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ABSTRACT. Staphylococcus aurels an important human pathogen. Its virulence factors include a variety

of MSCRAMMs (microbial surface component recognizing adhesive matrix molecules), each capable of
binding specifically to the host extracellular matrix. The fibronectin-binding protein, FnBPA, has been
shown previously to bind immobilized fibronectin, fibrinogen, anélastin peptides. Here we show that
region A of FnBPA (rAFnBPA) binds to recombinant human tropoelastin. Binding occurs to three separate
truncates of tropoelastin, encompassing domairsd 1727, and 2736, signifying that the interaction
occurs at multiple sites. The greatest affinity was for the N-terminal truncate. We observed a pH dependency
for the rAFNBPA-tropoelastin interaction with strong, nonsaturable binding at low pH. The interaction
ceased at higher pH. These data support a model of surfacéace interactions between the negative
charges present on rAFnBPA and the positive lysines of tropoelastin. A protein lacking the negatively
charged C-terminal fibronectin-binding motif of the A domain of FnBPA and another construct lacking
subdomain N1 were both capable of binding immobilized tropoelastin with a lower affinity. The binding
properties of five site-directed mutants of rAFnBPA were compared with wild-type rAFnBPA. There
was no decreased affinity for immobilized tropoelastin, in contrast to the defective binding of these mutants
to a-elastin and fibrinogen. The data indicate novel interactions between tropoelastin and FnBPA that
include the use of surface charges. These results demonstrate that FnBPA is capable of directly binding
tropoelastin prior to its incorporation into elastin.

Staphylococcus aureus a commensal organism of the followed by a ligand-binding A domain, other repeated
human anterior nares and skih).(It is also an important ~ domains, and a cell wall anchoring motif.

opportunistic pathogen. It is the most common cause of The focus of this paper is the fibronectin-binding
hospital-acquired infection and can give rise to a wide variety MSCRAMM, FnBPA (Figure 1). The protein is named after
of diseases ranging from superficial skin infections such as yhe function first ascribed to it, which is its fibronectin-
boils and abscesses to more invasive, life-threatening Cond"binding ability. This is now known to be conferred by the
tions such as pneumonia, septicemia, and infective en-1 tandem repeats recently located between the N-terminal
docarqnls 2). Such mfectlons_ depend on the ability of the A qomain and the wall spanning and anchoring domals (
bacterium to adhere to and interfere with the host’'s extra- 11). The A domain is divided into three subdomains termed
cellular matrix (ECM): S. aureupossesses several surface- N1 N2, and N3 and is responsible for the binding of FnBPA
exposed ligand-binding MSCRAMMs (microbial surface 4 fibrinogen and elastins{ 12). While the function of N1
component recognizing adhesive matrix molecules) that \omains unknown, the N2 and N3 subdomains are crucial
mediate attachment to host ECM proteins such as fibrinogens,, ligand binding (3). They are homologous to the
(3-9), fibronectin §, 7), collagen 8), and keratin®). The ¢4 ivalentdomains of clumping factor A, another MSCRAMM
initial adherence and colonization process is a vital step in 5 g aureusand indeed bind the same region of fhehain
the pathogenesis &. aureusnfections as indicated by 10SS ¢ finringgen 6). On the basis of functional and sequence
of virulence of mutants in infection models. MSCRAMMS  gimijarity "N2 and N3 have been predicted to adopt a folded
typically contain an N-terminal secretory signal sequence, gy cture similar to that of CIfAY4). A 3-D structural model
TA.S.W. received funding from the Australian Research Council and of the N2 and N3 SUbd.omamS of FNBPA was previously
the University of Sydney. T.J.F. received funding from the Health Constructed on the basis of the known crystal structure of
Research Board of Ireland. CIfA (13). In addition, a peptide comprising the C-terminal
aamaovhom corespondence should be addressed. T6lL 29351 eight residues of the chain of fibrinogen (GuAKQAGDV 1)
*Trinity College, - E-mall: a.weiss@mmb.usyd.eduau. - as docked in silico into the putative ligand-binding trench
8 University of Sydney. between domains N2 and N3 (Figure 2). This aided in the
! Abbreviations: FnBPA, fibronectin-binding protein A; MSCRAMM,  prediction of residues that may be important for ligand
microbial surface component recognizing adhesive matrix molecules; binding. Alanine substitution of residues N304, F306, and
ECM, extracellular matrix; CIfA, clumping factor A; SPR, surface ’ S . ’ o)
plasmon resonance; RU, response unks; association rateks, R224 qaused a S'g_n'f'cant_ decrgase In _the .aff.m'ty of
dissociation rateKp, equilibrium dissociation constant. recombinant A domain proteins for immobilized fibrinogen
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Ficure 1: Structural organization of the fibronectin-binding protein,
FnBPA, of S. aureusand recombinant truncated derivatives. A
secretory signal sequence (S), region A (gray, divided into
subdomains N1, N2, and N3), regions B, C, and D (divided into
fibronectin-binding tandem repeats-11), cell wall and membrane-
anchoring domains (W, M), and modified regions (*) are indicated.
This surface-expressed protein is multifunctional, capable of binding
immobilized fibronectin via the 11 C-terminal repeated motifs while
the A domain functions in adhering to immobilized fibrinogen and
elastin peptides.

