Biochemistry2000, 39, 28872893 2887

Identification of Residues Involved in the Interaction@thphylococcus aureus
Fibronectin-Binding Protein with th&#1°F1 Module Pair of Human Fibronectin
Using Heteronuclear NMR Spectroscépy

Christopher J. PenkettChristopher M. Dobsof Lorna J. Smith, Jeremy R. Brighg Andrew R. Pickforcf
lain D. CampbelF,® and Jennifer R. Pottg*

Department of Biochemistry, Urgrsity of Oxford, South Parks Road, Oxford OX1 3QU, and Oxford Centre for Molecular
Sciences, New Chemistry Laboratory, bhisity of Oxford, South Parks Road, Oxford OX1 3QT, U.K.

Receied September 29, 1999; Reed Manuscript Receéd December 23, 1999

ABSTRACT. Many pathogenic Gram-positive bacteria express cell surface proteins that bind to components
of the extracellular matrix. This paper describes studies of the interaction between ligand binding repeats
(D3 and D1-D4) of a fibronectin-binding protein fror8taphylococcus aurewgth a module pair{F15F1)

from the N-terminal region of fibronectin. When D3 was added to isotope-ladEd&1, H, >N, and

13C NMR chemical shift changes indicate that binding is primarily via residuésin although a few
residues irPF1 are also affected. Both hydrophobic and electrostatic interactions appear to be involved.
The NMR data indicate that part of the D3 repeat converts from a disordered to a more ordered, extended
conformation on binding t8F15F1. In further NMR experiments, selective reduction of the intensity of
D1-D4 resonances was observed on bindin¢R¥F1, consistent with previous suggestions that in each

of D1, D2, and D3 repeats, the main fibronectin binding site is in the C-terminal region of the repeat. In
D1—-D4, these regions also appear to go from a disordered to a more ordered conformation of fibronectin
binding. Although the regions of the two proteins which interact had been previously identified, the findings
presented here identify, for the first time, the specific residues in both proteins that are likely to be involved
in the interaction.

Many pathogenic microorganisms use cell surface adhesinsto five repeats, each 40 residues in length. This ligand
to target extracellular matrix (ECMnacromolecules as an  binding region of fibronectin-binding protein FNBPA from
initial step for invading host cells1l( 2). The acronym Staphylococcus aureumnsists of three full-length repeats
MSCRAMM (microbial surface components recognizing (D1—D3) and a shorter repeat (D4). The domain in fibronec-
adhesive matrix molecules) has been used to describe thigin which is primarily recognized by the microbial fibronec-
family of microbial adhesins. The first ECM protein shown tin-binding repeats is located at the N-terminus of the
to act as a substrate for microbial adhesion was fibronectin molecule 6) which contains five F1 {5F1) modules.
(3)- Each fibronectin monomer is composed of three different Additional binding sites forS. aureusare located in the

types of protein modules (FIF3), which have also been  C-terminal portion of fibronecting, 7). Synthetic peptides
found in a variety of other proteingl; of D1, D2, and D3 bind-"5F1 from fibronectin 8). The

Fibronectin-binding proteins from a number of different primary binding site is in*F15F1, the same fibronectin
Gram-positive bacteria have a similar structural organization, module pair that noncovalently binds to fibrir®, (10).
with the primary fibronectin binding site consisting of three  However, neithefF1 nor®F1 has been shown to bind fibrin
(9) or D1-D4 (8) as single modules.
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binding (1, 13). A considerable degree of cross-reactivity frequencies of 500, 600, and 750 MHz. The spectrometers
has been identified between synthetic repeats from differentare all equipped with Oxford Instruments superconducting
Gram-positive bacteria; for example, the A2 repeat fi$in magnets, OMEGA software and digital control equipment
dysgalactiaenhibits binding ofS. aureudo fibronectin and (Bruker Instruments), home-built triple-resonance pulsed-
175F1 (13, 14). field-gradient probe heads2?), and home-built linear
Both modules in the structure ##15F1 have the consensus — amplifiers for'H, **N, and**C nuclei. Spectra were recorded
F1 fold of a double-stranded antiparalfebheet folded over ~ at 37°C unless otherwise stated.
a triple-strandeds-sheet 10). The two modules form an Interaction of D3 with*F15F1. Small aliquots of D337
elongated structure, with the interface between the modules(~4 mM, pH 6.5) were added ta{**N]*F1°F1 (~0.3 mM,
resulting in a relatively well-defined intermodule orientation. pH 5.5), and the pH was adjusted to 5.5. After each addition
This interface between the two modules is not conserved in of peptide, a two-dimension&N—H HSQC @3) spectrum
1F1%F1 (the only other F1F1 structure availabiss). was recorded. At the findF15F1:D3,7_37 ratio (~1:8), two-

