH 7.0), Tris–HCL (pH 8.0) and glycine-NaOH (pH 9.0).

The mixtures were filter-sterilized and incubated for 4 h at

37�C in water bath. Then, they were concentrated at

approximately 50 ll and tested for their residual activity

against enteropathogenic E. coli as described previously

(Farias et al. 1994; Kim et al. 2000). MRS broth samples

prepared under similar conditions were used as controls.

Furthermore, the effect of heat treatment on the antibac-

terial activity of the partially purified bacteriocin was

investigated. Thus, aliquots of 500 ll of partially purified

bacteriocin prepared in 0.05 M citrate–phosphate buffer

(pH 5.0) as described above, were heated at: 60, 80, 100

and 120�C for 5, 10 and 20 min at each temperature value.

Next, the samples were cooled at room temperature, con-

centrated at approximately 50 ll, and tested for their

residual antibacterial activity as described previously.

Unheated partially purified bacteriocin, prepared under

similar conditions, was used as a control. All buffers were

supplied by Sigma-Aldrich Chemie, Steinheim, Germany.

Spectrum of activity

The antibacterial activity of the bacteriocin produced by

Lb. paracasei subsp. paracasei BMK2005 was determined

against 32 isolates of human clinical origin including 17

bacterial strains resistant to antibiotics: Cefotaxime, Ceft-

azidime and/or Cefoxitin. Aliquots of 100 ll of the par-

tially purified bacteriocin, containing approximately 30 lg

of total proteins and about 80 AU, were dried under vac-

uum and suspended in 50 ll of 0.05 M citrate–phosphate

buffer at pH 5. The antibacterial activity of these aliquots

against the pathogenic strains was tested by the well dif-

fusion agar assay as described previously. The target

strains used in this study are listed in Table 1.

