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Abstract
Pasteuria ramosa is a spore-forming bacterium that infects Daphnia species. Previous results demonstrated a high specificity of host clone/
parasite genotype interactions. Surface proteins of bacteria often play an important role in attachment to host cells prior to infection. We
analyzed surface proteins of P. ramosa spores by two-dimensional gel electrophoresis. For the first time, we prove that two isolates selected for
their differences in infectivity reveal few but clear-cut differences in protein patterns. Using internal sequencing and LC/MS/MS, we identified
a collagen-like protein named Pcl1a (Pasteuria collagen-like protein 1a). This protein, reconstructed with the help of Pasteuria genome
sequences, contains three domains: a 75-amino-acid amino-terminal domain with a potential transmembrane helix domain, a central collagenlike region (CLR) containing Gly-Xaa-Yaa (GXY) repeats, and a 7-amino-acid carboxy-terminal domain. The CLR region is polymorphic
among the two isolates with amino-acid substitutions and a variable number of GXY triplets. Collagen-like proteins are rare in prokaryotes,
although they have been described in several pathogenic bacteria, including Bacillus cereus, Bacillus anthracis and Bacillus thuringiensis,
closely related to Pasteuria species, in which they could be involved in the adherence of bacteria to host cells.
Ó 2009 Elsevier Masson SAS. All rights reserved.
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1. Introduction
Pasteuria are endospore forming, Gram-positive bacteria
among which all known species are obligate parasites of
invertebrates belonging to two distinct phyla, nematodes and
arthropods. They grow in the body cavity of their hosts and
produce several million endospores. Their transmission is
strictly horizontal through the release of spores at the time of
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the host’s death. Spores are dormant and are capable of
surviving in soil and pond samples for decades [6].
Pasteuria ramosa infects water fleas of the Daphnia genus
(crustaceans Cladocera), which play an important role in the
food chains of ponds and lakes. These bacteria are highly
virulent as infected hosts are completely sterilized and have
a reduced lifespan [9]. Previous studies revealed considerable
genetic variation in terms of resistance and virulence, and
a high specificity of Daphnia clone/P. ramosa isolate interactions [3]. The large cost of the infection in terms of host
reproduction and survival, combined with genetic variation in
the host/parasite association, can lead to a coevolutionary arms
race [12,13] based on frequency-dependent selection [3]. It is
thus of interest to elucidate the nature of host/parasite interaction specificity. The Daphnia/P. ramosa model is unique for
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approaching such questions [6e8,11]; it is thus essential to
find the basis for host/parasite interaction specificity in this
system.
The mode of infection of P. ramosa is unknown at the
present time; however, it has been shown that in the initial step
of infection, endospores of the closely related bacteria Pasteuria penetrans, parasites of phytopathogenic nematodes,
adhere to the cuticule of their hosts [4]. Microbial adhesion to
host tissue is the primary critical event in most infections. The
biochemical mechanism of the adhesion of P. penetrans is still
only poorly understood, but for many microorganisms,
adherence to host tissues is mediated by bacterial adhesins
called MSCRAMMs (microbial surface components recognizing adhesive matrix molecules) which recognize and bind
to extracellular matrix molecules [21]. In Gram-positive
bacteria, especially in spore-forming species, several ligands
of MSCRAMMs have been identified including fibronectin,
collagen and fibrinogen [22]. To date, there is almost no
information available on surface proteins of Pasteuria species.
In the present work, a proteomic approach was used to
investigate proteins from the surface of P. ramosa spores.
Two-dimensional protein gel electrophoresis revealed few but
clear differences in the protein patterns of two isolates that
differ greatly in infectivity. Using internal sequencing
combined with LC/MS/MS, we identified a protein that
contains Gly-Xaa-Yaa (GXY) repeats typical of collagen-like
proteins, and which differs in length between the two isolates.
Collagen-like proteins have been described recently in
a limited number of bacteria, such as Bacillus sp. and Streptococcus sp., and are predicted to be involved in spore
attachment and virulence. The collagen-like protein found in
Pasteuria is variable between the two isolates tested and
exhibits characteristics of cell adhesion molecules, making it a
good candidate as a potential player in the specificity of
P. ramosa/host interactions.
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using cold acetone (1/4 v/v), incubated for 2 h at 20  C and
centrifuged for 15 min at 4  C at 13,000 rpm. The pellet was
dried and solubilized in freshly made buffer containing 7 M
urea, 2 M thio-urea, 4% chaps and 2% ampholytes pH 9e11.
The protein concentration was determined using a Bio-rad
protein assay according to the manufacturer’s recommendations (Bio-rad Laboratories, Inc., Hercules, USA).
2.3. 2D-gel electrophoresis
Around 240 mg of samples were loaded onto polyacrylamide tube gels using a carrier ampholyte-generated pH
gradient (Zoom Invitrogen pH 3e10). Voltage was increased
up to 700 V for around 20 h. The second dimension was
realized on 2D polyacrylamide gradient gels (11e19.5%) in
permanently cooled SDS-Tris-glycine buffer under 125 V,
1.4 A for approximately 18 h. The proteins were then stained
with Coomassie blue (Serva Blue R). Spots were quantitatively
and qualitatively analyzed using PD Quest (Bio-Rad) and spots
of interest (upregulated or absent in one or the other sample,
see Fig. 1) were excised and kept in 10% MeOH until analysis.
2.4. Liquid chromatography/mass spectrometry/mass
spectrometry (LC/MS/MS)

