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Lactic Acid Bacteria

A heterogeneous group:

• Gram-positive

• Catalase-negative

• Non-spore forming

• Anaerobic bacteria

• Strictly fermentative with lactic acid as the key

metabolite



Occurrence of LAB

• Naturally found in dairy, meat, plant and cereal

fermentation environments

• Inhabitants in the GIT, the oral cavity, and the vaginal cavity

of humans and animals

• Most are commonly referred to as GRAS (Generally

Regarded As Safe)

• Some are pathogenic e.g. S. pneumoniae

• Are of great economic importance for the dairy and other

fermented food products



Applications of LAB

• Starter cultures

• Health promoting products (probiotics)

• Flavour, texture and food preservation



Overview of most important LAB genera



Phenotypic methods used for the

identification and delineation of LAB species

• Determination of carbohydrate fermentation

• Enzyme patterns

• Fatty acid analysis

• Determination of cell wall structure

• SDS-PAGE analysis of whole-cell proteins



• Labour-intensive

• Variations within species and variations between laboratories

• Low taxonomic resolution

Limitations of the phenotypic methods



Genotypic methods



Limitations of the genotypic methods

Genomic fingerprinting methods

• Lack data portability and low inter-laboratory

reproducibility

The 16S rRNA gene

• Often lacks resolution when compared with DNA-DNA

hybridization

DNA-DNA hybridization

• It is the slowest and the most labour-intensive step in the

species description



Complete genome sequencing of LAB

Lb. plantarum WCFS1
(Kleerebezem et al., 2003) (3,308,274 bp)

Lc. lactis IL 1403
(Bolotin et al., 2001) (2,365,589 bp)
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Why choose multilocus sequence analysis?



• Genotypic characterization using the allelic mismatches

of housekeeping genes (internal fragments ~ 450 bp)

• Allows definition of strains within named species

(typing at intraspecis level)

• Population and molecular epidemiological studies

Multilocus sequence typing (MLST)



In silico studies based on complete genomes

Sequences from housekeeping genes

accurately predict genome relatedness

Species identification

Development of MLSA schemes

Multilocus sequence analysis (MLSA)



Multilocus sequence analysis (MLSA)

MLSA is a polygenic scheme that compares the partial
DNA sequences from multiple conserved protein coding
loci for assessing the diversity and relation of different
isolates across related taxa (i.e. identification at species level).



• A single-gene approach may lead to inaccurate estimation

of genomic relatedness at species level

• MLSA provides a buffer against the distorting effects of

recombination and horizontal gene transfer at a single locus

• Different genes have different discriminatory powers

Why multiple genes?



• Show a wider sequence variation

• More rapidly evolving than the more conserved 16S rRNA

genes

Why protein-coding genes?



• Present in single-copy

• Widely distributed among bacterial genomes (at least in the

taxon under study)

• Genes in which recombination might confer a selective

advantage, or closely linked genes should be avoided

• Contain a sufficient amount of resolution (neither be too

conserved nor too variable)

The selection criteria of candidate genes to be included in MLSA



The genes encoding

• Phenylalanyl-tRNA synthase alpha subunit (pheS, 1100bp)

• RNA polymerase alpha subunit (rpoA, 1000bp)

• ATP synthase alpha subunit (atpA, 1500bp)

Three core housekeeping genes present in LAB



• Evaluation of the contribution of MLSA to the species

delineation and identification in LAB,  particularly the genera

Enterococcus, Lactobacillus and Streptococcus

• Provide rapid, electronically portable, highly reproducible

and inexpensive genomic markers that serve as valuable

alternative(s) to 16S rRNA gene sequencing

The main goal of this study



Evaluation of MLSA to LAB species delineation
and identification

Selection of protein-coding genes

Evaluations

Technical TaxonomicBioinformatic
analysis: TaxonGap

Enterococcus Lactobacillus
35 species/ 119 strains 100 species/ 203 strains

Streptococcus
60 species/152 strains

pheS rpoA atpA



• Oligonucleotide primer design

• PCR optimization

• DNA amplification and sequencing

• Sequence analysis: BioNumerics

Methodology



Oligonucleotide primer design

• rpoA, pheS and atpA gene sequences of LAB from

publicly available data of whole-genome sequence projects

• Kodon program



Oligonucleotide primer design



PCR optimization

• Different primer combinations for each gene (4-6)

