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Phylogenetic relations of living organisms can be
studied by comparing their genes and particular gene
regions encoding ribosomal RNA. Data on the com-
pletely or partially sequenced rRNA genes of various
microorganisms are deposited in international data-
bases and are available via the Internet. The nucleotide
sequences of ribosomal genes are widely used for tax-
onomic identification of bacteria [1, 2]. Relevant stud-
ies mostly use the nucleotide sequences of the small
(16S) subunit of rRNA, whose gene is smaller and,
hence, is less variable than that of the large (23S) rRNA
subunit.

16S rRNA gene sequences are often used for the
species identification of microflora in dairy products.
Since Streptococcus thermophilus is the only strepto-
coccal culture used as a starter in the production of fer-
mented dairy products in Russia, the present work was
aimed at studying the diversity of 16S rRNA gene
sequences in various representatives of the genus Strep-
tococcus in order to reveal intrageneric differences in
these sequences and to elucidate the possibility of using
this approach for the taxonomic identification of
closely related species of this genus.

The objects for investigation were the nucleotide
sequences of the 16S rRNA genes of ten typical repre-
sentatives of streptococci deposited in the NCBI data-
base.

The nucleotide sequences were analyzed using the
Vector NTI: ContigExpress program. The sequences
were aligned with the aid of the ClustalX program. The
Mega 2.1 program was used to perform phylogenetic
analysis, to construct dendrograms, and to calculate
genetic distances.

First of all, we searched the available databases for
the complete nucleotide sequences of the 16S rRNA
genes of the ten typical representatives of the genus
Streptococcus: S.  thermophilus ATCC 19258
(AY'188354), S. salivarius ATCC 7073 (AY188352),
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S. vestibularis ATCC 49124 (AY 188353), S. macedoni-
cus ACA-DC-206 (SMZ94012), S. bovis ATCC 27960
(AB002481), S. mitis ATCC 903 (AY281078), S. gor-
donii ATCC 10558 (AY485606), S. equines ATCC
9812 (AJ301607), S. oralis ATCC 35037 (AY485602),
and S. sanguinis ATCC 29667 (AY281085). These spe-
cies make up the viridans group of the genus Strepto-
coccus [3]. The nucleotide sequences that we found
were used for a comparative phylogenetic analysis. As
is evident from Fig. 1, the 16S rRNA gene sequences of
the streptococci under study fell into three clusters cor-
responding to three phylogenetic groups. The salivar-
ius group included three type strains of the species
S. thermophilus, S. salivarius, and S. vestibularis. The
bovis group also included three species (S. macedoni-
cus, S. bovis, and S. equinus) and the mitis group con-
tained four species (S. mitis, S. gordonii, S. oralis, and
S. sanguinis). The phylogenetic tree shown in Fig. 1
was constructed by the neighbor-joining method with
the aid of the Mega 2.1 program. To assess the reliabil-
ity of the branching points on the tree, the sequence
data were subjected to bootstrap analysis. As is evident
from the phylogenetic tree, the salivarius group
includes three very close species (S. thermophilus,
S. salivarius, and S. vestibularis). In the nucleotide
sequences of the 16S rRNA genes and phylogenetic
characteristics, this group is homologous to the bovis,
mitis, and angiosus groups of streptococci [3, 4].
According to the data of Kawamura et al., the degree of
homology of the 16S rRNA genes of the pairs S. ther-
mophilus—S. mitis and S. thermophilus—S. gordonii is
94.5 and 95.4%, respectively [3]. On the other hand,
Tsakalidou et al. reported that the degree of homology
of the 16S rRNA genes of the pairs S. thermophilus—
S. salivarius, S. thermophilus—S. bovis, and S. thermo-
philus—S. mitis is 99.0. 95.7, and 94.5%, respectively
[4]. All of these species are phenotypically close. This
fact does not allow their reliable taxonomic identifica-
tion without the use of additional approaches. The
homology of the complete nucleotide sequences of the
16S rRNA genes of the viridans group of the genus
Streptococcus with respect to the 16S rRNA gene of
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Fig. 1. Phylogenetic tree constructed on the basis of a comparative analysis of the nucleotide sequences of the 16S rRNA genes of

ten species belonging to the viridans group of the genus Streptococcus. The sequence data were subjected to bootstrap analysis.
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Fig. 2. Regions of the nucleotide sequences of the 16S rRNA genes of S. thermophilus, S. salivarius, and S. vestibularis containing

nucleotide substitutions.

S. thermophilus ranges from 96.1 to 96.4% for the
bovis group and from 95.3 to 96.2% for the mitis group.

The taxonomic status of S. thermophilus has long
remained the subject of debate. Some researchers pro-
posed to reclassify the species S. thermophilus into the
subspecies S. salivarius. The study of the degree of
relatedness between S. thermophilus and S. salivarius
by the DNA-DNA hybridization technique showed a
high similarity of their genomes (more than 80%). This
fact allowed Farrow and Collins [5] to unite these two
species into one, with the names S. salivarius and
S. salivarius ssp. thermophilus, respectively. Later,
however, S. thermophilus and S. salivarius were again
classified as two separate species, since closer exami-
nation of these species showed the DNA hybridization
level between them of to be no higher than 80% [6].
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According to our data, the degree of homology between
the 16S rRNA gene sequences of S. thermophilus and
S. salivarius is 99.8%, and that between the 16S rRNA
gene sequences of S. thermophilus and S. vestibularis is
99.6%. Such high values of homology are due to minor
differences between the 16S rRNA gene sequences of
S. thermophilus and S. salivarius (four substituted
nucleotides of the total 1540 bp and between the 16S
rRNA gene sequences of S. thermophilus and S. vestib-
ularis (six substitutions and one mononucleotide dele-
tion) (Fig. 2)).

