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Host-derived plasmin plays a critical role in mammalian infection by Borrelia burgdorferi. The Lyme disease
spirochete expresses several plasminogen-binding proteins. Bound plasminogen is converted to the serine
protease plasmin and thereby may facilitate the bacterium’s dissemination throughout the host by degrading
extracellular matrix. In this work, we demonstrate plasminogen binding by three highly similar borrelial outer
surface proteins, ErpP, ErpA, and ErpC, all of which are expressed during mammalian infection. Extensive
characterization of ErpP demonstrated that this protein bound in a dose-dependent manner to lysine binding
site I of plasminogen. Removal of three lysine residues from the carboxy terminus of ErpP significantly reduced
binding of plasminogen, and the presence of a lysine analog, �-aminocaproic acid, inhibited the ErpP-
plasminogen interaction, thus strongly pointing to a primary role for lysine residues in plasminogen binding.
Ionic interactions are not required in ErpP binding of plasminogen, as addition of excess NaCl or the polyanion
heparin did not have any significant effect on binding. Plasminogen bound to ErpP could be converted to the
active enzyme, plasmin. The three plasminogen-binding Erp proteins can also bind the host complement
regulator factor H. Plasminogen and factor H bound simultaneously and did not compete for binding to ErpP,
indicating separate binding sites for both host ligands and the ability of the borrelial surface proteins to bind
both host proteins.

Lyme disease is the most commonly reported arthropod-
borne disease in the United States (8). Borrelia burgdorferi, the
causative agent of Lyme disease, is transmitted to its hosts
through the bites of infected Ixodes ticks. In the earliest stage
of Lyme disease, a bull’s-eye-shaped rash, erythema migrans,
occurs as the spirochete spreads outward from the site of the
tick bite. If left untreated, serious clinical outcomes can occur,
including arthritis, neuropathies, and carditis (48).

The bacterium disseminates from the bite site to other host
tissues. B. burgdorferi can traverse the epithelium and invade
vascular walls but is rarely abundant in blood (1). In addition,
B. burgdorferi can pass through the blood-brain barrier to enter
the central nervous system (58). The spirochete, unlike many
invasive pathogens, lacks surface protease activities (12, 26).
Therefore, binding of host proteases to the surface of the
bacterium may aid in the spirochete’s dissemination. Indeed,
B. burgdorferi binds plasminogen, a component of the host’s
fibrinolytic system (12, 19). Plasminogen circulates in the
plasma as an inactive proenzyme and is activated by tissue-type
plasminogen activator and urokinase-type plasminogen activa-

tor (uPA) to plasmin (55). Plasminogen binding is an impor-
tant virulence factor for invasive pathogens such as group A
streptococci and Staphylococcus, as well as Borrelia species (10,
43, 55). The binding of plasminogen to bacteria and its subse-
quent activation allow bacteria to degrade the host’s extracel-
lular matrix and basement membranes either through the di-
rect protease activity of plasmin or by plasmin’s activation of
host matrix metalloproteases (MMPs). B. burgdorferi has pre-
viously been shown to bind plasminogen, which is rapidly con-
verted to active plasmin in the presence of host plasminogen
activator (11). In vitro, plasmin-coated B. burgdorferi is able to
penetrate endothelial cell monolayers (12). Surface-associated
plasmin on B. burgdorferi can directly degrade fibronectin, a
major component of the extracellular matrix, as well as laminin
and vitronectin (11, 19). B. burgdorferi induces the release of
MMP-9 (gelatinase) and MMP-1 (collagenase) from human
cells, and plasmin-coated B. burgdorferi activates pro-MMP-9
(20), initiating a cascade that leads to degradation of basement
membranes. Plasminogen has previously been shown to be
important in B. burgdorferi pathogenesis. Although not strictly
required for infection, plasminogen was required for efficient
dissemination in ticks, and its absence decreased spirochet-
emia in plasminogen-deficient mice (10).

Plasminogen-binding proteins of B. burgdorferi have previ-
ously been identified, including the outer-surface lipoprotein
OspA (19). A role for OspC in plasminogen binding has also
been suggested (31). However, OspA is generally not ex-
pressed during human infection, and OspC production ceases
within the first few days of mammalian infection (13, 24, 25, 34,
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42). Other, unidentified plasminogen-binding proteins have
been observed in B. burgdorferi, including a protein(s) with an
approximate molecular mass of 20 kDa, which is close to the
size of several Erp proteins (12, 19). The members of the Erp
family of outer-surface lipoproteins are expressed at high levels
during mammalian infection (15, 23, 38–41).

