
 

ISSN 0026-2617, Microbiology, 2008, Vol. 77, No. 3, pp. 251–260. © Pleiades Publishing, Ltd., 2008.
Original Russian Text © A.V. Sidarenka, G.I. Novik, V.N. Akimov, 2008, published in Mikrobiologiya, 2008, Vol. 77, No. 3, pp. 293–302.

 

251

 

Bacteria of the genus 

 

Bifidobacterium

 

 occur in the
oral cavity and intestinal tract of humans, warm-
blooded animals, and insects, as well as in wastewater.
Bifidobacteria are a component of natural microflora of
human and animal intestines. They colonize gas-
trointestinal tracts of newborn children in the first few
days after birth and amount to 99% of the intestinal
microflora of a healthy infant. With age, the quantity of
bifidobacteria decreases and they rank third after

 

Eubacterium

 

 and 

 

Bacteroides

 

 [1, 2]. The important role
of bifidobacteria as a component of normal intestinal
microflora of humans and animals has resulted in a sig-
nificant increase in scientific interest in this genus and
has served to intensify research into the biology of
these microorganisms [3, 4].

The use of bacteria of the genus 

 

Bifidobacterium

 

 as
probiotics requires the development and application of
prompt, accurate, and convenient methods for detection
and identification of these microorganisms in foods and
for studying the composition of natural populations of
bifidobacteria in human and animal intestines. At
present, there is a numbers of reviews on the molecular
methods of identification and detection of probiotic
microorganisms [5–8]; however, only one review is

devoted to the application of these methods to bifido-
bacteria [9].

Our review pursues this issue and gives much more
attention to specific features of using molecular me-
thods for accurate generic- and species-level classifica-
tion of bifidobacteria, which is the basis of their effec-
tive identification.

 

History of the Systematics of Bifidobacteria

 

Bifidobacteria were first isolated from the feces of
an infant and described in 1900 under the name of

 

Bacillus bifidus communis

 

 [10]. In 1924, Orla-Jensen,
who was the first to use biochemical methods for char-
acterizing bifidobacteria, referred this group of micro-
organisms to an independent genus, 

 

Bifidobacterium

 

,
which, in his opinion, formed a connecting link
between lactic-acid and propionic acid bacteria [11].

Up to the middle of the 20th century, bifidobacteria
had changed their generic affiliation several times.
They were referred to the genera 

 

Bacillus, Lactobacil-
lus, Bacteroides

 

, and 

 

Actinomyces

 

 [12, 13]. Frequent
reclassification was due to predominance of morpho-
logical or physiological–biochemical criteria for
describing generic level taxa and to pronounced pleo-
morphism of bifidobacteria. Since the early 1940s up to
the 1960s, bifidobacteria were most often considered
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within the genus 

 

Lactobacillus

 

 under the species name

 

L. bifidus

 

 [12] because of the similar morphological
and cultural characteristics of these genera. Bifidobac-
teria are gram-positive, nonmotile, non-spore-forming
rods of variable shape and size. They require complex
organic media for their cultivation. Members of the
genus 

 

Bifidobacterium

 

 are traditionally referred to
anaerobic microorganisms, although sensitivity to oxy-
gen varies between different species and even strains.
The optimal growth temperature for most bifidobacte-
rial strains isolated from humans is 

 

37–40°ë

 

, whereas
the temperature optimum for bacteria isolated from the
intestines of animals is a bit higher, 

 

41–43°ë

 

. The opti-
mal pH value varies within 6.5–7.0 [3, 12, 14–16].

Studies in 1965–1967 resulted in the discovery of a
unique enzyme, fructose-6-phosphate phosphoketolase
(P6PPK), and of the hexose–fructose-6-phosphate
shunt, a catabolic pathway characteristic of bifidobac-
teria only [17, 18]. To date, P6PPK is one of the key cri-
teria for differentiating the genus 

 

Bifidobacterium

 

 from
other genera, because only the phylogenetically close
genus 

 

Gardnerella

 

 is also characterized by the presence
of this enzyme [19]. One more distinguishing feature of
bifidobacteria has been revealed: the ability to ferment
hexoses with the formation of lactic and acetic acids in
a molar ratio of about 2 : 3 and without production of
carbon dioxide [13]. At the same time, it has been
shown that bifidobacteria considerably differ from
members of the genus 

 

Lactobacillus

 

 in the G+C content
of DNA [20].

The 1960s–1980s was a period of explosive growth
in chemotaxonomic studies of microorganisms, which
showed that many genera of gram-positive bacteria,
actinomycetes in particular, are characterized by spe-
cific compositions of cell walls, phospholipids, fatty
acids, and menaquinones [21]. Unfortunately, the data
on chemotaxonomic characteristics of bifidobacteria
are fragmentary, because their determination is not
required for the description of new species of this
genus. Nevertheless, the integrity of available data sug-
gest that representatives of the genus 

 

Bifidobacterium

 

are characterized by a type VIII cell wall (ornithine as
a typical component), PI-type phospholipids (absence
of nitrogen-containing phospholipids as a distinctive
feature), and unbranched saturated and monounsat-
urated fatty acids with an even number of carbon atoms
in the chain [21, 22]. The structure of peptidoglycan
may vary insignificantly among strains of the genus

 

Bifidobacterium

 

, which is also typical of other genera of
gram-positive bacteria; however, these variations are
usually not used for intrageneric (species) differentia-
tion due to the difficulties in their determination.

Thus, the independent generic status of bifidobacte-
ria was beyond question by the end of the 1960s, and
the genus 

 

Bifidobacterium

 

 Orla-Jensen 1924 with 11
comprising species was approved in 1974 in the 8th
edition of Bergey’s Manual [23].

At present, the genus 

 

Bifidobacterium

 

, represented
by 29 species, is referred to the family 

 

Bifidobacteri-
aceae

 

, which also includes the monotypic genera

 

Aeriscardovia

 

, 

 

Gardnerella

 

, 

 

Parascardovia

 

, and 

 

Scar-
dovia

 

 [24].

It has been thought for a long time that the genus

 

Bifidobacterium

 

 is represented by only one species,

 

B

 

. 

 

bifidum

 

, highly variable in many characteristics.
Only in 1957 were five groups of uncertain taxonomic
status distinguished within this genus based on the abil-
ity of bifidobacteria to ferment different carbohydrates
[25]. These studies initiated the discovery of numerous
biotypes of 

 

Bifidobacterium

 

, which later became a basis
for describing species and subspecies. In 1963, a clas-
sification scheme for bifidobacteria was developed that
took into account not only sugar fermentation profiles
but also serological properties of these microorgan-
isms. Several species were proposed, of which 

 

B

 

. 