Bacteriocin purification

The purification of the bacteriocin produced by Lb. para-

casei subsp. paracasei BMK2005 was accomplished by

Reversed-Phase High Performance Liquid Chromatogra-

phy (RP-HPLC) using Waters Separations Alliance Mod-

ule 2690 (Waters, Milford, USA). Aliquots of 100 ll of

partially purified bacteriocin were loaded onto an analytic

RP-HPLC C18, 250 9 4.6 mm chromolite column

(Merck). Elution was performed at a flow rate of 1 ml/min

using a linear gradient of acetonitrile in aqueous TFA

0.05% as fellows: from 0 to 30% in 16 min, from 30 to

100% in 1 min and maintained at this percentage for

8 min. Peptide fractions were detected using Waters 2996

photodiode array detector (Waters, Milford, USA) at 214

and 280 nm and collected manually. The active fractions

were pooled and concentrated under vacuum to a final

volume of 2 ml in 0.05% TFA in water. The bacteriocin

was purified by a second RP-HPLC run performed at a flow

rate of 0.80 ml/min using a linear gradient of acetonitrile

from 0 to 25% in 15 min. The purity of the active fraction

was confirmed with a third RP-HPLC run in the same

conditions. Active fractions were lyophilized and then

suspended in 0.05% TFA before further analysis. Protein

content, estimated with Bradford protein assay, and

Table 1 Microorganisms used as target strains to determine the

activity spectrum of the partially purified Paracaseicin A

Test microorganisms Growth

conditions

CTX CAZ Met

Escherichia coli S1 LB, 37�C R R NT

E. coli S2 LB, 37�C S S NT

E. coli S3 LB, 37�C R R NT

E. coli S4 LB, 37�C S S NT

Citrobacter freundii S1 LB, 37�C R R NT

C. freundii S2 LB, 37�C S S NT

C. diversus S1 LB, 37�C R R NT

C. diversus S2 LB, 37�C S S NT

C. diversus S3 LB, 37�C R R NT

Klebsiella oxytoca S1 LB, 37�C S S NT

K. oxytoca S2 LB, 37�C R R NT

K. oxytoca S3 LB, 37�C R R NT

K. oxytoca S4 LB, 37�C R R NT

K. oxytoca S5 LB, 37�C S S NT

K. oxytoca S6 LB, 37�C R R NT

K. oxytoca S7 LB, 37�C R R NT

K. oxytoca S8 LB, 37�C S S NT

K. pneumoniae S1 LB, 37�C S S NT

K. pneumoniae S2 LB, 37�C S S NT

K. pneumoniae S3 LB, 37�C S S NT

Enterobacter cloacae S1 LB, 37�C R R NT

E. cloacae S2 LB, 37�C R R NT

Proteus vulgaricus LB, 37�C S S NT

P. mirabilis LB, 37�C S S NT

Shigella dysenteriae S1 LB, 37�C S S NT

Shigella dysenteriae S2 LB, 37�C S S NT

Pseudomonas aeruginosa S1 BHI, 37�C R R NT

P. aeruginosa S2 BHI, 37�C S S NT

Staphylococcus aureus S1 BHI, 37�C R R R

S. aureus S2 BHI, 37�C R R R

S. aureus S3 BHI, 37�C R R R

S. aureus S4 BHI, 37�C R R R

In this test, a Sep-pack-prepurified Paracaseicin A containing

approximately 30 lg of total protein per ml (80 AU) was used

R Resistant to antibiotic used, S sensitive to antibiotic used, NT not

tested

CTX Cefotaxime, CAZ Ceftazidime, Met Methicillin
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antibacterial activity against enteropathogenic E. coli were

determined at each step of purification (Sep-pack and

HPLC). The Bacteriocin titers of the active fractions were

expressed in arbitrary units (AU) as reported above.

Mass spectrometry

The molecular mass of Paracaseicin A was determined by

Matrix Assisted Laser Desorption/Ionisation Time-Of-

Flight (MALDI-TOF) mass spectrometry using an Ettan

MALDI-TOF Pro (GE Healthcare Uppsala, Sweden) oper-

ating in positive linear mode with delayed extraction.

A solution of 10 ll volume was prepared by mixing of

equal volumes of purified bacteriocin fraction with 5 mg/ml

of a-cyano-4-hydroxy cinnamic acid (Sigma-Aldrich) dis-

solved in 0.1% (v/v) TFA, 67% (v/v) acetonitrile in distilled

water. Next, aliquots of 1 ll of this solution were dried on the

MALDI target by the dried-droplet method (Netz et al.

2002). The MALDI spectra were acquired with an acceler-

ating potential of 20 kV and a laser power set to the mini-

mum level necessary to obtain a good signal. Mass

calibration of the spectra was based on external calibration

using appropriate peptides standards (Pepmix4, Laserbiol-

abs, Nice, France).

Results and discussion

Identification of the Lactobacillus strain

The phenotypic tests in combination with 16S rDNA

sequencing have revealed the taxonomic identification of the

isolate BMK2005 at the subspecies level. Thus, the pheno-

typic identification, carried out by API 50CHL analysis,

revealed that this strain is closely related to L. paracasei

subsp. paracasei subspecies with an identification rate of

99.5%. For the genotypic identification, the 16S rDNA of

this isolate was amplified and sequenced as described in

Materials and Methods. A partial 16S rDNA sequence of

876 bp long was obtained, and it was analyzed by nucleo-

tide–nucleotide alignment search tool (BLAST) against

known bacterial 16S rDNA sequences in NCBI GenBank

database. The obtained results revealed that the strain

BMK2005 was related, with a similarity of 98%, to L. pa-

racasei subsp. paracasei strain ATCC 25302. Consequently,

the isolate BMK2005 was identified as L. paracasei subsp.

paracasei. The 16S rDNA sequence of this isolate was

submitted to GenBank with accession number JN790593.

Antibacterial activity detection

The sterile cell-free supernatant of Lb. paracasei subsp.

paracasei BMK2005 exhibited an important antibacterial

activity against enteropathogenic E. coli (O111, B4); a clear

halo of 16 mm diameter was obtained around the well.

