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ABSTRACT: The pIn locus responsible for plantaricin biosynthesis in Lactobacillus plantarum was discover
over two decade now. This study identified from fermented food four plantaricin-producing strains of
Lactobacillus through molecular and biocinformatic methods. Firstly the primers LbF and LbR were used to
identify the strains. Secondly, BacF and BacR are primers used in order to identify bacteriocin-producing strains
and search for pIn loci encoding bacteriocin named plantaricin. Each PCR product were sequenced and sequences
were aligned through NCBI (identification of strain), NCBI and BAGEL3 (bacteriocin-producing strains
identification and mining for pin locus). After successive BLASTN, the strains were identified as Lactobacillus sp.
strain S3; Lactobacillus sp. strain S4; Lactobacillus sp. strain Y6 and Lactobacillus plantarum strain Lf1.
Comparison of partial sequences of each product obtained with primers BacF and BacR with available sequences
in NCBI and BAGEL 3 databases showed that the plnh gene is a mosaic gene because about 25 genes covering a
DNA stretch are found in each locus and they are organized into five operons which are plnABCD, plnEFI,
pInGHSTUVW, pInJKLR and pInMNOP. The pInK gene is the most constant gene found. Together these strains
produce two different class Ilb two-peptide bacteriocins, plantaricins EF and JK, and a pheromone peptide
plantaricin A. The strains were also found to harvest for histidine protein kinase (HPK) and response regulator
(RR). This study has once again attest the presence of Lactobacillus species in fermented foods where they play a
key role. These strains can therefore be proposed to local fermented food producers to be used as starter.
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INTRODUCTION

Lactobacillus spp. are lactic acid bacteria (LAB) that display phylogenetic, phenotypic, and ecological
heterogeneity that is reflected in their taxonomic diversity (Claesson et al., 2008). Lactobacilli have been studied
extensively because of their importance for the production of fermented foods and beverages (Cho et a., 2011,
Raftis et a., 2011). Members of the genus Lactobacillus are gram-positive, non-spore forming, mostly non-motile
and generally rod-shaped even coccobacilli can be observed. Their cells are often organized in chains. The optimal
growth temperature is mostly between 30 and 40°C (Taale et al., 2013), although the overall growth temperature
can be ranged between 2 and 53°C; the pH for growth between 3 and 8 (Pot et al., 2014).The large majority of
LAB as Lactobacillus belongs to the order Lactobacillales within the group of low percentage G+C Gram-
positive bacteria of the Firmicutes phylum (Vandamme et a., 2014). Since the 1990s, identification and
description of new species has often been based on a polyphasic approach (Vandamme et a., 1996), involving both
genotypic and phenotypic characterization. Genotypically, 16S RNA sequencing was the method of choice, mainly
because of the availability of large reference sequences sets. The use of 16S rRNA gene sequences to study
bacterial phylogeny and taxonomy has been far the most common housekeeping genetic marker used for a number
of reasons : first its presence in amost all bacteria (often existing as a multigene family, or operons); secondly the
function of the 16S rRNA gene over time has not changed, suggesting that random sequence changes are a more
accurate measure of time (evolution); and finally the 16S rRNA gene (1,500 bp) is large enough for informatics
purposes (Patel, 2001; Janda and Abbott, 2007). According to Ludwig and Klenk (2001) and Patel (2001)
ribosoma RNA sequences provide a phylogenetic framework that serves as a backbone for modern
microbia taxonomy. For that purpose, public databases comprising published and unpublished sequences
have been constructed (Olsen et al., 1991; Yarza et al., 2008; Cole et a., 2009). The use of conserved
macromolecules such as 16S or 23S rRNA for bacterial classification should reflect as much as possible the
natura relationships between bacteria (Woese, 1987; Vandamme et al., 2014). However, classification serves
very practical purposes, which is, the recognition of organisms that were encountered previously and the
categorization of new onesinto alogical and tractable system (Vandamme et al., 2014).

Lactobacillus are used in preservative processes where they, like many other LAB, can contribute with the
production of antimicrobial substances (e.g., organic acids and bacteriocins) (Diep et al., 2009). Bacteriocins are
ribosomally-synthesized peptides or proteins produced by a wide range of bacteria (Zouhir et a., 2010). Severa
works show that the Lactobacillus plantarum can produce bacteriocin called plantaricin, belonging to bacteriocin
of classIl. The pln locus responsible for plantaricin biosynthesis in Lactobacillus plantarum was first unraveled
in Lactobacillus plantarum C11 and since then it was found in large amount of Lactobacillus plantarum strains
(Diep et a., 2009). The pIn locus is a mosaic gene because may contain several genes and operons. For further
reading (Ben Omar et a., 2008; Diep et a., 2009). In Burkina Faso, few data on Lactobacillus species and its
bi oactives molecul es such bacteriocins isolated from fermented food are available.