Ficure 2: 3-D structural model of rAFnBPA. Predicted 3-D
structure of rAFNBPAgs-s11 (N23) with the 8-mer fibrinogen ligand
(shown in ball and stick format) docked into the trench between
N2 and N3 of this structure. Amino acids R224, N304, F306, and
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cally controlled process of coacervation concentrates and
aligns tropoelastin monomers into an ordered fibrillar
structure on the surface of the cell§) whereby lysine
residues in the hydrophilic domains are rapidly cross-linked
both intermolecularly and intramolecularly by the enzyme
lysyl oxidase to form mature elastin. Commercial elastin
peptides, which were used in earlier FnBPA binding assays,
are solubilized by boiling elastin-rich tissue in oxalic acid.
The resulting soluble elastin peptides, ternoedlastin, are
heterogeneous in nature and contain no intact tropoelastin
molecules.

We hypothesize th&®. aureuss capable of compounding
its pathogenicity by interacting with secreted tropoelastin and
inhibiting de novo elastogenesis because infecting cells are
proximal to elastogenic cell surfaces. An important aspect
in understanding th8. aureus-elastin interaction is to assess
if the bacterium is capable of binding tropoelastin. Tro-
poelastin is composed of alternating hydrophobic and hy-
drophilic domains with the hydrophilic domains containing
lysine residues that are involved in cross-linking. Hydro-
phobic domains consist primarily of the four amino acids,
glycine, alanine, valine, and proline, which constitute 75%
of the protein. This recombinant tropoelastin construct has
been used extensively to study the interactions with multiple
host proteins including fibrillin-117), microfibril-associated
glycoprotein 1 (MAGP-1) 18), and integrinayf3s (19).

The aims of this study were to assess the ability of
recombinant FnBPA A domain to bind immobilized tro-
poelastin and to investigate this interaction using truncated
tropoelastin fragments, five alanine-substituted variants of
rAFNBPA, and truncated recombinant FnBPA.

MATERIALS AND METHODS

ReagentsRecombinant human tropoelastin (full length,
SHELN-18, SHEL1#27, and SHEL27-C) was prepared as
described previously1Q). rAFNBPAg7-544, FAFNBPA1g4-511,
rAFNBPAg7_511 Wt, rAFNBPAg7—511 R224A, rAFNBPA7-511
N304A, rAFNBPA7_511 F306A, rAFNBPA7_511 L498A, and
rAFNBPAs;-s11 N304A/F306A were constructed as described
previously (3) and purified by nickel affinity chromatog-
raphy fromEscherichia coliTopp3 cells bearing the expres-
sion vector pQE30. The purity of each construct was
examined using SDSPAGE, and the concentration was
determined using the BCA protein assay (Pierce).

Surface Plasmon Resonance Analysis of Molecular Inter-
actions.Kinetic analysis of the binding between tropoelastin
and rAFnBPA proteins was performed using surface plasmon
resonance (SPR) on a Biacore 3000 system (Biacore AB,
Sweden). Full-length human tropoelastin, SHELN-18,

