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ABSTRACT 

The Osp C protein of Lyme disease Borrelia (Borrelia burgdo,feri sensu lato) is highly immunogenic and is 
a protective antigen, thus an ideal candidate for a subunit vaccine. However, this protein is extremely 
heterogeneous. This study was undertaken to analyze the variability of the OspC protein at the genetic level. 
The ospC gene was amplified by the polymerase chain reaction (PCR) from 76 Borrelia burgdo,feri sensu lato 
strains. PCR products were subjected to restriction fragment length polymorphism (RFLP) analyses and genes 
from different RFLP types were sequenced. A total of 33 ospC RFLP types were identified, and two 
additional RFLP types were deduced from published ospC sequences. Genes from different RFLP types were 
found to be extremely divergent, while within a given RFLP type, no sequence differences were detected. The 
majority of amino acid changes are localized to the central, highly variable portion of the mature OspC. 
Pairwise sequence comparisons indicate a mosaic structure of ospC. These results suggest that OspC variation 
is based on frequent recombination between ospC alleles; this genetic exchange is proposed to be mediated 
by lateral transfer of ospC sequences between strains. 
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INTRODUCTION 

The OspC protein of Lyme disease (LD) Borrelia 
is highly immunogenic in the natural infection (1-3) 
and is a protective immunogen in animal models ( 4, 
5). This protein is thus a good candidate for a 
subunit vaccine and may be of value in the serological 
diagnosis of LD. OspC is a surface-localized lipoprotein 
with a molecular weight of approximately 22kD. 
The protein is encoded by a single gene located on 
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a circular plasmid (6,7); expression of OspC correlates 
inversely with that of OspA and OspB (8), and is 
regulated by environmental factors (9,10). Comparisons 
of OspC proteins from different strains of Borrelia 
burgdo,feri (Bb) indica te this protein is antigenically 
extremely heterogeneous (11-13). To investigate the 
nature and extent of this variation at the genetic 
level, we have analyzed and compared ospC genes 
from a large collection of LD Borrelia strains. 
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MATERIALS AND METHODS 

The ospC gene was analyzed from a collection 
of 76 Bb sensu lato strains. The strains were 
obtained from geographically divergent locations 
and included isolates from infected humans, rodents 
and ticks; a list of the strains used and relevant 
characteristics is given in Livey, et al. (14). Oligo-
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nucleotide primers corresponding to the 5' and 3' 
sequences of the ospC gene from strain Orth were 
used in the polymerase chain reaction (PCR) to 
amplify the ospC gene from each of the 76 strains 
analyzed. The PCR products were subjected to 
restriction fragment length polymorphism (RFLP) 
analysis using the enzymes Ddel, Dpnll and Dral. 
For nucleotide sequence analysis, the ospC gene 
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Fig. l. Variability in the OspC protein and sequence inconsistencies in the ospC gene. 
A . Variation in OspC proteins. The sequence variability (ratio of the number of different amina acid residues to 
the frequency of the most common residue) of the 35 RFLP types is plotted for each amina acid position of the 
mature protein. Constant and variable domains are indicated. 
B. Nucleotide sequence inconsistencies observed in pai,wise comparisons of ospC RFLP types. Vertical fines indicate 
residues differing between the two alleles. Significant stretches of sequence identity are indicated by shading and 
horizontal bars define regions of significant nucleotide divergence. 
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was amplified by PCR and the nucleotide sequence 
of the PCR product determined (14). Amplification 
of ospC genes, RFLP analyses, and nucleotide 
sequencing have been described (14). Sequence 
comparisons were performed using the test of 
Stephens (15). 

RESULTS 

From analysis of the ospC genes of 76 Bb 
sensu lato isolates, 33 different RFLP types were 
identified (14), and two additional RFLP types 
could be deduced from published ospC sequences 
(16,17). Forty-two isolates, including at least one 
from each RFLP type, were selected for further 
analysis; the nucleotide sequence of the ospC gene 
from each of these strains was determined. Within 
a given RFLP type, all ospC sequences were identical. 
However, a comparison of ospC genes from different 
RFLP types revealed extreme sequence divergence, 
with sequence homology ranging from 74.4% to 
99.0%. 

