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Complete sequence, comparative genomics and post-genome analysis of lactic acid bacteria
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Abstract. We present the complete genome sequences of two lactic acid bacteria (LAB), probiotic
Lactobacillus reuteri (2,039,414 bp) and non-probiotic Lactobacillus fermentum (2,098,685 bp), which share
obligately the heterofermentative property in glucose metabolism and have a phylogenetically closest relation.
The two genomes are compared with each other and with other lactobacilli exhibiting facultatively
heterofermentative and obligately homofermentative properties. A striking common feature of the two
lactobacilli is a lack of a gene encoding 6-phosphofructokinase essential for the Embden-Meyerhof-Parnas
(EMP) pathway, so that the pentose phosphate pathway is utilized in them. Furthermore, numerous mobile
elements in L. reuteri is found in the genomes. These data imply that a genetic plasticity-environment

relationship may account for the diversity between these lactobacilli.
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Fig. 1 Phylogenetic relationship of 8 Lactobacillales inferred from ribosomal protein amino

acid sequences.

Concatenated amino acid sequences of 48 ribosomal proteins obtained from the
eight sequenced Lactobacillales are aligned to measure the similarity between
each species. The scale bar represents the length of the branches. Sequences
were aligned with ClustalW, and an unrooted tree was generated with NJplot.
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Table 1 Comparative genomics of genus Lactobacillus

Genus Lactobacillus
Species plantarum Jjohnsonii acidophilus casel helveticus reuteri Sfermentum
Strain No. WCFS1 NCC 533 NCFM Shirotal) CcM4D JCM1112T IFO3956
Fermentative properties? FHete OHomo OHomo FHete OHomo OHete OHete
Genome size (bp) 3,308,274 1,992,676 1,993,564 3,035,753 2,028,493 2,039,414 2,098,685
G+C contents (%) 45.6 349 34.71 46.3 37.05 38.87 51.40
Coding density (%) 84.1 89.3 87.9 -- 83.57 83.6 80.4
No. of total ORFs 3,009 1,821 1,864 2,760 2,175 1,820 1,960
No. of plasmids 32 0 1% 0 0 0
RNA No. of tRNA 62 79 599 64 63 54

No. of tRNA operons 5 6 5 5 6 5
References 2) 3) Unpublished Unpublished This study This study

1) Unpublised genome data of L. casei Shirota and L. helveticus CM4.

2) Abbreviations of fermentative properties : obligately heterofermentative property; OHete, facultatively heterofermentative properties; FHete and obligately

homofermentative properties; OHomo.

3) L. plantarum pWCFS1 possessed three kinds of plasmid, and No. of total ORFs included ORFs in the plasmids.

Plasmid size (bpp)  G+C contents (%)
pWCFS101 1,917 39.49
pWCFS102 2,365 34.33
pWCFS103 36,069 40.83

No. of ORFs Coding density (%)

3 67
4 57
43 87

4) L. casei Shirota possessed one kind of plasmid and one phage, and No. of total ORFs included ORFs in the plasmids and the phage.

Plasmids and phage size (bp) G+C contents (%)
66,801 43.8
41,001 444

pLY101
Phage FSW
5) No. of tRNA in chromosome is 58.
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No. of ORFs Coding density (%) No. of tRNA
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49 1
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Fig. 2 Distribution of the G+ C content of three codons in ORFs in L. reuteri and L. fermentum

genomes.

The G+ C content at (a) the first codon, (b) the second codon and (¢) the third codon in
ORFs was plotted along the chromosomes of LR (red) and LF (blue). The regions showing
irregularly low G -+ C content in (c) are mainly due to IS elements encoding transposase, of
which the average G + C content is 44.2 % in LF.

Table 2 IS elements in the L. reuteri and L. fermentum

genomes
IS family No. of IS elements

L. reuteri L. fermentum
1S200-1S605 24 19
IS21 3 0
IS3 8 32
IS30 6 19
IS66 7 0
ISL3 2 7
ISNCY 5 0
IS256 0 27
1S982 0 1
IS6 0 1
Total 55 106

The analysis was performed using the IS database
(http://www-is.biotoul.fr/).
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