In this study, we identified four Lactobacillus strains to species level and habor for pln locus gene and its
operons using bioinformatics tools and molecular methods.

MATERIAL AND METHODS

Bacteria strains

The four Lactobacillus spp. strains used in this study were isolated from Soumbala (strains S3 and $4), loca
fermented milk (strain Lf1) and loca yogurt (strain Y6) and characterized as previously described by Taale et al.
(2013).

DNA extraction

The presumptively identified colony of Lactobacillus spp. as described by Taale et a. (2013) were grown
overnight on nutritive broth. The cultured broth was centrifuged at 5,000g for 10min . The pellets were then used
for bacteria DNA extraction by using QiAamp DNA Mini Kit (QiAgen, France) following the manufacturer’s
instructions.

DNA amplification

The primers used to amplify 16S rRNA gene of all Lactobacillus species and 16S rDNA gene encoding
Bacteriocins in Lactobacillus genus are all listed in Table 1. All primers were synthesized by Eurofins mwg operon
(Germany, www.eurofinsgenomics.eu).

The PCR was run in 50l reaction mixture containing 6pl of MgCl,25mM, 10 ul of 5X Colorless GoTaq Flexi
Buffer (Promega, USA), 1ul of dNTPs Mix10mM (Promega, USA), 3ul LbF and 3ul LbR (when amplifying 16S
rRNA gene); 3ul BacF and 3ul BacR (when searching for bacteriocin-producing strains)(table 1), 0.3ul of Taqg
DNA polymerase (Promega, USA), 10l of the DNA template and nuclease-free water making up the total
volume. The concentration of used primer was 20uM.
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The thermal cycling (3Prime Thermaocycler, United Kingdom) profile was as follows : initial denaturation at 95°C
for 3 min, followed by 30 cycles of denaturation at 95°C for 45s, annealing at 60°C (LbF and LbR)/56°C (BacF
and BacR) for 45s, and polymerization at 72°C for 1 min. An extrafina polymerization step at 72°C for 5 min was
performed to ensure that all PCR fragments were complete and A-tailed. The PCR products obtained were
observed an UV plate after they were run on 1.5% (w/v) agarose gel (Eurogenetec) in 1X TEB (Tris-Phosphate-
EDTA buffer) at 100 V, 50 mA for 1 h.

PCR products sequencing

The PCR products were used for nucleotide sequencing using LbF and BacF primers. PCR products were purified
using Wizard® SV Gel and PCR Clean-Up System (Promega, USA) by dissolving the gel slice and processing PCR
products purification (binding of DNA, washing and elution). The purified fragment was used for seguencing.
Sequencing of PCR products was determined according to the procedure of GENOSCREEN (Lille, France,
www.genoscreen.fr/). The sequences obtained were trimmed to eliminate the ambiguous bases and bases with poor
quality.

I dentification

The partial sequences were compared with all Lactobacillus sp., 16S rRNA gene sequences available in GenBank
using online BLASTn software (http://blast.nchi.nlm.nih.gov/Blast.cgi). Multiple alignments were performed using
BLASTnN. For identification if the identity is higher than 95%, the isolate could be identify at species level and at
genus level if the identity isless than 95%.

Mining for different genesof pln locus

The search of bioactive compounds genes like pln locus of plantaricin was performed using NCBI and BAGEL 3
(http://bagel.molgenrug.nl/index.php/bagel 3) using sequences obtained when primers BacF and BacR were used.
Those primers were used to identify lactic acid bacteria bacteriocin-producing strains by amplifying their 16S
rDNA gene.

RESULTSAND DISCUSSION

| solatesidentification

The electrophoretic profile of PCR products showed bands size of 200-300 pairs of bases. Strains S3, $4, Y6 and
Lf1 belonged to the genus Lactobacillus (Taade et d., 2013).

The partial sequences of the 16S rRNA gene for each Lactobacillus isolate was aligned with sequences of
Lactobacillus 16S rRNA gene available in NCBI database through the link http://blast.ncbi.nim.nih.gov/Blast.cgi.
The different strains and identity average obtained are presented in Table 2.The length of partial sequences of the
16S rRNA gene of strain S3, $4, Y6 and Lf1 isrespectively 538 bp, 202 bp, 215 bp and 365 bp.