 

ado-
lescentis

 

, 

 

B

 

. 

 

breve

 

 and 

 

B

 

. 

 

longum

 

 still persist [24, 26].
The species 

 

B

 

. 

 

animalis

 

 was described in 1969; its
strains were isolated from animals. Until that time, the
genus 

 

Bifidobacterium

 

 included only strains isolated
from humans. It was shown that strains of human and
animal origin were clearly different in the optimal
growth temperature and the pattern of carbohydrate fer-
mentation [27].

Studies by Scardovi, who was the first to use the
DNA–DNA hybridization method in the study of bifi-
dobacteria, contributed particularly to the development
of taxonomy of the genus 

 

Bifidobacterium

 

. His research
initiated serious attempts to substantiate the taxonomic
position of this group of microorganisms on the basis of
not only phenotypic but also genotypic characteristics.
Taking into consideration the DNA–DNA hybridiza-
tion data, Scardovi proposed six new species in addi-
tion to those described earlier [28]. A detailed scheme
for classification and identification of bifidobacteria on
the basis of phenotypic characteristics was presented
in 1972 in the 

 

Anaerobic Laboratory Manual

 

 [12, 29].

The last of the species of the genus 

 

Bifidobacterium

 

described to date is 

 

B

 

. 

 

psychraerophilum

 

 [16]. The spe-
cific features of this microorganism are demonstrated
by its species name: it can grow on the surface of solid
media under aerobic conditions at 

 

4°ë

 

. We can cer-
tainly expect the emergence of novel bifidobacterial
cultures with atypical and even unusual properties.
Molecular methods will play a key role in correct deter-
mination of their taxonomic status.

For a long time, identification of bifidobacteria was
based on such phenotypic characteristics as cell mor-
phology, the ability to grow at different temperature and
pH values, fermentation of different carbohydrates and
alcohols, nutritional requirements, etc. However, phe-
notypic identification of members of the genus 

 

Bifido-
bacterium

 

 is difficult due to the intraspecies variability
of differentiating physiological–biochemical character-
istics [30, 31]. In addition, many morphological, cul-
tural, and physiological–biochemical properties of bifi-
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dobacteria greatly depend on the composition of the
medium, cultivation conditions, culture age, and some
other factors [12, 14, 32]. The key characteristics for
differentiation of bifidobacterial species are usually the
ability to ferment L-arabinose, D-xylose, D-mannose,
salicin, D-mannitol, D-sorbitol, and D-melezitose [33].
However, the ability of bifidobacteria to ferment partic-
ular carbohydrates is a characteristic rather of a strain
than of a species and therefore precise identification of
bifidobacterial species based solely on carbohydrate
fermentation is highly complicated [5, 30, 31, 34–36].
At the same time, determination of the final products of
glucose fermentation by gas–liquid chromatography is
a reliable method for differentiation of bifidobacteria
from other related genera [37]. Electrophoretic analysis
of 

 

β

 

-galactosidase isoenzymes makes it possible to dif-
ferentiate the strains of 

 

B

 

. 

 

bifidum

 

, 

 

B

 

. 

 

breve

 

, 

 

B

 

. 

 

longum

 

,
and 

 

B

 

. 

 

animalis

 

 from other bifidobacterial species [38].

 

Molecular Methods in Classification 
of Bifidobacteria

 

The modern systematics of prokaryotic organisms is
phylogenetic, since the hierarchic systems of classifica-
tion in bacterial and archaeal domains, as well as sub-
stantiation of these domains, are primarily based on
comparative analysis of nucleotide sequences of the
16S rRNA gene, coding for a molecule conservative in
its structure and function [39]. The suprageneric taxo-
nomic structure of bifidobacteria was proposed in 1997
[40] based on the description of clusters formed in the
phylogenetic tree of actinobacterial 16S rRNA genes
[41]. The genera 

 

Bifidobacterium

 

 and 

 

Gardnerella

 

,
which form a phylogenetic cluster, comprised a single
family 

 

Bifidobacteriaceae

 

 of the order 

 

Bifidobacteri-
ales

 

, included in the class 

 

Actinobacteria

 

 (gram-posi-
tive bacteria with a high content of G+C pairs in DNA).
The diagnosis of the order 

 

Bifidobacteriales

 

 and family

 

Bifidobacteriaceae

 

 is based exclusively on signatures,
i.e., positions in the 16S rRNA gene sequence that are
different in composition from those in representatives
of taxa of the same rank. Signatures of the order 

 

Bifido-
bacteriales

 

 and the family 

 

Bifidobacteriaceae

 

 were
claimed to be 18 nucleotide positions located between
positions 122 and 1326 of the 16S rRNA gene [40]. The
topology of the phylogenetic tree and the composition
of signatures differentiating suprageneric taxa may sig-
nificantly change as a result of the description of new
species and genera; however, the suprageneric taxo-
nomic structure of the class 

 

Actinobacteria

 

 has not
undergone any revision in the past decade. This “nonbi-
ological” method of distinguishing most suprageneric
taxa of bacteria and archaea is actively being discussed,
by scientists but is not analyzed in this review.

The figure shows phylogenetic positions of all taxa
currently included in the family 

 

Bifidobacteriaceae

 

. The
species 

 

Aeriscardovia

 

 

 

aeriphila

 

 (formerly 

 

Bifidobacte-
rium

 

 

 

aerophilum

 

), 

 

Parascardovia

 

 

 

denticolens

 

 

 

(“

 

Bifido-
bacterium

 

 

 

denticolens

 

”), and S

 

cardovia

 

 

 

inopinata

 

 (“

 

Bifi-

dobacterium

 

 

 

inopinatum

 

”)

 

 are separate phylogenetic
branches with 16S rRNA similarity levels of about
90%. As a result of separate phylogenetic positions of

 

B

 

. 

 

aerophilum

 

”, “

 

B

 

. 

