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Abstract
In this study sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) profiles were analysed and differences were confirmed by a unweighted pair group method with arithmetic average (UPGMA) analysis between bifidobacterial species, such as B. infanis
ATCC1567, B. bifidum Bb-12, B. longum KN29, B. catenulatum KD14, and B. animalis BI30. Two dimensional electrophoresis separation profiles were compared, and the most characteristic spots were characterized by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). We propose proteins extracted from intact cells as an additional trait for bifidobacteria characterization, together with
molecular techniques, which can be used to analyze bacterial protein polymorphism and to distinguish among species.
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Bifidobacterium is a genus of Gram-positive, microaerophiles or strict anaerobes, some of which are commonly detected in the human gut. Bifidobacteria are
phylogenetically grouped in the Actinomycete branch
with a high G+C content, and currently 47 species are
recognized within this genus (Matsuki et al., 2003;
Euzeby, 2007). Bifidobacteria are part of the resident
microflora of the human large intestine and are beneficial to their host’s health (Orrhage and Nord, 2000).
Some bifidobacterial strains are widely used as healthpromoting or probiotic components in functional food
products (Lin, 2003). For these reasons, bifidobacteria
are a subject of growing interest in the pharmaceutical
and food industries.
Within the forty seven species currently recognized
as belonging to the genus Bifidobacterium, only a few
have been sequenced (Lukjancenko et al., 2011). There
is limited information on the polymorphism of bifidobacterial cell-wall proteins (BIFOP). Mattarelli et al.
(1993) showed phenotypic differences among BIFOP
on the basis of an examination of 150 strains of Bifidobacterium globosum. Proteomic analysis has been used
to show differences among Bifidobacterium longum
strains (Aires et al., 2010). It has been demonstrated
that SDS-PAGE of whole cell proteins is a reliable
and specific method for the identification of the lactic
acid bacteria down to the species level (Tae-Woon et al.,

2003). Hèbert et al. (2000) showed that SDS-PAGE fingerprinting of cell-wall proteins allowed to distinguish
L. helveticus from L. delbrueckii subsp. lactis. Two subspecies of Lactobacillus delbrueckii were characterized
by different SDS-PAGE cell-wall protein profiles. Gatti
et al. (2001) have also shown that this method can be
an efficient taxonomic tool. It has been reported that
cell-wall proteins can be used as immunoreactive markers for the identification of some pathogenic microorganisms (Betts et al., 2000; Duffs et al., 2000; Enroth
et al., 2000).
The aim of the present study was to employ proteins
extracted from intact cells for characterization of bifidobacterial species.
Bifidobacterium infantis ATCC1567 was obtained
from the American Type Culture Collection (ATCC,
Manassas, Va., U.S.A., http://www.atcc.org/). B. bifidum Bb-12, B. animalis BI30, B. catenulatum KD14,
and B. longum KN29 were kindly provided by Prof.
M. Bielecka (Department of Food Microbiology, Institute of Animal Reproduction and Food Research, Polish
Academy of Sciences in Olsztyn, Poland). Bacteria were
cultured on Garche’s medium (Rasic, 1990) (10 ml) at
37°C in anaerobic conditions. After 24 h, stock cultures
were inoculated in a new medium using 5% (v/v) of
inoculum. Extractions were performed in triplicate
from three independent cultures.
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All species (0.5 l of liquid culture) were harvested
by centrifugation (15 min, 4°C, 8 000 × g) at the early
stationary growth phase. Cell-wall proteins were
extracted using three protocols: the Mattarelli et al.
(1993) method, a method using 8 M urea, and a method
using 2 M guanidine hydrochloride (Rosenberg, 2005).
Protein concentrations were estimated using the Bradford Assay Kit (Bradford, 1976). Proteins from all
extracts were solubilised in loading buffer and separated by sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) using a final polyacrylamide concentration of 10% w/w (Laemmli, 1970).
Protein pattern profiles were scored manually for
the presence (1) or absence (0) of protein bands. These
binary data matrices were used for calculating Jaccard
similarity coefficients (Sneath and Sokal, 1973) using
the SIMQUAL (similarity for qualitative data) module
of NTSYS-pc software version 2.02 g (Rohlf, 1998). Subsequently, similarity coefficients were used to construct
UPGMA (unweighted pair group method with arithmetic average) dendrograms using SAHN (sequential,
hierarchical, agglomerative and nested cluster methods)
clustering implemented in NTSYS-pc 2.02g.
The samples of extracted proteins were prepared
using a 2D Clean-Up kit (LG Healthcare) and two dimensional electrophoresis was performed according to
Nezhad et al. (2012). Upon completion of 2D SDS-PAGE,
the gels were stained with BioSafe Coomassie Stain.
Stained protein spots were scanned on a GS-800 Calibrated Densitometer (Bio-Rad, USA). The 2D gels were
calibrated using a 2D SDS-PAGE standard (Bio-Rad,
USA). Spot detection and analysis was performed using
PDQuest software version 8.0.1 (Bio-Rad, USA).
Gel slices were subjected to a standard in-gel tryptic digestion (Shevchenko et al., 1996). The peptide
mixtures obtained were then applied to a RP-18 precolumn (Waters) using a 0.1% (v/v) TFA solution as
the mobile phase, and transferred to a nano-HPLC
RP-18 column (Waters, length: 250 mm, bead diameter: 1.7 μm). The mass spectra obtained were preprocessed with the Mascot Distiller software (v. 2.3,
Matrix Science) and searched against the non-redundant protein database from the NCBI (NCBInr,
14259576 sequences; 4884494093 residues) using the
8-processor on-site licensed MASCOT search engine
(Mascot Server v. 2.2.03). The search parameters
were set as follows: enzyme, Trypsin; fixed modifications, carbamidomethylation (C); variable modifications, oxidation (M); protein mass, unrestricted; peptide mass tolerance, ± 40 ppm; MS/MS fragment ion
mass tolerance, ± 0.8 Da; max missed cleavages, 1. Only
peptide hits exceeding a Mascot expectation value of
0.05 were accepted.
The acquired raw data were processed using the
Mascot Distiller followed by a Mascot search (Matrix
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Fig. 1. Representative polyacrylamide gel showing cell-wall protein extracts obtained by different methods from B. catenulatum
KD 14 cells. M: molecular mass markers (kDa). Lane 1, method
by Mattarelli (1993); lane 2, method with 8 M urea; lane 3, method
with 2 M guanidine hydrochloride.