According to Baxevanis (2011), biological databases play a central role in bioinformatics. They offer scientists the
opportunity to access a wide variety of biologically relevant data, including the genomic sequences of an
increasingly broad range of organisms. Then, the comparison of partial nucleotide sequences to thel6S rDNA gene
available in biological database NCBI by alignment gave identification rate which varies from 89% to 98%. NCBI
published sequences of Lactobacillus species as shown in Table 2 revealed an aignment of 89% sequence
similarities of isolate Y6 to 16S rRNA, partial sequence of Lactobacillus brevis strain IMAU11348 (Y M43-1) and
Lactobacillus brevis strain NPS-QW-145. However, isolates S3 and $4 showed 95% homology respectively to
Lactobacillus acidophilus strain FSI4, complete genome and Lactobacillus plantarum strain CCB-6 16S ribosomal
RNA gene, partid sequence. The isolate Lf1 have 98% identity to Lactobacillus plantarum strain J11 16S
ribosomal RNA gene, partia sequence (Table 2). These results were obtained by using alignment parameters
suggested by Ladunga (2009). From these results the isolates S3, $4, Y6 and Lf1 could be identified respectively
as Lactobacillus sp. strain S3, Lactobacillus sp. strain $4, Lactobacillus sp. strain Y6 and Lactobacillus plantarum
strain Lf1. The figure 1 shows the phylogenetic relationship between strain Lf1 and other species of Lactobacillus
plantarum available on NCBI database.

Food condiments obtained by alkaline uncontrolled fermentation as Soumbala are recognized to be a niche of the
genus Bacillus(Odunfa and Oyewole, 1986; Ouoba et al., 2004; Azokpota et al., 2006; Ouoba et a., 2007; Ouoba
et a., 2008; Parkouda et a., 2009; Uaboi-Egbenni et al., 2009; Savadogo et al., 2011) but also the lactic acid
bacteria play a key role in these condiments as previously reported by Olasupo et a. (1997); Uaboi-Egbenni et al.
(2009); Ouoba et al. (2010); Ajayi (2014) and Ukwuru and Ibeneme (2014). This study shows that Soumbala
produce in Burkina Faso may contain Lactobacillus spp. strains, and other studies carried out in products based on
African locust seeds in other African countries has already shown that Soumbala called by various names
(Azokpota et a., 2006; Savadogo et al., 2011), may contain species of Lactobacillus (Ouoba et al., 2010; Ajayi,
2014). The aignment results have established a phylogenetic relationship between different Lactobacillus species
tested (Figure 2).
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Identification of bacteriocin-producing strains

BacF and BacR are primers used in order to see if Lactobacillus sp. strain S3, Lactobacillus sp. strain $4,
Lactobacillus sp. strain Y6 and Lactobacillus plantarum strain Lf1 are bacteriocin-producing strains. The PCR
products size were greater than 1000 bp (Figure 3). These results are in agreement with those obtained by Diop et
a. (2008). Therefore Lactobacillus sp. strain S3, Lactobacillus sp. strain $4, Lactobacillus sp. strain Y6 and
Lactobacillus plantarum strain Lf1 are bacteriocin-producing strains.

Mining for plantaricin pin loci

The PCR products obtain with primers BacF and BacR were partially sequenced. Then those partial sequences
were aigned with diffeeent pln  gene sequences available in  two databasess NCBI
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and Bagel3 (http://bagel.molgenrug.nl/index.php/bagel3)(van Hedl et al.,
2013) to determine if interest strains contain bacteriocin named plantaricin pln gene locus synthesized by

Lactobacillus plantarum strains (Table 3).

