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Bifidobacteria constitute up to 3% of the total microbiota and represent one of the most important health-
promoting bacterial groups of the human intestinal microflora. The presence of Bifidobacterium in the human
gastrointestinal tract has been directly related to several health-promoting activities; however, to date, no
information about the specific mechanisms of interaction with the host is available. In order to provide some
insight into the molecular mechanisms involved in the interaction with the host, we investigated whether
Bifidobacterium was able to capture human plasminogen on the cell surface. By using flow cytometry, we
demonstrated a dose-dependent human plasminogen-binding activity for four strains belonging to three
bifidobacterial species: Bifidobacterium lactis, B. bifidum, and B. longum. The binding of human plasminogen to
Bifidobacterium was dependent on lysine residues of surface protein receptors. By using a proteomic approach,
we identified five putative plasminogen-binding proteins in the cell wall fraction of the model strain B. lactis
BI07. The data suggest that plasminogen binding to B. lactis is due to the concerted action of a number of
proteins located on the bacterial cell surface, some of which are highly conserved cytoplasmic proteins which
have other essential cellular functions. Our findings represent a step forward in understanding the mecha-
nisms involved in the Bifidobacterium-host interaction.

A large population of microorganisms inhabits the human
gastrointestinal tract (GIT) and forms a closely integrated unit
with the host called the intestinal microbiota. The quantity of
living bacteria which compose the human microbiota can range
from 1012 to 1014 CFU/g of luminal contents, and the assem-
blage contains up to 1,000 different species (1, 12, 48). During
evolution the association of microbes with tissues of the human
GIT resulted in the development of a balanced symbiotic re-
lationship, where the microorganisms profit by the acquisition
of nutrients and a stable temperature and in turn provide
important health benefits to the host (7). In fact, the intestinal
microbiota influences several biochemical, immunological, and
physiological features of the human host, resulting in an in-
crease in the host metabolic/digestive capacity and the exclu-
sion of harmful microbes (5, 42, 43).

Up to 3% of the total human intestinal microflora is com-
posed of bacteria belonging to genus Bifidobacterium, which
represents one of the most important health-promoting
groups of the human microbiota (15, 34, 36, 45). Members of
the genus Bifidobacterium are gram-positive, nonmotile, non-
spore-forming, anaerobic rods with variable appearance. The
presence of Bifidobacterium in the human GIT has been di-
rectly related to several health-promoting activities, including
maintenance of the normal microflora, immunostimulation
and immunomodulation, improvement of lactose utilization,
and reduction of serum cholesterol levels (12, 30, 43). Due to

their beneficial effects, some Bifidobacterium species have be-
come common components of many dairy and pharmaceutical
products. However, our knowledge of the mechanisms in-
volved in the bifidobacterial health-promoting activities is very
limited, and in particular, no information about the specific
mechanisms of the interaction of bifidobacteria with the host is
available.

Several pathogenic bacterial species intervene with the plas-
minogen (Plg)-plasmin system of the human host (16, 17, 35,
40, 41). In particular, in the human gastrointestinal niche,
enteropathogens such as Salmonella enterica, Listeria mono-
cytogenes, Helicobacter pylori, and Escherichia coli, as well as
Bacteroides fragilis, an opportunistic pathogen and common
member of the normal human gut flora, have been shown to
capture human Plg on the cell surface (16, 27, 33, 38, 40).
Plg is a single-chain glycoprotein with a molecular mass of
92 kDa and represents the monomeric proenzyme of the
serine protease plasmin. Plg comprises an N-terminal, 67- or
77-residue preactivation peptide (�8 kDa), five consecutive
disulfide-bound kringle domains (K1 to K5; 65 kDa), and a
serine protease domain (25 kDa). It is abundant in human
plasma and extracellular fluids (47), and its active form,
plasmin, plays a crucial role in fibrinolysis (6), homeostasis
(29), and degradation of the extracellular matrix proteins
(44). Because of these characteristics and the broad proteo-
lytic activity of plasmin, the mammalian Plg system offers a
high-potential proteolytic system to bacteria for coloniza-
tion of the human host. In fact, with the recruitment of
human Plg on the bacterial cell surface and its subsequent
conversion to plasmin, microorganisms acquire a surface-
associated proteolytic activity useful for facilitating the mi-
gration across physical and molecular barriers and for re-
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sponding to the nutritional demands during the colonization
process (4, 8, 16, 17, 25, 27, 33, 38, 39).