• Different annealing temperatures (42-60°C)

• Different MgCl2 concentrations (1-4 µM)



• Amplification of target genes by PCR

• Dideoxy-termination sequencing reactions using

internal and/or amplification primers

• pheS (382-455 nt), rpoA (402-694 nt) and atpA (611-1102 nt)

DNA amplification and sequencing





Construction of pheS, rpoA and atpA databases

Sequence analysis: BioNumerics



RESULTS

• Interpretation of MLSA data: TaxonGap

• Intraspecies variation

• Interspecies gaps

• Congruency of MLSA data with 16S rRNA gene

• Description of new taxa

• Reclassifications



• The intraspecies diversity represents the maximum

sequence distance among strains of the species

• The TaxonGap represents the minimum distance between

a species A and its closest neighbour species B

Interpretation of MLSA data: TaxonGap



• Based on a pairwise distance matrix derived from the aligned

sequences for all investigated strains

• Subsequently calculates the intraspecies and interspecies

variations of the genes in the MLSA scheme

Interpretation of MLSA data: TaxonGap









Intraspecies variation

• The rpoA, atpA, and pheS gene sequence analyses provided

an intraspecies variation 1-3%

• Strains of same species had a high degree of homogeneity



The interspecies variations between individual species and
the nearest neighbour using TaxonGap software

Interspecies gaps

• Enterococcus: 12.75%, 2.7%, 7.5% pheS, rpoA, atpA

• Lactobacillus: 6.7%, 3% pheS, rpoA

• Streptococcus: 2%, 1.3%, 1.5% pheS, rpoA, atpA

Compared to 0.23-0.26% 16S rRNA gene!



The ability of a specific gene to recognize the 16S rRNA gene –
based species groups, varies among the investigated genera

Congruency of MLSA data with 16S rRNA gene

The genus Enterococcus

Both atpA and rpoA genes are congruent to 16S rRNA gene,

whereas the pheS gene shows no congruency

The genus Lactobacillus

Both pheS and rpoA exhibit species clustering mostly

correlated with 16S rRNA gene



The genus Streptococcus

Occupies an intermediate position where the pheS gene

is the mostly correlated with 16S rRNA gene. Other loci

show less congruency

Congruency of MLSA data with 16S rRNA gene



Description of new taxa

• MLSA data is shown to be an efficient screening method

for the detection of novel taxa

• In this study, seven novel species were initially detected

by sequence analysis of gene(s) included in the MLSA

scheme

• Further phenotypic and genotypic data confirmed the

MLSA data



Description of new taxa



Reclassifications



• MLSA data can be used as reliable tools for the identification

of clinical and environmental species of the genera

Enterococcus, Lactobacillus and Streptococcus

• The use of partial sequences of pheS, rpoA and atpA genes

provides a rapid and low cost tool for species identification

• The sequencing of housekeeping loci provides unambiguous,

electronically portable and highly reproducible data

CONCLUSIONS



• pheS, rpoA and atpA loci  are informative in more than one

group and provide tools for broader comparisons

• TaxonGap provides a straightforward evaluation of

the discriminatory power of the genes in the MLSA scheme

CONCLUSIONS



The construction of a central curated database in which

MLSA data of LAB can be stored and freely accessed online

FUTURE PERSPECTIVES



• The present MLSA scheme paved the way to extend the
study of other LAB genera using pheS, rpoA, and atpA gene
sequences

• All Leuconostoc, Fructobacillus, Lactococcus, Weisella,
Oenococcus, and Pediococcus species are clearly delineated
based on MLSA scheme. (De Bruyne, K. 2009. Ghent
University, Belgium)

• The available pheS, rpoA, and atpA gene sequence data
have already been used to identify isolates from raw milk,
different food fermentations
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