Table 1. Primersused for PCR and sequencing

Tagrgne(teed Primers | Technique Sequence Sense Reference
165 TRNA LbF PCR and 5- GGAATCTTCCACAATGGACG -3 Forward (Bakar et dl.,
LbR | SeOUencing g, “cGCTTTACGCCCAATAAATCCGG - 3 | Reverse | 2010)
16SrDNA of BacF PCR and 5’- AAGAGTTTGATCCTGGCTCAG -3’ | Forward
bacteriocin- sequenac?ng (Diopetad.,
pr;’f;‘iﬂ;‘g BacR 5°- CTACGGCTACCTTGTTACGA -3 | Reverse 2008)
Table2. BLASTn of 16SrRNA genes, partial sequences of theisolates
Strain | 1 BLASTn 2" BLASTnN | dentification
Description Identity | Description Identity
Strain Lactobacillus acidophilus strain | 95% Lactobacillus acidophilus 95% Lactaobacillus
S3 FSI4, complete genome strain FSI4, compl ete genome sp. strain S3
Lactobacillus acidophilus La-14, | 95% Lactobacillus acidophilusLa- | 95%
complete genome 14, complete genome
Strain Lactobacillus plantarum strain 93% Lactobacillus plantarum strain | 95% Lactaobacillus
A SSK 03 16S ribosomal RNA CCB-6 16S ribosomal RNA sp. strain $4
gene, partial sequence gene, partial sequence
Lactobacillus murinus strain 93% Lactobacillus plantarum strain | 95%
FAM-01 16S ribosomal RNA 1A 16S ribosoma RNA gene,
gene, partial sequence partial sequence
Strain Lactobacillus brevis strain 89% Lactobacillus brevis strain 89% Lactobacillus
Y6 IMAU11348 (YM43-1) 16S IMAU11348 (YM43-1) 16S sp. strain Y6
ribosomal RNA gene, partial ribosomal RNA gene, partial
sequence sequence
Lactobacillus plantarum strain 89% Lactobacillus brevis strain 89%
KM MSU 519 16S ribosomal NPS-QW-145 16S ribosomal
RNA gene, partial sequence RNA gene, partial sequence
Strain Lactobacillus plantarum strain 98% Lactobacillus plantarum strain | 98% Lactaobacillus
Lfl SSK 03 16S ribosomal RNA J11 16S ribosomal RNA gene, plantarum
gene, partial sequence partial sequence strain Lf1
Lactobacillus murinus strain 97% Lactobacillus plantarum strain | 97%
FAM-01 16S ribosomal RNA CSCW.L 6-8 16S ribosomal
gene, partial sequence RNA gene, partial sequence
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Table 3: Alignment scorefor the 165 rDNA partial sequence of the four bacteriocins producing strainsusing
BLASTn and BAGEL 3 databases

Plantaricin | Lactobacillussp. strain Lactobacillus sp. Lactobacillus sp. Lactobacillus plantarum
locus S3 strain 4 strain Y6 strain Lfl
NCBI® BAGEL3"* [NCBI* |BAGEL3" |NCBI® BAGEL3®* |NCBI® | BAGEL3
plnA 100% 210" 80% 210" 210" 80% 210"
pinB 0.0 0.0 0.0 0.0
pInC 100% 100% 87% 100%
plnD 87% 0.0 0.0 100% | 0.0 100% | 0.0
pInE 85% 7.10% 91% 7.10% 91% 7.10% 91% 7107
pInF 100% 6.10% 6.10% 6.10% 6.10%
pInG 92% 0.0 100% | 0.0 100% | 0.0 93% 0.0
plnH 100% 0.0 100% | 0.0 100% | 0.0 94 0.0
pnl 100% 0.0 0.0 0.0 100% | 0.0
pinJ 100% 6.10° 86% 6.10°" 6.10°" 100% | 6.10%
plnK® 90% 1.10 100% 1.10% 100% | .10 100% | 1.10¥
plnL 92% 3.10™° 100% 3.10™° 92% 3.10™° 100% | 3.10™°
pInM 92% 100% 100% 100%
pInN 3.10% 100% | 3.10% 3.10% 92% 3.10%
pInO 100% 31074 31074 3.107% 3107 | 31071
pInP 0,0094 0,0094 0,0094 0,0094
pInQ 93% 100% 100% 100%
pInR 100% 100% 100%
pInS 100% 100% 100% 92%
pinT 9.10™ 100% [ 9.107™ 92% 9.10%’ 92% 9.10™
pinU 210" 100% 210" 210" 88% 2.10™
plnV 6.10™ 6.10™ 6.10™ 87% 6.10™
plnW 92% 410" 410" 410" 93% 4.10™
plnX 410 87% 410 410 410
plnY 2.10% 2.10% 2.10% 2.10%
pin gene 100% 100%
ABC Tr 100% 100% 100%
ABC Tr= ABC Transporter 3 dentity ° Evalue 9 Putative bacteriocin
Table 4: Proteins encoded by pln loci of thefour Lactobacillus strains
Operon Number of genes | Bacteriocin
pInABCD 4 Plantaricin A or IP
Histidine Protein kinase (HKP)
Protein RR
pInEFI 3 Pantaricin E
pInJKLR 4 Plantaricin F
Plantaricin J
Plantaricin K
Cognate immunity proteins
pINGHSTUVW | 7 ABC-transporter and an accessory
protein
pInMNOP 4 Four putative proteins
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Strain Lf1 (Lactobacillus plantarum strain Lf1)
»Lactobacillus plantarum strain SSK03 16S ribosomal RNA gene, partial sequence