Since pathogens and symbionts of the human GIT colonize
the same ecological niche, the hypothesis that they share com-
mon molecular mechanisms to initiate and maintain their re-
lationships with the host has been addressed (1, 19, 21–23, 32).
According to Ochman and Moran (22), for pathogens and
symbionts the biological process for host colonization is largely
the same regardless of whether the final outcome of the inter-
action is harmful, benign, or beneficial to the host. In light of
this statement, we investigated whether Bifidobacterium pos-
sesses human Plg-binding activity like that reported for some
enteropathogens and an opportunistic pathogen of the human
gastrointestinal microflora.

The experimental data that we report here provide evidence
of a dose-dependent human Plg-binding activity in strains be-
longing to three bifidobacterial species. Furthermore, in the
cell wall fraction of Bifidobacterium lactis BI07 five putative
Plg-binding proteins have been identified. Our findings pro-
vide insight for understanding the mechanisms involved in
the Bifidobacterium-host interaction.

MATERIALS AND METHODS

Bacterial strains, media, and growth conditions. For this study, four bifidobac-
terial strains were selected. Bifidobacterium bifidum S16 and Bifidobacterium
longum S123 were isolated from human feces, whereas B. lactis DSM10140 (20)
and B. lactis BI07 were isolated from dairy products. Bifidobacteria were cul-
tured in MRS medium (Difco) supplemented with 0.05% (wt/vol) L-cysteine at
37°C in anaerobic conditions. Anaerobic conditions were obtained by using
Anaerocult A (Merck) in a jar. The bifidobacterial cells were grown for 18 h until
they reached the stationary phase.

Flow cytometric analysis of Plg binding in Bifidobacterium. Bifidobacterial
cells (B. lactis BI07, B. lactis DSM10140, B. longum S123, and B. bifidum S16)
were grown as described above for 16 to 18 h until they reached the stationary
phase. Bacteria were washed in phosphate-buffered saline (PBS), and 5 � 107

bacteria were incubated with different amounts of human Plg (0, 0.5, 1.0, 2.5, 5.0,
and 10.0 �g) in 100 �l (final volume) for 30 min at 37°C (5% CO2). Bacteria were
washed with PBS containing 0.5% fetal calf serum and incubated with anti-Plg
antibodies (Affinity Biologicals, Ontario, Canada) diluted 1:600 in PBS for 20
min at 25°C with constant agitation. Bifidobacterium-bound Plg was detected by
incubation with a 1:200 dilution of anti-goat antibodies conjugated with fluores-
cein isothiocyanate (FITC) (Sigma) in PBS in the dark for 20 min at 25°C with
constant agitation. Finally the bacteria were washed with PBS containing 0.5%
fetal calf serum and fixed with 3% paraformaldehyde in the dark for 1 h at 4°C.
Flow cytometric measurements were obtained by using a FACSCalibur flow
cytometer (BD Biosciences). The bacteria were detected using log forward and
log side scatter dot plots, and a gating region was set to exclude debris and larger
aggregates of bacteria. Ten thousand bacteria were analyzed for fluorescence
using log-scale amplification. The geometric mean fluorescence intensity
(GMFI) multiplied by the percentage of labeled bacteria was recorded as a
measure of binding activity. Data analysis was done with the WinMDI 2.8
software.

