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Abstract: The majority of Streptococcus agalactiae strains express one or more surface-anchored proteins 
that vary by strain. These proteins, which are characteristic for S. agalactiae, and are able to induce 
protective antibodies, include the alpha C, Rib proteins, alpha-like protein 2, and alpha-like protein 3. In this 
study was developed multiplex PCR method for detection of genes encoding these proteins, and its 
occurrence within a various S. agalactiae isolates of bovine origin. Also are reported two new genes from 
bovine isolates of S. agalactiae amplified by PCR, encoding other putative members of the family, alpha-
like protein 6, and alpha-like protein 7. They contain an overall genetic organization highly similar to that of 
the alpha C and Rib proteins. 
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1. Introduction 

 
The importance of Streptococcus agalactiae as a major perinatal pathogen for 

invasive disease has been well documented (BAKER and EDWARDS, 2000; 
ZALEZNIK et al., 2000; FERRIERI, 1997). The S. agalactiae first received attention 
as a cause of bovine mastitis, a disease defined as ‘inflammation of the mammary 
gland’, that cause the losses in a diary industry associated with clinical and sub-
clinical mastitis, which arise from the costs of treatment, culling, death and decreased 
milk production (BRADLEY, 2002). Epidemiological studies of S. agalactiae 
infections are mainly based on capsule serotyping. The capsule is an antigenic 
determinant and a major virulence factor as it interferes with complement mediated 
killing (EDWARDS et al., 1982). The S. agalactiae strains are classified into nine 
different serotypes based on differences in the capsular polysaccharide antigens Ia, Ib, 
and II through VIII (PAOLETTI et al., 2000). Serotype distribution varies with 
geographical region and ethnic origin, and the virulence of clinical isolates with 
similar capsular composition can also vary widely, suggesting that other bacterial 
virulence factors, except a capsule, are involved in the pathogenesis of S. agalactiae 
(SPELLEBERG, 2000). In addition, several surface–anchored proteins that vary by 
strain have been described for S. agalactiae (MOYO et al., 2002; KVAM et al., 1995). 
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The proteins include the immunoglobulin A-binding beta C protein (Cβ) encoded by 
bac, the alpha C protein (Cα) (BEVANGER and MAELAND, 1979) encoded by bca 
(MICHEL et al., 1992), and the proteins R1, R3, and R4 (FLORES and FERRIERI, 
1996, 1989; LANCEFIELD and PERLMANN, 1952). The Cα and the R proteins 
belong to a family of so-called “ladder-forming” proteins, a designation based on the 
banding patterns generated on Western blotting (WÄSTFELT et al., 1996). Some of 
the best characterized protein antigens used as candidate vaccines belong to the Alpha 
protein family, reviewed by LINDAHL et al. (2005). These major antigens are 
encoded by allelic genes. Five different alleles, named Alp2, Alp3, Rib, R28 and 
Epsilon (alpha-like proteins) have been described (LACHENAUER et al., 2000; 
LACHENAUER and MADOFF, 1996; WÄSTFELT et al., 1996; STÅLHAMMAR-
CARLEMALM et al., 1993). All these proteins are encoded by stable mosaic genes, 
generated by a recombination of modules at the same chromosomal locus 
(LACHENAUER et al., 2000). The proteins exhibit size variation between strains 
depending on the number of repeats in the corresponding gene. Moreover, it has been 
demonstrated that, in the course of infection, the number of repeats inside the alpha C 
proteins can undergo internal deletions as a means for evading the host immune 
response (MADOFF et al., 1996). Diversity of S. agalactiae strains has been analyzed 
using a broad range of methods. Aside from serotyping and multilocus enzyme 
electrophoresis (MLEE) (MUSSER et al., 1989), a method based on primary 
structures of proteins, other typing methods used are DNA based. These include 
ribotyping (BLUMBERG et al., 1992), random amplified polymorphism 
(LIMANSKY et al., 1998), pulsed field gel electrophoresis (ROLLAND et al., 1999; 
GORDILLO et al., 1993) and more recently, multilocus sequence typing (MLST) 
(JONES et al., 2003).  