L498 of FnBPA are shown in yellow with the side chain of F306 SHEL17-27, and SHEL27-C were immobilized onto the
visible in ball and stick format. The side chains of these four surface of a CM5 research-grade sensor chip using amine
residues point into the ligand-occupied space and are involved in coupling. This was performed using 1-ethyl-3-(3-dimethy-
ligand binding. laminopropyl)carbodiimide hydrochloride (EDC), followed
and elastin. The N304A/F306A double substitution was by N-hydroxysuccinimide (NHS) and ethanolamine hydro-
completely defective in ligand bindind.8). chloride, as described by the manufacturer. Tropoelastin
Elastin is a polymeric protein that provides resilience and proteins were dissolved in 10 mM sodium acetate at pH 5.0
elasticity to skin, blood vessels, lungs, ligaments, and and then immobilized on the chip at a flow rate of 30/
tendons. The elastin precursor, tropoelastin, which is com- min in HBS—Ca buffer (10 mM HEPES, pH 7.2, 0.2 M
posed of alternating hydrophobic and hydrophilic domains, NaCl, 1 mM CaCJ, 0.005% Tween 20). This gave the
is secreted during fetal development by smooth muscle cells,following response levels: tropoelastin4500 RU, SHELN-
endothelial cells, and fibroblast&g). The thermodynami- 18 = 750 RU, SHEL1#27 = 3000 RU, and SHEL27-&
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850 RU. On a single flow cell, the dextran matrix was treated RY
as described above but without tropoelastin present to provide 14001
a blank flow cell for these studies. All sensorgram data 1200 -
presented were subtracted from the corresponding data from
the blank cell. The response generated from injection of
buffer over the chip was also subtracted from all sensor-
grams. The data were normalized to aid in comparing
sensorgrams from different tropoelastin constructs.
rAFNBPA_s44 Binding to Tropoelastin Using SPBen- G
sorgrams were obtained for rAFnBBRAss4 binding to 200
immobilizedtropoelastin using HBSCa buffer. rAFNBPA7-s44 Sl : _ . . :
was prepared by doubling dilutions in HBEa to concen- 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
trations starting at 500 nM. These concentrations were Time .
injected for 8.33 min at a flow rate of 30L/min with a FIGURE 3: SPR analysis of rAFNBPA s44 binding full-length
sampling rate of 5 Hz. Regeneration was performed after tropoelastin at pH 7.0. Tropoelastin was immobilized on the surface
60 min of dissociation us;n1 M NaCl and 10 mM glycine ~ of a CM5 sensor chip. rAFNBPA 544 Was passed over the surface

; ; ; i~ at concentrations ranging from 500 to 7.8 nM. A strong interaction
for 2 min. A typlcaldexperlmentl used ZI:O. rAFnBPAAErOégR was observed between the proteins with nonsaturable binding. The
concentrations an a control containing no rAFn ' average response of duplicate experiments (gray) and the fitted
followed by a regeneration step that was measured successfuburve (black) are shown.

when the baseline returned to zero.
rAFNBPAs7-s44 Binding to Tropoelastin Constructs Using  were performed in triplicate. Statistical analysis of the curve
SPR.Sensorgrams were obtained for rAFnBR2A44 binding fitting at both dissociation and association phases of the

800

600

Resp. Diff.

to immobilized tropoelastin constructs using HBSa buffer. sensorgrams showegd values of less than 3.5 fdg and
rAFNBPAg7-s44 @t various concentrations (M —3.9 nM for less than 10 fok,.
immobilized SHELN‘].S, 1,u|\/|—31 nM for immobilized Circular Dichroism (CD) SpectroscopyAFnBPA(w_Sll

SHEL17-27, and 4M—1.9 nM for immobilized SHEL27-  jig type, N304A, F306A, and N304A/F306A protein

C) was prepared by doubling dilutions in HBS along with a samples were dialyzed into 1 mM Tris-HCI, pH 7.4. Far-
control containing no rAFNBP#A-s4,. These concentrations Yy CD data were collected using a Jasco J-810 spectropo-
were injected for 8.33 min at a flow rate of /min with larimeter. Five scans were averaged for each spectrum, and
a sampling rate of 5 Hz. Regeneration was performed afterthe contribution from buffer was subtracted in each case.
60 min of dissociation usgn1 M NaCl and 10 mM glycine  cp spectra were plotted over the 26800 nm wavelength

for 2 min. All experiments were performed in duplicate.  range and shown to be similar to that of the wild-type protein.
rAFNBPA 94511, TAFNBPA7_511 wt, and rAFNBPAy—s11