2. Materials and methods

The samples were digested with trypsin, injected onto
a capillary trap (LC Packings Pep Map) and desalted for 5 min
with a flow rate of 10 mL/min of 0.1% v/v acetic acid. The
samples were loaded onto an LC PackingÒ C18 Pep Map HPLC
column. The elution gradient of the HPLC column started at
3% solvent A, 97% solvent B and finished at 60% solvent A,
40% solvent B for 20 min for the protein identification. Solvent
A consisted of 0.1% v/v acetic acid, 3% v/v ACN, and 96.9% v/
v H2O. Solvent B consisted of 0.1% v/v acetic acid, 96.9% v/v
ACN, and 3% v/v H2O. LC/MS/MS analysis was carried out on
a hybrid quadrupole-TOF mass spectrometer (QSTAR, Applied
Biosystems, Framingham, MA).

2.1. P. ramosa isolates and spore cultivation

2.5. Protein search algorithm

Two P. ramosa laboratory isolates, P1 and P3, originally
collected in Germany and Finland respectively (see [19] for
details), and selected for their differences in infectivity [2],
were used in this study. In the laboratory, Daphnia magna
clones were kept under standardized conditions in an artificial
culture medium at 20  C [8] while bacterial spores, previously
collected in field samples from infected Daphnia, were
stocked at 20  C. We infected Daphnia by exposing 20
juvenile hosts of the clonal population HO2 to 1  106 spores
in a 400 mL jar. Daphnia were then fed daily with 5  106
cells of the algae Scenedesmus spp. Three weeks after infection, hosts were fully infected by spores of the bacteria.

Tandem mass spectra were extracted by ABI Analyst version
1.1. All MS/MS samples were analyzed using Mascot (Matrix
Science, London, UK; version 2.0.01). Scaffold (version Scaffold-01-06-03, Proteome Software Inc., Portland, OR) was used
to validate MS/MS based peptide and protein identifications.