For inhibition studies 5 � 107 B. lactis BI07 and B. longum S123 bacteria were
incubated with 2.5 �g of Plg in the presence of 1, 10, or 50 �g ε-aminocaproic
acid (EACA), followed by the protocol described above. In order to study the
effect of carboxypeptidase B treatment, 5 � 107 bacteria were incubated with 0,
5, and 25 U carboxypeptidase B (from porcine pancreas; C9584-5MG; Sigma) in
PBS buffer for 1 h at 37°C. After washing with PBS buffer, bacteria were
incubated with Plg as reported above.

Transmission electron microscopy. In order to visualize the binding of Plg to
B. lactis BI07, we performed preembedding immunogold-labeling experiments
using whole bifidobacterial cells.

For immunolocalization of Plg bound to the bacterial surface, 1 � 109 bi-
fidobacterial cells recovered from a stationary-growth-phase culture were incu-
bated with 20 �g of human Plg for 1 h at 25°C, washed several times with PBS,
and incubated with 100 �l of goat anti-Plg immunoglobulin G (IgG) antibody
(Kordia) diluted 1:500 in PBS-1% bovine serum albumin (BSA) for 1 h at 25°C

with constant agitation. After two washes in PBS-1% BSA, bacteria were incu-
bated with a rabbit anti-goat antibody (DakoCytomation) diluted 1:100 in
PBS-1% BSA for 45 min at 25°C. After two washes, bacteria were resuspended
in 25 �l of anti-rabbit IgG coupled to 10-nm gold particles (Auro Probe; GE
Healthcare) diluted 1:5 in PBS-1% BSA and incubated for 30 min at 25°C with
constant agitation. Bacteria were then collected and washed two times in
PBS-1% BSA, and the sediment was fixed with 2.5% glutaraldehyde in 0.1 M
cacodylate buffer for 4 h at 4°C.

For transmission electron microscopy processing, the glutaraldehyde-fixed
bacteria were washed with 0.15 M cacodylate buffer and postfixed with 1% OsO4

for 1 h at 4°C. Bacteria were then washed, dehydrated in a graded alcohol series,
and embedded in araldite (Fluka, Sigma-Aldrich). Ultrathin sections were ob-
tained with a Reichert OMu3 ultramicrotome, counterstained with uranyl ace-
tate and lead citrate, and examined with a Philips 400T transmission electron
microscope.

For each sample, four ultrathin sections were examined (two sections per
grid), and in each section eight fields were randomly photographed. Gold-labeled
cells were counted on photographs.

Fractionation of bifidobacterial cell wall proteins. The bifidobacterial cell wall
proteins were extracted from 50 ml of a bacterial culture in stationary growth
phase as reported by Hardie and Williams (13). Bifidobacterial cells were col-
lected by centrifugation for 10 min at 5,000 rpm at 4°C and then washed in 50
mM Tris-HCl (pH 7.6). The bacteria were resuspended in 2 ml of protoplast
buffer (50 mM Tris-HCl [pH 7.6], 1 M sucrose, 1.4 mM phenylmethylsulfonyl
fluoride, 15 mg/ml lysozyme). The suspension obtained was incubated for 90 min
at 37°C. Subsequently, the cell suspension was centrifuged for 3 min at 4,000 rpm
at 4°C, and the supernatant, containing the cell wall proteins, was collected and
stored at �20°C.

Resolution of Bifidobacterium cell wall proteins by 2DE. The cell wall fractions
were solubilized in IEF solution containing 7 M urea, 2 M thiourea, 4% 3-[(3-
cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), and 0.005%
(vol/vol) 2-mercaptoethanol for two-dimensional polyacrylamide gel electro-
phoresis (2DE) analysis. The total protein concentration was calculated by using
a PlusOne 2D Quant kit (GE Healthcare).