Site-Directed Mutants Binding to Tropoelastin Using SPR. RESULTS
Sensorgrams were obtained for rAFNBPA proteins binding

toimmobilized tropoelastin using HBSCa buffer. FAFNBPAgs 511, Binding of rAFNBPA7-s44to Full-Length Tropoelastinit
rAFNBPAg; 511 Wt, and rAFNBPA;_s1; site-directed mutants ~ has been reported previously that rAFnBf2A.. binds
were prepared by doubling dilutions in HBEa to con- immobilized a-elastin peptides in a dose-dependent and

centrations starting at 800 nM. These concentrations weresaturable mannerl@). We investigated if rAFNBP#-s44
injected for 8.33 min at a flow rate of 3/min. Regenera-  could bind to the elastin monomer, tropoelastin. Surface
tion was performed after 30 min of dissociation using 1 M plasmon resonance (SPR) was carried out to measure binding
NaCl, 0.05 M NaOH, and 10 mM glycine for 2 min. A of recombinant rAFnBPA proteins to immobilized human
typical experiment used 10 rAFnBPA protein concentrations tropoelastin. AKp of 29 = 0.1 nM was obtained for
and a control containing no rAFnBPA, followed by a TFAFNBPAg; 54, binding to full-length tropoelastin (Figure 3).
regeneration step that was measured successful when thdhis is the first evidence that a staphylococcal cell wall
baseline returned to zero. anchored surface protein can bind the tropoelastin monomer.
Effect of pH on rAFNBP#-s44 Binding to Immobilized Binding of rAFNBPA7_s44t0 Tropoelastin TruncateS§PR
Tropoelastin.Using proteomic analysis (www.iut-arles.u- was carried out to test the interaction of rAFNBRA44 to
p.univ-mrs.friw3bb/d_abim/compo-p.html), pH titration curves three separate segments of tropoelastin, encompassing the
were calculated for FnBPA s44 and tropoelastin. FNBPA 544 N terminus of the protein to domain 18 (SHELN-18),
binding to tropoelastin was then examined as described abovedomains 1727 (SHEL1727), and the region from domain
using HBS-Ca buffer at different pH values ranging from 27 to the C terminus of the protein (SHEL27-C) (Figure 4).
3to 11. FnBPA;-sssWas injected at a concentration of 1000 rAFnBPAs7—s44 bound to all three segments of tropoelastin
nM in HBS—Ca over the surface of immobilized tropoelastin, (Table 1). rAFNBPA7-s44 interacted with SHELN-18 with
and sensorgrams were obtained. The maximum binging a dissociation constant of 3t 0.1 nM. A slightly weaker
was plotted against pH. interaction was observed between rAFnBRA,, and
Analysis of DataRate constants for associatidk)(and SHEL17-27 with aKp of 57 + 0.4 nM. rAFNBP A7 544
dissociation k4) and the equilibrium dissociation constant interacted with SHEL27-C in a complex manner precluding
(Kp) were obtained by globally fitting the data using the confident kinetic data. It is clear that FnBPA is capable of
BlAevaluation software version 3.0 using the simple 1:1 binding all three parts of tropoelastin. This multiple site
Langmuir binding model. This method was preferred as the binding performance is similar to that seen for MAGPL8)(
equilibrium binding state was not reached. All experiments with tropoelastin and indicates that FnBPA binds sequence
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Ficure 4: Domain structure of tropoelastin constructs. The domain structure of full-length human tropoelastin is compared with that of
constructs SHELN-18, SHEL1727, and SHEL27-C, spanning domainsIB, 1727, and 2736, respectively. White segments represent
hydrophobic domains while black segments represent hydrophilic domains.

Table 1: Binding of rAFNBPAy_s44 to Tropoelastin Constructs at pH 7

construct ka[1/(M s)] kq (1/s) Kp (nM) Vi
tropoelastin (7.16: 0.02) x 10° (2.00 0.002)x 104 28+0.1 4.7
SHELN-18 (8.80+ 0.02) x 10° (2.80+ 0.005)x 1074 31+0.1 0.2
SHEL17-27 (7.95+ 0.05) x 10° (2.15+ 0.005)x 1072 270+ 3 9.2