However, no zone of inhibition was observed around the

MRS broth adjusted to the same pH value (pH 4.5) with 5 M

HCl. So, the observed inhibition was not due to the low pH,

since that the negative control had no action on the target

strain. Moreover, it was not due to bacteriophage because the

dilution of the supernatant until extinction showed dimin-

ished zones of inhibition but no bacteriophage plaques.

Effect of enzymes on activity of the antibacterial

substance

The partially purified antibacterial substance was fully

inactivated following digestion with papain and proteinase

K. However, a relative loss of activity was observed after

treatment with pepsin, trypsin and a-chemotrypsin. But, no

inactivation due to a-amylase, catalase or lipase was

observed (Table 2). These results reveal that the antibacte-

rial activity was neither due to hydrogen peroxide, nor to a

lipid or a polysaccharide, but to a compound of proteina-

ceous nature. Therefore, the antibacterial compound pro-

duced by Lb. paracasei subsp. paracasei BMK2005 is a

bacteriocin and it is designated Paracaseicin A. It seems that

this bacteriocin is very sensitive to the action of proteases of

microbial or vegetal origin but relatively resistant to those of

gastrointestinal origin; this can be explained by the adapta-

tion of microorganisms to their environmental conditions.

Effect of pH and heat treatment

The Paracaseicin A seems to be active only at acidic pH

range. Therefore, the antibacterial activity was completely

lost at pH values between 7 and 9, and highly decreased at

pH 6. However, no loss of activity was observed at pH 5 or

lower pH values. Additionally, the partially purified bac-

teriocin did not show any detectable loss of activity when

heated at 60 and at 80�C, whereas a moderate loss of

activity was observed at 100�C (Table 2). Nonetheless,

when it was heated at 120�C for 5 min, approximately 50%

of the inhibitory activity was lost, but no detectable activity

was observed when it was heated at 120�C for 10 min.

Generally, these results are similar to those reported by

Topisirovic et al. (2006) for some bacteriocins produced by

Lactic Acid Bacteria, but they are different from those

obtained with bacteriocins of L. paracasei previously

described by Lozo et al. (2007), Ge et al. (2009), Pang-

somboon et al. (2009) and Tolinački et al. (2010).

Spectrum of activity and potential applications

The antibacterial activity of the partially purified bacte-

riocin produced by Lb. paracasei subsp. paracasei
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BMK2005 was tested against common pathogenic species

of human clinical origin by the well diffusion agar as

described previously. These target strains frequently

involved in nosocomial infections, were isolated from the

faeces of hospitalized diarrheal under-five children. A total

of 32 strains belonging to 10 species of Gram-positive and

Gram-negative bacteria were used. Among the studied

target strains, 17 were resistant to antibiotics. Thirteen

strains belonging to species of E. coli, Citrobacter freundii,

Citrobacter diversus, Klebsiella oxytoca, E. cloacae and

P. aeruginosa were resistant to both Cefotaxime and

Ceftazidime, and four strains of S. aureus were resistant to

Cefoxitin and consequently resistant to Methicillin. The

obtained results demonstrated that all these antibiotics

resistant strains were found to be sensitive to the partially

purified Paracaseicin A (Fig. 1). In addition, this antibac-

terial activity affected other clinical pathogens found

sensitive to antibiotics as Proteus vulgaris, Proteus mira-

bilis, Proteus penneri and Shigella dysenteriae (Fig. 2).

Consequently, these results suggest that this bacteriocin

presents a broad activity spectrum which may affect both

Gram-positive and Gram-negative bacteria. Many authors

have reported that some strains of Lb. paracasei subsp.