Isoelectric focusing was carried out using Immobiline DryStrips with a linear
pH gradient from 4 and 7 (in 7 cm) on an IPGphor system (GE Healthcare).
Forty micrograms of proteins was rehydrated for 12 h in 125 �l of buffer A (8 M
urea, 2% [wt/vol] CHAPS, 2% [vol/vol] Ampholine pH 4.0 to 6.5 [GE Health-
care], 10 mM dithiothreitol, 0.8% bromophenol blue) and focused for a total of
10 kV � h. IPG strips were then reduced and alkylated (11) prior to loading onto
12% acrylamide separating gels (length, 8 cm; thickness, 1 mm), and electro-
phoresis was performed using an SE 250 mini vertical electrophoresis unit (GE
Healthcare). Proteins were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis at 160 V for 2.5 h. The spots were visualized by staining with
Coomassie blue R350 (PhastGel Blue R; GE Healthcare).

Plg overlay assay. B. lactis BI07 cell wall proteins (40 �g) were subjected to
2DE as reported above and blotted onto a nitrocellulose membrane (Pure
nitrocellulose membrane; Bio-Rad) by using a trans-Blot electrophoretic cell
(Bio-Rad). After transfer, the membrane was blocked in 10% skim milk, dis-
solved in 10% PBS, and then incubated with 4 �g/ml human Plg (Sigma-Aldrich)
in PBS for 1 h at 25°C. After several washes in PBS, the captured Plg was
detected by incubating the membrane with goat anti-Plg IgG antibody (Kordia).
The membrane was washed three times in TBS-T (20 mM Tris-HCl [pH 7.6], 0.5
M NaCl, 0.05% Tween 20) and incubated with peroxidase-conjugated anti-goat
IgG (Sigma-Aldrich). After three washes in TBS-T, the membrane was incubated
with ECL Plus (GE Healthcare) and the chemiluminescence signal was detected
by using a PhosphorImager Storm system (GE Healthcare). To determine the
role of the lysine-binding site(s) (LBS) in Plg binding, the experiment was
repeated in the presence of EACA. The first and second antibodies alone did not
result in nonspecific background binding.

Protein identification using MALDI-TOF MS. The selected protein spots were
excised from the acrylamide gel and subjected to in-gel tryptic digestion and
extraction of peptides (37). The extracted peptides were purified with ZipTip
(Millipore). Peptide mass fingerprinting maps of tryptic peptides were generated
by matrix-assisted laser desorption ionization–time of flight mass spectrometry
(MALDI-TOF MS) with a Voyager-DE Pro Biospectrometry work station (Ap-
plied Biosystems). All spectra were obtained in reflectron mode with an accel-
erating voltage of 20 kV and 40-ns delayed extraction. Internal calibration with
peptides arising from trypsin autoproteolysis was performed. Aldente (http:
//www.expasy.org/tools/aldente) and ProFound (http://129.85.19.192/index.html)
database search algorithms were used for identification of the proteins. Proteins
with a minimum of four matching peptides were considered positive.
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FIG. 1. Detection of Plg recruitment by bifidobacterial cells after incubation with 0, 0.5, 1, 2.5, 5, or 10 �g of human Plg by flow cytometry. Plg
was detected with polyclonal Plg IgG, followed by an FITC-conjugated second antibody. Countable bifidobacteria were gated using forward and
side scatter dot plots, and the shift in fluorescence intensity was evaluated. Binding data are expressed as the GMFI multiplied by the percentage
of gated events. The shift in fluorescence is visualized in the dot plots.
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FIG. 2. Flow cytometry analysis of inhibition of Plg binding to B. lactis BI07 and B. longum S123 by EACA and after pretreatment with carboxypep-
tidase B. (A) Bifidobacteria were incubated with 1, 10, and 50 �g EACA and 2.5 �g of Plg. Bacterial surface-bound Plg was detected with FITC-labeled
antibody. The results indicate that there was dose-dependent inhibition of Plg binding by EACA. (B) Plg binding to bifidobacteria after treatment of the
bacteria with 5 and 25 U carboxypeptidase B. The shift in fluorescence intensity is shown in plots of representative results.