2.2. Protein extraction
Surface proteins of the spores were extracted as described
in Schmidt et al. (2003) [28]. Proteins were then precipitated

2.6. Gene sequences
2.6.1. Location in the P. ramosa genome
Sequences of contigs representing a total of 3.6 Mb of the
genome of P. ramosa (the predicted genome size is about
5 Mb) were obtained from a cosmid library generated from the
laboratory isolate P1 (G. Nong, unpublished data). We localized the peptides in the contigs by tBlastn. The peptides were
located in two contigs. We assumed that all peptides identified
were part of the same protein that we called Pcl1a. Indeed, the
30 part of one contig coding sequence appeared to overlap with
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Fig. 1. 2D-gel electrophoresis of P1 and P3 isolates of spore surface proteins 2D-gel electrophoresis stained with Coomassie blue. 1st dimension: pH 3e10. 2nd
dimension: NuPAGE gel 4e12%. The encircled spots P1.1 and P1.2 have been sequenced and correspond, respectively, to the complete Pcl1a protein and to its
carboxy-terminal part. Spot P1.1 is also present in isolate P3, but at lower expression. However, spot P1.2 found in isolate P1 is not present in isolate P3. One
hypothesis is that the corresponding protein has not been cut in the same way in the P1 and P3 isolates.

the 50 extremity of the other contig. To confirm this hypothesis
or/and to fill in the gap between the two contigs, we designed
primer sets with a forward primer in one contig and a reverse
primer in the other contig using Primer3 [26]. This pair of
primers was used to amplify material from DNA extracted
from cleaned P. ramosa spores.
2.6.2. Isolation of clean spores for genetic analysis
For each strain, four infected Daphnia were crushed with
a pestle to extract spores. Spores were pelleted by centrifugation at 10,000g for 1min and resuspended in 400 ml of lysis
solution (Lysozyme 20 mg/ml, 50 mM TriseHCl pH, 10 mM
EDTA, pH 8.0). Spores were incubated at 37  C with shaking
for 60 min (Lab Shaker, Adolf Kühner, Birsfelden,
Switzerland), followed by the addition of 40 ml 20% SDS and
a further incubation for 60 min at 37  C with shaking. Spores
were then washed twice according to the following method:
spores were pelleted by centrifugation for 2 min at maximum
speed and the supernatant was discarded, followed by resuspension in 500 ml TriseHCl (10 mM, pH 7.0). Washed spores
were pelleted once more and resuspended in 300 ml proteinase
K buffer (50 mM TriseHCl, 5 mM CaCl2, 4 M urea, 5 mM
CaCl2, pH 8.0) to which was added 30 ml proteinase K (20 mg/
ml). This suspension was incubated for 1 h at 56  C with
shaking, followed by another two rounds of spore washing as
described above. Pelletted spores were resuspended in 450 ml
H2O and incubated at 95  C for 15 min without shaking. 50 ml
DNAseI buffer and 2 ml DNAseI (10 mg/mL) were then added
to cooled samples, followed by incubation at 37  C for 1 h
without shaking. 2 ml of EDTA (50 mM) was then added prior
to heating at 70  C for 15 min. Spores were washed twice more
as described above before resuspension in 300 ml of TE buffer
(10 mM TriseHCl, 1 mM EDTA, pH 8.0).
2.6.3. DNA extraction
160 mg of 0.1 mm zirconian beads were added to spores
suspended in 300 ml of TE buffer, pH 8.0, followed by beating