 

denticolens”

 

, and “

 

B. inopinatum”
which follows from the analysis of nucleotide
sequences of 16S rRNA genes and hsp60 genes (coding
for heat shock protein HSP60), as well as from the con-
tents of G+C pairs in the DNAs, these species were
removed from the genus Bifidobacterium and three new
genera were described within the family Bifidobacteri-
aceae [16, 42]. At the same time, no significant
(generic-level) phenotypic or ecophysiological differ-
ences have been revealed between representatives of
these three new genera (Aeriscardovia, Parascardovia,
Scardovia) and Bifidobacterium. The problem of con-
gruence of genotypic and phenotypic criteria of taxa
differentiation, attempts to solve which have been made
in the framework of polyphasic taxonomy, remains
extremely relevant for bifidobacteria. The genus Bifido-
bacterium contains several more subclusters with a 16S
rRNA similarity level of about 90%; on the basis of
their separate phylogenetic positions, they can also be
considered potential new taxa of the generic level (see
figure). The new taxa established based solely on phy-
logenetic markers are easily identified on the basis of
the same markers, and this is probably the only indis-
putable argument in favor of the appropriateness of the
proposed descriptions of these taxa.

One of the first molecular-genetic approaches that
showed the phylogenetic distance of bifidobacteria
from the group of lactic-acid bacteria, to which they
had been traditionally referred, was determination of
the G+C content in DNA. It was found that the G+C
content in the DNA of bifidobacteria was 55–67 mol %,
which allowed these microorganisms to be considered
actinobacteria, whereas the group of lactic-acid bacte-
ria proved to be close to the groups of clostridia and
bacilli in their low G+C content (<55%) [43, 44].

The method of DNA–DNA hybridization is the
“gold standard” in the differentiation of species-level
taxa of bacteria and archaea. It is accepted that strains
with the 10–60% level of DNA–DNA hybridization
may belong to the same genus and those with the 70–
100% level of DNA–DNA hybridization may be con-
sidered members of the same species. The 70% level of
DNA–DNA hybridization corresponds to approxi-
mately 97% similarity in 16S rRNA gene sequences
[45]. The method of DNA–DNA hybridization, used in
the systematics of bifidobacteria for the first time by
Scardovi in 1970, made a significant contribution to the
establishment of the genus Bifidobacterium as an inde-
pendent taxonomic unit and to the determination of its
species composition [5, 34, 46]. One of the latest taxo-
nomic revisions of the genus Bifidobacterium with the
use of DNA–DNA hybridization data resulted in reclas-
sification of the species “B. infantis” and “B. suis” as
biotypes of B. longum [47]. The Subcommittee for Tax-
onomy of Bifidobacterium, Lactobacillus, and Related
Organisms has agreed with reclassification of these
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Phylogenetic tree based on the data of 16S rRNA gene analysis and showing positions of 29 species of the genus Bifidobacterium
and of the monotypic genera Aeriscardovia, Gardnerella, Parascardovia, and Scardovia within the family Bifidobacteriaceae. The
species names are followed, in parentheses, by the GenBank accession numbers of the used 16S rRNA gene sequences of the type
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the order Bifidobacteriales was used as an outgroup organism. The scale bar, corresponding to 2 nucleotide substitutions for
100 positions, is in the left upper corner of the figure. 
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species but is disposed to consider “B. infantis” and
“B. suis” as subspecies but not biotypes of B. longum [48].

The study of the 16S rRNA gene sequences was a
significant contribution to the understanding of the phy-
logeny of the genus Bifidobacterium and the establish-
ment of its modern taxonomic position. Several years
ago, studies of the type strains of bifidobacteria showed
that the level of 16S rRNA gene sequence similarity
between different Bifidobacterium species varies within
93–99% and they form a tight phylogenetic cluster,
considerably distant from other genera [41, 49]. The
data of the 16S rRNA gene analysis were supported by
the results of phylogenetic studies of other, less conser-
vative genes. The topologies of phylogenetic trees con-
structed on the basis of analysis of the genes hsp60,
recA (coding for the RecA protein), tuf (coding for the
elongation factor Tu), and the 16S rRNA gene are char-
acterized by a high level of similarity [7, 50, 51].

It is probable that the accumulating data from the
analyses of semiconservative phylogenetic markers
correlating both with the results of 16S rRNA gene
sequence analysis and with data from DNA–DNA
hybridization will make it possible to turn to a new gold
standard of distinguishing and describing taxa of the
species level, namely, to sequencing of several particu-
lar genes. The analysis of 7 genes clpC, dnaB, dnaG,
dnaJ1, purF, rpoC, xfp of the type strains of the genus
Bifidobacterium performed in 2006 was one of the
most interesting studies in this direction [52].

Molecular Methods in the Identification 
of Bifidobacteria

Molecular-genetic approaches have significantly
accelerated the identification process and give more
accurate and reliable results as compared with physio-
logical–biochemical testing [5, 6, 31, 53]. A significant
advantage of molecular-genetic approaches is their uni-
versality: the same methods can be applied to genomes
or separate genes of different groups of microorgan-
isms; similar methods are used for the characterization
of both cultured (identification ex situ) and uncultured
(identification in situ) organisms [54]. Only methods of
identification of cultured bifidobacteria are considered
in this review. These methods fall into two main groups:
sequencing with the aim of identifying particular genes
(more often, gene fragments) and obtaining of DNA
fingerprints. The methods of obtaining DNA finger-
prints are diverse, so that the most optimal of them can
be selected for specific research purposes.

The phylogenetic hierarchic classification system
for bacteria is based on the data from 16S rRNA gene
analysis, and so we will begin considering the methods
of identification of bifidobacteria with the approaches
that employ differences in the nucleotide sequences of
this gene. Correct affiliation of a bifidobacterium to a
genus or even to a group of species can be based on
sequencing of a 16S rRNA gene fragment approxi-

mately 500 nucleotides in length [55]. This is condi-
tioned by the high density and good quality of 16S
rRNA data in databases (GenBank, Ribosomal Data-
base Project II, etc.), which contain the 16S rRNA gene
sequences for the type strains of nearly all bacterial spe-
cies described to date, including bifidobacterial. How-
ever, in many cases, even determination of the full
sequence of this gene (approximately 1550 nucle-
otides) is insufficient for species affiliation of the tested
culture, because the interspecies level of 16S rRNA
gene similarity varies within 93–99% [5, 42, 53] and
many bifidobacterial species are phylogenetically close
to each other (see figure).

The data on the 16S rRNA gene sequences are used
for development of taxon-specific primers (Table 1).
Several genus-, group-, and species-specific primers
have been found for bifidobacteria [36, 56–59], and
primers Bflact2–Bflact5 are suitable for exact identifi-
cation of B. animalis subsp. lactis [60]. Amplification
with the genus-, group-, and species-specific primers in
some cases may be performed concurrently in the same
reaction mixture (the so-called multiplex PCR) [60].