5932



RESULTS

Flow cytometric analysis of Plg binding to Bifidobacterium.
The ability of whole Bifidobacterium cells to bind human Plg
was assessed using four bifidobacterial strains: B. lactis BI07, B.
lactis DSM10140, B. longum S123, and B. bifidum S16. Bacteria
grown to stationary phase were incubated with different
amounts of human Plg, and bound Plg was detected using an
anti-Plg antibody followed by a secondary FITC-labeled anti-
body. The increase in fluorescence intensity due to the cap-
tured Plg was evaluated by flow cytometric analysis (Fig. 1).
The product of the GMFI and the percentage of gated events
was significantly enhanced when bifidobacterial cells were in-
cubated with a higher dose of human Plg, indicating that all
bifidobacterial strains tested possessed a dose-dependent Plg-
binding activity. B. lactis BI07, B. longum S123, and B. bifidum
S16 showed comparable Plg-binding activities, while B. lactis
DSM10140 was about 10 times more efficient in Plg binding. In
control experiments, the anti-Plg antibody and secondary an-
tibody showed no significant binding to the bifidobacterial cells
tested.

It has been reported that binding of Plg to mammalian
species and some bacterial species is mediated by LBS within
the kringle domains of Plg which have affinity for the amino
acid lysine (40). To investigate the role of LBS for Plg recruit-
ment on the bifidobacterial cell surface, we evaluated the bind-
ing of 2.5 �g of human Plg to B. lactis BI07 and B. longum S123
in the presence of 1, 10, and 50 �g of the lysine analog EACA
(Fig. 2A). Our results showed that EACA inhibited the Plg
binding to the surface of Bifidobacterium in a concentration-
dependent manner, with complete inhibition reached when 50
�g of EACA was employed. These data demonstrate that the
LBS of the Plg kringle domains are involved in Plg recruitment
on the bifidobacterial cell surface.

Many of the Plg receptor proteins identified have a carboxy-
terminal lysine residue that is involved in binding of Plg (8, 17).
To evaluate the impact of the C-terminal lysine(s) in Plg bind-
ing to Bifidobacterium, B. lactis BI07 and B. longum S123 cells
were treated with increasing concentrations of carboxypep-
tidase B (0, 5, and 25 U), which is a C-terminal lysine-specific
endopeptidase. In flow cytometry analysis, both strains showed
a significant reduction in Plg binding after pretreatment with
higher doses of carboxypeptidase B. The plateau of Plg binding
was reached with 5 U of carboxypeptidase B, a value at which
the bifidobacterial Plg-binding activity was reduced to approx-
imately 50% (Fig. 2B). However, treatment with carboxypep-
tidase B did not completely abolish Plg binding to bifidobac-
teria. These data suggest that Plg recruitment to the surface of
bifidobacteria partially depends on C-terminal lysine residues
present in Plg receptors.

Localization of human Plg on the B. lactis BI07 cell surface
and detection of putative Plg-binding proteins. For the visu-
alization of human Plg on the bifidobacterial cell surface, im-
munoelectron microscopy experiments were carried out with
B. lactis BI07 cells. Bacteria grown to stationary phase were
incubated with human Plg, washed, and then incubated in
preembedding conditions with anti-human Plg antibody, fol-
lowed by incubation with the secondary antibody labeled with
10-nm gold particles. Ultrathin sections were examined at a
magnification of �13,000 (Fig. 3). Plg aggregates, similar to

those reported by Bergmann et al. (4) for Streptococcus pneu-
moniae, were clearly visible on the B. lactis BI07 cell surface as
aggregates of gold particles. In control experiments, bifidobac-
terial cells incubated with anti-human Plg antibody resulted in
no labeling, demonstrating the specificity of the Plg labeling
shown in Fig. 3.