at full speed for 20 s (FastPrep FP120, Bio101 Savant, Holbrook, NY, USA). The preparation was incubated at 56  C for
30 min. 20 mL RNase A (20 mg/mL) was added to supernatant
followed by a 5 min bench incubation. 350 mL phenol chloroform was then added and quickly mixed by inversion, followed by centrifugation at full speed for 5 min. The aqueous
layer was decanted into a fresh 1.5 mL Eppendorf tube, and
the phenol chloroform extraction repeated. This process was
repeated once more using 350 mL of pure chloroform. 30 mL
NaOAc 3 M (pH 5.2) and 900 mL EtOH (100%) were added to
the final preparation before overnight freezing at 20  C.
After centrifugation for 30 min at 4  C (full speed) supernatant
was carefully removed and discarded, and the pellet washed
twice in 70% EtOH. After bench drying, the pellet was
resuspended in 25 mL TE buffer (10 mM Tris, 1 mM EDTA,
pH 8.0).
2.6.4. Whole gene amplification
PCR amplifications were performed using the BD Advantage 2 PCR kit (BD Biosciences Clontech). Reactions were
carried out in 25 ml volumes with the following concentrations: 1 Advantage 2 PCR buffer, 200 mM for each dNTP,
400 nM for each primer (Pcl1a-fwd: 50 -TTA TAT AAA TAA
AGG GGA TTG GAT TTT-30 ; Pcl1a-rev: 50 -TTG GAA ATA
ATA GTG AAA CCC AAT C-30 ), and 1 Advantage 2
polymerase mix. The reaction mixtures were incubated at
95  C for 1 min, cycled 35 times at 95  C for 30 s, 50  C for
30 s and 68  C for 2.5 min, followed by a final incubation at
68  C for 10 min. PCR products were purified (GenEluteÔ
PCR Clean-Up Kit, Sigma) and both strands were sequenced
(Macrogen, Korea).
2.7. Protein identification and predicted structure
Sequence homologies and conserved motifs were searched
on the whole amino-acid sequence obtained from translation of
the gene sequence in the database of the National Center of
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Biotechnology Information (NCBI, Bethesda, MD). The structure of the protein was predicted using the JPred server (http://
www.compbio.dundee.ac.uk/wwww-jpred; [5]). The presence
of transmembrane helices was predicted using TMHMM Server
2.0 (http://www.cbs.dtu.dk/services/TMHMM) and the presence
of the cleavage site of signal peptide using the Signal Program
freely available at http://www.cbs.dtu.dk/services/SignalP [20].
O-Glycosylation sites were predicted using the NetOGlyc 3.1
server (http://www.cbs.dtu.dk/services/NetOGlyc/).
2.8. Gene expression
The protein Pcl1a was found on the surface of spores,
which is the transmission stage of P. ramosa. We performed
RT-PCR to check whether gene pcl1a is also expressed during
the growth stage of the bacteria. Total cell RNA was thus
extracted from daphnia infected with P. ramosa vegetative
cells (13 days after infection). We used the DynabeadsÒ
mRNA DIRECTÔ microkit (Dynal A.S., Oslo, Norway)
according to the manufacturer’s instructions. RNA was eluted
in TriseHCl and treated with deoxyribonuclease (Sigma). RTPCR was performed on a part of the RNA using SuperScriptÔ
III reverse transcriptase (Invitrogen) following the manufacturer’s recommendations. PCR reactions were carried out
on both cDNA and RNA to ensure that there was no genomic
DNA amplification. We designed primers located within the
gene (fwd: 50 -GGA TGA TTG ATA TTC GGA AA-30 ; rev: 50 TGT GGA CCA GGT ATA CCA AT-30 ). We also used
a primer set that amplifies a fragment of the housekeeping
gene of P. ramosa, AtpG, encoding an ATP synthase (subunit
Gamma) as a control for the quality of the RNA extraction
(AtpG-fwd: 50 -GCG GAT ATA ATA GCA GCC TTT TTC
GAA CA-30 ; AtpG-rev: 50 -GCA AAT TCA CTA GCA CGC
GCC TCT-30 ). PCR was carried out in a final volume of 25 ml
containing 200 mM dNTPs, 200 nM primers, 0.5 IU Euroblue
TaqÒ DNA polymerase (Eurobio) and 4 ml of template cDNA
or RNA. Thermal cycling conditions were 2 min at 94  C,
followed by 37 cycles of 40 s at 94  C, 40 s at 54  C for pcl1a
and 58  C for AtpG, and 1 min at 72  C. A final elongation for
10 min at 72  C was added after the cycles. A positive control
was made on 2 ml of DNA from P. ramosa.
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P1.2 were also found in P1.1, suggesting that these two spots
correspond to one single protein, complete in spot P1.1 but
incomplete in spot P1.2, which has about half the molecular
weight of P1.1 (around 70 kDa and 35 kDa respectively for
P1.1 and P1.2).
3.2. Identification and analysis of the gene and inferred
protein in isolate P1
To identify the nucleic acid sequences encoding these
peptides, a tBlastn search against the unfinished genome
sequence of the P. ramosa P1 isolate was performed. Sequences
were found in two different contigs of 1844 bp and 17415 bp.
Primers were defined at their ends to fill the gap between them.
Other primers (Pcl1afwd/rev) were then designed to amplify the
whole pcl1a gene. To confirm the presence of pcl1a in P.
ramosa as opposed to other potentially contaminating endosymbionts, these primers were used to amplify pcl1a in DNA
extracted from chemically ‘cleaned’ spores. DNA extracted
from uninfected D. magna and from spores not subjected to
cleaning were used as negative and positive controls, respectively. An amplicon of 1944 bp was obtained. We identified one
open reading frame (ORF) of 1875 bp in this amplicon (Fig. 2,
nucleotides 120e1975) encoding a single protein consisting of
625 amino acid residues. A potential promoter located upstream
from the ORF included a 10 region (AATAAT; five of six
bases identical to the consensus sequence TATAAT) and a 35
region (TTTAGA; four of six bases identical to the consensus
sequence TTGACA). A potential ribosome binding site specific
to bacteria TAAAGGGG (consensus sequence TAAGGAGG;
identical residues shown in boldface type) was located thirteen
nucleotides upstream from the ATG-Met start codon.
The protein had a calculated molecular mass of 60.9 kDa
and an estimated pI of 5.05 (ProtParam tool freely available at
http://www.expasy.ch/tools/protparam.html). The difference
between the calculated and the observed mass weight on the
gel could be explained by post-translational modifications
(phosphorylation, glycosylation, methylation, etc.). Indeed,
Pcl1a possessed putative GalNac and GlcNac O-glycosylation
sites (data not shown). Its most striking feature was its central
region which contained 181 contiguous Gly-Xaa-Yaa triplet