o![actobacillus plantarum strain CSCWL 6-8 16S ribosomal RNA gene, partial sequence
Lactobacillus plantarum strain 1ao4-3-1 16S ribosomal RNA gene, partial sequence

y Lactobacillus plantarum gene for 16S ribosomal RNA, partial sequence, isolate: M21 59
O Lactobacillus plantarum gene for 16S ribosomal RNA, partial sequence, isolate: M21_239
y Lactobacillus plantarum gene for 16S ribosomal RNA, partial sequence, isolate: MO 212
y Lactobacillus plantarum gene for 16S ribosomal RNA, partial sequence, isolate: M21 236
y Lactobacillus plantarum gene for 16S ribosomal RNA, partial sequence, isolate: M14 46
y Lactobacillus plantarum gene for 16S ribosomal RNA, partial sequence, isolate: M14 232
s Lactobacillus plantarum gene for 16S ribosomal RNA, partial sequence, isolate: M14 233

5 Lactobacillus plantarum strain 412 16S ribosomal RNA gene, partial sequence

o Lactobacillus plantarum strain HI33 16S ribosomal RNA gene, partial sequence

0 Lactobacillus plantarum strain YMLO016 16S ribosomal RNA gene, partial sequence
A Lactobacillus plantarum strain JM1 16S ribosomal RNA gene, partial sequence
el.actobacilhts plantarum strain J11 16S ribosomal RNA gene, partial sequence

Figure 1: Phylogenetic relationship of Lf1 with related species based on partial 16SrRNA gene sequence
analysis. The phylogenetic tree was constructed using the neighbor -joining method. Refer ence sequences
wer e obtained from the NCBI nucleotide sequence database.

Strain S4 (Lacrobacillus sp.)

Strain L.f1 (Lacrobacillus plaritariimn
strain L.f1)

. Lacrobacillus plarntarum WCFS1
" complete genome

o Strain Y6 (Lacrobacillus sp.)

Figure 2: Phylogenetic relationship of three Lactobacillus specieswith Lactobacillus plantarum WCFSL1 on
partial 16SrDNA gene sequence analysis. The phylogenetic tree was constructed using the neighbor -joining
method. Refer ence sequences wer e obtained from the NCBI nucleotide sequence database.

Size(bp) BT 0 -2 -

10000 '
1000

Figure 3: Identification of bacteriocin-producing strains using primers pairs BacF and BacR. Lane
1: 1kb-DNA molecular mass marker, Lane 2: negative control; Lane 3: Lactobacillus sp. strain S3,
Lane 4: Lactobacillus sp. strain $S4, Lane 5: Lactobacillus sp. strain Y6, Lane 6: Lactobacillus
plantarum strain Lf1, Lane 7: Lactobacillus sp. as positive control.
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The dignment identified the potential existence of different loci encoding two bacteriocins components
(plantaricin belonging to class Ilb bacteriocin) in Lactobacillus plantarum. Severa screening surveys on the
presence of pIn genesin isolates of Lactobacillus sp. and Lb. plantarum indicate that determinants of the pln locus
are relatively present amount them. ABC transporter locus responsible for the synthesized bacteriocin could be
detected among Lactobacillus sp. strain S3, Lactobacillus sp. strain Y6 and Lactobacillus plantarum strain Lf1.
Thelocuspln A, E, F, K, L, T, U, V, W, X and Y could be found in all four strains with constant e-value (Table 3).
All strains could produce the pheromone peptide plantaricin A. This mosaic loci pIn encoding the various
plantaricins bacteriocins was shown by severa previous studies in different species of Lactobacillus plantarum
(Ben Omar et al., 2008; Knoll et al., 2008; Diep et al ., 2009).

Based on the results, the genetic organization of bacteriocins can be divided into five (5) different inducible
operons: plnABCD operon; plnEFI operon; pln GHSTUVW operon, pln JKLR operon and pln MNOP operon.
pINABCD operon (80-100% identity) codes for the induction peptide plantaricin A, the HPK (gene plnB) and Response
Regulator Protein RRs (genes pInC and pInD). Plantaricin A is matured from plnA. According to Diep et al. (2009),
pINABCD is a regulatory operon, coding for a guorum-sensing network necessary to express all genesin the pIn
locus. The presence of operon pInABCD amount the four Lactobacillus strains suppose that they could be able to
produce bacteriocin named plantaricin.