The study of surface proteins and their genes encoding sequences is important from 
the aspect of epidemiological analysis of the infections caused by Streptococcus 
agalactiae, and simultaneously, surface proteins hold capability to be used in vaccines 
against this pathogen (MAIONE et al., 2005; LARSSON et al., 2004; PAOLETTI and 
MADOFF, 2002; BRODEUR et al., 2000). The aim of the present study was to 
analyse the gene content, which could indicate distribution of surface proteins, in the 
set of bovine S. agalactiae isolates. This was performed by multiplex PCR method for 
detection of genes bca, rib, alp2/3, alp4, and alp5 directly according the PCR products 
sizes.  
 

2. Materials and methods 
 
2.1 Bacterial strains and media 
 

The streptococcal isolates were obtained from different farms in Slovakia (147 
strains) and from Czech republic (5 strains), and could be identified as Streptococcus 
agalactiae belonging to Lancefield’s serological group B. The identification was 
performed by PCR identification (CHOTÁR et al., 2006). S. agalactiae cultures were 
grown overnight on Todd-Hewitt (Biomark) broth at 37°C on rotary shaker. 
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2.2 Preparation of bacterial cell suspension for PCR 
 

One milliliter of overnight culture was transferred in sterile tube and centrifuged at 
10.000 RPM for 3 min, pellet was washed twice with sterile distilled water, once with 
0.1 M Phosphate Buffered Saline, pH 7.2 (PBS), and then resuspended in 1 mL of 
deionized sterile water to allow the burst of bacterial cells. Samples of 2 μL of these 
preparations were used directly for PCR. 
 
2.3 PCR conditions 
 

Reactions were carried out in final volume of 20 µL. The reaction mixture 
contained 0.5 U DyNAzyme™ DNA polymerase (Finnzymes), 0.4 µL 10 mM dNTP 
Mix (Finnzymes), 4 µL Optimized DyNAzyme™ 10x reaction buffer (Finnzymes). 
Primers listed in Table 1 were used in concentrations: 0.5 μM of universal forward 
primer SAGANf, and reverse primers were added as follows 0.16 μM of SAGA4, 0.4 
μM of SAGArib, 0.7 μM of SAGAalpC, 0.9 μM of SAGA2/3, and 1.3 μM of 
SAGANr. All DNA oligonucleotides were synthesized by Sigma. 
 
Table 1. Oligonucleotide primers used in this study. 

Primers Sequences 5´-> 3´ Size 
(bp) 

Reverse: SAGAalpC  TAT ATG TGG TAG TCG ATC TTC ACC 428 
 SAGArib  CAC ACT GAA CTT TTA AAC CAA GTG A 325 
 SAGA2/3  CAT TCA GAT TAT TAT AAT ATA TAG CAC 630 
 SAGA4  TTA ATAT GCA CTG GAT TAA CTC CAC 140 
 SAGANr  CGC GGA TCC ATC CTC TTT TTT CTT AGA AAC 852 

Forward: SAGANf  GGA ATT CCA TAA TGT TTA GAA GGT CTA AAA A  
 

Two microliters of bacterial suspension was used as a template. The amplification 
program consisted of denaturation at 96°C for 5 min, 30 cycles of denaturation at 96°C 
for one minute, annealing at 55°C for one minute and extension at 72°C for two 
minutes, followed by a final extension at 72°C for 8 minutes. Ten microliters of PCR-
amplified product was analyzed by electrophoresis in 0.9 % agarose gel stained with 
ethidium bromide. This was carried out in 1x BBE (0.65 M boric acid, 29 mM sodium 
tetra borate, 250 mM EDTA, pH 7.8). PCR amplicons were analyzed by UV 
transluminization. 
 
2.4 DNA sequence analysis 
 

PCR products were sequenced and compared with GeneBank sequences using 
BLAST (Basic Local Alignment Search Tool) (Altschul et al., 1990). The new 
sequences generated during this study have appeared in GeneBank with the following 
accession numbers: DQ629924 (alp6) and DQ629925 (alp7). Previously published 
gene sequences used in this study and their GeneBank accession numbers are as 
follows: M97256 (bca), U58333 (rib), AY345596 (alp1), AJ488912 (alp4) and 
AY461799 (alp5). 
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3. Results and discussion 
 

