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Lactobacillus kefiranofaciens ZW3 was isolated in Tibet, China, from kefir grain, a traditional dairy product
that is known to provide many health benefits to humans. Here, we present the genome features of L.
kefiranofaciens ZW3 and the identification of a gene cluster related to the synthesis of exopolysaccharide, an

important constituent of the Tibetan kefir.

Kefir is a viscous, slightly carbonated dairy beverage (5)
which provides many health benefits (10, 14) and uses kefir
grain as the starter culture. The main beneficial effects are
believed to have derived from bacterially produced exopoly-
saccharides (EPS) (1, 8, 13). Lactobacillus kefiranofaciens is
one of the major microbial constituents of kefir grain that
forms highly viscous colonies (12, 18). L. kefiranofaciens ZW3
is a novel strain isolated from kefir grain collected in Tibet,
China. Among many outstanding characteristics, it exhibits a
strong ability to produce EPS (16). However, few studies have
reported the genomic information for L. kefiranofaciens, let
alone the complete genome. Here, we report the complete
genome sequences of L. kefiranofaciens ZW3, representing the
first genome of L. kefiranofaciens.

Whole-genome sequencing was performed using a combina-
tion of 454 sequencing technology (517,476 reads totaling
~96.732 Mb; ~45-fold coverage) and GA IIX Solexa high-
throughput sequencing (9,866,448 reads totaling ~986 Mb;
~460-fold coverage). Contigs were generated using Newbler
Assembler software (454 Life Sciences Corporation) and as-
sembled into scaffolds using paired-end reads. Physical gaps,
repeats, and assembly ambiguities were corrected by multiplex
PCR and ABI sequencing. Genome finishing was carried out
using the Phred/Phrap/Consed software package (3, 4, 6). Pro-
tein-coding genes were predicted by Glimmer and Genemark
(2). Artemis was used for final verification of the annotation
results (15).

The complete genome of ZW3 contains a single, circular chro-
mosome of 2,113,023 bp and two plasmids (pWW1 [194,769 bp]
and pWW?2 [46,296 bp]). The overall GC content of the chromo-
some is 37.70%, whereas the two plasmids have GC contents of
33.98% and 36.02%, respectively. This genome size is smaller
than that of Lactobacillus plantarum JDM1 (3.197 Mb) (20), Lac-
tobacillus casei BL23 (3,079 M) (9), Lactobacillus rhamnosus
ATCC 53103 (3,005 M) (11), and Lactobacillus casei Zhang
(2,861 M) (19) but slightly larger than the complete genomes of
Lactobacillus johnsonii F19785 (1,756 M) (17). The chromosome
contains 1,908 predicted protein-encoding sequences (CDSs), 60
tRNA-encoding genes, and 4 rRNA-encoding genes. Plasmids
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pWWI1 and pWW2 carry 199 and 55 predicted protein-encoding
sequences, respectively.

One of the most significant features of ZW3 is the ability to
produce high-yield EPS. The ZW3 genome carries a 14.4-kb
EPS gene cluster (WANG_1283 to WANG_1299), which con-
tains 17 EPS-related genes. These genes showed high similarity
to those which are involved in the regulation, polymerization,
chain length determination, and export of the EPS. Twelve of
these genes have some homologies with other Lactobacillus
species, including L. helveticus and L. amylovorus, etc. The
remaining 5 genes in the EPS gene clusters are uniquely pres-
ent in the ZW3 and regarded as the key enzymes to determine
the formation of unique EPS (7).

In conclusion, the genome sequence provides new avenues
to further explore gene-based functional and probiotic mech-
anisms of ZW3. In addition, comparative genomics analysis
and functional genomics analysis could also be carried out to
trace the origin and evolution of this bacterium.

Nucleotide sequence accession numbers. The Lactobacillus
kefiranofaciens ZW3 chromosome and plasmid pWW1 and
pWW?2 sequences have been deposited in GenBank under
accession numbers CP002764, CP002765, and CP002766.

This work was supported by a grant from the National High-Tech
Research and Development Program of China (863 program, project
no. 2011AA100904) and the Research Fund for the Doctoral Program
of Higher Education (grant no. 20091208110001).

We thank Tianjin Biochip Corporation for whole-genome se-
quencing.