3. Results
3.1. 2D-gel electrophoresis and peptide identification
2D-gel electrophoresis of spore surface proteins from P1
and P3 isolates stained with Coomassie blue were obtained
(Fig. 1). Numerous spots can be seen, most of which had an
acid pH. Gels revealed few but clear differences in protein
patterns between the two isolates. We selected two spots, P1.1
and P1.2 (encircled in Fig. 1): the first had higher expression
in P1 than in P3 and the second was present in the gel obtained
from P1 but absent in the P3 preparation. These spots were
excised and destained. LC/MS/MS identified nine and three
peptides, respectively, by internal sequencing using trypsin
digestion (Table 1). Results revealed that all peptides found in

Table 1
Peptides identified by LC-MS/MS. Database search result for tryptic digestion
of protein spots encircled in Fig. 1 from spore surface protein extracts of P1
isolate.
Spot(s)

Peptide sequence

Peptide mass
(AMU)

P1.1
P1.1
P1.1/P1.2
P1.1/P1.2
P1.1
P1.1/P1.2
P1.1
P1.1
P1.1

GLPGVPGLNGAPGAPGAPGR
GDKGDKGDKGESILLALKG
KIETIFSESHIGLDHK
NIFSGPVGPPGPAGPMGPPGR
EGPPGIPGRPGK
KGDIGIPGPQGYPGEPGPQGR
QGEAGLPGPK
QGEAGLPGPPGK
GDQGEAGMPGPKGDQGEAGMPGPK