Recently, it was shown that BDID4 from S. aureusxist ~ dimensional®N-decoupled NOESY24—26), three-dimen-
in a highly unfolded state under physiological conditiot® (  Sional NOESY-HSQCZ7-29), and two-dimensionalPN-
16, 17). Studies using circular dichroism (CD) spectroscopy filtered (30) TOCSY and NOESY experiments were
Suggest that, on bmdmg to the N-terminal domain of performed. For théSN-decoupIed NOESY an®¥N-filtered
fibronectin, at least part of the BID4 sequence adopts a NOESY and TOCSY spectra, we used a gradient echo
more ordered, extended conformatiatg) Although CD  technique 81) for suppressing the strong solvent resonance
provides evidence for this conformation change on binding, Without the need for presaturation; th&-filtered experi-
detailed interpretation of the CD spectra for systems in which ments were conducted at 23. The**N-filtered experiments
there are proteinprotein interactions can be difficult as the were recorded with alternate FIDs (free induction decays)
signals from the different species overlap. Here, therefore, stored in different memory locations for later manipulation
we use NMR spectroscopy to study the two interacting during processing. These experiments were processed in two
proteins Separate|y by usiﬁEN_ andl3c_|abe|ing techniques different ways. FirSt, the alternate FIDs were subtracted so
combined with either isotope editing or isotope filtering in  that the final NMR spectrum shows cross-peaks from protons
the pulse sequences, so that signals from just the labeled oflirectly attached t&°N nuclei inF; the second method adds
unlabeled protein can be observed. This paper describesdlternately saved FIDs and shows cross-peaks from protons
NMR studies designed to identify binding sites in both that are not directly attached N nuclei inF,. *H and™N
4F15F1 and D}-D4 and to investigate structural changes that chemical shift assignments foF1°F1 at pH 5.5 were

may occur when the proteins associate. obtained USing aSSignmentS at pH 4.8, 62) and from!>N—
IH HSQC spectra acquired at pH 4.5, 5.0, and 5.5.
MATERIALS AND METHODS To determine changes in methyl group chemical shifts,

) , 15 aliquots of D3_33 (1.8 mM, pH 5.4) were lyophilized and

Sample PreparationUniformly **N-labeled D*D4 ([u- added to §-3CI5N]4F15F1 (0.5 mM, pH 5.3) up to a final
15 — . ! :

N]JD1-D4) from FnBP type C fromS. aureuswas  pisp1:p3, 4 ratio of ~1:4. After each addition of peptide,

produced as previously describelP). D3y7-s7 and D3z, the pH was adjusted to 5.3 and a two-dimensidf@+‘H
(residues 83%857 and 827858, respectively, from FNBPA CT-HSQC @3, 34) spectrum was acquired. In addition, a

from S. aureuy were synt.hesizgd using standard Fm_oc three-dimensional3C—H NOESY-HSQC spectrum of
methodplogy on an Appllgq Biosystems 430A pept[de [13C15N]4F15F1 and three-dimensional CBCA(CO)NES]
synthesizer and were purified by reverse phase high- ;.4 three-dimensional HCC(CO)NH-TOCSY§{ spectra of

performance liquid chromatography (HPLC). The purified [U-22CISN]4F 15F 1 and [-RCIN]F 15F1/D3,_s5 Were acquired
peptides were checked for purity and correct molecular massiy aid the assignment 6fCH, resonances.

by electrospray mass spectrometry (ESMB)°F1 (residues . . . .
\ ) . To compare changes in D3 residue peak intensities upon
152—244 of mature human fibronectin) was expressed in bindi SE15FL. ali D 13 mM. pH 5.3
either Saccharomyces cerisiae or Pichia pastoris as inding to » aliquots of D35 (1.3 mM, pH 5.3) were
lyophilized and added tauf*>N]*F15F1 (1.2 mM, pH 5.3).

described below. Uniformly **N-labeled *F1°F1 ([u- 5N £ . A1
IN]4F15F1), for the experiments with R3 37, was expressed ra’;lig!t%rf S ; 828\1(_?056 Ct;ﬁ(;'vir_i a;ctqgggd gt[;z%t.rzlv:/:elre

in Sa. cereisiae and purified as previously describeti8( d h | ising f h labeled
19). Unlabeled*F1°F1 was expressed iR. pastorisusing processed so that only resonances arising from the uniabele
' ; D37_33 were observed and the intensities df+H® cross-

procedures analogous to those described previo26Jydnd eaks were measured

further, [U-*N]*F2°F1 and uniformly*3C- and!>N-labeled P . . s .

