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ARTICLE INFO ABSTRACT

Keywords: The spirochete Borrelia burgdorferi sensu lato is the causative agent of Lyme borreliosis — the most common tick-
Ixodes ticks borne disease in Europe and the United States. Spirochetes are transmitted from infected Ixodes ticks to the
Spirochetes mammalian host when the ticks feed. In general, the transfer process of the borreliae is quite complicated, as the

Paralogous proteins

environments in the tick and the new mammalian host differs significantly. Therefore, Borrelia changes the
X-ray crystallography

expression profile of dozens of proteins, mainly outer surface proteins, to adapt to the new tasks and needs in the
new organism. In the transfer process from the tick to the mammalian host, spirochetes that cause Lyme disease
show the strongest upregulation of members of paralogous gene family 54 (PFam54). PFam54 members encode
10 proteins, and BBA69 is one of its members. Although several PFam54 members play an important role in the
pathogenesis of Lyme disease, the exact function has been determined only for CspA, which binds complement
regulator factor H (CFH) and factor H-like protein 1 (FHL-1); thus, CspA is essential to resist the vertebrate host’s
immune response. In the current study, we determined the crystal structure of BBA69 at a 2.25 A resolution. The
BBAG69 structure revealed a seven a-helical BBbCRASP-1 fold previously found only in PFam54 member proteins.
Among the PFam54 members, BBA69 shares the highest sequence identity (61%) and 3-D similarity with CspA.
Although none of the PFam54 members besides CspA bind CFH and FHL-1, in the current study, we investigated
the structural differences accounting for the divergence in the functions of these proteins. The results clearly
indicated that the C-terminal a-helix is the main determinant of this functional divergence. The results provide
better insight into the PFam54 proteins that play an important role in the pathogenesis of Lyme disease.

1. Introduction

Lyme disease, also known as Lyme borreliosis, is a vector-borne
infectious disease caused by the spirochete Borrelia burgdorferi sensu
lato complex bacteria that includes several species such as B. burgdorferi
sensu stricto (hereafter B. burgdorferi), B. afzelii, B. garinii, B. spielmanii
and B. bavariensis (Burgdorfer et al., 1982; Margos et al., 2013; Rudenko
et al., 2011; Steere et al., 2004). For the causative agent of Lyme disease
to infect the mammalian host, the spirochete must find its way from the
tick’s gut to the new host as an infected Ixodes tick starts a blood meal
(Radolf et al., 2012). The new environment sets many new tasks and
challenges for the spirochete, as after it is transferred to the mammalian
host, it must resist the immune response, attach to new targets, bind
and utilize nutrients that were unavailable in the tick’s gut, spread and
proliferate (Steere et al., 2016). To adapt to the new conditions when it
is transferred from ticks to mammals or vice versa, Borrelia changes its
proteome (Brooks et al., 2003; Ojaimi et al., 2003; Tokarz et al., 2004).
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Under the conditions when spirochetes are ready to enter the mam-
malian host as the tick starts its blood meal, the most highly upregu-
lated proteins in B. burgdorferi are those that belong to paralogous gene
family 54 (PFam54) (Angel et al., 2010; Ojaimi et al., 2003; Tokarz
et al.,, 2004). In the current study examined BBA69 together with
BBA64, BBA65, BBA66, CspA (BBA68), BBA73, BBI36, BBI38, BBI39
and BBJ41 are the PFam54 family members (Casjens et al., 2000). The
genes that code for BBA64, BBA65, BBA66, CspA, BBA69 and BBA73
are located on linear plasmid 54 (Ip54) and have attracted special at-
tention because of their upregulation and importance in the patho-
genesis of Lyme disease (Casjens et al., 2000). PFam54 member BBA64
is essential to ensure the transfer of spirochetes from the tick’s salivary
glands to the mammalian host (Gilmore et al., 2010). CspA is a com-
plement regulator factor H (CFH) and factor H-like protein 1 (CFHL-1)
and thus acts against the mammalian immune response (Kraiczy et al.,
2004a). Although CspA is not the only B. burgdorferi protein able to
bind CFH and/or CFHL-1, it was essential to protect against the immune
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response in mice (Hart et al., 2018; Kraiczy and Stevenson, 2013).
Additionally, it was demonstrated that BBA66 and BBA73 are necessary
to ensure the successful colonization of the spirochete in the mamma-
lian host (Gilmore et al., 2008; Patton et al., 2013). In general, all the
previous studies mentioned clearly indicated that the functions of
PFam54 members are different. In some respect, their functional di-
versification is also indicated by the fact that PFam54 members display
rather low mutual sequence identities, although their overall fold is
well conserved (Brangulis et al., 2013a, 2014; Brangulis et al., 2013bj;
Cordes et al., 2006b). The PFam54 members CspA and BBA69 show the
highest sequence identity among all the PFam54 members at 61%. In
comparison, CspA and BBA64 share only 17% sequence identity, but
CspA and BBA73 share 14% sequence identity. Despite the compara-
tively high sequence identity between CspA and BBA69, BBA69 lacks
the ability to bind CFH or CFHL-1 and the exact function of BBA69 is
still unknown (Kraiczy et al., 2006). The CspA protein has been the
subject of thorough structure-function studies and compared with
BBA69 to understand the basis for their different functions and the
important residues involved in CFH and CFHL-1 binding (Kraiczy et al.,
2006, 2009; Wywial et al., 2009). In the current study, we solved the
crystal structure of BBA69 to examine the structural differences be-
tween the two proteins in molecular detail and to understand the rea-
sons for the functional differences between both proteins. Additionally,
the results provide the opportunity to better understand PFam54 pro-
teins, which play potentially important roles in the pathogenesis of
Lyme disease.

