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The Lyme disease spirochete, Borrelia burgdorferi, is capable of infecting a wide variety of vertebrates. This
broad host range implies that B. burgdorferi possesses the ability to contravene the immune defenses of many
potential hosts. B. burgdorferi produces multiple different Erp proteins on its outer membrane during mam-
malian infection. It was reported previously that one Erp protein can bind human factor H (J. Hellwage, T.
Meri, T. Heikkilä, A. Alitalo, J. Panelius, P. Lahdenne, I. J. T. Seppälä, and S. Meri, J. Biol. Chem. 276:8427–
8435, 2001). In this paper we report that the ability to bind the complement inhibitor factor H is a general
characteristic of Erp proteins. Furthermore, each Erp protein exhibits different relative affinities for the
complement inhibitors of various potential animal hosts. The data suggest that the presence of multiple Erp
proteins on the surface can allow a single B. burgdorferi bacterium to resist complement-mediated killing in any
of the wide range of potential hosts that it might infect. Thus, Erp proteins likely contribute to the persistence
of B. burgdorferi in nature and to the ability of this bacterium to cause Lyme disease in humans and other
animals.

The causative agent of Lyme disease, Borrelia burgdorferi, is
maintained in nature through infectious cycles involving Ixodes
sp. tick vectors and a variety of vertebrate reservoir hosts. In
addition, many species of mammals, including humans, are
susceptible to incidental infection by this bacterium (64). The
diversity of animals that B. burgdorferi is capable of infecting
indicates that this bacterium has evolved mechanisms by which
it can evade clearance by the immune systems of its numerous
potential hosts. In fact, in the absence of antibiotic therapy, the
spirochetes can be cultured from tissues of immunocompetent
animals more than 1 year after infection (17, 23).

The alternative pathway of complement activation forms an
important part of the innate immune systems of vertebrates.
This pathway results in the deposition of factor C3b on the
surfaces of invading microorganisms, leading to opsonization
and killing of the organisms (33). Several successful pathogens
have evolved mechanisms of resistance to complement-medi-
ated killing, greatly increasing their virulence (34, 48). Consis-
tent with this generalization, virulent B. burgdorferi strains are
resistant to the direct bactericidal effects of complement from
many of the animals that they are capable of infecting (10, 36,
38, 44, 61, 76). In humans and other animals, host cells protect
themselves from the alternative pathway of complement-me-
diated killing by coating their surfaces with the inhibitory
plasma protein factor H, which promotes deactivation of C3
convertases and degradation of C3b (33). Like many other

pathogenic organisms, B. burgdorferi exploits the host’s self-
defense mechanism by also binding factor H, thus inhibiting
complement activation on the bacterial surface (3, 40, 41).

It was recently reported that a B. burgdorferi surface protein,
OspE of strain N40, can specifically interact with human factor
H (29). The N40 OspE protein is one member of the protein
family collectively known as Erp (OspEF-related) proteins (45,
70, 73). All Lyme disease borreliae have genes that encode
multiple homologous Erp proteins; some of these proteins
have very similar amino acid sequences, while others exhibit
only limited similarity. For example, the well-characterized B.
burgdorferi type strain, B31, can carry 17 erp genes arranged in
10 separate loci, and the predicted Erp proteins have primary
structures that are between 17 and 100% identical (13, 14, 68,
72). The B. burgdorferi erp genes are considered a family of
genes because they have nearly identical promoter sequences,
are transcriptionally coregulated, occupy allelic positions on
members of the cp32 family of plasmids, and encode highly
charged lipoproteins with well-conserved leader polypeptide
sequences and other motifs (reviewed in reference 73). Erp
proteins localize to the bacterial outer surface (22, 45) and are
expressed during mammalian infection (73). Furthermore,
multiple Erp proteins can be expressed simultaneously by an
individual bacterium (28; El-Hage and Stevenson, unpublished
results). While the maintenance of this large repertoire of
seemingly redundant genes suggests that multiple Erp proteins
play an important role in B. burgdorferi, until now there has
been no convincing explanation for this phenomenon. In this
report we show that most, if not all, Erp proteins bind the
complement inhibitor factor H. Moreover, the affinities of each
Erp protein for the complement inhibitors of different animal
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species are different, which probably contributes to the ability
of the bacteria to infect a broad range of vertebrate hosts.