paracasei from different ecological niches were able to

produce antibacterial compounds with a wide spectrum of

activity (Atanassova et al. 2003; Lozo et al. 2007; Verde-

nelli et al. 2009; Tolinački et al. 2010). But, to our

knowledge, no data exist on purification of a bacteriocin

produced by a stain of Lb. paracasei subsp. paracasei

which exhibits an antibacterial activity against various

multidrug-resistant species of Gram-positive and Gram-

negative bacteria. Several Enterobacteriaceae species such

as E. cloacae, Klebsiella pneumoniae and Citrobacter

feundii are naturally resistant to many b-lactams such as

aminopenicillins, carboxypenicillins and some cephalo-

sporins of first generations (CASFM 2010). In addition,

new acquired resistances were observed, which are at the

origin of many therapeutic failures and the cause of serious

public health problems. The strains of Enterobacteriaceae

and Pseudomonas species used in this study were found

resistant to powerful cephalosporins of third generation

(Cefotaxime and Ceftazidime), which means that they are

also resistant to the majority of the other b-lactams widely

used in therapeutics (Bujdakova et al. 1998; Livermore and

Woodford 2006). Furthermore, the tested S. aureus strains

were resistant to Methicillin; consequently they are also

resistant to most b-lactams (Guignard et al. 2005; De

Lencastre et al. 2007). The treatment of infections due to

these bacterial species is limited only to some quinolones,

aminoglycosides or carbapenems, which are the last

defence line (Geoff 2005; De Lencastre et al. 2007). The

multidrug resistance of these bacterial species frequently

involved in nosocomial infections complicates therapy

(Thomson and Bonomo 2005; Woodford and Livermore

2009). Consequently, it is clear that inhibiting these mul-

tidrug-resistant species by this strain is an important asset

to improving the human health. In addition to its antibac-

terial activity, this strain presents significant properties.

The fact that it is of human origin and isolated from healthy

children faeces ensures its innocuousness. Moreover, its

bacteriocin presents favourable biotechnological properties

since it is heat-stable and reveals a particular resistance to

digestion by gastrointestinal proteases, which makes this

bacteriocin a potential candidate as an alternative anti-

bacterial agent. Hence, this strain and its bacteriocin offer

important potential applications. Therefore, when used as

probiotic, this strain can play a significant role in preven-

tion of nosocomial enteric infections due to these multi-

drug-resistant species in both adults and children,

especially when patients must be hospitalized for a long

Table 2 Effects of enzymes,

pH and heat treatment on the

antimicrobial activity of

Paracaseicin A

a Activity was determined by

the well diffusion agar assay

against enteropathogenic E. coli
S3. ??? = Zone of inhibition

[19 mm; ?? = Zone of

inhibition C10 mm; ? = Zone

of inhibition \10 mm; –

= none zone of inhibition was

observed. All test were done in

triplicate, and the variation in

the zones of inhibition values

was \5%

Treatment Activitya

Enzymes

Pepsin ?

a-chymotrypsin ?

Papain –

Proteinase K –

Trypsin ??

a -amylase ???

Catalase ???

Lipase ???

pH

2 ???

3 ???

4 ???

5 ???

6 ?

7 –

8 –

9 –

Heat

60�C/5 min ???

60�C/10 min ???

60�C/20 min ???

80�C/5 min ???

80�C/10 min ???

80�C/20 min ???

100�C/5 min ??

100�C/10 min ??

100�C/20 min ??

120�C/5 min ?

120�C/10 min –

120�C/20 min –
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Fig. 1 Antibacterial activity of partially purified Paracaseicin A

against multidrug-resistant pathogens. Well diffusion agar assay

demonstrating inhibitory activity of the bacteriocin produced by

Lactobacillus paracasei subsp. paracasei BMK2005 against

multidrug-resistant pathogens: a Enteropathogenic Escherichia coli,
b Proteus mirabilis, c Klebsiella oxytoca, d Enterobacter cloacae,
e Citrobacter freundii, f Staphylococcus aureus (MRSA)

Fig. 2 Spectrum of activity of the partially purified Paracaseicin A.

The partially purified bacteriocin produced by Lactobacillus paraca-
sei subsp. paracasei BMK2005 was found to be active against all

tested pathogenic species; it affected both antibiotics resistant (red
bar) and susceptible (blue bar) strains. Enterobacteriaceae and

Pseudomonas strains are resistant to Cefotaxime and Ceftazidime,

Staphylococcus aureus strains are resistant to Methicillin. All tests

were performed in triplicate, and the variation in the zones of

inhibition values was \5%
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period, where they are exposed to nosocomial infections.