2 The rate association constaRy)( the rate dissociation constamt), and the equilibrium dissociation constakp} of rAFNBPAg7-s44 binding
to tropoelastin, SHELN-18, and SHEL*27 were calculated by curve fitting using BiaEvaluation 4.1. The standard error (SE) and goodness of
the fit (2 are also given.
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Ficure 5: Titration curve for rAFNBPAy_s44 and tropoelastin. 8004 93
rAFNBPAs7-s44 (broken line) undergoes_ a charge transition at its 1.7 106
pl 5 and then becomes further negatively charged at>td. o+ T — T T T '
Tropoelastin undergoes a charge transition at its basi€ il (solid o 250 500 750 1000 1250 1500
line). Time s
B 2500-
elements that are present in all three tropoelastin truncates.
Tropoelastin contains numerous repeat sequences. 20004
Effect of pH on the rAFnBPATropoelastin Interaction. 15004
To investigate the FnBPAtropoelastin interaction in g
more detail, SPR experiments were carried out using & 4490
varying pH. Using proteomic analysis, titration curves of
rAFNBPAg;—s44 and tropoelastin were generated. Tropoelastin 500
undergoes a sharp isoelectric transition at pH 11. This
contrasts to rAFNBP#&_s44 Which has an isoelectric point 0 T Y Y T T |
of 5 and remains only slightly negatively charged until pH 5 6 7 8 9 10 N
above 10 (Figure 5). The effect of pH on the binding of these PH

two proteins was investigated. When rAFnBRAu, was FIGURE 6: rAFNBPAg;_s44 binding to tropoelastin over a pH range
injected over a tropoelastin-coated surface at various pHs,of 5.2-11.7. (A) rAFNnBPA;_s4, bound strongly to tropoelastin at
the response differed. At low pH the interaction was strong !O‘tN pl—:_ with the 'bnteracgont Wﬁ'aklelnl?rlg( E?)t ngrl]etr F}H until no

: H H H H _Interaction was opserved at p e plot or maximum
\t’.\”th noniatur?jble zmd'?g' ﬁls tg? EH mcreasek;j, the '(;]tetraCHresponse vs pH highlights that the interaction is strongly dependent
ion weakened and saturable binding was observed at pHop pp.
10.6. By pH 11, under controlled conditions all interactions

between the proteins had ceased (Figure 6). to bind to immobilized fibrinogen and-elastin. A further
Truncation of rAFNnBPAy_s44 at the N and C Terminus. truncate, rAFNBPAy4-511, encompassing only subdomains
Following more detailed molecular analysis of FnBPIA),( N2 and N3 of region A was also able to bind to immobilized
11), it was noted that the recombinant protein used in fibrinogen anda-elastin with similar affinity to that of
experiments above (rAFNBRAs44) contained a fibronectin-  rAFNBPAg7-511 (13). These two proteins were then tested
binding motif at its C terminus. Indeed, this protein supported for their ability to bind to immobilized tropoelastin by SPR
binding to immobilized fibronectin in solid-phase ELISA analysis. Both proteins bound to tropoelastin in a dose-
assays (data not shown). The true A domain was redefineddependent manner with similar affinities. rAFNBRAs1;
to span residues 3/511. Recombinant protein rAFNBRAs11 generated a dissociation constant of 224 nM. A similar
was no longer able to bind fibronectin but retained the ability Kp of 146 + 6 nM was calculated for the binding of
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Table 2: Binding of rAFnBPA Constructs to Immobilized Tropoelastin
protein ka [1/(Ms)] SEka 7?Ka kq (1/s) SEkg 7?Kq Kp (M) SEKp

rAFNBPA g4 511 1.07¢ 452 9.49 1.47¢ 5.91e® 3.49 146 6
rAFNBPAg7_511 Wt 1.34¢ 672 9.74 1.42¢ 4.63e° 1.98 127 4
rAFNBPAg7-511 R224A 9.74é 489 9.73 1.79¢ 8.81e® 3.17 201 10
rAFNBPAs7-511 N304A 2.13é 1120 9.49 6.75¢ 8.7e° 2.52 27 4
rAFNBPAg7-511 F306A 1.02é 457 9.64 1.29¢ 6.58e° 2.36 135 7
rAFNBPAs7-511 L498A 9.53€& 530 9.81 1.74€ 8.4e° 2.74 179 9
rAFNBPAg7-511 N304A/F306A 1.45& 319 9.76 2.5¢ 1.32¢* 1.65 171 9