MATERIALS AND METHODS

Bacteria. B. burgdorferi strain B31 is a wild-type bacterium that was originally
isolated from a tick collected on Shelter Island, N.Y. (12). The subculture used
in this study, B31-RML (55), is infectious for both mice and ticks and has been
passaged fewer than five times in culture since reisolation from an infected
mouse. Bacteria were grown in Barbour-Stoener-Kelly II medium (7) at 23°C
until they reached the mid-exponential phase (approximately 107 bacteria per
ml), and then the cultures were diluted 1:100 in fresh medium and grown to the
mid-exponential phase at 35°C. A temperature shift from 23 to 35°C, which
mimics the increase in temperature experienced by B. burgdorferi in a feeding
tick, induces B. burgdorferi to produce many proteins known to be expressed
during mammalian infection (65, 68, 71). A lysate of the bacteria was used for the
immunoblot analyses of human and animal sera described below.

Recombinant Erp proteins. Strain B31 erp genes were cloned into either
pProEX-1 (Life Technologies, Gaithersburg, Md.), pET15b (Novagen, Madison,
Wis.), or pUni/V5-His (Invitrogen, Carlsbad, Calif.) so that they were in the
correct reading frame to encode a fusion protein with the plasmid-encoded
polyhistidine polypeptide (22, 68). All fusion proteins were designed so that they
lacked the N-terminal leader polypeptide and type II signal processing se-
quences, since elimination of such sequences generally allows greater protein
recovery (18). Escherichia coli cells were transformed with each plasmid and
induced to synthesize recombinant protein. Fusion proteins were purified from
E. coli lysates by using His-Bind Resin column chromatography kits (Novagen).
As previously reported (68), some protein preparations contained multimers or
degradation products. Note that in strain B31 three genes, erpA, erpI, and erpN,
encode identical proteins; since they are indistinguishable, these proteins are
collectively designated ErpA/I/N (14, 22, 56, 69).

Factor H and sera. Purified human factor H was purchased from Calbiochem
(La Jolla, Calif.). Two preexisting human serum samples from anonymous do-
nors were obtained from local physicians. Serum was obtained from strain
F344/N rats (Rattus norvegicus), an outbred domestic dog (Canis familiaris), a
domestic shorthaired cat (Felis domesticus), and a horse (Equus caballus). Mouse
(Mus musculus) and rabbit (Oryctolagus cuniculus) sera were purchased from
Sigma (St. Louis, Mo.), and fetal bovine (Bos taurus) serum was purchased from
Hy-Clone (Logan, Utah). All human and animal serum samples were collected

and used according to guidelines administered by the University of Kentucky
Office of Research Integrity and Institutional Animal Care and Use Committee.

Immunoblot analysis. Animal sera were examined by immunoblotting to de-
termine whether an antiserum raised against human factor H contained anti-
bodies that bound the factor H protein of each animal species. A 3-�l aliquot of
serum was separated by sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE), electrotransferred to a nitrocellulose membrane, and then
blocked by incubation with 5% nonfat dry milk in Tris-buffered saline–Tween 20
(TBS-T) (20 mM Tris [pH 7.5], 150 mM NaCl, 0.05% [vol/vol] Tween 20). The
membrane was incubated with goat anti-human factor H polyclonal antiserum
(Calbiochem) diluted 1:8 in TBS-T. Then, the membrane was washed with
TBS-T and incubated with donkey anti-goat horseradish peroxidase conjugate
(Santa Cruz Biotechnology, Santa Cruz, Calif.), and bound antibodies were
visualized by enhanced chemiluminescence (Amersham, Piscataway, N.J.) (56).

In addition, each serum sample was examined to ensure that it did not contain
antibodies directed against B. burgdorferi proteins, such as the Erp proteins,
which might obscure results obtained in the immunoaffinity analyses described
below. A B. burgdorferi lysate was separated by SDS-PAGE and analyzed by
immunoblotting with each human or animal serum. Membranes were incubated
with protein A-horseradish peroxidase conjugate (Amersham), and bound anti-
bodies were visualized by enhanced chemiluminescence. The resulting blots were
examined for the presence of specific immunoblot bands indicative of exposure
to B. burgdorferi (15).