Another approach employing the differences in the
16S rRNA gene sequences is Amplified Ribosomal
DNA Restriction Analysis (ARDRA). The 16S rRNA
gene is almost completely amplified with universal bac-
terial primers. The resulting amplicon is processed with
a restriction endonuclease (usually, with a restriction
endonuclease with recognition sites of 4–5 nucle-
otides), and the restriction products are separated by
electrophoresis in agarose gel. This method has a lower
resolution than sequencing of 16S rRNA gene frag-
ments; however, ARDRA is an inexpensive and simple
method for group and, in some cases, species identifi-
cation of bifidobacteria [61, 62]. ARDRA with the
enzymes BamHI, Sau3AI, and TaqI makes it possible to
differentiate the species B. animalis, B. breve, B. bifidum,
and B. adolescentis [9].

Ribotyping method is also based on the analysis of
16S rRNA genes but employs not the differences in
their nucleotide sequences, but different locations of
these genes on a chromosome in different strains. Total
DNA is treated by a restriction endonuclease; the
restriction products are separated by electrophoresis in
agarose gel and hybridized (Southern-hybridization)
with the rrnB rRNA operon of Escherichia coli. The
advantage of this method is the high degree of standard-
ization and automation in obtaining fingerprints, since
it is performed with a specially designed RiboPrinter
device (Qualicon, United States), whereas its disadvan-
tage is a still very limited database of the fingerprints of
type and reference cultures. The ribotyping data avail-
able for bifidobacteria show the high resolution power
of this method at the strain level but also the absence of
correlation with the species affiliation of strains [63].

In the early 1990s it was proposed to identify bacte-
ria by analyzing the nucleotide sequence of the inter-
genic 16S–23S rRNA region, or the so-called internal
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transcribed spacer region (ITS region) [64]. This region
is much more variable than the 16S or 23S rRNA genes,
it can be entirely amplified with universal primers for
the adjacent regions of the 16S and 23S rRNA genes,
and its analysis has been successfully used for identifi-
cation and differentiation of closely related bacteria
from different taxa. The sequencing of the intergenic
16S–23S rRNA region is now one of the most accurate
and reliable approaches for species identification of
bifidobacteria [5, 41, 65].

Several researchers have shown that the data from
the sequencing of some genes that are less conservative
than the 16S rRNA gene also provide efficient species
identification of bifidobacteria. The nucleotide
sequence of a recA gene fragment approximately 300
nucleotides in length has proved to be sufficiently infor-
mative for identification of most species of the genus
Bifidobacterium and allows differentiation of closely
related organisms such as B. animalis subsp. lactis and
B. animalis subsp. animalis [66, 67]. Analogous results
have been obtained from sequencing of the hsp60 gene;
over 50 strains of different Bifidobacterium species
were exactly identified at the species and even intraspe-
cies level [7, 34, 50]. Another gene promising for the
species identification of bifidobacteria is that of transal-
dolase. Bifidobacteria have been shown to produce at
least 14 different types of transaldolases varying in
their electrophoretic mobility, amino acid sequence

and, accordingly, nucleotide sequence of the encoding
genes [68]. The nucleotide sequence of the transaldo-
lase gene provides clear-cut differentiation of the spe-
cies B. catenulatum and B. pseudocatenulatum, indis-
tinguishable by the analysis of the 16S rRNA gene
sequence; however, the species B. catenulatum and
B. angulatum, which are clearly differentiated by the
data of 16S rRNA gene analysis, are not distinguish-
able. Thus, the analysis of the transaldolase gene
sequence can be used as an additional criterion for spe-
cies identification of bifidobacteria [68]. However,
despite successful application of the data from analysis
of the nucleotide sequences of certain genes for species
identification of bifidobacteria, the development of spe-
cies-specific primers on the basis of these genes is dif-
ficult or impossible due to the absence of sufficiently
long (15–20 nucleotides) conserved regions.

DNA fingerprints are a second group of methods
successfully used for identification of bifidobacteria.
The advantage of this technique is the possibility of
analyzing a great number of isolates with relatively low
financial and time expenditures [69]. Limitations of
their use are associated with the low level of automation
and interlaboratory standardization of protocols and, as
a consequence, the absence of appropriate public data-
bases allowing quick comparison of the fingerprints
obtained. DNA fingerprints are obtained by restriction

Primers based on the 16S rRNA gene sequence for identification of suprageneric and intrageneric taxa of the genus Bifido-
bacterium

Taxon Characteristics of primers Reference

Class  Actinobacteria Several primers were designed; the most promising is the following 
pair: 
S-C-Act–235_a-S-20 
(CGCGGCCTATCAGCTTGTTG) 
S-C-Act-878_a-A-19 
(CCGTACTCCCCAGGCGGGG)

[56]

Order Bifidobacteriales Not designed
Family Bifidobacteriaceae Not designed
Genus Bifidobacterium Several genus-specific primers were designed; the most promising is 

the following pair: 
Lm26 (GATTCTGGCTCAGGATGAACG) 
Lm3 (CGGGTGCTNCCCACTTTCATG)

[58]

Group of species Group-specific primers were designed for the group of species close to 
B. catenulatum and the group of species close to B. longum

[35]

Species Primers were designed for about 10 of the 29 species of the genus Bi-
fidobacterium. For other species, design of species-specific primers 
based on the 16S rRNA gene is impossible due to its conservative na-
ture

[59]

Subspecies There is only one example of using primers based on the 16S rRNA 
gene for identification of subspecies B. animalis subsp. lactis: 
Bflact2 (GTGGAGACACGGTTTCCC) 
Bflact5 (CACACCACACAATCCAATAC). 
Reverse primer Bflact5 is located not on the 16S rRNA gene but on the 
16S–23S intergenic region. Wide application of primers based on the 
16S rRNA gene for intraspecies identification is impossible due to 
conservative nature of this gene.

[60]
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analysis of DNA or by PCR (so-called PCR finger-
prints).