The two two-peptide bacteriocins, plantaricin EF and JK and their cognate immunity proteins are code by
pInEFI and pInJKLR. Plantaricins EF and plantaricin JK are antimicrobial peptides belonging to class Ilb
bacteriocins, whose activity is, by definition, dependent on the complementary action of two different peptides
(Diep et al., 2009). As previously reported by Taale et al. (2013), neutral cell-free supernatant of Lactobacillus sp.
strain S3, Lactobacillus sp. strain S4, Lactobacillus sp. strain Y6 and Lactobacillus plantarum strain Lf1 display
large inhibitory spectra because they were active against Micrococcus luteus. In summary, their antimicrobial
activity may results by permeabilizing M. luteus inner membrane, causing influx and efflux of various molecules
across the transmembrane barrier, eventually leading to cell death as shown by inhibitory zone.

Gene’s pInGH code for an ABC-transporter and an accessory protein, respectively, that together form an ABC-
transport system dedicated to secretion of peptides employing a double-glycine leader.

Operon pInMNOP (92-100% identity) codes for four putative proteins, of which pInN appears to contain an N-
terminal double-glycine leader consensus.

The different proteins encoded by these operons are summary in table 4.

These various operons may contain several Opening Reading Frame (ORFs) (Diep et al., 1996).The operon
pInGHSTUV contains two ORFs (pInG and plnH) apparently encoding an ABC transporter and its accessory
protein, respectively, known to be involved in processing and export of peptides with precursor double-glycine-
type leaders (Diep et ., 2009). Lactobacillus sp. strain S3 contains less pln genes because has 24 genes.

Together these strains produce two different class I1b two-peptide bacteriocins, plantaricins EF and JK, and a
pheromone peptide plantaricin A with antimicrobial activity (Taale et a., 2013).

CONCLUSION

This study showed once again the presence of Lactobacillus species in local fermented foods. After sequence
aignments, the four strains could be identified as Lactobacillus sp. and Lactobacillus plantarum. The four strains
were found to possess the locus pln gene encoding plantaricin. This study confirms that the pIn gene is a mosaic
gene because at least four operons were found in producing strains and are probably involved in bioactives
compounds production. Soumbala, a condiment food may have Lactobacillus species playing important function.

ACKNOWLEDGMENTS

This study was funded by West Africa Research Association (WARA) through its WARC Travel Grant 2014
program, provided by the Bureau of Educational and Cultural Affairs of the US Department of State through a
grant from the Council of American Overseas Research Centers.

The authors would like to thanks PACER-UEMOA for supporting this study.

International Journal of Applied Biology and Pharmaceutical Technology Page: 92
Available online at www.ijabpt.com



http://www.ijabpt.com/

Essodolom TAALE et al Copyrights@2016, | SSN: 0976-4550
REFERENCES

Ajayi O. A. (2014). Bacteriology and Qualitative Study of African Locust Bean (Parkia biglobosa). Open Journal
of Social Sciences: Vol. 2, 11, 73-78.

Azokpota P., Hounhouigan D. J., Nago M. C. and Jakobsen M. (2006). Esterase and protease activities of Bacillus
spp. from &fitin, iru and sonru: three African locust bean (Parkia biglobosa) condiments from Benin.
African Journal of Biotechnology: Val. 5, 3, 265-272.

Bakar F. A., Nordin N., Yoke T. S. and Abdulamir A. S. (2010). Detection and quantification of probiotic bacteria
using optimized DNA extraction, traditiona and rea-time PCR methods in complex microbial communities.
African Journal of Biotechnology: Val. 9, 10, 1481-1492.

Baxevanis A. D. (2011). The Importance of Biological Databases in Biological Discovery. In: Bateman, A.,
Draghici, S, Pearson, W. R., Stein, L. D. and Yates IlI, J. R. (Eds.), Current Protocols in Bioinformatics
John Wiley & Sons, Inc., pp. 1.3.1-1.3.25.

Ben Omar N., Abriouel H., Keleke S., Sanchez Vaenzuela A., Martinez-Cafiamero M., Lucas L6pez R., Ortega E.
and Galvez A. (2008). Bacteriocin-producing Lactobacillus strains isolated from poto poto, a Congolese
fermented maize product, and genetic fingerprinting of their plantaricin operons. Internationa journal of
food microbiology: Vol. 127, 1-2, 18-25.

Cho Y.-J, Choi J. K., Kim J.-H., Lim Y .-S,, Ham J.-S,, Kang D.-K., Chun J., Paik H.-D. and Kim G.-B. (2011).
Genome sequence of Lactobacillus salivarius GJ-24, a probictic strain isolated from healthy adult intestine.
Journal of Bacteriology: Vol. 193, 18, 5021-5022.