4F15F1 ([U-13C, SN]4F 15F 1) were expressed . pastorisas Interaction of [u+*N]D1—D4 with 4F1°F1. Aliquots of
’ unlabeled'F1°F1 (~2 mM, pH 5.4) were added tai{*>N]-

described elsewherel). 4F15F1 expressed iP. pastoris !
was purified by cation exchange chromatography and reverseP1~D4 (~0.6 mM, pH 5.5), and the pH was adjusted to

phase HPLC15). The purity and identity ofF15F1 (labeled ~ °->: N—TH HSQE sgectra_ were recorded féN-labeled
and unlabeled) were confirmed by ESMS. material at D+D4:*F1°F1 ratios of approximately 1:0, 1:0.7,

NMR SpectroscopfNMR samples were prepared in 90% and 1:1.4.
H20/10% DO, and the pH was then adeSted to the stated RESULTS AND DISCUSSION
values with small quantities of sodium hydroxide (1 M) and
hydrochloric acid (1 M) solutions. All the NMR experiments Changes to D3 3. NMR spectra of large protein
were performed on spectrometers belonging to the Oxford complexes are complicated by overlap of resonances and
Centre for Molecular Sciences (OCMS) witH operating broad lines due to long correlation times. The main binding
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Ficure 1: Fingerprint region of two-dimension&iN-filtered (A) TOCSY and (B) NOESY spectra (recorded atafrequency of 750
MHz) of D3;7-37 in the presence ofuf'>N]*F15F1 at pH 5.5 and 23C and at &F1°F1:D3;7_3; ratio of ~1:8. The resonances ¢F15F1
were eliminated using isotope filtering. The indicated peaks appear at higher chemical shift than peaks in spectra of uncomplexed D3

site in fibronectin for D+-D4 of FnBPA ofS. aureuss in
the “F1°F1 module pair §, 14), and of the D repeats, D3
binds with the highest affinity, primarily via residues in the
C-terminal region of the repea8,(11). Thus, to minimize
the molecular weight of the comple&15F1 and D37-3;
were used.

By using [U-'NJ*F15F1, the changes to cross-peaks in
unlabeled Dg,-37 can be monitored by filtering out the peaks
arising from the!®N-labeled protein using th&N-filtered
TOCSY and NOESY experiments that are described in
Materials and Methods. Figure 1 shows the fingerprint
regions of 1°N-filtered TOCSY and NOESY spectra of
D3;7-37 in the presence of UF*SN]*F15F1. Cross-peaks
indicated by arrows can be seen at chemical shifts of-4.7
5.5 ppm in the M dimension of both spectra. Free R3;
has no M chemical shifts greater than 4.7 ppm, and thus,
the resonances in the TOCSY spectrum arise fréngitdups

additions of peptide, and two-dimensiort@iN—*H HSQC
spectra were recorded. Figure 2 shows an overlay of a region
of the HSQC spectra at various B3;7 concentrations. In
Figure 2, the chemical shifts of some cross-peaks (for
example, Glyl0 and Gly71) are essentially unaltered by
addition of the peptide, while large chemical shift changes
are observed for a number of residues (for example, Gly37
and Gly80). To reassign significantly shifted peaks and to
obtain completéH resonance assignments, a three-dimen-
sional NOESY-HSQC experiment was performed at a
4F15F1:D3)7-37 ratio of ~1:8. The'H and >N resonance
assignments of the free and D3-compleXEdF1 module
pair could then be compared. Differences in the backbone
(**N, HN, and H) chemical shifts between the free and bound
forms of “F15F1 are shown in Figure 3; the magnitude of
the (scaled) combined changesd and HY chemical shifts

are also shown in Figure 3A. Residues in btfi and°F1

of D3,7-37 residues that undergo a change in chemical shift exhibit chemical shift changes between the free and peptide-

on binding to*F1°F1. These downfield-shifted +themical
shifts in D37-37 strongly indicate that some residues in
D317-37 adopt extended conformations in the complex with
4F1°F1 (37). This is particularly significant as residues in
the C-terminal region of D3 have been identified as having
a preference for adopting rather tharo. main chaing and

y conformations in the unfolded staté2j. Hence, this

bound forms of*F1°F1, although the majority of changes
occur in“F1. The fact that chemical shift changes occur in
both modules is consistent with a previous study which
indicated that the module pair was required for binding to
D1-D4 (8).