One of the most sensitive and efficient methods of
identification of bifidobacteria on the basis of DNA fin-
gerprints is Pulsed-Field Gel Electrophoresis (PFGE).
In short, a bacterial culture is lysed in agarose block,
and high-molecular DNA is treated with a rare-cutting
restriction endonuclease that recognizes a region of 6–
8 bp. Then, the restriction products (DNA fragments of
10–80 thousand bp) are exposed to PFGE. The PFGE
method is considered to be the gold standard of the typ-
ing of strains, since the fingerprints are well repro-
duced, reflect the specific features of genome as a
whole, and are characteristic of particular strains. A
complex study of a large sampling of bifidobacterial
strains where PFGE was used along with 16S rRNA
gene sequencing, DNA–DNA hybridization, electro-
phoresis of total cell proteins, and RAPD showed not
only strain but also species specificity of PFGE finger-
prints [70].

Randomly Amplified Polymorphic DNA (RAPD) is
a method comparable to PFGE in its resolution power
[71]. The most widespread of the several RAPD vari-
ants envisages PCR with only one primer with a ran-
dom sequence of 9–11 nucleotides in length. The opti-
mal primer cannot be constructed in silico and is chosen
from a series of analogous primers by testing. Primers
that give more amplification products and, accordingly,
more bands on the fingerprints are usually chosen.
Thus, in one of the studies on employment of RAPD for
identification of bifidobacteria, only seven 10-nucle-
otide primers were selected out of the 80 tested [72].
The disadvantage of RAPD is poor reproducibility of
fingerprints. RAPD needs strict standardization of PCR
conditions, because the use of different polymerases or
DNA/primer ratios or different annealing temperatures
may lead to a discrepancy in the results obtained at dif-
ferent laboratories or in different time periods with the
same samplings of strains.

PCR fingerprinting includes the group of rep-PCR
(repetitive DNA element PCR) techniques: ERIC-PCR,
REP-PCR, BOX-PCR, (GTG)5-PCR, and some others.
Their goal is to analyze repeated conservative
sequences, 30–40 to about 150 nucleotides in length,
which are present in numerous copies in the genomes of
most gram-positive and gram-negative bacteria. Seve-
ral studies have shown that the location of these
sequences in microbial genomes is strain-specific.

One of these methods, ERIC-PCR, was tested with
89 strains representing 26 species of the genus Bifido-
bacterium. ERIC fingerprints were unique for each spe-
cies but similar for closely related species, e.g., for
B. catenulatum and B. pseudocatenulatum [73]. Com-
parison of several rep-PCR methods with the employ-
ment of 128 type, reference, and freshly isolated bifido-
bacterial cultures has shown that BOX-PCR with the
BOXA1R primer is the most promising method for

identification of bifidobacteria at the species, subspe-
cies, and even strain levels [74].

DNA probes can also be used for generic and spe-
cies identification of bifidobacteria [58, 75]; however,
in the recent years, this approach has been used more
and more rarely for identification of microbial cultures
and more and more often for their detection directly in
the environment [5, 8, 76].

In our opinion, already in the nearest future, the
classification and identification of bifidobacteria, as
well as of other groups of bacteria and archaea, will be
based mainly on the data from the sequencing of sev-
eral particular genes, obligatorily including the 16S
rRNA gene. DNA fingerprints as a whole will gradually
lose their significance for identification; however, such
techniques as PFGE, which permit differentiation of
strains at the infrasubspecies level, will long remain
highly competitive with methods based on DNA
sequencing.

ACKNOWLEDGMENTS

This work was performed within the framework of
the Belarussian State Program of Applied Researches
“Novel Biotechnologies,” projects “Determination of
the Biotechnological Potential of Strains from the
Belarus Collection of Nonpathogenic Microorganisms
for Application as Subjects of Novel Biotechnologies”
and “Molecular-Genetic Identification of Bacteria from
the Belarus Collection of Non-Pathogenic Microorgan-
isms Using the Analysis of Sequences of 16S Riboso-
mal RNA Genes,” and was supported by the Russian
Foundation for Basic Research, project no. 04-04-
49610.

REFERENCES
1. Gomes, A.M. and Malcata, F.X., Bifidobacterium spp.

and Lactobacillus acidophilus: Biological, Biochemical,
Technological and Therapeutical Properties Relevant for
Use as Probiotics, Trends in Food Science & Technology,
1999, no. 10, pp. 139–157.

2. Nebra, Y. and Blanch, A.R., A New Selective Medium
for Bifidobacterium spp., Appl. Environ. Microbiol.,
1999, vol. 65, no. 11, pp. 5173–5176.

3. Leahy, S.C., Higgins, D.G., Fitzgerald, G.F., and van
Sinderen, D., Getting Better with Bifidobacteria, J. Appl.
Microbiol., 2005, no. 98, pp. 1303–1315.

4. Ventura, M., van Sinderen, D., Fitzgerald, G.F., and
Zink, R., Insights Into the Taxonomy, Genetics and
Physiology of Bifidobacteria, Antonie van Leeuwen-
hoek, 2004, no. 86, pp. 205–223.

5. O’Sullivan, D.J. and Kullen, M.J., Tracking of Probiotic
Bifidobacteria in the Intestine, Int. Dairy J., 1998, vol. 8,
pp. 513–525.

6. Vaughan, E.E., Heilig, H.G.H.J., Zoetendal, E.G.,
Satokari, R., Collins, J.K., Akkermans, A.D.L., and de
Voss, W.M., Molecular Approaches To Study Probiotic
Bacteria, Trends in Food Science & Technology, 1999,
no. 10, pp. 400–404.



258

MICROBIOLOGY      Vol. 77      No. 3      2008

SIDARENKA et al.

7. O’Sullivan, D.J., Methods for Analysis of the Intestinal
Microflora, Curr. Iss. Intest. Microbiol., 2000, no. 1,
pp. 39–50.

8. Zoetendal, E.G., Collier, C.T., Koike, S., Mackie, R.I.,
and Gaskins, H.R., Molecular Ecological Analysis of the
Gastrointestinal Microbiota: a Review, J. Nutr., 2004,
vol. 134, pp. 465–472.

9. Ward, P. and Roy, D., Review of Molecular Methods for
Identification, Characterization and Detection of Bifido-
bacteria, Lait, 2005, vol. 85, pp. 23–32.

10. Tissier, H., Recherches sur la flore intestinale des nour-
rissons (etat normal et pathologique), Paris Theses,
1900, pp. 1–253.

11. Orla-Jensen, S., La classification des bacteries lactiques,
Lait, 1924, no. 4, pp. 468–474.

12. Poupard, J.A., Husain, I., and Norris, R.F., Biology of
the Bifidobacteria, Bacteriol. Rev., 1973, vol. 37, no. 2,
pp. 136–165.

