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Lactobacillus rhamnosus is a facultatively heterofermentative lactic acid bacterium and is frequently isolated
from human gastrointestinal mucosa of healthy individuals. L. rhamnosus ATCC 53103, isolated from a healthy
human intestinal flora, is one of the most widely used and well-documented probiotics. Here, we report the
finished and annotated genome sequence of this organism.

The complete genome sequence of Lactobacillus rhamnosus
ATCC 53103 was determined by a whole-genome shotgun
strategy with the Sanger method. Genomic libraries containing
2-kb inserts were constructed and sequenced, and 39,936 se-
quences were generated, giving 8.6-fold coverage from both
ends of the genomic clones. Sequence reads were assembled
with the Phred-Phrap-Consed program (2). Remaining gaps
between contigs were closed by direct sequencing of clones.
Prediction and annotation of protein-coding genes were per-
formed as described previously (5).

The genome of L. rhamnosus ATCC 53103 consists of a
circular 3,005,051-bp chromosome containing 2,834 predicted
protein-coding genes and has no plasmid. Of all predicted
protein-coding genes, we could assign 1,939 (68%) to known
functions, 610 (22%) as conserved hypothetical genes, and 285
(10%) as novel hypothetical genes. This strain has a relatively
high number of proteins involved in carbohydrate and amino
acid metabolism and transport and defense mechanisms,
compared with other sequenced intestinal lactobacilli. The
genome encodes 28 complete phosphoenolpyruvate-carbo-
hydrate phosphotransferase-type transporter systems (PTSs)
and 25 putative glycosyl hydrolases, which are classified into 12
different carbohydrate-active enzyme families (http://www.cazy
.org/). Of the 12 families, alpha-L-fucosidase (GH29) and al-
pha-mannosidase (GH38) are not found in other sequenced
intestinal lactobacilli. Of the 28 PTSs, 12 are encoded by genes
adjacent to glycosyl hydrolase genes and transcriptional regu-
lator genes, allowing localized transcriptional control. This or-
ganism carries 22 multidrug ABC transporters, eight antimi-
crobial peptide ABC transporters, and seven beta-lactamases,
suggesting its broad range of antibiotic resistance. The ge-
nome contains 17 complete two-component regulatory sys-
tems, which are most abundant among sequenced lactobacilli.

Of the 17 sensor-responder pairs, 1 appears to be potentially
associated with bacteriocin production, and 7 are located ad-
jacent to genes for multidrug ABC transporters. Furthermore,
the genome contains �90 putative transcriptional regulators.

As expected, extensive similarity at the sequence level is
observed between L. rhamnosus ATCC 53103 and its closely
related strain Lactobacillus casei ATCC 334 (4), with overall
genome synteny. However, a reciprocal BLASTP search re-
veals 755 (27%) protein-coding genes that are present in L.
rhamnosus ATCC 53103 but absent in L. casei ATCC 334.
These include six carbohydrate utilization gene clusters, which
contain the genes for PTSs, glycoside hydrolases, transcrip-
tional regulators, and other carbohydrate-related proteins.
Four of the six gene clusters are completely or partially present
in L. casei BL23 (GenBank accession no. FM177140), suggest-
ing that these gene clusters may have been lost in the lineage
to L. casei ATCC 334. Thus, the genes specific to L. rhamnosus
ATCC 53103 may reflect niche differences between L. rham-
nosus ATCC 53103 (a human isolate) and L. casei ATCC 334
(a cheese isolate), suggesting that L. rhamnosus ATCC 53103
may have newly acquired these carbohydrate utilization pro-
teins to adapt to the human gastrointestinal tract.

The genome has three gene clusters (LRHM_0182 to
LRHM_0184, LRHM_0555 to LRHM_0564, and LRHM_1699
to LRHM_1702) encoding proteins with a C-terminal WxL do-
main, which attaches to the peptidoglycan on the cell surface (1).
The proteins with the WxL domain are present together with the
proteins having the DUF916 domain (Pfam PF06030) of un-
known function and the small proteins with the LPXTG-like
sorting motif, and their gene organizations are similar to that in L.
plantarum WCFS1 (6). The WxL protein cluster is not found in
other sequenced intestinal lactobacilli. The proteins LRHM_1529
(3,275 amino acids; the largest protein encoded by this genome)
and LRHM_2193 (1,653 amino acids) contain imperfect repeats
consisting of serine and alanine. The genes for both proteins
could encode mucin-like cell surface adhesives, because both
genes are located adjacent to glycosyltransferase genes (7). The
presence of genes encoding proteins for a diverse number of
fermentable sugars, a variety of cell surface adherence proteins,
bacteriocin biosynthetic proteins (LRHM_2289 to LRHM_2312),
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and bile salt hydrolase (LRHM_0484) is likely to contribute to the
organisms’ gastric survival and promote interactions with the in-
testinal mucosa and microbiota.

During the preparation of this article, the genome sequence
(3,010,111 bp) of L. rhamnosus GG, the original strain of L.
rhamnosus ATCC 53103, was deposited in a public database
(GenBank accession no. FM179322) (3). The genome of L.
rhamnosus ATCC 53103 is 5 kb shorter than that of L. rham-
nosus GG. Furthermore, an alignment analysis of both genome
sequences shows that the 8.9-kb region (genome coordinates
618415 to 627294) of L. rhamnosus ATCC 53103 is inverted.

Nucleotide sequence accession number. The sequence data
for the L. rhamnosus ATCC 53103 genome are available in
DDBJ/GenBank/EMBL under accession no. AP011548.
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