In Figure 4, the combined changes'ty and H' chemical
shifts (Figure 3A) have been mapped onto the previously

preferred conformation may be selected out of the disordereddetermined structure of uncomplex#d>F1 (10). The largest

ensemble on binding to fibronectin. It is important to note

chemical shift changes i1 occur for residues in the-EE

that large chemical shift changes can also occur as a resultoop and in strand E. The overall pattern of chemical shift

of the proximity of aromatic groups; only the determination
of the three-dimensional structure of the complex will allow
this possibility to be eliminated. The cross-peaks in this
region of the NOESY spectrum (indicated in Figure 1B) are
not present in the NOESY spectrum of free;R3; and may

changes for residues A1 is quite different, and most of
the significant changes occur for residues closéFth For
example, strands'Aand B and the B—C' and D—FE' loops

in S5F1 all contribute to the intermodule interface in the
uncomplexed module pairlQ); these regions all exhibit

be either NOEs between protons in the bound peptide or significant chemical shift changes. However, not all signifi-

NOEs between the peptide affell>F1.
Mapping the D3 Binding Site ofiF1°F1. Small amounts
of D3;7-37 were added toy-'>N]J*F1°F1 for a number of

cant changes ifF1 are observed for residues close to the
interface; for example, the large'd$N or HY chemical shift
change inPF1 is for Cys88.
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FiIGURE 2: Overlay of a region of two-dimension®N—'H HSQC spectra (recorded atld frequency of 600 MHz) ofF15F1 for a range
of 4F15F1:D3,7_3; ratios at pH 5.5 and 37C. The HSQC spectra were recordedfat®F1:D3;,—37 ratios of 1:0, 1:0.3, 1:0.5, 1:0.8, 1:1.1,
1:1.4,1:1.8, 1:2, 1:3, 1:4, and 1:8. The arrows indicate the direction of the chemical shift changes on additighzaf & peak labeled
with two asterisks (**) arises from an unassigned arginine side chajrthis peak and Leu34 are aliased in #3 dimension.

13C—1H HSQC spectra of [3C**N]*F1°5F1 were recorded  both hydrophobic and electrostatic interactions. The unfolded
in the absence and presence of;R3to measure chemical nature of DXD4 results in both polar and hydrophobic
shift changes of side chain methyl groups 4#¥15F1. groups in the protein being exposed and accessible for
Chemical shift assignments were obtained using three-binding (2).
dimensional spectra as described in Materials and Methods. NOEs between all the adjacent strands of the fbaheets
Methyl groups of lle41, Thr32, and Vall4 remained unas- that are observed in fré&1°F1 can be assigned in the three-
signed in the complex due to spectral overlap and broadening.dimensional NOESY-HSQC spectrum of peptide-bound
The three residues (Leu34, Thr42, and Thr44) whHéGeH; 4F15F1. Furthermore, no new proteiprotein NOEs could
or *C;H3 chemical shifts undergo the largest changes are be assigned in the three-dimensioA@l NOESY-HSQC

shown in blue in Figure 4. spectrum of theU->N]*F1°F1-D3,7-37 complex at pH 5.5
From Figure 4, it is clear that the large majority of that had not been previously observed in ffE&°F1 at pH
chemical shift changes occur on one face of tRé&°F1 4.5 (18). These results indicate that the overall secondary

structure. The changes in chemical shifts of the side chain structure remains intact in the free and peptide-bound forms
methyl 3CHs groups of residues Leu34, Thr42, and Thr44 of “F15F1. However, changes in the relative orientation of

suggest the involvement of hydrophobic interactions in the two modules when bound to D3 cannot be ruled out. No
peptide binding. This is consistent with previous work NOEs between protons in the peptide and the protein can
showing that electrostatic interactions do not play a dominant be assigned in the three-dimensional NOESY-HSQC spec-
role in the binding of the N-terminal domain of fibronectin  trum of peptide-bounéF1°F1, although such NOEs may not