2. Materials and methods
2.1. Cloning and expression of BBA69 and CspA

BBA69 and CspA were PCR-amplified from B. burgdorferi B31
genomic DNA and inserted into the pETm-11 expression vector, which
contains an N-terminal 6 X His tag followed by a TEV protease cleavage
site (the oligonucleotides used for PCR amplification are given in
Table 1). In this way, we prepared two different constructs for BBA69
and a construct for CspA that exclude the signal sequence, as judged
with SignalP 4.1 and LipoP 1.0 software (Juncker et al., 2003; Petersen
et al.,, 2011), and the unstructured N-terminal region, as judged from
comparison with the crystal structures of other PFam54 members
(Brangulis et al., 2013a, 2014; Brangulis et al., 2013b; Cordes et al.,
2005). Constructs containing the coding regions of BBA693s. 263,
BBAG69,¢_ 563, BBA69,¢ 563 Leu214Met and CspAgs.os1 Were transformed
into Escherichia coli XL1-Blue cells and grown overnight at 37 °C on LB
agar plates containing kanamycin. Separate colonies were picked and
transferred into LB medium supplemented with kanamycin. After 24 h,
the plasmid DNA was isolated and verified by DNA sequencing before it
was transformed into E. coli BL21 (DE3) cells and cultivated in 2 X TY
media supplemented with kanamycin (10 mg/ml) at 23°C until
reaching an ODggo of 0.8-1.0. To induce protein expression, 0.2 mM
IPTG was added, and the cells were incubated for an additional
12-14 h. The cells were then harvested by centrifugation at 5000 X g.
Se-Met-labeled BBA69,¢ 563 Leu214Met was produced with the
methods described previously to produce BB0689 protein (Brangulis

Table 1
Oligonucleotides used in the study.
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et al., 2015).
2.2. Purification of BBA69 and CspA

BBA69 was purified by affinity chromatography on a Ni-NTA
agarose (Protino) column. Afterwards, the 6 X His tag was removed
from the recombinant protein by TEV (tobacco etch virus) protease di-
gestion overnight at room temperature. The cleaved 6 X His tag and
TEV protease were removed by an additional round of affinity chro-
matography (Fig. S1). The protein was buffer-exchanged into 10 mM
Tris HCI (pH 8.0) and concentrated using an Amicon centrifugal filter
unit (Millipore) to a concentration of 11 mg/ml. CspA used in gel fil-
tration chromatography experiment was purified in the same manner as
BBAG69.

2.3. Estimation of multimeric state by gel filtration chromatography

BBA697¢ 263 (11 mg/ml) in 10 mM Tris HCl (pH 8.0) containing
either 0.25M or 0.5 M NaCl was loaded on a prepacked Superdex 200
10/300 GL column (Amersham Biosciences). Bovine serum albumin
(67 kDa), ovalbumin (43 kDa) and chymotrypsinogen A (25 kDa) were
used as MW reference standards. To further characterize multimeric
state of the protein, BBA69,¢ 263 (1 mg/ml) either alone or in mixture
with CspAgs.as1 (1 mg/ml) were loaded on a prepacked Superdex 75
10/300 GL column (Amersham Biosciences) in 10mM Tris HCI,
200 mM NaCl (pH 8.0) with the flow rate of 0.5 ml/min (Fig. 1). While
MW of CspA (22.5kDa) is close to BBA69 (22.4 kDa), dimerization of
CspA is well demonstrated (Cordes et al., 2005, 2006a; Kraiczy et al.,
2009) and can serve as a good internal control of protein mobility.