Lyme disease spirochetes contain numerous DNA elements,
including the main chromosome as well as linear and circular
plasmids (6). Infectious isolates carry several distinct yet ho-
mologous elements called cp32s, circular prophages of approx-
imately 32 kb (54). All cp32 elements encode one or two Erp
proteins, which can vary widely in amino acid sequence (50).
However, all erp loci are preceded by nearly identical promoter
regions (36, 53). Hence, most of the erp genes analyzed follow
the same pattern of expression, being repressed in the tick
vector but synthesized during mammalian infection (15, 21, 23,
35, 37–41). Roles for most of the Erp proteins have yet to be
defined. ErpX has been demonstrated to bind host laminin
(our unpublished results and reference 3). Three Erp proteins
bind the host complement regulator factor H and factor H-
related protein 1: ErpP, ErpC, and ErpA (22, 28, 29). Some
factor H binding proteins of other human pathogens have been
demonstrated to bind multiple ligands, including plasminogen
(30, 47). These data, and the presence of unidentified plas-
minogen-binding proteins in B. burgdorferi, prompted us to
examine if Erp proteins are able to bind plasminogen.

MATERIALS AND METHODS

Bacteria. An infectious clone of the sequenced type strain, B. burgdorferi
B31-MI-16 (5, 18), which retains all plasmids (40), was grown at 34°C to cell
densities of approximately 1 � 107 ml in modified Barbour-Stoenner-Kelly me-
dium as described previously (59). Total DNA (genomic and plasmids) was
isolated using the DNeasy blood and tissue kit (Qiagen, Valencia, CA) according
to the manufacturer’s instructions.

Recombinant proteins. Polyhistidine-tagged, full-length ErpA, ErpC, and
ErpP have been described previously (17, 49). All recombinant proteins con-
tained amino-terminal tags, with the Erp segment beginning with that protein’s
first amino acid following the cysteine lipidation site. A recombinant plasmid
encoding carboxy-terminally truncated ErpP was produced by PCR of B. burg-
dorferi B31-MI-16 DNA using primers RERPP-1 (5�-CACCAAAATTCATAC
TTCATATGATGAG-3�) and RERPP-4 (5�-TTATTAAACCACTTCTAGTGG
TATTGCATATTCAG-3�) and insertion into pET200 (Invitrogen, Carlsbad,
CA). The resultant plasmid’s insert was entirely sequenced on both strands to
ensure that no undesired mutations had occurred during PCR or cloning pro-
cedures.

Recombinant proteins were expressed in Escherichia coli Rosetta (DE3)pLysS
(Novagen, Madison, WI), upon induction with isopropyl-�-D-thiogalactopyrano-
side (IPTG). Induced E. coli cells were harvested and then lysed by sonication in
a mixture of 30 mM imidazole, 0.5 M NaCl, and 20 mM NaPO4 (pH 7.4), and
debris was cleared by centrifugation. Recombinant proteins were purified from
cleared lysates using MagneHis nickel-conjugated magnetic beads (Promega,
Madison, WI) or by His-Trap HP columns and an ÄKTA fast protein liquid
chromatograph equipped with a UPC-900 UV absorbance monitor and a
Frac920 fraction collector (GE Healthcare, Piscataway, NJ). Proteins were
eluted from fast protein liquid chromatography columns by a constantly increas-
ing gradient between the lysis buffer and 0.75 M imidazole, 20 mM NaPO4, and
5 M NaCl (pH 7.4). All recombinant proteins were dialyzed overnight against
phosphate-buffered saline (PBS) using 3,500-molecular-weight-cutoff Slide-A-
Lyzer cassettes (Pierce, Rockford, IL) at 4°C. Protein purity was assessed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by staining
with Coomassie brilliant blue. Protein concentrations were determined by bicin-
choninic acid protein assays (Pierce).