In order to detect possible cell surface protein candidates for
the interaction with human Plg, we focused on B. lactis BI07 as
a model strain. The cell wall fraction from B. lactis BI07 in
stationary phase was purified, and a Plg overlay assay was
carried out. The cell wall proteins were resolved in a two-
dimensional gel, immobilized on a nitrocellulose membrane,
incubated with human Plg, and probed with anti-Plg antibody
to identify bound Plg. Binding of Plg to eight B. lactis BI07 cell
wall proteins was observed (Fig. 4B), and the coordinates of
the major putative Plg-binding proteins detected could be
matched to a protein spot on the replica gel stained for pro-
teins (Fig. 4A). Plg binding was completely inhibited in the
presence of EACA (data not shown). These data confirm our
results obtained by flow cytometry and demonstrate that the
interaction between the putative Plg-binding proteins and hu-
man Plg is mediated by LBS of Plg.

Identification of B. lactis BI07 putative Plg-binding proteins
on two-dimensional gels by mass spectrometry. Spots identi-
fied as putative Plg-binding proteins were excised from the gel
and subjected to trypsin digestion and MALDI-TOF MS. The
peptide fingerprints obtained were scanned with the searching
tools Aldente and ProFound, and unambiguous identification
was obtained for six of the eight putative Plg-binding proteins
previously detected (Table 1). Protein spot 1 (70 kDa, pI 4.5)
was identified as DnaK, protein spot 3 (52 kDa, pI 5.5) was
identified as glutamine synthetase, protein spot 4 (46 kDa, pI
4.7) was identified as enolase, protein spots 5 and no. 6 (37

FIG. 3. Visualization of human Plg on the cell surface of B. lactis
BI07 by immunoelectron microscopy. Plg was detected on the bacterial
cell surface by using anti-Plg antibody and a colloidal gold-coated
secondary antibody in preembedding labeling experiments. Plg aggre-
gates associated with the cell surface were visualized as black dots in
ultrathin sections of bacterial cells at a magnification of �13,000.
Incubation of B. lactis BI07 cells with anti-Plg antibody resulted in no
labeling (inset). In each experimental condition, for eight fields exam-
ined per sample, 70% of B. lactis BI07 cells were labeled with gold
particles, whereas none of the negative control cells was labeled.
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kDa, pI 4.6 to 4.7) were identified as bile salt hydrolase, and
protein spot 7 (30 kDa, pI 5.4) was identified as phosphoglyc-
erate mutase. With the exception of glutamine synthetase, all
the putative Plg-binding proteins identified are predicted to
have a C-terminal lysine. The peptides in protein spots 2 and 8
have not been identified yet.

DISCUSSION

Using a flow cytometric approach, we demonstrated dose-
dependent human Plg-binding activity in four bifidobacterial
strains belonging to three different species: B. lactis, B.
bifidum, and B. longum. All strains tested showed binding to
human Plg, as previously shown by using human bacterial
pathogens, such as group G streptococci, E. coli, and Sal-
monella. The capability of B. lactis BI07 whole cells to bind
human Plg was further demonstrated by immunoelectron
microscopy. Binding was localized to the cell surface of B.
lactis BI07, where Plg aggregates were visible. These hot
spots resemble the Plg binding found on the cell surface of
S. pneumoniae (4). The binding of human Plg to Bifidobac-
terium is strongly dependent on lysine residues of surface
protein receptors. Flow cytometry experiments demon-
strated that there was complete inhibition of Plg recruit-

ment on the bifidobacterial cell surface in the presence of
the lysine analog EACA. Although it is generally assumed
that the recruitment of Plg on the cell surface is mediated by
C-terminal lysines of Plg receptors, carboxypeptidase B
treatment of bifidobacterial cells only partially decreased
their binding to human Plg. Thus, the existence of an inter-
nal Plg-binding motif for at least some Plg receptors dis-
played on the bifidobacterial cell surface can be assumed.
Strengthening our findings, evidence of a non-C-terminal
lysine Plg-binding site has been reported for pneumococcal
enolase and Prp, a group A streptococcal M protein-related
protein (10, 28, 31).