13. Scardovi, V., Genus Bifidobacterium Orla-Jensen 1924,
472AL, in Bergey’s Manual of Systematic Bacteriology,
1st ed., Sneath, P.H.A., Mayr, N.S., Sharpe, M.E., and
Holt, J.G., Eds., Baltimore: Williams and Wilkins, 1986,
vol. 2, pp. 1418–1434.

14. Arunachalam, K.D., Role of Bifidobacteria in Nutrition,
Medicine and Technology, Nutrit. Res., 1999, vol. 19,
no. 10, pp. 1559–1597.

15. de Vuyst, L., Application of Functional Starter Cultures,
Food Technol. Biotechnol., 2000, no. 38, pp. 105–112.

16. Simpson, P.J., Ross, R.P., Fitzgerald, G.F., and Santon, C.,
Bifidobacterium psychraerophilum sp. nov. and Aeriscar-
dovia aeriphila gen. nov., sp. nov., Isolated from Porcine
Caecum, Int. J. Syst. Evol. Microbiol., 2004, vol. 54,
pp. 401–406.

17. Scardovi, V. and Trovatelli, L.D., The Fructose-6-Phos-
phate Shunt as a Peculiar Pattern of Hexose Degradation
in the Genus Bifidobacterium, Ann. Microbiol. Enzymol.,
1965, vol. 15, pp. 19–29.

18. de Vries, W. and Stouthamer, A.H., Pathway of Glucose
Fermentation in Relation To the Taxonomy of Bifidobac-
teria, J. Bacteriol., 1967, vol. 93, pp. 574–576.

19. Gavini, F., van Esbroeck, M., Touzel, J.P., Fourment, A.,
and Goosens, H., Detection of Fructose-6-Phosphate
Phosphoketolase (F6PPK), a Key Enzyme of the Bifid-
Shunt, in Gardnerella vaginalis, Anaerobe, 1996, vol. 2,
pp. 191–193.

20. Sebald, M., Gasser, F., and Werner, H., Teneru GC% et
classification. Application au groupe des bifidobacteries
et a quelques genres voising, Ann. Inst. Pasteur, 1965,
no. 109, pp. 259–269.

21. Goodfellow, M., Suprageneric Classification of Actino-
mycetes, in Bergey’S Manual of Systematic Bacteriol-
ogy, 1st ed., Williams, S.A., Sharpe, M.E., and Holt, J.G.,
Eds., Baltimore: Williams and Wilkins, 1989, vol. 4,
pp. 2333–2339.

22. Lechevalier, H.A. and Lechevalier, M.P., Genus Oersk-
ovia Prauser, Lechevalier and Lechevalier 1970, 534AL,
in Bergey’S Manual of Systematic Bacteriology, 1st ed.,
Williams, S.A., Sharpe, M.E., and Holt, J.G., Eds., Bal-
timore: Williams and Wilkins, 1989, vol. 4, pp. 2379–
2382.

23. Rogosa, M., Genus III. Bifidobacterium Orla-Jensen
1924, 472AL, in Bergey’s Manual of Determinative Bac-

teriology, Buchanan, R.E. and Gibbons, N.E., Eds., Bal-
timore: Williams and Wilkins, 1974, pp. 669–676.

24. Euzeby, J.P., List of Prokaryotic Names with Standing in
Nomenclature—Genus Bifidobacterium, J.P. Uzeby
SBSV, 2007, http://www.bacterio.cict.fr.

25. Dehnert, J., Untersuchung uber die grampositive Stuhl-
flora des Brustmilchkindes, Zentralbl. Bacteriol. Para-
sitenk. Infektionskr. Hyg. Abt. Orig., 1957, no. 169,
pp. 66–79.

26. Reuter, G., Vergleichende Untersuchungen uber die Bifi-
dus-Flora in Sauglings und Erwachsenenstuhl, Zen-
tralbl. Bakteriol. Parasitenk. Hyg. Abt. Orig., 1963,
no. 191, pp. 486–507.

27. Mitsuoka, T., Vergleichende Untersuchungen uber die
Bifidobakterien aus dem Verdauungstrakt von Menschen
und Tieren, Zentralbl. Bakteriol. Parasitenk. Hyg. Abt.
Orig., 1969, no. 210, pp. 52–64.

28. Scardovi, V., Trovatelli, L.D., Zani, G., Crociani, F., and
Metteuzzi, D., Deoxyribonucleic Acid Homology Rela-
tionships Among Species of the Genus Bifidobacterium,
Int. J. Syst. Bacteriol., 1971, no. 21, pp. 276–294.

29. Holdeman, L.V. and Moore, W.E.C., Anaerobe labora-
tory manual., Blacksburg: Virginia Polytechnic Institute
and State University, 1972.

30. Kandler, O. and Weiss, N., Genus Lactobacillus Beijer-
inck 1901, 212AL, in Bergey’s Manual of Systematic
Bacteriology, Sneath, P.E., Mair, N.S., and Sharpe, M.E.,
Eds., Baltimore: Williams and Wilkins, 1986, vol. 2,
pp. 1209–1234.

31. Holzapfel, W.H., Haberer, P., Geisen, R., Bjorkroth, J.,
and Schillinger, U., Taxonomy and Important Features
of Probiotic Microorganisms in Food and Nutrition,
Amer. J. Clin. Nutrit, 2001, vol. 73, no. 2, pp. 365–373.

32. Bannikova, L.A., Koroleva, N.S., and Semenikhina, V.F.,
Mikrobiologicheskie osnovy molochnogo proizvodstva:
spravochnik (Microbiological Basics of Diary Industry:
a Manual), Kostin, Ya.I., Ed., Moscow: Agropromizdat,
1987.

33. Klein, G., Pack, A., Bonaparte, C., and Reuter, G., Tax-
onomy and Physiology of Probiotic Lactic Acid Bacte-
ria, Int. J. Food Microbiol., 1998, no. 41, pp. 103–125.

34. Zhu, L., Li, W., and Dong, X., Species Identification of
Genus Bifidobacterium Based on Partial HSP60 Gene
Sequences and Proposal of Bifidobacterium thermacido-
philum subsp. porcinum subsp. nov., Int. J. Syst. Evol.
Microbiol., 2003, vol. 53, pp. 1619–1623.