ELISA. For the enzyme-linked immunosorbent assay (ELISA), Maxisorp 96-
well plates (Nalge-Nunc, Rochester, NY) were coated overnight with 10 �g/ml
human plasminogen (Sigma-Aldrich, St. Louis, MO), 10 �g/ml recombinant Erp
protein, or 10 �g/ml bovine serum albumin (BSA [negative control]) in PBS at
4°C. Plates were brought to room temperature and washed once with PBS
supplemented with 0.05% (vol/vol) Tween 20 (PBS-T). Wells were blocked for
2 h at room temperature with PBS with 1% (mass/vol) gelatin and then washed
three times with PBS-T. Afterwards, 100 �l/well of either recombinant Erp
protein, plasminogen (Sigma-Aldrich), or factor H (Sigma-Aldrich [see text for
concentrations]) was added and incubated for 2 h at 37°C. Wells were washed
three times with PBS-T and then incubated for 1 h at room temperature with
rabbit antiserum raised against B. burgdorferi ErpA (which cross-reacts with the
highly similar ErpP and ErpC), diluted 1:500 in PBS, or goat anti-human plas-
minogen (Novus Biologicals, Littleton, CO) or goat anti-human factor H (Cal-
biochem, San Diego, CA). Plates were washed three times with PBS-T, and then
wells were incubated for 1 h at room temperature with horseradish peroxidase-
conjugated anti-rabbit immunoglobulin G (IgG) or horseradish peroxidase-con-
jugated protein A (GE Healthcare, Little Chalfont, United Kingdom), diluted
1:5,000. Wells were again washed three times with PBS-T, 100 �l/well tetram-
ethylbenzidine substrate was added, and then reactions were stopped by addition
of 100 �l/well of 2 N H2SO4. Absorbance was read at 450 nm using a Spectramax
plate reader using SoftMax Pro software (Molecular Devices, Sunnyvale, CA).

For experiments examining the role of ionic interactions in ErpP binding to
plasminogen, increasing concentrations of NaCl were added to the PBS-based
binding buffer with ErpP. For experiments analyzing the role of heparin-binding
domains in the ErpP-plasminogen interaction, porcine heparin (final concentra-

FIG. 1. ErpA, ErpC, and ErpP bind plasminogen. Binding of plas-
minogen (25 �g/ml) to immobilized Erp proteins (10 �g/ml) was an-
alyzed by ELISA, with bound plasminogen detected using specific
antiserum. BSA was used as a negative control for nonspecific binding.
Values represent plasminogen binding to each Erp protein minus
background absorbance for BSA. Data represent the means and stan-
dard errors from two separate experiments with six replicates per Erp
protein.

FIG. 2. Alignment of ErpP, ErpA, and ErpC. Identical amino acid residues found in two or more of the proteins are boxed and shaded. The
five amino acids deleted from the truncated ErpP used in this work are indicated by a thick line over the sequence. The black arrowhead indicates
the first amino acid following the polyhistidine tag in the recombinant Erp protein.
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tions, 0 to 50 �M [Sigma-Aldrich]) was added to the plasminogen-coated wells
for 1 h prior to the addition of tested protein and was also included in the binding
buffer along with the tested recombinant protein (51). To determine the role of
lysines in plasminogen-ErpP interaction, the lysine analog ε-aminocaproic acid
(final concentration, 1 mM [Sigma-Aldrich]) was added with plasminogen to
ErpP-coated wells. The role of Kringle domains of plasminogen in ErpP binding
was assessed using plasminogen lysine-binding site I (LBS I)-coated wells
(Sigma-Aldrich).

Protein binding affinities (Kd) were calculated as that concentration of ligand
required for half-maximal binding activity.

Plasminogen activation assay. Maxisorp 96-well plates (Nalge-Nunc) were
coated overnight with 10 �g/ml recombinant ErpP or 10 �g/ml BSA in PBS at
4°C. Plates were brought to room temperature and washed once with PBS-T.
Wells were blocked for 2 h at room temperature with PBS with 2% (mass/vol)
BSA and then washed three times with PBS-T. Afterwards 100 �l/well of 10
�g/ml human plasminogen was added and incubated for 2 h at 37°C. Wells were
washed three times with PBS-T, and then 4 ng/well of human uPA (Chemicon,
Temecula, CA) was added. Next, the plasmin-specific substrate D-valyl-leucyl-
lysine-p-nitroanilide dihydrochloride (Sigma-Aldrich) was added at a final con-
centration of 0.3 mM in 64 mM Tris, 350 mM NaCl, 0.15% Triton X-100 (pH
7.5). Plates were incubated overnight at 37°C, and absorbance was read at
405 nm.