2.4. Site-directed mutagenesis

To insert an additional Met residue into BBA69 to obtain additional
Se-Met residues for a sufficient anomalous signal during diffraction data
collection, residue Leu214 was replaced by Met using a site-directed
mutagenesis approach. Two complimentary primers were used
(Table 1) for PCR amplification of the pETm-11-BBA69,4_5¢3 construct
followed by Dpnl endonuclease digestion and transformation in E. coli
XL1-Blue cells as described above. The presence of the Leu214Met
mutation was confirmed by DNA sequencing (Fig. S2).

2.5. Crystallization of native and truncated protein

Initial crystallization screens for BBA69 in 96-well sitting-drop
vapor diffusion plates were performed by a Tecan Freedom EVO 100
crystallization robot (Tecan Group Ltd.) by using the Structure Screen 1
&2 and JCSG + screens from Molecular Dimensions. The first crystal
hits were obtained in a precipitant solution containing 0.2 M sodium
acetate, 0.1 M Tris HCl (pH 8.5) and 30% PEG 4000, and after opti-
mization, the crystals used for data collection were grown in 0.1 M
ammonium sulfate, 0.1 M Tris HCl (pH 8.0) and 25% PEG 3350. To
grow Se-Met-derived crystals, the same procedure and conditions were
applied. During crystal harvesting, the concentration of PEG 3350 in
the precipitant solution was increased to 38%, and PEG 3350 was used

Oligonucleotide Sequence (5’-3")

Application

BBA69 Forw.1
BBA69 Forw.2

BBA69 Rev. GCT TGC GGC CGC TTA ATA AAA GGC AGA TTG TAA AGA
CspA Forw. CAT GCC ATG GGC GAT GAA AAA ATT ATG GAA

CspA Rev. GCT TGC GGC CGC TTA GTA AAA GGC AGG TTT TAA
BBA69 L-M1 CAA GTA AAA TCT GCC ATG CAG CTA CAA GAA AAG
BBA69 L-M2 CTT TTC TTG TAG CTG CAT GGC AGA TTT TAC TTG

CAT GCC ATG GGC GCA AAT GAA AAC ACC AAG
CAT GCC ATG GGC GGA ACT ACC GCT TCA GAG

Used for amplification of BBA693s 163

Used for amplification of BBA697¢_263

Used for amplification of BBA69

Used for amplification of CspAgs_251

Used for amplification of CspAgs_2s1

Used for site-directed mutagenesis Leu214Met
Used for site-directed mutagenesis Leu214Met
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Fig. 1. Monomeric state of BBA69 as confirmed by size-exclusion chromato-
graphy. (A) BBA69 protein loaded on a prepacked Superdex 75 10/300 GL

column; (B) mixture of CspA and BBA69 loaded on gel filtration column.

as a cryoprotectant when the crystals were flash-frozen in liquid ni-
trogen.

2.6. Data collection and structure determination

Native diffraction data were collected at MAX-lab beamline 1911-3
(Lund, Sweden). X-ray diffraction data were subsequently collected
from Se-Met-derived protein crystals at MX beamline instrument
BL14.1 at the Helmholtz-Zentrum Berlin (Mueller et al., 2012). The
crystal structure of BBA69 was determined by using the SAD method.
The diffraction data were processed by MOSFLM and XDS and scaled by
SCALA and AIMLESS from the CCP4 suite (Evans, 2011; Kabsch, 2010;
Winn et al., 2011). Phase for Se-Met-derived protein were obtained
using SHELX C/D/E (Sheldrick, 2008). The protein model was built
automatically in Buccaneer (Cowtan, 2006), and manual improvement
of the model was performed in Coot (Emsley and Cowtan, 2004).
Crystallographic refinement was performed with REFMACS5
(Murshudov et al., 1997) (Fig. S3). A summary of the data collection,
refinement and validation statistics is presented in Table 2.