A comparison of the deduced amina acid sequences 
of the mature OspC protein from the different 
ospC RFLP types allows the protein to be divided 
into several domains (Fig. lA). The amina terminal 
one-third and carboxy terminal one-eighth form 
relatively constant domains (Cl and C2), while the 
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central portion of the molecule is extremely variant. 
This variable region can be further divided into two 
hypervariable domains (HVl and HV2) flanking a 
semi-variable region (SV) centered around a stretch 
of hydrophobic amina acids. Additionally, close to 
the carboxy terminus, species-specific motifs (SS) 
are present. 

Pairwise sequence comparisons reveal several se­
quence inconsistencies, that is, focal regions of 
extremely high sequence divergence within relatively 
similar ospC genes, or stretches of sequence identity 
within the variable domains of otherwise dissimilar 
ospC alleles. Some examples are presented in Fig. 
lB. Far instance, RFLP types 15 and 16, both from 
Bo1Telia garinii strains, differ in only six nucleotides, 
but five of these differences are localized in the 
conserved region near the beginning of the gene. 
On the other hand, RFLP type 2 (Bb sensu stricto) 
and RFLP type 3 (genogroup DN127) are highly 
divergent alleles, but the sequence is identical in 
these two genes in the region spanning the Vl and 
part of the SV domains. Indeed, short regions of 
sequence homology are frequently seen, leading to 
a mosaic nature of ospC (Fig. 2). 

DISCUSSION 

The heterogeneity observed in the OspC protein 
is characterized by the large number of alleles 

sv V2 C2 

Fig. 2. Mosaic nature of ospC genes. The nucleotide sequences of ospC genes from different RFLP types . are 
compared. Regions of extensive homology between two or more strains within the variable portion of the molecule 
are indicated by the different shading pattems. Vertical lines indicate nucleotide differences located within 
homologous stretches. 
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present in the Bo1Telia population as well as by the 
extensive sequence divergence between alleles. The 
amina acid differences are localized primarily in the 
variable domains in the central portion of the 
protein, a region containing the most hydrophilic 
portions of the molecule and thus likely to be 
immunodominant. The high degree of variability 
suggests OspC is evolving very rapidly, perhaps 
subject to intense positive selection. Hypermutability 
of the ospC gene could account far the sequence 
heterogeneity observed. However, in all cases when 
ospC genes from different strains with the same 
RFLP type were compared, no nucleotide differences 
were detected, even among strains from diverse 
geographic locations. These results would imply that 
ospC genes are relatively stable and that point 
mutations occur infrequently, a hypothesis that can 
not be easily reconciled with a mechanism of 
hypermutability. Any explanation far the molecular 
mechanism of ospC variation must account far both 
the high variability observed as well as far the lack 
of genetic intermediates. A recombination-based 
mechanism far the generation of OspC variability 
could account far this dichotomy; major sequence 

changes would result from a single recombination 
event between different ospC alleles. Pairwise sequence 
comparisons support this hypothesis. Sequence 
inconsistencies reveal a mosaic structure observed 
among ospC RFLP types (Fig. 2), where scattered, 
short regions of sequence identity can be faund 
among divergent genes. 

The precise mechanism responsible far the recom­
bination among ospC genes remains unknown. The 
ospC gene maps to a single locus on a circular 
plasmid (6,7), and pseudogenes have not been detected 
(CPG, unpublished). Thus genetic exchange between 
resident gene copies within a single cell is unlikely 
to occur. We propose that OspC variation occurs 
via lateral transfer of genetic material between strains, 
fallowed by recombination with the resident ospC 
gene. The location and extent of recombination 
probably depends upon the degree of sequence 
homology between the two genes. Fram analysis of 
the mosaic structure of the ospC genes, it can be 
seen that genetic transfer probably occurs frequently 
between strains within a given species, but may also 
occur between species. 
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