35. Matsuki, T., Watanabe, K., Tanaka, R., and Oyaizu, H.,
Rapid Identification of Human Intestinal Bifidobacteria
by 16S rRNA-Targeted Species- and Group-Specific
Primers, FEMS Microbiol. Lett., 1998, vol. 167,
pp. 113–121.

36. Yeung, P.S.M., Sanders, M.E., Kitts, C.L., Cano, R., and
Tong, P.S., Species-Specific Identification of Commer-
cial Probiotic Strains, J. Dairy Sci., 2002, no. 85,
pp. 1039–1051.

37. Biavati, B., Sgorbati, B., and Scardovi, V., The Genus
Bifidobacterium, in The Procaryotes. A Handbook on the
Biology of Bacteria: Ecophysiology, Isolation, Identifi-
cation, Application, Balows, A., Ed., New York:
Springer, 1992, pp. 816–833.

38. Roy, D., Berger, J.L., and Reuter, G., Characterization of
Dairy-Related Bifidobacterium spp. Based on Their



MICROBIOLOGY      Vol. 77      No. 3     2008

APPLICATION OF MOLECULAR METHODS 259

Beta-Galactosidase Electrophoretic Patterns, Int. J.
Food Microbiol., 1994, vol. 23, pp. 55–70.

39. Woese, C.R., Bacterial Evolution, Microbiol. Rev., 1987,
vol. 51, pp. 221–271.

40. Stackebrandt, E., Rainey, F.A., and Ward-Rainey, N.L.,
Proposal for a New Hierarchic Classification System,
Actinobacteria classis nov., Int. J. Syst. Bacteriol., 1997,
no. 47, pp. 479–491.

41. Leblond-Bourget, N., Philippe, H., Mangin, I., and
Decaris, B., 16S rRNA and 16S to 23S Internal Tran-
scribed Spacer Sequence Analyses Reveal Inter- and
Intraspecific Bifidobacterium Phylogeny, Int. J. Syst.
Bacteriol., 1996, no. 56, pp. 102–111.

42. Jian, W. and Dong, X., Transfer of Bifidobacterium
inopinatum and Bifidobacterium denticolens to Scar-
dovia inopinata gen. nov., comb. nov., and Parascar-
dovia denticolens gen. nov., comb. nov., Respectively,
Int. J. Syst. Evol. Microbiol., 2002, vol. 52, pp. 809–812.

43. Schleifer, K.H. and Ludwig, W., Phylogeny of the Genus
Lactobacillus and Related Genera, Syst. Appl. Micro-
biol., 1995, no. 18, pp. 461–467.

44. Schleifer, K.H. and Ludwig, W., Phylogenetic Relation-
ships of Lactic Acid Bacteria, The Genera of Lactic Acid
Bacteria, Wood, B.J.B. and Holzapfel W.H, Eds., Lon-
don: Chapman and Hall, 1995, pp. 7–18.

45. Stackebrandt, E. and Goebel, B.M., Taxonomic Note: a
Place for DNA-DNA Reassociation and 16S rRNA
Sequence Analysis in the Present Species Definition in
Bacteriology, Int. J. Syst. Bacteriol., 1994, no. 44,
pp. 846–849.

46. Lauer, E. and Kandler, O., DNA-DNA Homology,
Murein Type and Enzyme Patterns in the Type Strains of
the Genus Bifidobacterium, Syst. Appl. Microbiol., 1983,
vol. 4, pp. 42–64.

47. Sakata, S., Kitahara, M., Sakamoto, M., Hayashi, H.,
Fukuyama, M., and Benno, Y., Unification of Bifidobac-
terium infantis and Bifidobacterium suis as Bifidobacte-
rium longum, Int. J. Syst. Evol. Microbiol., 2002, vol. 52,
pp. 1945–1951.

48. International Committee on Systematics of Prokaryotes;
Subcommittee on the Taxonomy of Bifidobacterium,
Lactobacillus and related organisms. Minutes of meet-
ings, 1–2 April 2005, Stuttgart-Hohenheim, Germany,
Int. J. Syst. Evol. Microbiol., 2006. V. 56. P. 2501-2503.

49. Miyake, T., Watanabe, K., Watanabe, T., and Oyaizu, H.,
Phylogenetic Analysis of the Genus Bifidobacterium and
Related Genera Based on 16S rDNA Sequences, Micro-
biol. Immunol., 1998, no. 42, pp. 661–667.

50. Jian, W., Zhu, L., and Dong, X., New Approach to Phy-
logenetic Analysis of the Genus Bifidobacterium Based
on Partial HSP60 Gene Sequences, Int. J. Syst. Bacte-
riol., 1991, vol. 41, pp. 548–557.

51. Ventura, M., Canchaya, C., Meylan, V., Klaenhammer, T.R.,
and Zink, R., Analysis, Characterization and Loci of the
tuf Genes in Lactobacillus and Bifidobacterium Species
and Their Direct Application for Species Identification,
Appl. Environ. Microbiol., 2003, vol. 69, pp. 7517–
7522.

52. Ventura, M., Canchaya, C., Casale, A.D., Dellaglio, F.,
Neviani, E., Fitzgerald, G.F., and van Sinderen, D.,
Analysis of Bifidobacterial Evolution Using a Multilo-

cus Approach, Int. J. Syst. Evol. Microbiol, 2006, vol. 56,
pp. 2783–2792.

53. McCartney, A.L., Wenzhi, W., and Tannock, G.W.,
Molecular Analysis of the Composition of the Bifidobac-
terial and Lactobacillus Microflora of Humans, Appl.
Environ. Microbiol., 1996, vol. 62, pp. 4608–4613.

54. Farber, J.M., An Introduction to the Hows and Whys of
Molecular Typing, J. Food Prot., 1996, no. 59, pp. 1091–
1101.

55. Sakata, S., Ryu, C.S., Kitahara, M., Sakamoto, M.,
Hayashi, H., Fukuyama, M., and Benno, Y., Character-
ization of the Genus Bifidobacterium by Automated
Ribotyping 16S rRNA Gene Sequences, Microbiol.
Immunol., 2006, vol. 50, pp. 1–10.

56. Stach, J.E.M., Maldonado, L.A., Ward, A.C., Goodfel-
low, M., and Bull, A.T., New Primers for the Class Acti-
nobacteria: Application to Marine and Terrestrial Envi-
ronments, Environ. Microbiol., 2003, vol. 5, pp. 828–
841.