3. Results and discussion
3.1. Protein production and structure determination

Because BBA69 is an outer surface lipoprotein with an N-terminal
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Table 2

Statistics for Data and Structure Quality.
Dataset Native Se-Met
Space group P2 c2
Unit cell dimensions
a (&) 67.26 73.97
b (&) 96.09 110.55
c(d) 67.35 61.70
Wavelength (A) 1.0000 0.9797
Resolution (A) 48.04-2.25 52.19-2.90
Highest resolution bin A) 2.32-2.25 3.08-2.90
No. of reflections 150291 40924
No. of unique reflections 39086 8521
Completeness (%) 99.8 (100.0) 96.7 (95.9)
Rimerge 0.04 (0.20) 0.06 (0.22)
I/o (I) 15.5 (5.1) 13.2 (5.6)
Multiplicity 3.8 (3.8) 4.8 (4.6)

Refinement

Ruwork 0.172 (0.187) 0.198 (0.199)
Reree 0.248 (0.291) 0.267 (0.381)
Average B-factor (A%)
Overall 36.2 69.0
From Wilson plot 22.5 62.4
No. of atoms
Protein 6140 2999
Water 65 0
RMS deviations from ideal
Bond lengths (A) 0.011 0.006
Bond angles (°) 1.772 1.503
Ramachandran outliers (%)
Residues in most favored regions (%) 97.28 95.49
Residues in allowed regions (%) 2.72 4.51
Outliers (%) 0.00 0.00

“Values in parentheses are for the highest resolution bin.

signal sequence, as predicted by SignalP 4.1 and LipoP 1.0 (Juncker
et al., 2003; Petersen et al., 2011) and also observed in the other
PFam54 members (Brangulis et al., 2013a, 2014; Brangulis et al.,
2013b; Cordes et al., 2005), the initial recombinant protein produced
excluded the signal peptide and contained residues 35-263. Un-
fortunately, the protein did not produce any diffraction-quality crystals
even after extensive screening. Therefore, another construct containing
a further shortened protein including residues 76-263 was produced;
this applied the same strategy used for the production of PFam54
members BBA66 and BGA71 (Brangulis et al., 2014, 2018). The deci-
sion to shorten the recombinant protein was also based on sequence
comparison with the PFam54 member CspA, the crystal structure of
which has already been solved (Fig. 2). CspA was preferred for se-
quence comparison with BBA69, as the two sequences exhibit 61%
sequence identity, in contrast to the only 17-20% identity between
BBA69 and the paralogous proteins BBA64, BBA66 and BBA73. Ad-
ditionally, recombinant CspA, including residues 26-250, was produced
for crystallization, but in the crystal structure, only residues 70-250
were modeled due to the flexible nature of the N-terminus (Cordes
et al., 2005). A comparison of both sequences clearly indicated that the
structural domain of BBA69 should begin near residue 76. The shor-
tened BBA69 construct comprising residues 76-263 was crystallized
and diffraction data were collected; unfortunately, we failed to solve
the structure by molecular replacement with the paralogous protein
CspA as a model despite their 61% sequence identity. Furthermore, we
also failed to solve the structure by using data from the Se-Met-derived
protein, as only two Met residues (including the Met from the expres-
sion tag) were present in the protein. By applying site-directed muta-
genesis, another Met residue was introduced, the protein was produced
and crystallized, and diffraction data were collected accordingly. The
crystal structure was solved in space group P2; and contained 4 mo-
lecules per asymmetric unit. The protein is composed of seven a-helices
in a BbCRASP-1 fold, as observed in the crystal structures of the other
PFam54 member proteins BBA64, BBA66, CspA and BBA73 (Brangulis
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Fig. 2. Sequence alignment of the PFamb54
members BBA69 and CspA. Initially, the
alignment was performed by Clustal Omega,
followed by processing of the sequence data
with ESPript 3 (Robert and Gouet, 2014;
Sievers et al., 2011). The conserved residues
are written in white with a red background,
while conserved substitutions are written in
red and framed in blue. The secondary struc-
ture elements in BBA69 are illustrated above
the alignment, while those in CspA are shown
below the alignment. Residue numbering is
shown for BBA69. Three regions in CspA
thought to be involved in the binding of CFH
and CFHL-1 are indicated (Kraiczy et al.,
2004b, 2009) (For interpretation of the refer-
ences to colour in this figure legend, the reader
is referred to the web version of this article.).