Factor H affinity analysis. A 0.1-�g portion of each recombinant Erp protein
was subjected to SDS-PAGE and transferred to nitrocellulose membranes. Each
membrane was blocked by incubation for at least 1 h with 5% nonfat dry milk in
TBS-T, followed by incubation for 1 h at room temperature in either purified
human factor H (0.5 �g/ml in TBS-T) or a serum sample from a human or animal
source. The membranes were then washed with TBS-T and incubated for 1 h at
room temperature in goat anti-human factor H polyclonal antiserum diluted 1:8
in TBS-T. Finally, the membranes were washed with TBS-T and incubated with
either donkey anti-goat antibody–horseradish peroxidase or protein A-horserad-
ish peroxidase conjugate, and bound antibodies were identified by enhanced
chemiluminescence (16, 40, 57).

RESULTS

Affinity of Erp proteins for human factor H. Hellwage and
coworkers recently observed that one member of the Erp pro-
tein family, the strain N40 OspE protein, can bind human
factor H (29). Since all B. burgdorferi bacteria encode multiple
different Erp proteins, we queried whether factor H binding
was a general characteristic of Erp proteins. Since it has been
suggested that the Erp protein family may be subdivided into
three groups (1), we included representatives of each group in
this study.

By immunoaffinity analysis, we determined that recombinant
forms of the strain B31 ErpA/I/N, ErpC, and ErpP proteins
could bind purified human factor H (Fig. 1 and Table 1).
Recombinant ErpA/I/N had the greatest relative affinity, fol-
lowed by ErpC, and ErpP had the lowest apparent affinity of

FIG. 1. Immunoaffinity blot analyses of recombinant Erp proteins
performed with either purified human factor H or whole human se-
rum. Some purified recombinant protein preparations contain multi-
mers or breakdown products (68). The lanes contained different Erp
proteins, as indicated at the top. The positions of molecular mass
markers (in kilodaltons) are indicated on the left.

TABLE 1. Binding of factor H proteins of different
mammals by Erp proteins

Source of
factor H

Binding by:

ErpA/I/N ErpC ErpG ErpK ErpL ErpP ErpX ErpY

Human (purified) �a � � � � � � �
Human (serum) � � � � � � � �
Mouse � � � � � � � �
Rat � � � � � � � �
Rabbit � � � � � � � �
Horse � � � � � � � �
Cattle � � � � � � � �
Cat � � � � � � � �
Dog � � � � � � � �

a �, detectable binding; �, no detectable binding.
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the three proteins. There was no detectable binding of factor H
by any of the other recombinant Erp proteins. No signals were
detected with control preparations which lacked either factor
H or anti-factor H antiserum (data not shown). Of the strain
B31 Erp proteins, the three that bound purified human factor
H exhibited the greatest levels of similarity to the strain N40
OspE protein; 85, 88, and 82% of the ErpA/I/N, ErpC, and
ErpP amino acids are identical to amino acids of OspE, re-
spectively (72). The primary sequences of the remaining strain
B31 Erp proteins are significantly different from those of
OspE, ErpA/I/N, ErpC, and ErpP (69).

As human serum contains approximately 0.5 mg of factor H
per ml (59), whole serum can also be used in an analysis of
factor H binding (3, 40). Immunoaffinity blot analysis of re-
combinant Erp proteins performed with human serum samples
revealed that in addition to the binding to the three proteins
identified above, the anti-human factor H antiserum also de-
tected binding to ErpX (Fig. 1). The same result was obtained
with serum samples from two different individuals (data not
shown). The primary sequence of ErpX is approximately 20%
identical to the primary sequences of ErpA/I/N, ErpC, and
ErpP, although all of these proteins contain a number of sim-
ilar sequence motifs (68). The results which we obtained might
represent interactions between ErpX and a glycosylated form
of factor H that was not present in the purified sample de-
scribed above. Alternatively, ErpX may have bound a related
protein, such as factor H-like protein 1 (FHL-1), which is
produced from the same gene through alternative splicing of
the mRNA (26, 48, 78). Although FHL-1 apparently functions
like factor H in modulating C3b degradation, it is a much
smaller protein and contains a different carboxy terminus; thus,
it may have affinity for some Erp proteins that do not bind well
to factor H.

Erp protein binding of factor H proteins from other ani-
mals. While the binding of human factor H by Erp proteins
probably plays a role in human Lyme disease, humans are
biological dead ends for B. burgdorferi, and our susceptibility to
infection is coincidental to the ability of this bacterium to infect
many different reservoir host species in nature. As one would
expect, the amino acid and carbohydrate compositions of fac-
tor H are somewhat different in different animal species (2, 30,
42). Different animals’ factor H proteins also differ in their
interactions with other proteins (31). Since B. burgdorferi can
infect many types of animals, we hypothesized that this bacte-
rium can also bind factor H proteins from potential host ani-
mals. Accordingly, we examined the abilities of the strain B31
Erp proteins to bind the complement inhibitors of several
susceptible mammals, some of which also serve as reservoirs of
B. burgdorferi in nature.