1712
1901
1854
1975
1162
2077
936
1091
2301
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Fig. 2. Nucleotide and amino-acid sequences of the pcl1a gene and Pcl1a protein in the P1 laboratory isolate. The pcl1a coding sequence (Genbank accession
number: EU309708) consists of a 1875 bp (nucleotide 120e1975) and encodes a protein of 625 amino acids. The putative pcl1a promoter region contains
a predicted ribosomal binding site specific to bacteria (RBS) and 35 and 10 regions (underlined). The putative ATG (Met) start codon and TAA stop codon are
shown in italic boldface type. SS, signal sequence showing the predicted cleavage site (arrowhead). Its putative transmembrane helix region is shaded in gray. The
collagen-like region (CLR) consists of 181 GXY triplets (boxed). The putative cell adhesion site RGD site is indicated (encircled).
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amino acid motifs (residues 76e618), characteristic of the
structure of collagen. This collagen-like region (CLR) had
a predicted coiled structure. The previous 75 amino acids
contained a hydrophobic transmembrane segment with a predicted helix structure (residues 7e26). The amino-terminus
had structural features characteristic of signal sequences
(residues 1e26) with a predicted cleavage site (Ala27). The
CLR was followed by a short carboxy-terminal segment
(ILLALKG). Spot P1.2 also corresponded to this protein, but
lacked the amino-terminus part. This protein, which we called
Pcl1a, for Pasteuria collagen-like 1a protein, had no similarity
to other proteins present in the databanks outside the CLR
region. Pcl1a contained an RGD (Arg-Gly-Asp) sequence
(residues 513e515) known to form an essential recognition
site for cell attachment of many adhesive proteins. It also
contained a great number (41) of alternative sequence KGDs
(Lys-Gly-Asp) which also bind some integrins, although with
lower affinity (for a review, see [27]).
3.3. Comparison of Pcl1a in the two isolates
Using the primer sets designed on P1, we obtained the
complete sequence of the pcl1a gene of the isolate P3. The
comparison of the putative corresponding amino-acid
sequence showed variability between the two isolates (Fig. 3).
These differences are all located within the CLR and consist of
amino-acid substitutions and a variable number of GXY-triplet
repeats. Pcl1a in P3 contains four more GXY triplets than in
P1. Most substitutions are conserved substitutions (mainly
Met/Ile) caused by single nucleic A/G and T/C substitutions.
3.4. Analysis of gene expression
RT-PCR was performed on total RNA isolated from vegetative cells of infected P. ramosa and demonstrated that pcl1a
was also expressed in the two isolates during the growth stage
of the bacteria. Therefore, pcl1a expression was not restricted
to the spore stage. Future studies should focus on the transcription level of this gene which could be monitored during
the developmental stage of P. ramosa and compared between
the different isolates.
4. Discussion
The mechanism by which endospores of Pasteuria sp.
infect their hosts is as yet poorly understood; however,
attachment to host cells is probably an essential prerequisite
for infection. In the present paper, we used a proteomic
approach to analyze the pattern of spore surface proteins in
two laboratory isolates of P. ramosa that differ greatly in their
capacity for host infection [2]. This led to the identification of
a protein, Pcl1a, that containing GXY repeats characteristic of
the structure of collagen. Proteins containing collagen motifs
are rare in prokaryotes, but have been found in some bacteria
and viruses [14,15,17,23,24,30,32], and, in particular, in
Bacillus sp., a bacteria closely related to Pasteuria sp.
belonging to the same clade [1].
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Pcl1a has been identified in two different spots in the P1
surface protein preparation. One spot, corresponding to the
carboxy-terminus part of the protein, was not found in the P3
sample, which could be explained by the absence of cleavage
or, on the contrary, by more or different cuts in the P3 version
than in the P1 Pcl1a. The other spot, which corresponds to the
complete protein, shows overexpression of Pcl1a in P1. This
protein has a putative transmembrane region and a signal
peptide, but does not possess motifs like LPXTGE which are
highly conserved in Gram-positive bacterial surface proteins
[10]. Pcl1a possesses a signal peptide (the first 27 amino
acids), a sequence motif that could mediate attachment to