to immobilized D peptides fron$. aureuq8). In addition, be seen due to exchange broadening for cross-peaks of
sequence alignments of fibronectin binding peptides from residues close to the binding site 4R1°F1.
FnBPA of S. aureusand FnBA ofSt. dysgalactiashowed Interaction of DD4 with “F15F1. To identify the

that hydrophobic residues are conserved in two positions inresidues from D% D4 that are involved in binding t8-15F1,

the C-terminal region of each repe&8). Negatively charged  two-dimensional®N—*H HSQC spectra ofy-1>N]D1—D4
residues in Dg-37 do, however, also appear to play a role were recorded in the absence and presence of unlabeled
in fibronectin binding 11), so it is interesting to note that  “F1°F1. Parts of the backbone amide region of HSQC spectra
an unassigned arginine side chain fdsonance is shifted of D1—D4 in the absence and presencéfefPF1 are shown
significantly downfield in the HSQC spectrum of peptide- in Figure 5A. The spectrum of DAD4 in the presence of
bound“F1°F1 (see Figure 2). In addition, both Arg40, in “F15F1 has a number of significantly less intense cross-peaks
the D—E loop of “F1, and Arg48, in the Astrand of°F1 compared to the spectrum of free BD4, although no

and close to the intermodule interfack)), undergo large  changes in chemical shift are apparent between the spectra.
(>0.5 ppm) combined backbone chemical shift changes on The reduction in peak intensity is likely to be a result of
peptide binding (Figure 3A). Thus, tHE15F1 chemical shift both chemical exchange effects and the increase in molecular
changes upon peptide binding suggest the involvement ofweight on complex formation and, therefore, the longer
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Ficure 3: Backbone chemical shift changes'®i°F1 upon binding
of D317-37 (AS = ofree — gbound - (A) Magnitude of combined
backbone amidé&N andH (HN) chemical shift changes=5*°N/
8.5+ SHN; for glycine residues= 61N/6.5 + 0HN). (B) Change
in the backbone amidéN shift. (C) Change in the backbone amide
1H shift. (D) Change in the M shift. An open circle indicates
residues for which data were not obtained. TR&F1 secondary
structure is indicated at the top of the figure.

overall correlation time. As D1, D2, and D3 have been shown
i 415

50 kz_)md FIF1 (8), there may be more than one _molecu_le of FicUrRe 4: Ribbon diagram of uncomplexetF15F1 (10) with

F1 F_l bound to each D1D4 molecule, further INcreasing  combined>N and H' chemical shift changes (Figure 3A). Residues

the size of the complex. No new resonances correspondingwith chemical shift changes af0.3 and>0.5 ppm are shown in

to D1—D4 bound to*F1°F1 were observed. yellow and red, respectively. Side chain heavy atoms of Leu34,

. . Thr42, and Thr44 are shown in cyan. All other residues are shown
The changes to DiD4 peak intensities have been i, green. The diagram was prepared using MolScrigd @nd
quantified (calledy,) as the ratio of the bound peak intensity Raster3D 45). -Strands ofF15F1 (18) are labeled.

to the free peak intensity (Figure 5B).has been normalized

so that the most N-terminal residue observed in the spectrumD repeats were the primary fibronectin-binding sites in-D1
(GIn2) takes the value of 1; this normalization is required to D4 (8, 11).

account for slight differences in the conditions under which I, Values for D3_3s. Figure 6 shows;, values for D3_3g

the HSQC spectra were recorded (primarily from differences at a range of D3 3g*F15F1 ratios measured ittN-filtered

in the concentration of D1D4 after*F1°F1 was added). The  TOCSY spectra. The spectra were normalized using the
largest decreases in intensity occur for peaks from residuesintensity of the appropriate cross-peak in a normal TOCSY
in the C-terminal halves of D1, D2, and D3. If a lowr spectrum of D3 3s. The intensity of the peak for 1le8 (lle84
value can be interpreted as resulting from a higher-affinity in D1—D4) is normalized to 1 in each spectrum to account
binding to*F15F1, then the lowl, values observed for D3 for small differences in the B335 concentration. These data
are consistent with previous studies where it was found thatillustrate that the residues of the D3 repeat that appear to be
D3 binds with higher affinity to fibronectin than D1 or D2 involved in binding*F1°F1 are similar in D+D4 and D3-_zs.