RESULTS

ErpP, ErpA, and ErpC bind human plasminogen. Earlier
observations that B. burgdorferi expresses plasminogen-binding
surface proteins of approximate masses of 20 kDa (12, 19, 31),
similar to some Erp proteins, prompted us to investigate
whether Erp proteins were capable of binding human plasmin-
ogen. Several Erp proteins from type strain B31 having diverse
sequences were chosen for study (5, 49, 52). Recombinant
ErpA, ErpB, ErpC, ErpP, ErpQ, and ErpX, and the nonspe-
cific negative control BSA were individually immobilized onto
microtiter plates and incubated with human plasminogen, and
their abilities to form protein complexes were measured by
ELISA. Significant binding of plasminogen was detected only
for ErpA, ErpC, and ErpP (Fig. 1). These three proteins are
�98% identical and all have molecular masses of 19 to 21 kDa
(Fig. 2). Due to those extensive similarities, ErpP was chosen
as a representative protein for additional characterization.

FIG. 3. ErpP binds plasminogen in a dose-dependent manner.
Binding of ErpP (0 to 1 �M) to immobilized plasminogen (10 �g/ml)
was analyzed by ELISA, with bound ErpP detected using polyclonal
rabbit antiserum. BSA was used as a negative control for nonspecific
binding. Values represent ErpP binding to plasminogen minus back-
ground absorbance for BSA. Data represent the means and standard
errors from two separate experiments with six replicates per concen-
tration of ErpP.

FIG. 4. Role of lysines in ErpP plasminogen binding activity. Binding of plasminogen to immobilized ErpP (10 �g/ml) was analyzed by ELISA.
(A) Plasminogen (25 �g/ml) was added to ErpP-coated wells in the presence or absence of 1 mM ε-aminocaproic acid (ACA). Bound plasminogen
was detected using a specific antiserum. BSA was used as a negative control. Data represent the means and standard errors from two separate
experiments with 12 replicates per condition. *, P � 0.001, Student’s t test assuming unequal variances. (B) Binding of plasminogen to immobilized
ErpP and the carboxy-terminal truncation mutant (rErpP2) was analyzed by ELISA. Plasminogen (25 �g/ml) was added to ErpP-coated wells.
Bound plasminogen was detected using a specific antiserum. BSA was used as a negative control. Data represent the means and standard errors
from two separate experiments with 12 replicates per condition. *, P � 0.001, Student’s t test assuming unequal variances. (C) Binding of ErpP
(0 to 250 nM) to immobilized LBS I of plasminogen analyzed by ELISA. Bound ErpP was detected using a specific antiserum. BSA was used as
a negative control. Data represent the means and standard errors from two separate experiments with six replicates per concentration of ErpP.
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Analyses using various concentrations of plasminogen demon-
strated that ErpP bound plasminogen in a dose-dependent
manner, with a Kd of approximately 25 nM (Fig. 3).

Role of lysines in ErpP plasminogen binding activity. Plas-
minogen receptors on the surface of host cells bind plasmino-
gen through lysine residues present in Kringle domains, and
several bacterial proteins contain lysine residues that are im-
portant for the binding of plasminogen (2, 11, 33, 45). ErpP,
ErpA, and ErpC are each comprised of approximately 13%
lysine residues (24 out of 186 amino acids in ErpP [Fig. 2]).
Addition of the synthetic lysine analog ε-aminocaproic acid

significantly reduced the ErpP-plasminogen interaction, indi-
cating a role for lysines in ErpP binding to the ligand (Fig. 4A).

Previous studies found that the three carboxy-terminal lysine
residues of ErpP are essential for that protein to interact with
human complement regulator factor H (29). In addition, the
carboxy-terminal lysine residues of some bacterial plasmino-
gen-binding proteins are necessary for plasminogen binding (4,
44). To ascertain the importance of the carboxy-terminal ly-
sines in ErpP binding to plasminogen, a truncated ErpP pro-
tein lacking five amino acids at the carboxy terminus was en-
gineered (Fig. 2). Deletion of the carboxy-terminal lysines
significantly reduced, but did not completely eliminate, binding
of plasminogen to ErpP. Thus, the carboxy terminus of ErpP is
involved in plasminogen binding, but apparently so are some
or all of ErpP’s other 21 lysine residues (Fig. 4B).