This situation becomes even more complicated when

patients exhibit hypersensibility to antibiotics, renal or

hepatic insufficiency. Furthermore, the strain itself or its

bacteriocin may be used in treatment of antibiotics-asso-

ciated diarrhea (AAD) caused by these antibiotics resistant

species. In addition to nosocomial infections, this bacte-

rium strain can be used as probiotic to prevent or treat

diarrheal infections related to foodborne and waterborne

pathogens especially in developing countries. Moreover,

purified bacteriocin may be used to treat cutaneous infec-

tions due to multidrug-resistant P. aeruginosa or Methi-

cillin-resistant S. aureus. However, further works,

especially investigation of the multidrug-resistant target

strains susceptibilities to the purified Paracaseicin A, are

needed to reach a definitive conclusion.

Bacteriocin purification

The purification of Paracaseicin A was successfully

achieved by only two steps of C18 reversed-phase chro-

matography (Sep-Pack followed by HPLC). The first step

of purification (Sep-Pack) removed a significant amount of

contaminating proteins. Consequently, the specific activity

increased from 7.6 AU/mg in the supernatant to 2,712 AU/

mg in the active fraction obtained with 30% acetonitrile

solution, corresponding to 20% yield and 357 purity folds

(Table 3). This active fraction was purified onto RP-HPLC

C18 chromolite column. The first RP-HPLC run revealed

the presence of a major peak eluted at 10–12 min retention

time and one minor peak eluted later at 15–16 min

(Fig. 3a). Both fractions of these peaks were active against

E. coli. Further analysis was performed only on the fraction

corresponding to the first peak because the second

appeared to be contaminated by many other molecules

which complicates its purification. The second RP-HPLC

run of the first peak under slightly different conditions,

gave only one active peak eluted at 12–14 min retention

time (Fig. 3b). At this step of purification, the specific

activity was increased to 28,571 AU/mg with a yield of 2%

and 3,759 purity folds. The active fractions were collected,

pooled and their purity was confirmed by a third RP-HPLC

run (Fig. 3c). The test of activity of purified Paracaseicin A

against E. coli has allowed the determination of its minimal

inhibitory concentration; it was found to be approximately

7 lg/ml. The molecular mass of the purified Paracaseicin A

was determined by MALDI-TOF mass spectrometry; it was

2462.5 Da (Fig. 4). In recent years, many new bacteriocins

produced by several L. paracasei strains have been iden-

tified and characterized (Lozo et al. 2007; Pangsomboon

et al. 2009; Ge et al. 2009; Tolinački et al. 2010). However,

Paracaseicin A has not shown similarity with any of these

bacteriocins, especially its molecular mass, its relative

resistance to proteolysis by gastrointestinal enzymes and

its activity only at acidic pH range. Thus, Paracaseicin

A may be a novel bacteriocin produced Lb. paracasei

subsp. paracasei BMK2005. Additional works aiming to

Table 3 Purification table of Paracaseicin A

Purification

stage

Total

activity

(AU)

Total

proteins

(mg)

Specific

activity

AU/mg

Increase

specific

activity

Yield

(%)

Supernatant 40,000 5,261 7.6 1 100

Step 1: Sep-Pack 8,000 2.95 2,712 357 20

Step 2: RP-HPLC

1st run 3,200 0.54 5,926 780 8

2nd run 800 0.028 28,571 3,759 2

Fig. 3 Reversed Phase High Performance Liquid Chromatogram

(RP-HPLC) of Paracaseicin A. Active fractions were eluted after a

10–12 min retention time (a). They were re-purified under slightly

different conditions; one active fraction was obtained after 12–14 min

retention time (b). The purity of the obtained fraction was confirmed

with a third RP-HPLC under the same conditions (c)
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investigate the in vitro and in vivo antibacterial activity of

purified Paracaseicin A against the multidrug-resistant

strains, and characterize its amino acids sequence and

genetic determinants are in progress.
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