(8, 13, 39). In addition, the lowly, values for residues in the  The main difference that is observed is for residue 95 which
C-terminal halves of the D repeats agree with previous is one of two residues which differs between the two
studies where it was found that the C-terminal halves of the sequences. In FnBP variant C (BD4 sequence), this
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Ficure 5: (A) Region of two-dimensiondPN—'H HSQC spectra (recorded atld frequency of 500 MHz) of D+D4 at D1-D4:*F15F1
ratios of approximately 1:0, 1:0.7, and 1:1.4 at®7. The residues for unlabel¢&15F1 were eliminated using isotope filtering. (B)
values for D+D4 at D1-D4:*F15F1 ratios of 1:0.7®) and 1:1.4 @) at 37°C.
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FiGure 6: |, values for D3_33 at D3_3g*F1°F1 ratios of ap-
proximately 1:0.3 ¢), 1:.0.5 @), and 1:1 @®). The residues are
numbered according to the corresponding residue numbers-n D1
D4.

residue is an asparagine, while in FnBPA {D3 sequence),
this residue is a serind.?).

CONCLUSIONS

The results presented here indicate the residuésifir1
which are involved in binding to the D3 repeat of FnBPA
of the pathogenic bacterid. aureus The chemical shift
changes that occur itF1°F1 upon peptide binding suggest
that the binding site for D337 is located on one face of
4F15F1, and primarily on the BE loop and E strand df1,
although other residues &1 and®F1 may also be involved.

identity betweerfF13F1 and*F1°F1 (~40%), D3 may bind
°F1%F1 like it binds*F15F1.

In the case of the fibronectin binding protein, residues in
the C-terminal region of the D repeats (D1, D2, and D3) are
involved in the interaction, and the polypeptide chain appears
to become more ordered upon binding*F15F1.

A number of systems have been identified where a protein
exists in a highly unfolded state under physiological condi-
tions but adopts a more ordered conformation when com-
plexed with its target proteir8@). In some cases, substantial
disorder-to-order transitions have been observed. For ex-
ample, upon binding to the KIX domain of the coactivator
CBP, the unfolded phosphorylated kinase-inducible domain
of CREB folds into a conformation containing twshelices,
one of which interacts with a hydrophobic groove on KIX
(40). For D1-D4, the changes upon binding 41°F1 may
be much less extensive. Indeed, there appears to be little
change in the conformational properties of the N-terminal
halves of each of the D repeats. Similar behavior has been
observed for the interaction of the flagellum specific sigma
factoro28 with its inhibitor FigM, where approximately 50%
of the FIgM residues remain unstructured on complex
formation @1).

The definitive answer to the question of how D3 binds to
4F15F1 would require the determination of the structure of
the*F15F1—D3,7-37 complex. Although this work is ongoing,
the lack of peptide protein NOEs in the three-dimensional
NOESY-HSQC spectrum dfF15F1—-D3;7-37 and the low
intensity of peaks arising from residues in bound; D3
(Figure 1) make this challenging. However, with the

Both hydrophobic and electrostatic interactions appear to beproposed adoption of more extended conformations by

involved. In a recent studyld), a GST fusion protein
containing DX-D4 was able to bindF1°F1 and*F1°F1 and
a synthetic D3 peptide boudB1?F1 and?F1%F1, albeit more
weakly than4F15F1. In view of the degree of sequence

residues at the C-terminus of D3, it is tempting to speculate
that an additional strand, formed by residues imD3,
docks alongside strand E ofF1. Peptide binding by
formation of an additionaB-strand in g3-sheet present in
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the uncomplexed protein has been observed for other proteins 18.
(42,
A synergistic effect has been observed when multiple D 19

43).

repeats from D D4 are involved in binding to fibronectin
fragments. For example, Huff et aB)(found that D+-D4
binds about two molecules of the N-terminal domain of
fibronectin with an affinity that exceeds that for the isolated
D repeats by a factor of 1000 or more and thati¥4 binds

to “F1°F1, with about 10- or 20-fold higher affinity than

D317-37. Thus, it has been suggested previously that the

interaction between FnBPA and fibronectin may involve
more than one site on each of the molecul&§).( As
fibronectin is in an insoluble fibrillar form in the extracellular
matrix, it is also possible that multiple fibronectin binding
sites in D1-D4 enable the bacteria to take advantage of this
relatively high concentration of fibronectin.
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