Next, the ability of ErpP to interact with the lysine-binding
sites of plasminogen was tested. A fragment of plasminogen
which contains the first three triple-loop structures in the plas-
min A chain (Kringle 1 � 2 � 3), plasminogen LBS I, was used
as ligand. ErpP bound LBS I in a dose-dependent manner,
again pointing to a role for the lysines of ErpP in the binding
of plasminogen (Fig. 4C).

Role of ionic interactions in ErpP binding to plasminogen.
ErpP contains a large number of charged amino acids (Fig. 2),
with a theoretical pI of 8.36. To assess the role of ionic inter-
actions in ErpP plasminogen binding, binding assays were per-
formed in the presence of various concentrations of NaCl or
the polyanion heparin. NaCl, at up to four times the physio-
logical concentration, did not have any significant effects on
plasminogen binding (Fig. 5A). Likewise, heparin had no ap-
preciable effect on ErpP-plasminogen interactions (Fig. 5B).
These data suggest that ionic interactions are dispensable for
plasminogen-ErpP interactions.

Factor H and plasminogen do not compete for binding to
ErpP. Purified ErpP, ErpA, and ErpC can also bind the human

FIG. 5. Role of ionic interactions in ErpP binding of plasminogen.
Binding of plasminogen to immobilized ErpP (10 �g/ml) was analyzed
by ELISA. (A) Plasminogen (25 �g/ml) was incubated in the presence
of increasing concentrations of NaCl. Bound plasminogen was de-
tected using a specific antiserum. BSA was used as a negative control.
Data represent the means and standard errors from two experiments
with six replicates per concentration of NaCl. (B) Heparin (0 to 50
�M) was added to immobilized ErpP for 1 h prior to the addition of
plasminogen. After a single wash with PBS-T, plasminogen (25 �g/ml)
was incubated in the presence of heparin (0 to 50 �M). Bound plas-
minogen was detected using a specific antiserum. BSA was used as a
negative control. Data represent the means and standard errors from
two experiments with six replicates per concentration of heparin.

FIG. 6. Factor H and plasminogen do not compete for binding to
ErpP. Plasminogen (200 nM) binding to immobilized ErpP (10 �g/ml)
was assayed in the presence of increasing concentrations of factor H.
Both serum proteins were detected by individual, specific antisera. In
normal human serum, the molar ratio of plasminogen to factor H is
1:1.4. Data represent the means and standard errors from two different
experiments with six replicates per condition.
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complement regulator factor H. The deletion of nine residues
of the carboxy terminus of ErpP, which contains three lysines,
abrogates factor H binding (29). As described above, deletion
of the same three lysine residues significantly impaired ErpP
binding of plasminogen. To assess if factor H and plasminogen
share identical or overlapping binding sites on ErpP, binding of
plasminogen by full-length ErpP was assayed in the presence of
increasing concentrations of factor H. In normal human sera,
the molar ratio of plasminogen to factor H is 1:1.4. At exper-
imental ratios of up to 1:4, no competition between plasmin-
ogen and factor H for ErpP binding was observed (Fig. 6).
These data suggest that plasminogen and factor H bind to
separate sites of ErpP and demonstrate that the two host
proteins can adhere to ErpP simultaneously.

Plasminogen bound to ErpP can be converted to plasmin.
Plasminogen bound to the surface of B. burgdorferi can be
converted to plasmin (19). To determine if ErpP-bound plas-
minogen can similarly be activated, multiwell plates were
coated with ErpP, blocked, and then incubated with plasmin-
ogen. uPA was added, and the proteolytic activity was quanti-
fied using a plasmin-specific chromogenic substrate. As shown
in Fig. 7, ErpP-bound plasminogen was converted to plasmin.
These data demonstrate that Erp-bound plasminogen is acces-
sible to activators and can be converted into the active enzyme.