Prior to our study, it was not known whether the polyclonal
goat anti-human factor H antibodies could recognize the factor
H proteins of the animals examined (Calbiochem, personal
communication). Immunoblot analysis indicated that the goat
antibodies did in fact recognize at least one serum protein
whose size was comparable to that of human factor H (Fig. 2).
There did not appear to be any small factor H-related proteins
in the sera of the nonhuman mammals tested, suggesting that
the immunoaffinity analyses of these sera, as described below,
examined interactions between Erp proteins and full-length
factor H proteins. Differences in the affinities of the goat an-

tiserum for the different factor H proteins prevented direct
comparisons of the Erp-factor H binding affinities of different
species. For example, the goat antiserum data revealed rela-
tively weak binding of the bovine homolog, presumably reflect-
ing factor H sequence similarities between these two ungu-
lates. Each animal serum was also tested for the presence of
antibodies that could bind B. burgdorferi proteins. All samples
were negative (data not shown), indicating that they could be
used in immunoaffinity analyses without complications result-
ing from antibodies that bound directly to the Erp proteins.

Rodents are often key reservoirs of B. burgdorferi in nature
(64, 66). Domestic mice and rats are susceptible to B. burgdor-
feri infection and are often used in laboratory studies of Lyme
disease (8, 9). Factor H in mouse serum and factor H in rat
serum both bound to the same five Erp proteins, detectably
interacting with ErpX and ErpY in addition to the three pro-
teins that also bound human factor H (Fig. 3 and Table 1).
There did, however, appear to be differences in the relative
affinities of the factor H proteins of the two rodents tested.

Rabbits are frequently used in laboratory studies of B. burg-
dorferi infection (24, 37) and can also serve as reservoirs of B.
burgdorferi in the wild (4, 75). Other researchers have observed
that virulent Lyme disease spirochetes bind rabbit factor H
from serum (3). Consistent with this previous report, we found
that rabbit factor H bound with approximately the same
strength to ErpA/I/N, ErpC, and ErpP and bound significantly
less well to ErpX and ErpY (Fig. 3 and Table 1).

Many domestic animals are susceptible to B. burgdorferi in-
fection, often exhibiting symptoms similar to those of Lyme
disease in humans (49, 51, 60). Domestic dogs have been used
as models of Lyme disease in laboratory studies (5) and may
also serve as reservoirs of B. burgdorferi in some settings (53).
In agricultural animals, symptoms of Lyme disease, such as
weight loss and decreased milk production, can have significant
financial impact. Four Erp proteins bound factor H from horse
serum, and these four proteins had similar apparent affinities
(Fig. 3 and Table 1). Five Erp proteins could detectably bind
the factor H in cattle serum, with ErpC exhibiting the greatest
apparent affinity. Cat factor H was bound by six Erp proteins,
with ErpX having the greatest apparent affinity. The same six

FIG. 2. Immunoblot analysis of animal serum samples performed
with goat anti-human factor H polyclonal antiserum. Human factor H
has a molecular mass of 155 kDa, and FHL-1 has a molecular mass of
42 kDa (26, 78). The positions of molecular mass markers (in kilodal-
tons) are indicated on the left.
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Erp proteins bound dog factor H, with ErpX and ErpY having
the greatest apparent affinities.

DISCUSSION

Ever since their discovery, why B. burgdorferi contain multi-
ple different erp genes has been puzzling. However, the obser-
vation that all Lyme disease borreliae carry numerous erp
genes led to the hypothesis that Erp proteins are likely to
perform essential functions in these bacteria (14, 73). The data
presented in this report, together with the data of Hellwage et
al. (29), suggest that these proteins provide resistance to com-
plement-mediated killing through their interactions with host
factor H. Erp proteins are exposed on the bacterial outer
surface (22, 45) and so are positioned to bind factor H. Ex-
pression of all erp genes carried by an individual bacterium
appears to be regulated through a single pathway, as all of the
proteins are expressed in response to the same environmental
stimuli (6, 28, 68, 71) and can be simultaneously coexpressed
by individual bacteria (28; El-Hage and Stevenson, unpub-
lished results). The entire repertoire of Erp proteins encoded
by the genes of a bacterium is synthesized during the initial
stages of mammalian infection, a stage in the B. burgdorferi
infection cycle when the bacteria encounter host serum and
complement (28, 68). The bacteria also encounter complement
while they are in the tick vector, both when the tick acquires an
infection and when the bacteria are being transmitted to a new
host. Consistent with this, analysis of B. burgdorferi gene ex-
pression during various stages of tick infection has demon-
strated that erp genes are transcribed at all times at which the
bacteria are exposed to host blood (27).