57. Kok, R.G., Waal, A.D., Schut, F., Welling, G.W.,
Weenk, G., and Helligwerf, K.J., Specific Detection
and Analysis of Probiotic Bifidobacterium Strain in
Infant Feces, Appl. Environ. Microbiol., 1996, vol. 62,
pp. 3668–3672.

58. Kaufmann, P., Pfefferkorn, A., Teuber, M., and Meile, L.,
Identification and Quantification of Bifidobacterium
Species Isolated from Food with Genus-Specific 16S
rRNA-Targeted Probes by Colony Hybridization and
PCR, Appl. Environ. Microbiol., 1997, vol. 63,
pp. 1268–1273.

59. Matsuki, T., Watanabe, K., and Tanaka, R., Genus- and
Species-Specific PCR Primers for the Detection and
Identification of Bifidobacteria, Curr. Issues Intest.
Microbiol., 2003, vol. 4, pp. 61–69.

60. Ventura, M., Reniero, R., and Zink, R., Specific Identifi-
cation and Targeted Characterization of Bifidobacterium
lactis from Different Environmental Isolates by a Com-
bined Multiplex-PCR Approach, Appl. Environ. Micro-
biol., 2001, vol. 67, pp. 2760–2765.

61. Roy, D. and Sirois, S., Molecular Differentiation of Bifi-
dobacterium Species with Amplified Ribosomal DNA
Restriction Analysis and Alignment of Short Regions of
the ldh Gene, FEMS Microbiol. Lett., 2000, vol. 191,
no. 1, pp. 17–24.

62. Ventura, M., Elli, M., Reniero, R., and Zink, R., Molec-
ular Microbial Analysis of Bifidobacterium Isolates from
Different Environments by the Species-Specific Ampli-
fied Ribosomal DNA Restriction Analysis (ARDRA),
FEMS Microbiol. Ecol., 2001, vol. 36, nos. 2-3, pp. 113–
121.

63. Mangin, I., Bourget, N., Bouhnik, Y., Bisetti, N., Simo-
net, J.M., and Decaris, B., Identification of Bifidobacte-
rium Strains by RRNA Restriction Patterns, Appl. Envi-
ron. Microbiol., 1994, vol. 60, pp. 1451–1458.

64. Barry, T., Colleran, G., Glennon, M., Dunican, L.K., and
Gannon, F., The 16S/23S Ribosomal Spacer Region as a
Target for DNA Probes To Identify Eubacteria, PCR
Methods and Applications, 1991, no. 1, pp. 51–56.

65. Ventura, M. and Zink, R., Rapid Identification, Differen-
tiation and Proposed New Taxonomic Classification of
Bifidobacterium lactis, Appl. Environ. Microbiol., 2002,
vol. 68, pp. 6429–6434.



260

MICROBIOLOGY      Vol. 77      No. 3      2008

SIDARENKA et al.

66. Kullen, M.J., Brady, L.J., and O’Sullivan, D.J., Evalua-
tion of Using a Short Region of the recA Gene for the
Rapid and Sensitive Speciation of Dominant Bifidobac-
teria in the Human Large Intestine, FEMS Microbiol.
Lett., 1997, vol. 154, pp. 377–383.

67. Ventura, M. and Zink, R., Comparative Sequence Anal-
ysis of the tuf and recA Genes and Restriction Fragment
Length Polymorphism of the Internal Transcribed
Spacer Region Sequences Supply Additional Tools for
Discriminating Bifidobacterium lactis from Bifidobacte-
rium animalis, Appl. Environ. Microbiol., 2003, vol. 69,
pp. 7517–7522.

68. Requena, T., Burton, J., Matsuki, T., Munro, K., Si-
mon, M.A., Tanaka, R., Watanabe, K., and Tannock, G.W.,
Identification, Detection, and Enumeration of Human
Bifidobacterium Species by PCR Targeting the Transal-
dolase Gene, Appl. Environ. Microbiol., 2002, vol. 68,
pp. 2420–2427.

69. Satokari, R.M., Vaughan, E.E., Smidt, H., Saarela, M.,
Matto, J., and de Vos, W.M., Molecular Approaches for
the Detection and Identification of Bifidobacteria and
Lactobacilli in the Human Gastrointestinal Tract, Syst.
Appl. Microbiol., 2003, vol. 26, pp. 572–584.

70. Simpson, P.J., Stanton, C., Fitzgerald, G.F., and
Ross, R.P., Genomic Diversity and Relatedness of Bifi-
dobacteria Isolated from a Porcine Cecum, J. Bacteriol.,
2003, vol. 185, no. 8, pp. 2571–2581.

71. Vincent, D., Roy, D., Mondou, F., and Dery, C., Charac-
terization of Bifidobacteria by Random DNA Amplifica-
tion, Int. J. Food Microbiol., 1998, no. 43, pp. 185–193.

72. Fanedl, L., Nekrep, F.V., and Avgustin, G., Random
Amplified Polymorphic DNA Analysis and Demonstra-
tion of Genetic Variability among Bifidobacteria Isolated
from Rats Fed with Raw Kidney Beans, Can. J. Micro-
biol., 1998, vol. 44, pp. 1094–1101.

73. Ventura, M., Meylan, V., and Zink, R., Identification and
Tracing of Bifidobacterium Species by Use of Entero-
bacterial Repetitive Intergenic Consensus Sequences,
Appl. Environ. Microbiol., 2003, vol. 69, no. 7,
pp. 4296–4301.

74. Masco, L., Huys, G., Gevers, D., Verbugghen, L., and
Swings, J., Identification of Bifidobacterium Species
Using rep-PCR Fingerprinting, Syst. Appl. Microbiol.,
2003, vol. 26, pp. 557–563.

75. Yamamoto, T., Morotomi, M., and Tanaka, R., Species-
Specific Oligonucleotide Probes for Five Bifidobacte-
rium Species Detected in Human Intestinal Microflora,
Appl. Environ. Microbiol., 1992, vol. 58, pp. 4076–4079.

76. Hayashi, H., Takahashi, R., Nishi, T., Sakamoto, M., and
Benno, Y., Molecular Analysis of Jejunal, Ileal, Caecal
and Rectosigmoidal Human Colonic Microbiota Using
16S rRNA Gene Libraries and Terminal Restriction
Fragment Length Polymorphism, J. Med. Microbiol.,
2005, no. 54, pp. 1093–1101.



<<
  /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