DISCUSSION

Binding of plasminogen to the surface of bacteria is often
important for virulence, both by providing a means of initial
anchoring to endothelium via host plasminogen receptors and
by adding a potent protease activity to the bacterial surface.
Activation of plasmin on the surface of pathogens can there-

fore facilitate extracellular matrix degradation, allowing the
pathogen to disseminate throughout the host. Plasminogen has
previously been shown to be important for B. burgdorferi dis-
semination in both vector ticks and mammalian hosts (10).
Plasminogen is also important in kidney and brain invasion by
a related spirochete, Borrelia crocidurae (43). Multiple plas-
minogen-binding proteins are present in Lyme disease spiro-
chetes, as demonstrated by plasminogen overlay assays, but
only a few have been identified and characterized. Of these,
OspA is generally not produced during human infection, and
OspC is only transiently expressed during transmission from
ticks to mammals (13, 24, 25, 35, 42, 56). In the present study,
we identified three members of the polymorphic Erp protein
family, ErpP, ErpA, and ErpC, as being plasminogen-binding
proteins. Those Erp proteins are known to be produced
through all stages of mammalian infection (15, 35, 37–41), and
therefore acquisition of plasminogen by ErpP, ErpA, and
ErpC may play a role(s) in long-term infection.

Plasminogen interacts with its substrates, inhibitors, and ef-
fectors through five Kringle domains (7). These approximately
80-amino-acid loop structures are linked by triple-disulfide
bonds and undergo conformational change upon binding to
lysine-containing sequences. This conformational change al-
lows plasminogen to achieve a form that is easily activated and
protected from plasmin inhibitors (32). A number of bacterial
proteins contain lysine residues that are crucial for the binding
of plasminogen (2, 11, 33). In the present study, we demon-
strated that lysine residues in ErpP are directly involved in
plasminogen binding, as the lysine analog ε-aminocaproic acid
significantly inhibited binding of ErpP to plasminogen. Dele-
tion of the three carboxy-terminal lysine residues also de-

FIG. 7. ErpP-bound plasminogen is converted into plasmin. ErpP-coated wells of microtiter plates were incubated with plasminogen, urokinase
(uPA), and/or a plasmin-specific chromogenic substrate. Proteolytic activity was measured by absorbance at 450 nM. Data represent the means and
standard errors from two different experiments with six replicates per condition.
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creased ligand binding. In addition, ErpP bound the LBS I
(Kringle domains 1 to 3) of plasminogen in a dose-dependent
manner. Most of the Erp proteins contain high percentages of
lysine residues, yet only ErpP, ErpA, and ErpC bind plasmin-
ogen. Intriguingly, addition of anions (Cl�, heparin) did not
affect ErpP-plasminogen interactions, suggesting that non-
charged amino acids and/or protein conformations are also
important for binding. Indeed, internal binding motifs flanked
by hydrophobic residues are involved in plasminogen binding
by enolases from Streptococcus pneumoniae and Neisseria men-
ingitidis (16, 27).

Beyond its role in degradation of basement membranes and
the facilitation of dissemination to diverse tissues in the host,
plasminogen binding by B. burgdorferi might be involved in
immune avoidance. The acquired proteolytic activity of plas-
min may degrade specific antibodies and components of the
complement system. For example, staphylokinase of Staphy-
coccus aureus exhibits antiopsonic activity by binding plasmin-
ogen. The subsequent protease activity of plasmin degrades
the opsonins C3b and IgG (46). Some plasminogen-binding
proteins are also immunosuppressive, such as enolase of Strep-
tococcus sobrinus, which increases interleukin-10 production
and dampens immune responses in mice (57).

ErpP also binds factor H, the key regulator of the alternative
pathway of complement. ErpP appears to bind factor H and
plasminogen through discrete domains, as factor H did not
compete with plasminogen for binding to ErpP. This echoes
the dual function of the unrelated CRASP-1Bh/FhbA protein
of Borrelia hermsii, which likewise binds factor H and plasmin-
ogen through separate regions (47). Another example of a
dual-function protein that binds multiple serum components is
Tuf of Pseudomonas aeruginosa. However, unlike ErpP, Tuf
shares similar or overlapping binding sites for factor H and
plasminogen (30). The carboxy-terminal lysine residues of
ErpP are essential for binding to factor H and are important
for binding to plasminogen. Yet the absence of competition for
ErpP suggests that the two ligands use multiple contact points
for binding of factor H and/or plasminogen. While the signif-
icance of binding multiple serum components remains to be
defined, many bacterial adhesins have multiple binding part-
ners (9, 14). An obvious advantage to the spirochete would be
that fewer surface lipoproteins need to be expressed in order to
disseminate and evade host immune responses, conserving en-
ergy and allowing B. burgdorferi to safely and swiftly transition
from blood to tissues. The combination of plasminogen and
factor H binding to the same proteins suggests a rather sophis-
ticated escape mechanism of B. burgdorferi for dissemination
and persistence in the mammalian host.
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