The results of the phylogenetic analysis of the typi-
cal representatives of the genus Streptococcus (Fig. 1)
are in agreement with the results of the study of the
16S-23S rRNA internal transcribed spacers (ITSs) of
S. thermophilus and closely related streptococci



382

(S. macedonicus, S. salivarius, and S. bovis) [7]. In
spite of the fact that these four streptococci belong to
different phylogenetic groups (the salivarius and bovis
rRNA groups), their nucleotide sequences are highly
homologous. In the degree of similarity of their ITS
regions, the four species under study form two clusters,
one containing the species S. macedonicus and S. bovis
and the other containing the species S. thermophilus
and S. salivarius [7]. The nucleotide sequences of the
ITS regions of S. thermophilus and S. salivarius are
highly conservative and differ only in one mononu-
cleotide insertion (in S. thermophilus) of a total of
285 bp [8].

Most bacteria of the genus Streptococcus are patho-
genic to humans and animals [4, 9] and can cause such
infectious diseases as strangles in horses, mastitis in
cattle, scarlet fever and tonsillitis in humans, as well as
mixed infections (abscess, nephritis, polyarthritis, and
sepsis). The species S. agalactiae causes sepsis and
meningitis in newborns, S. mutans causes dental caries,
S. gordonii causes oral sepsis, and S. pyogenes causes
skin diseases. The members of the salivarius group dif-
fer in their habitats and pathogenicity. S. thermophilus
1s a lactic acid bacterium, various strains of which are
used as starters in the production of fermented dairy
products. S. salivarius inhabits the oral cavity of
humans and animals, causing dental diseases [10].
S. vestibularis also inhabits the oral cavity of humans;
however, this bacterium is not infectious [11]. The
close phylogenetic relationship of the streptococci from
the salivarius group poses the problem of their reliable
differentiation and identification, which can easily be
approached by determining the nucleotide sequences of
their 16S rRNA genes and 16S-23S rRNA ITS regions.

This work was supported by the President of the
Russian Federation, grant for young researchers
MK-1460.2005.4, and by the Russian Foundation for
Basic Research, grant no. 05-04-08032-ofi_a.

REFERENCES

1. Gutell, R.R., Larsen, N., and Woese, C.R., Lesson from
Evolving rRNA: 16S and 13S rRNA Structures from a

10.

11.

BOTINA et al.

Comparative Perspective, Microbiol. Rev., 1994, vol. 58,
pp- 10-26.

Ludwig, W. and Schleifer, K.-H., Phylogeny of Bacteria
beyond the 16S rRNA Standard, ASM News, 1999,
vol. 65, pp. 752-757.

. Kawamura, Y., Hou, X.-G., Sultana, F., Miura, H., and

Ezaki, T., Determination of 16S rRNA Sequences of
Streptococcus mitis and Streptococcus gordonii and Phy-
logenetic Relationships among Members of the Genus
Streptococcus, Int. J. Syst. Bacteriol., 1995, vol. 45,
pp. 406—408.

. Tsakalidou, E., Zoidou, E., Pot, B., Wassill, L., Ludwig, W.,

Devriese, L.A., Kalantzopoulos, G., Schleifer, K.H., and
Kersters, K., Identification of Streptococci from Greek
Kasseri Cheese and Description of Streptococcus mace-
donius sp. nov., Int. J. Syst. Bacteriol., 1998, vol. 48,
pp- 519-527.

. Farrow, J.A.E. and Collins, M.D., DNA Base Composi-

tion, DNA-DNA Homology and Long- Chain Fatty Acid
Studies on Streptococcus thermophilus and Streptococ-
cus salivarius, J. Gen. Microbiol., 1984, vol. 130,
pp- 357-362.

Schleifer, K.H., Ehrmann, M., Krusch, U., and Neve, H.,
Revival of the Species Streptococcus thermophilus (ex

Orla-Jensen, 1919) nom. rev., Syst. Appl. Microbiol.,
1991, vol. 14, pp. 386-388.

. Mora, D., Ricci, G., Guglielmetti, S., Daffonchio, D.,

and Fortina, M.G., 165-23S rRNA Intergenic Spacer
Region Sequence Variation in Streptococcus thermophi-
lus and Related Dairy Streptococci and Development of
a Multiplex ITS-SSCP Analysis for Their Identification,
Microbiology (UK), 2003, vol. 149, pp. 807-813.

Flint, S.H., Ward, L.J., and Brooks, J.D., Streptococcus
waius sp. nov., a Thermophilic Streptococcus from a
Biofilm, Int. J. Syst. Bacteriol., 1999, vol. 49, pp. 759-
767.

Yother, J., Trieu-Cuot, P., Klaenhammer, T.R., and
de Vos, W.M., Genetics of Streptococci, Lactococci, and

Enterococci: Review of the Sixth International Confer-
ence, J. Bacteriol., 2002, vol. 184, pp. 6085-6092.

Ruoff, K.L., Ferraro, M.J., Holden, J., and Kunz, L.J.,
Identification of Streptococcus bovis and Streptococcus
salivarius in Clinical Laboratories, J. Clin. Microbiol.,
1984, vol. 20, pp. 223-226.

Facklam, R.R., What Happened to the Streptococci:

Overview of Taxonomic and Nomenclature Changes,
Clin. Microbiol. Rev., 2002, vol. 15, pp. 613-630.

MICROBIOLOGY  Vol. 76  No.3 2007




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