Alpha proteins of Streptococcus agalactiae have typical repetition region consisted 
of about 80 amino acids, which are highly homologous (LINDHAL et al., 2005). 
While these repeats present extensive homology between alpha-protein-like proteins, 
the N-terminal portion is distinctive. The analysis of a ClustalW amino acid 
multisequence alignment of the N-terminal portions of the AlpC, Rib, Alp2, Alp3, 
Alp4 and Alp5 identified distinctive strings for each protein, except for the Alp2 and 
Alp3 proteins, which are identical over the first half of their length. Primer nucleotide 
sequences corresponding to the distinctive strings were used in a multiplex assay as 
the reverse primers, while a nucleotide string, common to all the surface protein genes, 
was used as the forward primer (Table 1). These primers allowed detection of 
nucleotide sequences specific for single Alp proteins, discriminated according to the 
size of PCR product, which directly indicated the presence of gene encoding specific 
Alp protein. These primers were used to screen 152 isolates S. agalactiae of bovine 
origine by multiplex PCR. Representative results are shown on Fig. 1. Results derived 
from the direct analysis of amplicon size were correlated with the gene sequence of the 
corresponding amplified product for each individual strain. By this multiplex analysis 
in set of bovine isolates were identified 31 isolates with gene encoding AlpC protein, 
50 isolates with sequence for gene encoding Rib, 39 isolates with Alp2/3 coding 
sequence, 10 isolates with gene alp4, and 6 isolates with gene alp5. Also two another 
amplicons with significantly longer lengths 1.095 bp and 1.347 bp were found. The 
amplicon with 1.095 bp length was found in case of 9 strains, namely 245, 251, 252, 
256, 257, 259, 264, 347 and 348, the amplicon with 1.347 bp length was detected in 2 
strains, 1925/3 and 2285/1 (Fig. 1.). All these amplicons were sequenced and 
compared by BLAST. PCR with DNA S. agalactiae from the strain 341 resulted an 
amplicon with length 852 bp, that was 99.5 % identical to original alp5 from strain 27. 
Comparison showed the differences in nucleotide sequence observed on 23rd, 25th, 
29th and 81st nucleotide downstream, that resulted in change of 3 amino acids at N-
terminal coding region of translated protein. The amplicon sequence of alp6 showed 
considerable homology with alp4, bca, rib and other members of the surface protein 
gene family defined by bca-rib. The homologous regions were located at the 5` ends of 
the genes (for bca, the positions are in region between nucleotides 251 and 559, and 
for the corresponding amino acid sequence, they are between positions 58 and 160). 
The ratios of similarity to DNA sequences of alp4, bca, rib, alp2 and alp3 are 89 %, 73 
%, 66.9 %, 62.4 % and 62.3 %, respectively. 

The proteins belonging to the alpha-like protein family are of interest as models for 
other repetitive proteins, which are common in gram-positive bacteria (KONG et al., 
2002; LACHENAUER et al., 2000). This typical feature was not recognized in alp6, 
but its sequence is the most similar to that of bca, which encodes C alpha, the 
prototype of the surface protein family, here it is proposed, that the gene could be 
considered as putative alpha-like protein. In the case of two isolates, 1925/3 and 
2285/1, was observed the PCR product with 1.347 bp length, and was named alp7. 
Sequencing of this amplicon and its comparison by BLAST showed similarity to the 
members of alpha-like family; in particular alp1, alp5 and bca, the ratios of similarity 
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were 82.8 %, 88.2 % and 77 %, respectively. The homologous regions were located at 
the 5` ends of the genes, whereas for alp1 and alp5 the positions are in the region 
between nucleotides 297 to 710. The nucleotide sequence organization in alpha-like 
family proteins is similar to that in many surface proteins of gram positive bacteria. An 
N-terminal signal sequence is followed by a nonrepeated N-terminal region, a repeated 
region, a wall anchoring region by which the protein is anchored to the cell wall via a 
structure close to the C-terminus consisting of an LPXTG sequence motif followed by 
a membrane-spanning hydrophobic region and a charged sequence (DESWAUX et al., 
2006; WÄSTFELT et al., 1996; MICHEL et al., 1992). 
 

 
Fig. 1. Elecrophoresis of multiplex PCR for detection of presence the genes encoding Alp proteins, alp2/3, 
Rib, AlphaC, alp4, and alp5, discriminable by PCR product size on 0.9% agarose gel. Other two new genes 
were also detected in the set of S. agalactiae bovine isolates, alp6 and alp7. DNA ladder represents 
molecular size marker (Finnzymes). 
 