REFERENCES

. Chabot, S., et al. 2001. Exopolysaccharides from Lactobacillus rhamnosus
RW-9595M stimulate TNF, IL-6 and IL-12 in human and mouse cultured
immunocompetent cells, and IFN-y in mouse splenocytes. Lait 81:683-697.

. Delcher, A. L., K. A. Bratke, E. C. Powers, and S. L. Salzberg. 2007. Iden-
tifying bacterial genes and endosymbiont DNA with Glimmer. Bioinformat-
ics 23:673-679.

. Ewing, B., and P. Green. 1998. Basecalling of automated sequencer traces
using Phred. II. Error probabilities. Genome Res. 8:186-194.

. Ewing, B., L. Hillier, M. Wendl, and P. Green. 1998. Basecalling of auto-
mated sequencer traces using Phred. I. Accuracy assessment. Genome Res.
8:175-185.

. Garrote, G. L., A. G. Abraham, and G. L. De Antoni. 2001. Chemical and
microbiological characterisation of kefir grains. J. Dairy Res. 68:639-652.

. Gordon, D., C. Abajian, and P. Green. 1998. Consed: a graphical tool for
sequence finishing. Genome Res. 8:195-202.

. Jolly, L., and F. Stingele. 2001. Molecular organization and functionality of
exopolysaccharide gene clusters in lactic acid bacteria. Int. Dairy J. 11:733—
745.

. Korakli, M., M. G. Ganzle, and R. F. Vogel. 2002. Metabolism by bifidobac-
teria and lactic acid bacteria of polysaccharides from wheat and rye, and



Vor. 193, 2011

10.

11.

12.

13.

exopolysaccharides produced by Lactobacillus sanfranciscensis. J. Appl. Mi-
crobiol. 92:958-965.

. Maze, A., et al. 2010. Complete genome sequence of the probiotic Lactoba-

cillus casei strain BL23. J. Bacteriol. 192:2647-2648.

McClue, P. P., and K. Shetty. 2005. Phenolic antioxidant mobilization during
yogurt production from soymilk using kefir cultures. Proc. Biochem. 40:
1791-1797.

Morita, H., et al. 2009. Complete genome sequence of the probiotic Lacto-
bacillus rhamnosus ATCC 53103. J. Bacteriol. 191:7630-7631.

Mukai, T., T. Toba, T. Itoh, and S. Adachi. 1990. Structural investigation of
the capsular polysaccharide from Lactobacillus kefiranofaciens K1. Carbo-
hydr. Res. 204:227-232.

Pigeon, R. M., E. P. Cuesta, and S. E. Gilliland. 2002. Binding of free bile
acids by cells of yogurt starter culture bacteria. J. Dairy Sci. 85:2705-2710.

. Rodrigues, K. L., L. R. Gaudino Caputo, J. C. Tavares Carvalho, J. Evan-

gelista, and J. M. Schneedorf. 2005. Antimicrobial and healing activity of
kefir and kefiran extract. Int. J. Antimicrob. Agents 25:404-408.

15.

16.

17.

18.

19.

20.

GENOME ANNOUNCEMENTS 4281

Rutherford, K., et al. 2000. 103 Artemis: sequence visualization and anno-
tation. Bioinformatics 16:944-945.

Wang, Y., Z. Ahmed, W. Feng, C. Li, and S. Song. 2008. Physicochemical
properties of exopolysaccharide produced by Lactobacillus kefiranofaciens
ZW3 isolated from Tibet kefir. Int. J. Biol. Macromol. 43:283-288.
Wegmann, U., et al. 2009. Complete genome sequence of Lactobacillus
Jjohnsonii FI9785, a competitive exclusion agent against pathogens in poultry.
J. Bacteriol. 191:7142-7143.

Yokoi, H., et al. 1991. Some taxonomical characteristics of encapsulated
Lactobacillus sp. KPB-167B isolated from kefir grains and characterization
of its extracellular polysaccharide. Int. J. Food Microbiol. 13:257-264.
Zhang, W., et al. 2010. Complete genome sequence of Lactobacillus casei
Zhang, a new probiotic strain isolated from traditional homemade koumiss
in Inner Mongolia, China. J. Bacteriol. 192:5268-5269.

Zhang, Z.-Y., et al. 2009. Complete genome sequence of Lactobacillus plan-
tarum JDML1. J. Bacteriol. 191:5020-5021.