Claesson M. J., van Sinderen D. and OToole P. W. (2008). Lactobacillus phylogenomics-towards a
reclassification of the genus. International Journal of Systematic and Evolutionary Microbiology: Val. 58,
12, 2945-2954.

Cale J. R., Wang Q., Cardenas E., Fish J,, Chai B., Farris R. J., Kulam-Syed-Mohideen A. S., McGarrdl D. M.,
Marsh T. and Garrity G. M. (2009). The Ribosomal Database Project: improved alignments and new tools
for rRNA analysis. Nucleic Acids Research: Vol. 37, suppl 1, D141-D145.

Diep D. B., Havarstein L. S. and Nes |. F. (1996). Characterization of the locus responsible for the bacteriocin
production in Lactobacillus plantarum C11. Journa of Bacteriology: Vol. 178, 15, 4472-4483.

Diep D. B., Straume D., Kjos M., Torres C. and Nes |. F. (2009). An overview of the mosaic bacteriocin pln loci
from Lactobacillus plantarum. Peptides: Vol. 30, 8, 1562-1574.

Diop M. B., Dubois Dauphin R., Dortu C., Destain J., Tine E. and Thonart P. (2008). In vitro detection and
characterization of bacteriocin-like inhibitory activity of lactic acid bacteria (LAB) isolated from Senegalese
local food products. African Journal of Microbiology Research Val. 2, 8, 206-216.

Janda J. M. and Abbott S. L. (2007). 16S rRNA gene sequencing for bacterial identification in the diagnostic
laboratory: pluses, perils, and pitfalls. Journal of Clinical Microbiology: Val. 45,9, 2761-2764.

Knoll C., Divol B. and Du Toit M. (2008). Genetic screening of lactic acid bacteria of oenological origin for
bacteriocin-encoding genes. Food Microbiology: Vol. 25, 8, 983-991.

Ladunga I. (2009). Finding Similar Nucleotide Sequences Using Network BLAST Searches. In: Bateman, A.,
Draghici, S., Pearson, W. R., Stein, L. D. and Yates 11, J. R. (Eds.), Current Protocols in Bioinformatics.
John Wiley & Sons, Inc., pp. 3.3.1-3.3.26.

Ludwig W. and Klenk H.-P. (2001). Overview: a phylogenetic backbone and taxonomic framework for procaryotic
systematics. In: Brenner, D. J., Krieg, N. R., Staley, J. T. and Garrity, G. M. S. D. (Eds.), Bergey’s manual®
of systematic bacteriology. Springer US, pp. 49-65.

Odunfa S. and Oyewole O. (1986). Identification of Bacillus species from ‘iru’, a fermented African locust bean
product. Journal of Basic Microbiology: Vol. 26, 2, 101-108.

Olasupo N. A., Olukoya D. K. and Odunfa S. A. (1997). Identification of Lactobacillus species associated with
selected African fermented foods. Zeitschrift fr Naturforschung C: Val. 52, 1-2, 105-108.

Olsen G. J, Larsen N. and Woese C. R. (1991). The ribosoma RNA database project. Nucleic Acids Research:
Vol. 19, Suppl, 20-17.

Ouoba L. I. I., Diawara B., Jespersen L. and Jakobsen M. (2007). Antimicrobia activity of Bacillus subtilis and
Bacillus pumilus during the fermentation of African locust bean (Parkia biglobosa) for Soumbala
production. Journal of Applied Microbiology: Val. 102, 4, 963-970.

Ouoba L. I. I., Diawara B., kofi Amoa-Awua W., Traoré A. S. and Mgller P. L. (2004). Genotyping of starter
cultures of Bacillus subtilis and Bacillus pumilus for fermentation of African locust bean (Parkia biglobosa)
to produce Soumbala. International Journal of Food Microbiology: Vol. 90, 2, 197-205.

OuobalL. I. I., Nyanga-Koumou C., Parkouda C., Sawadogo H., Kobawila S. C., Keleke S., Diawara B., Louembe
D. and Sutherland J. P. (2010). Genotypic diversity of lactic acid bacteria isolated from African traditional
alkaline-fermented foods. Journal of Applied Microbiology: Vol. 108, 6, 2019-2029.

International Journal of Applied Biology and Pharmaceutical Technology Page: 93
Available online at www.ijabpt.com



http://www.ijabpt.com/

Essodolom TAALE et al Copyrights@2016, | SSN: 0976-4550

Ouoba L. I. I., Parkouda C., Diawara B., Scotti C. and Varnam A. H. (2008). Identification of Bacillus spp. from
Bikalga, fermented seeds of Hibiscus sabdariffa: phenotypic and genotypic characterization. Journal of
applied microbiology: Vol. 104, 1, 122-131.