While many pathogenic organisms make themselves insen-
sitive to complement-mediated killing by coating their surfaces
with host factor H (34), the amino acid sequences and glyco-
sylation patterns of factor H differ from animal to animal (2,
30, 42). Because of the variations, the host range of a pathogen
can be severely restricted by which factor H proteins its recep-
tors are able to bind. Our study indicated that Erp proteins
bind factor H but they do so with different specificities for the
complement inhibitor factors of various animals. An examina-
tion of the natural history of B. burgdorferi indicates why such
an ability is important to this bacterium (Fig. 4) (35, 67). There
are three postembryonic stages in the development of the
vector Ixodes sp. ticks: larva, nymph, and adult. There is neg-
ligible transovarial transmission of B. burgdorferi (50, 63), so a
larva is not infected upon hatching but must acquire B. burg-
dorferi through feeding on an infected host. Such a tick feeds
only two more times in its life, once after each molt, during
which B. burgdorferi can be transmitted to a new host. There-
fore, to be biologically successful, a B. burgdorferi bacterium
must be transmitted from a nymph or adult tick, successfully
infect the host upon which that tick feeds, and persist in that
host until a larval tick feeds on the host. Since Ixodes sp. ticks
may feed on a variety of vertebrate hosts, a B. burgdorferi
bacterium cannot be guaranteed of its next host’s species.
Thus, the hypothesized need for multiple different Erp pro-
teins must be present on a single bacterium, providing the
bacterium with an ability to bind complement-inhibiting fac-
tors of a wide variety of potential hosts and ensuring survival of
the bacterium and its progeny.

FIG. 3. Immunoaffinity blot analyses of recombinant Erp proteins
performed with whole sera from various animals. Some purified re-
combinant protein preparations contain multimers or breakdown
products (68). The lanes contained different Erp proteins, as indicated
at the top. The positions of molecular mass markers (in kilodaltons)
are indicated on the left.
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Although virulent isolates of B. burgdorferi are generally
resistant to complement-mediated killing (3, 10, 36, 41, 61, 76),
they may be susceptible to the alternative pathways of some
vertebrates (10, 43, 44). This observation led to the hypothesis
that the host range of a particular B. burgdorferi bacterium is
restricted by its ability to defeat the alternative pathway of
complement-mediated killing in susceptible hosts (43, 44, 46).
Our data refine this hypothesis to include the ability of a
bacterium’s Erp proteins to bind factor H as an important
element in determining whether the bacterium can infect a
particular host. There is often considerable variation in the Erp
protein sequences of different B. burgdorferi isolates, and we
predict that the differences can have significant effects on the
host ranges of the isolates. Additional analyses of B. burgdorferi
host ranges, sensitivity to complement, and Erp protein char-
acteristics should continue to test and refine the hypotheses
described above.

The location of erp genes on extrachromosomal elements,
rather than on the bacterial chromosome, is consistent with the
theory that genes which confer specific local advantages are
often plasmid-borne, since they are more readily transferred
between bacteria (19). Furthermore, there is strong evidence
that the members of the cp32 family of plasmids which carry
the erp genes are prophages (20, 21), which could allow very
efficient shuffling of desirable erp genes among a population via
bacteriophage transduction (54). Indeed, it is evident that ex-
change of erp genes does occur in nature (1, 69, 74). However,
different B. burgdorferi strains isolated in the same geographic
region may contain similar erp gene sequences (52, 73; unpub-
lished results), suggesting that there is genetic stability in bac-
teria that share a host reservoir pool.

Recent studies found that human factor H bound to at least
two different proteins in whole-cell lysates of B. burgdorferi (3,

40). Our data strongly suggest that these unidentified proteins
are members of the Erp protein family. However, the previous
studies were performed with bacteria other than strain B31,
and since the erp gene sequences of different bacterial strains
are often considerably different, it is unlikely that any of these
factor H-binding proteins are identical to any of the factor
H-binding proteins encoded by strain B31.