A repetitive structure in amino acid sequence is conserved and was remarked also 
in nucleotide sequence of alp7, where differ in the last one base pair, which had no 
impact to the amino acid sequence. This tandem repeat consists of 82 amino acid 
residues, whereas one consists of 246 base pairs repetition. The alp7 tandem repeat 
motif is similar to that of alp1, alp4, bca and rib, with the ratios of similarity 93.9 %, 
91.7 %, 91.6 % and 44 %, respectively (Fig. 2.).  

It has been supposed, that the repeat region may act as a rod needed for exposure 
of the unique ligand-binding region (LUO et al., 2000; HAMBURGER et al., 1999). 
The LPXTG motif was found in both, alp6 and alp7, amino acid sequences, whereas in 
for this part of sequence in alp7 was observed similarity related to immunoglobulin A1 
protease. Because domains with the Ig-like fold are often implicated in molecular 
recognition it could has such function (CALLEBAUT et al., 2000). Like many other 
surface proteins of gram-positive bacteria, alpha-like protein family members, also 
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with recently here reported, lack cysteine residues. The importance of alpha-like 
surface proteins consists in the facts, that these proteins play a role as serotype 
markers, may be important in the pathogenesis of S. agalactiae disease, and may be 
considered vaccine candidates (MAELAND et al., 2004). They play an important role 
as serotype markers, because were noted relationships between serotypes and surface 
protein genes occurrence (KONG et al., 2002), eg. protein AlpC is commonly 
expressed with serotype Ib or II, protein Rib with serotype III, and Alp3 protein with 
serotype V (PERSSON et al., 2008). S. agalactiae strains are typical in high variability 
on the gene level, and genes under high selection pressure could undergo to various 
mutations.  
 

 
Fig. 2. Multiple sequence alignments of the deduced amino acid sequences of the repeat regions of the 
selected alpha-like proteins. Alignments of the repeat regions illustrated conserved motifs near the 
beginnings and the ends of the repeats. Black boxes indicate identity and gray boxes indicate similarity. 
AlpC, alpha C protein repeat element, Rib, repeat element from protein Rib, Alp1, alpha-like repeat element 
from Alp1, Alp4, alpha-like repeat element from Alp4, and Alp7, alpha-like repeat element from Alp7. 
 

The results of this study indicate that the genes encoding surface proteins were 
found to constitute a heterogeneous group, with no particular gene dominating. The 
genes studied here were found in all of the bovine isolates. In the set of bovine isolates 
was the most common gene encoding protein Rib (34%). The overall distribution of 
these genes was similar to that reported previously (ZENG et al., 2006; KONG et al., 
2002; LACHENAUER et al., 2000). In this study are also reported two new putative 
members of this family. Like the alpha C and Rib protein genes, these genes each 
contain conserved N- and C-terminal encoding regions, and a tandem repeat region 
was recognized in amino acid sequence of alp7. It has been previously reported, that 
with a few exceptions, S. agalactiae strains of a given polysaccharide serotype contain 
the same alpha-like protein, disregarding tandem repeat number (LACHENAUER et 
al., 2000, 1999). This concordance may reflect clonal linkages within a species that is 
naturally incompetent and consistent with several studies showing a predominance of 
individual clones among S. agalactiae isolates (BLUMBERG et al., 1996). 
Alternatively, it is conceivable that there is a functional linkage between the alpha-like 
proteins and polysaccharide serotype that would require this specificity. Because of a 
relatively low occurrence of the alp6 and alp7 within the set of bovine isolates and 
dependence of their presence on a geographical locality, these genes of the alpha-like 
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protein family could not be designated for the detection of S. agalactiae, but they 
could be proof of the biological variability within this protein family. Furthermore, 
characterisation of variability in expression of surface proteins is very important with 
the perspective of surface proteins application in vaccine development. In this context, 
it is extremely important to have a rapid and reliable molecular test, as here reported 
multiplex PCR method, capable of determining S. agalactiae surface protein genes by 
direct evaluation of amplicon size, which would permit extensive epidemiological 
studies on the profiles of protein subtypes of circulating S. agalactiae strains without 
consuming additional resources. 
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