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Abstract. We determined the complete genome sequences of Lactobacillus reuteri JCM 11127,
Lactobacillus fermentum IFO 3956, Lactococcus garvieae (a toxic strain for yellowtail), Lactococcus garvieae
(a non-toxic strain for yellowtail) and Lactobacillus rhamnosus. The genome analysis of Bifidobacterium
breve, Bifidobacterium bifidum and Bifidobacterium catenulatum is on going. Probiotics are live
microorganisms that confer health benefits on the host. The probiotic L. reuteri and non-probiotic L. fermentum
are phylogenetically closest to L. reuteri in the Lactobacillus. To elucidate the molecular basis on the probiotic
property exhibited by L. reuteri, comparative analysis of both genomes showed that L. reuteri harbored the
unique 48 kb genomic island containing the genes necessary for the biosynthesis of a reactive 3-
hydroxypropionaldehyde (reuterin), which may influence the microflora balance in the gut. We identified three
genes (LR1633-LR1635) with a glycerol dehydratase subunit motif (PFAM PF02286-PF02288) in the L.
reuteri genome. These genes are designated gupCDE (glycerol utilizing enzymes) in this study. The gupCDE
knock-out L. reuteri (L. reuteri A gupCDE) was obtained, and the reuterin synthesis will be conducted by
glycerol dehydratase in the glycerol metabolism in vivo by the gnotobiotic mice mono-associated with L.
reuteri and L. reuteri A gupCDE.
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Fig. 1 Phylogenetic tree based on 16S rRNA gene sequence analysis, depicting the phylogenetic relationship among species of the
genus Lactobacillus. The tree is representative of different trees obtained with distance matrix and maximum likelihood
analysis. Bar indicates number of nucleotide substitution per site.
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Fig. 2 Phylogenetic tree based on 16S rRNA gene sequence analysis, depicting the phylogenetic
relationship among species of the genus Bifidobacterium. The tree is representative of different trees
obtained with distance matrix and maximum likelihood analysis. Bar indicates number of nucleotide

substitution per site.
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Table 1 Complete genome sequence of lactobacilli, lactococci and bifidobacteria

Species Strain Accession No. Reference
Lactobacillus plantarum WCFS1 AL935263 5
Lactobacillus johnsonii NCC533 AE017198 6
Lactobacillus acidophilus NCFM CP000033 7
Lactobacillus sakei subsp. sakei 23K CR936503 8
Lactobacillus delbrueckii subsp. bulgaricus ATCC11842 CR954253 9
Lactobacillus salivarius subsp. salivarius UCC118 CP000233 10
Lactobacillus delbrueckii subsp. bulgaricus ATCC BAA-365 CP000412.1 11
Lactobacillus gasseri ATCC 33323 CP000413.1 11
Lactobacillus brevis ATCC 367 CP000416.1 11
Lactobacillus casei ATCC 334 CP000423.1 11
Lactobacillus reuteri JICM 1112T (finishing) This study
Lactobacillus fermentum IFO 3956 (finishing) This study
Lactobacillus rhamnosus --- (finishing) This study
Lactococcus garvieae (non-toxic strain for yellowtail) --- (finishing) This study
Lactococcus garvieae (toxic strain for yellowtail) - (finishing) This study
Bifidobacterium longum NCC2705 AEO014295 12
Bifidobacterium adolescentis ATCC 15703 AP009256 In press**)
Bifidobacterium breve _— (on going) This study
Bifidobacterium bifidum - (on going) This study
Bifidobacterium catenulatum — (on going) This study

*) Including on going project.

**) Suzuki, et al. of Gifu University, personal communication.
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Phred/Phrap i L 5 7 vty TNk, T/ TF—va v
{Z GenomeGambler (MKIft) & &0V 7 MZX AT
2776

L. reuteri @ glycerol dehydratase H1L, Yamanishi
et al? OFETHE L 720 F72, plL253 DL Y 2T
<A ¥ VEIETF-% BV 72 double crossover D ¥ AT LY
W& 0 L. reuteri AgupCDE 1B L, HBONTE
BRPLAR7S, PCRIEL T A T YEARIZED L.
reuteri 2 gupCDERETH 5 Z & wFERR L 720

3. BWREER

Table 1O EBY, K7y Y =7 bTIE, L reuteri
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Table 2 The glycerol dehydratase activity in E. coli of DNA cloned from L. reuteri JCM 11127

Cell extract Insert DNA @ Recipient Medium Siﬁii:gl(gzﬁ}slc}rj:::;) b
Control No insert BL21 (DE3) RIL LB broth <0.1

Clone 1 gupCDE of L. reuteri ~ BL21 (DE3) RIL LB broth 4.97x1.11
Clone 2 gupC of L. reuteri BL21 (DE3) RIL LB broth <0.1

Clone 3 gupD of L. reuteri BL21 (DE3) RIL LB broth <0.1

Clone 4 gupE of L. reuteri BL21 (DE3) RIL LB broth <01

L. reuteri - — MRS broth 250

a) The recombinant plasmid was constructed by cloning the fragments amplified by PCR from L. reuteri
JCM 11127 genomic DNA into a vector pET101/D-TOPO (Invitrogen Co.), and the insert was confirmed
by DNA sequencing. The cloning step was performed in Chemically Competent E. coli TOP10 (Invitrogen

Co.) and the expression experiments were conducted in E. coli BL21-CodonPlus (DE3)-RIL Competent

Cells (Stratagene Co.) in the presence of isopropyl 1-thio-b-D-galactoside (IPTG).

b) The cell extracts were prepared in a total volume of 1.0 ml solution containing 0.2 M glycerol 0.05 M KCl,
0.035 M phosphor-potassium buffer (pH 8.0) and 15 ¢ M adenosylcobalamine. The dehydratase activity
was determined at 37°C for 10 min by the 3-methyl-2-benzothiazolinonehydrazone (MBTH) method by
Yamanishi et al. [2]. The activity of all clones was obtained from the same experiments performed 3 times.

All experiments were performed using the DNA cloned in pET101 except the experiment for L. reuteri

JCM 11127
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Fig. 3 Agarose gel electrophoresis of PCR products of gupCDE gene in L. reuteri genome for
elucidating a double-crossover event of a integration system.
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Fig. 4 Agarose gel electrophoresis of EcoR | or Hind Il digested
PCR products of 4 gupCDE gene in L. reuteri genome.
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