70

130

Fig. 3. The overall structure of B. burgdorferi BBA69 rotated by 180°. The protein is colored in blue at the N-terminus and ends in red at the C-terminus. All seven a-
helices are labeled from A to G (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.).

et al., 2013a, 2014; Brangulis et al., 2013b; Cordes et al., 2005) (Fig. 3).
The presence of the BbCRASP-1 fold was also confirmed by DALI server
analysis, which did not find any other similar folds besides the common
PFam54 fold (Holm and Laakso, 2016).

3.2. BBA69 as a member of the PFam54

As indicated in several previous studies, the primary sequence
identity between PFam54 proteins is rather low; the sequence identity
among most of the members is only slightly above 20%, and mainly
nonpolar residues are conserved between the members (Brangulis et al.,
2013a, 2014; Brangulis et al., 2013b; Cordes et al., 2006b). The non-
polar character of the conserved residues and the tendency of nonpolar
residues to be oriented towards the protein core suggest that they are
needed to preserve the common fold. In contrast to their low primary
sequence identity, comparison of the B. burgdorferi PFam54 member
protein structures determined so far reveals that the overall fold of the
PFam54 members is very well preserved (Fig. 4). The main differences
between the PFam54 member crystal structures are found at the C-
terminus, where three possible variations are observed. In CspA, the C-
terminal a-helix forms an extended conformation, which is in contrast
to the other structures, but for the other PFam54 members with a bent
C-terminal a-helices, they are of different lengths. In BBA69, the C-
terminal a-helix, which runs along the structural domain, is much
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shorter than that in the other structures and does not cover the entire
length of the protein. Some differences can also be observed in the loop
regions, especially in the loop that follows a-helix A. This loop region in
the BBA69 and CspA structures is more ordered and shorter than that in
the structures of other PFam54 members, who show great diversity in
the length and location of this loop region. Overall, it is easy to imagine
that the PFam54 members possess different functions as judged from
the low sequence identity; there are almost no conserved surface re-
sidues in addition to differences in the loop regions and lengths of the
a-helices.

3.3. BBA69 and CspA

However, it is more interesting to look at the structural variation
between the PFam54 members BBA69 and CspA, as BBA69, despite its
comparatively higher sequence identity to CspA among the PFam54
members, is still unable to bind CFH and CFHL-1, and the potential
reasons for this have been examined in several previous studies, al-
though they were done without BBA69 structural data (Kraiczy et al.,
2006, 2009; Wywial et al., 2009). Although there is no crystal structure
of CspA in complex with either CFH or CFHL-1, its binding pattern has
been investigated by PepSpot analysis and mutagenesis (Fig. 2) (Kraiczy
et al., 2004b, 2009). In addition to the specific residues important for
binding to CFH or CFHL-1, homodimerization of CspA, in which a

\ Fig. 4. Superimposed crystal structures of B.
burgdorferi PFam54 members BBA69 (PDB ID
6QO01, blue), BBA64 (PDB ID 4ALY, brown),
BBA66 (PDB ID 2YN7, yellow), BBA73 (PDB ID
4AXZ, pink) and CspA (PDB ID 1W33, gray).
Structures are shown from two different angles
and rotated by 180 degrees (For interpretation
of the references to colour in this figure legend,
the reader is referred to the web version of this
article.).
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Fig. 5. Superimposed crystal structures of B. burgdorferi BBA69 (PDB ID 6Q0O1)
and its paralogue CspA (PDB ID 1W33). (A) The residues in CspA involved in
binding to CFH and CFHL-1 are indicated as bonds, and the corresponding
residues in BBA69 are also shown. (B) Superimposed C-terminal o-helices of
BBA69 and CspA, in which the conserved residues are shown as bonds. BBA69
is colored blue, while CspA is colored gray. Individual residues are specified in
BBA69 (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.).