Parkouda C., Nielsen D. S., Azokpota P., Ivette Iréne Ouoba L., Amoa-Awua W. K., Thorsen L., Hounhouigan J.
D., Jensen J. S, Tano-Debrah K. and Diawara B. (2009). The microbiology of akaline-fermentation of
indigenous seeds used as food condiments in Africa and Asia. Critical Reviews in Microbiology: Vol. 35, 2,
139-156.

Patel J. B. (2001). 16S rRNA gene sequencing for bacterial pathogen identification in the clinical laboratory.
Molecular Diagnosis: Vol. 6, 4, 313-321.

Pot B., FelisG. E., Bruyne K. D., Tsakalidou E., Papadimitriou K., Leisner J. and Vandamme P. (2014). The genus
Lactobacillus. In: Holzapfel, W. H. and Wood, B. J. B. (Eds), Lactic Acid Bacteria: Biodiversity and
Taxonomy. John Wiley & Sons, New Y ork, pp. 249-353.

Raftis E. J., Savetti E., Torriani S., Felis G. E. and O'Toole P. W. (2011). Genomic diversity of Lactobacillus
salivarius. Applied and Environemental Microbiology: Vol. 77, 3, 954-965.

Savadogo A., Tapi A., Chollet M., Wathelet B., Traoré A. and Jacques P. (2011). Identification of surfactin
producing strains in Soumbala and Bikalga fermented condiments using polymerase chain reaction and
matrix assisted laser desorption/ionization-mass spectrometry methods. International Journa of Food
Microbiology: Vol. 151, 3, 299-306.

TaaleE., Savadogo A., Zongo C., llboudo A. J. and Traore A. S. (2013). Bioactive molecules from bacteria strains.
case of bacteriocins producing bacteria isolated from foods. Current Research in Microbiology and
Biotechnology: Val. 1, 3, 80-88.

Uaboi-Egbenni P. O., Okolie P. N., Sobande A. O., Alao O., Teniola O. and Bessong P. O. (2009). Identification of
subdominant lactic acid bacteria in dawadawa (a soup condiment) and their evolution during laboratory-
scale fermentation of Parkia biglobosa (African locust beans). African Journal of Biotechnology: Val. 8, 25,
7241-7248.

Ukwuru M. U. and Ibeneme C. I. (2014). Biotechnological Properties of Microorganisms Isolated from Traditiona
Fermented Foods. Focusing on Modern Food Industry: Val. 3, 3, 9-18.

van Heel A. J, de Jong A., Montalban-Lépez M., Kok J. and Kuipers O. P. (2013). BAGEL3: automated
identification of genes encoding bacteriocins and (non-) bactericidal posttranslationally modified peptides.
Nucleic Acids Research: Vol. 41, W1, W448-W453.

Vandamme P., De Bruyne K. and Pot B. (2014). Phylogenetics and systematics. In: Holzapfel, W. H. and Wood,
B. J. B. (Eds.), Lactic Acid Bacteria: Biodiversity and Taxonomy. John Wiley & Sons, Ltd., New York, pp.
31-44.

Vandamme P., Pot B., Gillis M., De Vos P., Kersters K. and Swings J. (1996). Polyphasic taxonomy, a consensus
approach to bacterial systematics. Microbiological Reviews: Val. 60, 2, 407-438.

Woese C. R. (1987). Bacterial evolution. Microbiological Reviews: Val. 51, 2, 221.

Yarza P., Richter M., Peplies J., Euzeby J., Amann R., Schleifer K.-H., Ludwig W., Gléckner F. O. and Rossell6-
MéraR. (2008). The All-Species Living Tree project: A 16S rRNA-based phylogenetic tree of all sequenced
type strains. Systematic and Applied Micrabiology: Vol. 31, 4, 241-250.

Zouhir A., Hammami R., Fliss I. and Hamida J. B. (2010). A new structure-based classification of Gram-positive
bacteriocins. The Protein Journal: Vol. 29, 6, 432-439.

International Journal of Applied Biology and Pharmaceutical Technology Page: 94
Available online at www.ijabpt.com



http://www.ijabpt.com/

APPLIED BIOLOGY AND PHARMACEUTICAL TECHNOLOGY

» \ \ il < &
‘ [ » \ ‘ / e 7
/d - l X / v 7,

N \ / . ’ 7 y &

- A 4 W) 3 A~ wy / /
| == ¢ £ b . | &

L\ { /4 ; ™ J

D — -
>
4 . P //
(

Email : ijabpt@gmail.com Website: www.ijabpt.com
' T——