A proteomic approach enabled identification of five putative
Plg-binding proteins in the cell wall fraction of the model strain
B. lactis BI07: DnaK, glutamine synthetase, enolase, bile salt
hydrolase, and phosphoglycerate mutase. This is the first ex-
perimental evidence of a potential Plg-binding activity for bile
salt hydrolase and glutamine synthetase, whereas DnaK, eno-
lase, and phosphoglycerate mutase have already been identi-
fied as human Plg receptors in different microorganisms. In
particular, enolase is one of the best-characterized human Plg
receptors in prokaryotes and eukaryotes (2–4, 8–10, 16–18,
24–26, 33, 38, 46), while the surface-located DnaK and phos-
phoglycerate mutase proteins have been demonstrated to bind
Plg in the gram-positive bacterium L. monocytogenes (33) and
in Candida albicans (8), respectively. Of the putative Plg-bind-
ing proteins that have been identified, glutamine synthetase is
the only one which lacks C-terminal lysines. Hence, these data
suggested the existence of an internal Plg-binding motif in
bifidobacterial Plg receptors, which was experimentally proven
by flow cytometric analysis. Interestingly, as reported for other
gram-positive bacteria (17), at least some of the B. lactis BI07
Plg-binding proteins are highly conserved cytoplasmatic pro-
teins that, when expressed on the bacterial cell wall, acquire a
“moonlighting” function different from their well-known activ-
ity performed in the cytoplasm (33). None of these enzymes
exhibits any detectable export and retention signal, and the
mechanisms of secretion and cell anchoring remain to be de-
termined. Taken together, our data demonstrate that Plg bind-
ing to B. lactis BI07 cells is due to the concerted action of a

FIG. 4. Plg overlay assay carried out with the cell wall fraction of B. lactis BI07 resolved in a two-dimensional gel stained for protein (A) and
in a replicate two-dimensional gel used for Plg overlay (B). The squares indicate the major Plg-binding proteins; 4 �g/ml of Plg was applied in the
Plg overlay. Plg-binding proteins were detected with anti-Plg antibody and peroxidase-conjugated second antibody. Table1 shows the identities of
the putative Plg-binding proteins.

TABLE 1. Identification of B. lactis BI07 putative
Plg-binding proteins

Spot Protein pI
Molecular

mass
(kDa)

Mass
spectrometry

peptide
coverage (%)

1 DnaK (gi 23325724) 4.7 67 29
2 Unidentified
3 Glutamine synthetase

(gi 42519488)
5.3 50 24

4 Enolase (gi 46191081) 4.7 46.6 32
5–6 Bile salt hydrolase

(gi 46486762)
4.7 35 31

7 Phosphoglycerate mutase
(gi 23336625)

5.3 28 50

8 Unidentified
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number of proteins that often have other essential cellular
functions.

In this paper, we demonstrated that the human species B.
bifidum and B. longum, as well as B. lactis, which is widely
employed as a probiotic in food and pharmaceutical formu-
las (7, 15), possess significant human Plg-binding activity
and show the potential to intervene with the plasmin(ogen)
system of the human host. To our knowledge, this is the
first experimental evidence of a Plg-binding activity in the
health-promoting member of the human intestinal micro-
biota Bifidobacterium. Recently, Lactobacillus crispatus, a
commensal member of the human intestinal microbiota, has
been shown to interact with Plg (14), opening the way to
compare the Plg/plasmin system in bacterial commensalism
and pathogenicity. The ability of Bifidobacterium to intervene
with the plasmin(ogen) system of the human host may have a
role in facilitating the colonization of the human GIT through
degradation of the extracellular matrix and thereby improving
the possibility that the bacteria come in contact with the host
cells. However, the relevance of recruited bifidobacterial plas-
min activity for establishment of colonization of the human
GIT has to be studied.
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