Science, London, UK, locally installed http://proteom.
pl/mascot) against the NCBI nonredundant database.
Search parameters for precursor and product ion mass
tolerances were ± 40 ppm and ± 0.8 Da, respectively,
with allowance made for one missed semi Trypsin,
fixed modifications of cysteine through carbamidomethylation, and variable modification through lysine
carbamidomethylation and methionine oxidation.
The Mascot program reports an individual ion score
for each assignment of an MS/MS spectrum to a database sequence, and groups correctly identified peptides into sets according to the corresponding database
deposited proteins. The ion score is −10*Log(P), where
P is the probability (P < 0.05) that the observed match
is a random event.
The protein extraction methods were used to differentiate among the examined species of bifidobacteria. We showed that specific proteins isolated from
intact cells could be species-specific. The different protein profiles obtained using the examined methods are
shown in Fig. 1. The highest number of protein bands
were identified using the extraction method by Mattarelli (1993). It can be assumed that the diversity of
the collected proteins was due to ultracentrifugation,
and it was only using this extraction method that low
molecular weight proteins could be detected.
Dendrogram obtained by numerical comparison of
the protein patterns of the investigated bifidobacterial
species is shown in Fig. 2. A numerical analysis of the
SDS-PAGE protein patterns grouped all the detected
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Fig. 2. UPGMA cluster analysis of Bifidobacterium spp. based on Jaccard’s coefficients calculated from SDS-PAGE patterns of cell-wall
proteins. Similarity matrices are shown next to each dendrogram.

patterns into two main branches. The phenotypes of the
examined Bifidobacterium species were grouped into
two clusters, 1) B. infantis ATCC1567 and B. bifidum
Bb-12 and 2) B. longum KN29, B. catenulatum KD14,
and B. animalis BI30, at similarity levels of 0.55 and
0.64, respectively. Canzi et al. (2005), who analyzed
RAPD patterns of B. bifidum and B. longum, derived
a dendrogram showing higher similarity levels (0.66
and 0.72) than those in our study. Also a phylogenetic
analysis of all taxa included in the family Bifidobacteriaceae using 16S rRNA showed a similarity level of 0.9
(Sidarenka et al., 2008). In another study, a sequence
homology analysis of the 16S rRNA gene demonstrated very high similarities for some species groups:
a B. catenulatum and B. pseudocatenulatum group (similarity 0.99), a B. longum and B. infantis group (similarity 0.99), and a B. lactis and B. animalis group (similarity 0.99) (Ward and Roy, 2005). Lukjancenko et al.
(2011) have analyzed 19 genomes from 9 Bifidobacteria
species. They reported high similarity (99.5%) between
strains and the low level of similarity between species
(28–55%). This statement is consistent with our results.
However, in our study the level of similarities between
species was higher (0.23–0.76) which can be explain by
the same ecological niche sharing by different species of
Bifidobacteria used in our study. Moreover, our study
did not concern the whole proteome of bifidobacteria,
but embraced the selected group of proteins extracted
from intact cells. In this work we propose these proteins
as additional trait for bifidobacteria characterization.
There is evidence that proteomic analysis could be
a tool for differentiation between some bacterial species. Two-dimensional electrophoresis has been used
by other authors to analyze bacterial protein polymorphism and to distinguish among closely related pathogenic organisms. Proteomic comparison of membrane
and extracellular proteins has been performed to identify biomarkers for Helicobacter pylori (Carlsohn et al.,
2006), Listeria innocua (Calvo et al., 2005), and Pseudomonas aeruginosa (Nouwens et al., 2002). Hitherto,