dimer interface between the C-terminal a-helices is created, is also
essential for proper interaction (Cordes et al., 2006a; Kraiczy et al.,
2009). By examining the residues important for binding to CFH and
CFHL-1 in the crystal structure of CspA, and after superimposing the
CspA structure with the crystal structure of BBA69, the differences that
we assume account for the observed functional differences can be no-
ticed immediately. First, the most obvious difference is the placement of
the C-terminal a-helix, which is in an extended state in CspA, while it is
bent and nestled along the protein in BBA69 (Fig. 5). In CspA, the C-
terminal a-helix is necessary for dimerization and thus is important for
the binding of CspA to CFH and CFHL-1 at the dimer interface (Kraiczy
et al., 2006). According to the structural data, BBA69 is not able to form
a homodimer in the same way as that observed for CspA, and, as con-
firmed by gel filtration chromatography, BBA69 is indeed a monomer
and well separates from CspA dimer by size-exclusion chromatography
(Fig. 1). These facts alone explain the differences in the abilities of both
proteins to bind CFH and CFHL-1. In all previous studies, the C-terminal
a-helix was assumed to have the same extended conformation as that
observed in CspA and was modeled as such (Kraiczy et al., 2009;
Wywial et al., 2009). In some respect, this was a rather logical con-
clusion, as both proteins show very high sequence identity at the C-
terminal end (Fig. 2). The four C-terminal residues in BBA69 that are
not conserved between the proteins (Ser255, Ser257, GIn259 and
Ser260) were previously mutated to mimic the C-terminal a-helix in
CspA; however, there no interaction with CFH/CFHL-1 was observed
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(Kraiczy et al., 2009). Although it was concluded that the C-terminal
region is most likely not involved in CFH/CFHL-1 binding, to truly
mimic the action of CspA would require adjusting the BBA69 segment,
including residues 235-TNNIQEN-241, as that is the less conserved
between the proteins and contains two additional residues (Asn237 and
I1e238) in BBA69 that most likely are responsible for the conforma-
tional change in the C-terminal a-helix (Fig. 5b). In the superimposed
crystal structures of BBA69 and the homodimer of CspA, it is striking
that the C-terminal ends of both proteins overlay almost perfectly
(Fig. 5b). Thus, the C-terminal residues Lys242-Tyr263 in BBA69 (a-
helix G) are positioned in the same way as the end of the extended C-
terminal a-helix in the other monomer of the CspA homodimer.
Therefore, the same overall protein core seen in the other PFam54
members without the extended C-terminal a-helix has been maintained
in CspA, but only on the condition that CspA forms a dimer, which
thereby ensures that the missing C-terminal a-helix is in the same po-
sition as that in the other PFam54 members.

Second, the residues in CspA essential for binding to CFH/CFHL-1
are conserved, except the residue Lys141 in CspA, which is substituted
by Thrl146 in BBA69 (Fig. 5a). As shown previously, the CspA
Lys141Thr mutant exhibited decreased binding with CFH/CFHL-1
compared to that observed with wild-type CspA; therefore, the corre-
sponding mutation in the potential binding site does not explain the
observed lack of CFH/CFHL-1 binding by BBA69 (Kraiczy et al., 2009).

Third, the electrostatic potential map clearly illustrates some sur-
face charge differences between both proteins, including the proposed
location of the CFH/CFHL-1 binding site, which further indicates the
observed differences in the ability of the two proteins to bind CFH/
CFHL-1 (Fig. 6).

4. Conclusions

It is likely that the PFam54 members evolved during gene dupli-
cation events, and CspA and BBA69 as the most closely related proteins
among the PFam54 members, which has also been noted by previous
studies (Wywial et al., 2009). As previously observed, the functions of

Fig. 6. Electrostatic surface potentials of B. burgdorferi BBA69 and its paralogue
CspA. The electrostatic potentials (red, negative; blue, positive) were calculated
using APBS (Jurrus et al., 2018), and the surface contour levels were set to
—1kT/e (red) and +1 kT/e (blue). The predicted binding site for CFH/CFHL-1
in CspA is indicated with an arrow in both proteins (For interpretation of the
references to colour in this figure legend, the reader is referred to the web
version of this article.).
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both proteins differ, as BBA69 does not bind CFH/CFHL-1 (Kraiczy
et al., 2006). Since the crystal structure of CspA has already been
solved, the newly obtained crystal structure of BBA69 allowed us to
make a structural comparison to reveal the molecular details re-
sponsible for this observed variation in function. In general, the com-
parison of both crystal structures clearly illustrated structural diver-
gence, and the main variation, which likely accounts for the variation in
function, was observed at the C-terminal a-helix. Furthermore, since
dimer formation in CspA is required for binding to CFH/CFHL-1, and
the C-terminal a-helix is responsible for dimerization, we assumed that
this structural change determined the ability of CspA to bind CFH/
CFHL-1.

Accession numbers

The coordinates and structure factors for native and Se-Met BBA69
have been deposited in the Protein Data Bank with the accession
numbers 6Q01 and 6ROC.

*Values in parentheses are for the highest resolution bin.
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