cellular walls (like RGD in Pcl1a) and a transmembrane
domain. Little is known about bacterial collagen-like protein
ligands but in mammals, different collagen receptors have
been identified, including various integrins, discoidin domain
receptors, glycoproteins, leucocyte-associated Ig-like receptors and lectins such as the mannose receptor family [16].
Bacterial collagen-like proteins have been mainly found in
bacteria pathogenic to mammals such as Streptococcus sp.
[14,15,17,23,24] and Bacillus sp. [30,32]. Except for the CLR
region, Pcl1a does not show any similarity with the collagenlike proteins found in other bacteria. But in these bacteria,
collagen-like proteins also have a transmembrane region.
Pcl1a does not have canonical N-linked glycosylation sites;
however, there could be O-linked sugars added. Indeed, in
Bacillus sp., the collagen-like protein BclA appears to have
many O-linked sugars present at the Y position of the triplet
GXY, wherein Y is a threonine [30]. However, this cannot be
the case in Pcl1a, the triplet of which contains no threonine.
The Pcl1a molecule might therefore be poorly glycosylated.
The predictions for O-linked GalNac and GlcNac suggest, at
most, one site for each sugar.
It has been suggested that collagen-like proteins could have
been acquired by bacteria through horizontal transfer from
eukaryotes. The transfer between bacteria may then have been
mediated by bacteriophages [24]. This hypothesis is reinforced
by the fact that not only the structure but also the function of
mammalian collagen proteins have been conserved in bacteria
[13]. The low level of similarity of the collagen-like proteins
between bacterial species would thus be due to extensive
rearrangements [24]. In addition duplications must also have
occurred, since some bacteria harbor different numbers of
collagen genes: seven in Streptococcus equii [15], two in
Streptococcus pyogenes [17,18], two in Bacillus anthracis
[30,32], 16 in Bacillus cereus and five in Bacillus thuringiensis. In silico analysis should be done to search for other
genes encoding collagen-like proteins in P. ramosa.
The fact that bacteria with very distant hosts, for instance,
mammals (for Streptococcus sp. and Bacillus sp.) and invertebrates (for Pasteuria sp.), share the same protein families is
surprising and poses the question of their function. Indeed, as
these bacteria are all pathogenic, collagen-like proteins could
be involved in the virulence or the infection process. Surfaceexposed proteins are of potential importance in the pathogenic
process since they can promote adherence of bacteria to host
tissue and trigger host-cell signal transduction. In any case, it
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Fig. 3. Comparison of the Pcl1a protein between the P1 and P3 isolates. CLUSTAL alignment of complete predicted amino-acid sequences of Pcl1a protein from
P1 and P3 laboratory isolates. Identical residues are shown by an asterisk, while colons represent conserved substitutions and full points indicate semi-conserved
substitutions. The CLR region is indicated in a box and additional GXY triplets in the P3 isolate are shaded in gray.

has been shown that streptococcal collagen-like proteins are
directly involved in adhesion of bacteria to human cells
[13,17]. These collagen-like proteins show a structure that can
mimic the structure of mammalian collagen and be recognized
by host ligands [13,25]. Bacteria may have evolved surface
proteins with conserved structure in comparison to eukaryotic
proteins to cheat their hosts in order to better invade them;
they may get around host resistance by avoiding recognition as
non-self.
In P. ramosa, the function of collagen-like proteins remains
unknown. We demonstrate here that pcl1a is transcribed
during developmental and spore stages and that the corresponding protein shows polymorphism between spores
isolates. Such polymorphism has also been found in the
collagen-like proteins of Bacillus [31] and Streptococcus
species [33]. In B. anthracis, it has been shown that BclA is
the immunodominant antigen of the spore surface [29]. The
collagen-like family could thus be involved in the specificity
of host genotype/bacteria genotype interactions. Future work
will be aimed at investigating the possible implications of
collagen-like proteins in the infectious process of P. ramosa.
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[25] Réty, S., Salamitou, S., Garcia-Verdugo, I., Hulmes, D.J.S., Le
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