We noted that the recombinant ErpK protein examined in
this study did not detectably bind a factor H protein and that
some other Erp proteins exhibited relatively weak factor H
binding. This may have been a consequence of the SDS-
PAGE-based immunoaffinity analysis technique used; perhaps
the recombinant proteins were not folded so that they were
able to bind factor H, while the native proteins may have been
able to bind factor H. There is also the strong possibility that
ErpK and some of the other Erp proteins preferentially bind
the factor H proteins of animals not examined in this study. B.
burgdorferi is capable of infecting a wide variety of animals (11,
32, 47, 58), and ErpK may play a role in inactivating the
alternative pathways of some of these hosts.

It has been noted that while some strains of B. burgdorferi
are resistant to complement-mediated killing, mutants of the
same strains may be sensitive to killing (39, 61). Since B.
burgdorferi regulates synthesis of Erp proteins (73), it is possi-
ble that such mutants lack the ability to produce Erp proteins
under the conditions tested. Indeed, many such mutants are
defective in gene regulation and exhibit protein profiles differ-
ent from those of their parent strains (39, 61). Additionally, B.
burgdorferi is known to lose plasmids during cultivation, includ-
ing the plasmids that encode Erp proteins (14), so it is also
possible that the mutants lost plasmids encoding the Erp pro-
teins that bind factor H for the type of serum being tested.
Further analysis of such mutants should provide additional
insight into the mechanisms by which B. burgdorferi resists
killing via the alternative pathway.

Based on comparisons of the amino acid sequences, it was
recently proposed that B. burgdorferi Erp proteins can be sub-
divided into three groups (1). Furthermore, it was also sug-
gested that the groups should be given the following different
names, suggesting that the groups have different functions:
OspE for the proteins most like the strain N40 OspE protein;
OspF for the proteins most like the strain N40 OspF protein;
and Elp for the proteins less similar to either strain N40 pro-
tein (1). The results of our study indicate that members of all
three groups can bind factor H. ErpA/I/N, ErpC, and ErpP are
in the OspE group; ErpG, ErpL, and ErpY are in the OspF
group; and ErpX is in the Elp group (1). Our data suggest that
most, if not all, Erp proteins perform similar functions for the
bacteria and that sequence variations are probably necessary
consequences of the affinities of the proteins for different fac-
tor H proteins. Thus, we conclude that a name change is not
necessary for the Erp proteins.

In addition to members of the erp multigene family, individ-
ual B. burgdorferi strains may contain members of several other
families of paralogous genes; strain B31 contains members of
at least 161 such families (13, 25). For example, it is known that
B. burgdorferi expresses Mlp proteins during mammalian infec-
tion (62, 77), yet strain B31 contains genes for at least nine
different paralogs of these proteins (13, 62). We wonder

FIG. 4. Diagram of the life cycles of B. burgdorferi and Ixodes sp.
vector ticks. Tick larvae hatch and feed once; then they molt into
nymphs, which also feed once, and then into adults, which mate, feed
once, lay eggs, and then die (dashed arrows). Larvae acquire B. burg-
dorferi by feeding on infected hosts and then transmit the bacteria to
new hosts during feeding in the nymph and adult stages (solid arrows).
The tick hosts include a large variety of species of mammals, birds, and
reptiles, many of which are susceptible to B. burgdorferi infection and
serve as reservoir animals. In many geographic areas, adult Ixodes sp.
ticks do not feed on the same animal hosts as the larvae or nymphs and
so do not contribute greatly to the maintenance of B. burgdorferi in
these locations (35, 67).
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whether each Mlp paralog might permit advantageous inter-
actions with a different potential host.

In conclusion, our studies demonstrated that B. burgdorferi
Erp proteins bind the factor H proteins of several diverse
mammalian species. Additionally, the relative affinities of each
Erp protein for factor H proteins differed depending on the
animal serum tested, with ErpA/I/N having the greatest rela-
tive affinity for rat factor H but ErpX having the greatest
relative affinity for the cat homolog. These data suggest that
Erp proteins contribute to the expansive host range of B.
burgdorferi by making the bacteria insensitive to the alternative
pathways of many different types of animals. Additional studies
of the bacteriophage-encoded Erp proteins will undoubtedly
reveal important information concerning these apparent viru-
lence factors and their role in the pathogenesis of Lyme dis-
ease.
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