2D-electrophoresis has not been used to compare bifidobacteria. In the present study 2D-electrophoresis was
employed in the analysis of the protein content of five
Bifidobacterium species. A total of 29 to 53 spots were
isolated, out of which only 12% to 41% were common
for all the examined species. The analysis revealed that
there were 149 spots which distinguished all the species,
examples of them are shown in Figure 3. Identification
of the most characteristic spots was performed using
peptide mass fingerprinting and automated MS/MS
analysis (Table I). The 18 identified proteins fell mainly
into the following functional categories: metabolismrelated proteins, especially membrane-related proteins;
proteins involved in energy production and conversion;
and proteins related to transcription and translation.
Spots 4 and 13 were identified as ATP binding proteins that energize transport of sugars through the ABC
transport system. Such activities can be associated with
the cytoplasmic membrane (Gilad et al., 2010). Spot 7
was recognized as a trigger factor. A trigger factor is
involved in protein export. It is a ribosome-associated
molecular chaperone, which is the first to interact with
nascent polypeptide chains. It acts as a chaperone by
maintaining the newly synthesized protein in an open
conformation (Kramer et al., 2004). The trigger factor

Fig. 3. Representative two-dimensional gel showing the proteins
detected in the intact cells of Bifidobacterium catenulatum KD14.
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1. B. catenulatum KD14 Not identified

Putative function

2. B. infantis ATTC

Spot No. extracted from

48.93

40.94

29.82

23.69

29.96

40.76

20.12

18.98

62.94

31.02

16.35

49.92

34.27

52.51

41.38

24.71

21.3

92.43
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37

133

49

38

24

30

81

122

48

21

77

67

79

67

139

30

46

Theoretical
molecular MS/MS
mass (kDa)

Table I
Proteins identified in the examined Bifidobacterium species

4755

1808

5765

2185

939

1035

1227

2164

4112

2078

758

2588

1855

3657

2208

9065

1567

1486

MWE

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

Signal
Anchoring*
peptides*

Cytoplasmic

Membrane

Cytoplasmic/

Cytoplasmic

Cytoplasmic

Cytoplasmic

Cytoplasmic/
Membrane

Cytoplasmic

Cytoplasmic

Cytoplasmic

Cytoplasmic

Unknown

Cytoplasmic

Cytoplasmic

Cytoplasmic

Cytoplasmic/
Membrane

Cytoplasmic

Cytoplasmic

Unknown

PSORTb*
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is a ribosome-associated protein that interacts with the
translation elongation protein and with a wide variety
of polypeptides to catalyze their folding (Ventura et al.,
2003). Spots 11, 12, and 14 were identified as ribosomal proteins. These proteins are often exposed on the
bacterial surface. Several surface-associated ribosomal
proteins have been identified in Streptococcus pyogenes
(Ventura et al., 2003), Bacillus subtilis (Severin et al.,
2007), and Lactobacillus rhamnosus GG (Sanchez et al.,
2009). Spot 14 was also identified as a translation elongation factor. Spot 2 was identified as the cytoplasmic
Hsp60 protein. It has been confirmed that the hsp60
gene can be used for detection, characterization, and
species identification of bifidobacteria (Ward and Roy,
2005). The diversity of the gene sequences indicates
that the encoded proteins will differ from one another
in various bifidobacterial species. Spots 5, 6, 9, and
10 were identified as cytoplasmic enzyme proteins
involved in the sugar catabolism pathway.
The present study shows that the method of extraction of surface-associated proteins by Mattarelli et al.
(1993) is the most suitable for the isolation of proteins
from intact cells of bifidobacteria. The proteomic analysis revealed that these specific proteins make it possible to distinguish among Bifidobacterium species such
as B. infanis ATCC1567, B. bifidum Bb-12, B. longum
KN29, B. catenulatum KD14, and B. animalis BI30.
This observation was borne out by SDS-PAGE and 2D
electrophoresis and further confirmed by an MS/MS
analysis, in which the most characteristic protein profiles were identified.
Further research and comparative analyses are
needed to develop appropriate proteomic profiles for
different species and to find the specific cell-wall proteins, their sequences and characteristics. If characteristic profiles of these proteins are known, scientists
will have an additional tool for accurate identification of bifidobacteria. Interesting possible application
could be in MALDI-TOF mass spectrometry. This
technique is cost effective and allow for highly accurate identification of bifidobacteria in a faster way than
traditional methods.
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