2 The rate association constaft)( the rate dissociation constark), and the equilibrium dissociation consta#] of rAFnBPA constructs
binding to full-length tropoelastin were calculated by curve fitting using BiaEvaluation 4.1. The standard error (SE) and goodnessg) tre fit (
also given.

rAFNBPA 94515 (Table 2). This confirms previous data that 9 nM, respectively. Thé, values for these proteins range

the N1 subdomain of region A is not involved in ligand from 9.53x 10®to 1.45x 10* with k4 values ranging from

binding. These data show a 5-fold decrease in affinity for 1.29 x 103 to 2.5 x 1073,

these constructs compared to rAFnBRA44; however, all rAFNBPAg7—s11 N304A had an~4.5-fold increased affinity

three proteins bind to tropoelastin in the low nanomolar for tropoelastin with &p of 27 + 4 nM, which is similar to

range, which indicates a significant biological interaction. that seen for the initial rAFNBPA 544 protein to tropoelastin.
Analysis of Site-Directed Mutants of rAFNBRA; 1. Any This decreased dissociation constant is due to the contribution

further truncation of rAFNBPAu.—s11 would likely impinge of both an increasell, and a decreasek} to the final Kp

on the predicted structural fold of the protein so a site-specific value for this protein. The errors associated with Hatand

approach was adopted. A theoretical model of the N23 kg Of this interaction are quite large. If this increased affinity

subdomains of FNBPA was generated on the basis of theis reproducible, a corresponding increased affinity should

known crystal structure of CIfA 14). The segment of  be seen for the double mutant rAFNBRA;; N304A/F306A.

fibrinogen to which this protein binds was docked in silico However, this mutant does not have an increased affinity

into the putative ligand-binding trench situated between N2 for tropoelastin. N304 is not essential to binding. We

and N3. This model was used to predict residues in FnBPA conclude that the amino acids located in the interior of the

that may interact with a ligand. Several residues were targeted”AFNBPA protein, around the putative fibrinogerélastin-

for alanine substitution, and the resulting recombinant binding trench between subdomains N2 and N3, are not

proteins were tested for ligand binding. Some mutants hadinvolved in tropoelastin binding.

reduced affinity for fibrinogen ara-elastin with rAFnBPAz_s11

N304A, rAFNBPA; 511 F306A, and a double mutant, DPISCUSSION

rAFNBPAg7-511 N304A/F306A, all showing a dramatic loss We demonstrated that FnBPA can directly bind tropoelas-

in ligand binding (3). The position of residues N304 and  tin. rAFnBPAs7-s4s bound strongly to full-length tropoelastin

with aKp of 28+ 0.1 nM. Binding to full-length tropoelastin

F306 of rAFnBPA is indicated in Figure 2. The far-UV
circular dichroism (CD) data of rAFNBPA 511 N304A and  was identical to that seen between rAFnBRAw and
SHELN-18 with almost identicak, andky and subsequent

rAFNBPAg7-511 N304A/F306A were not detectably different
Kp values, but there was weaker binding to SHEL27.

from that of the wild-type rAFNBP4y_s1; protein (data not
shown). The batch of rAFNBP#A 511 F306A tested did show  C-Terminal SHEL27-C showed strong binding to rAFNBR A
with a slow complex dissociation that precluded curve fitting

a slight alteration in spectrum in the 22000 nm range.
This protein, however, behaved as expected in unrelatedto standard kinetic models. We conclude that FnBPA
assays, and the double mutant containing this F306A interacts with tropoelastin at multiple sites and may do so
mutation was unaffected. We conclude that substitutions did by interacting with common repetitive sequence elements.
not dramatically alter the conformation of the protein as |t is possible that smaller tropoelastin fragments may help
further evidenced by the similar binding affinity for each to identify binding motifs for FnBPA, but this approach has
purified variant protein to five monoclonal anti-rAFNBPA  not proved productive for other proteins that bind multiple
antibodies (data not shown). sites in tropoelastin1@) probably because of the complex
Five alanine-substituted proteins of rAFNBRA,; were use of varied repeats-in-repeats in tropoelastin, the loss of
tested for their ability to bind to immobilized tropoelastin secondary structure, and the likelihood of cooperative
by SPR. The proteins chosen contained substitutions whichinteractions that facilitate the binding affinities presented

caused various levels of decreased affinity towelastin
(L498A, R224A, and N304A) and those which showed
undetectable binding to immobilized-elastin by ELISA
methods (F306A, N304A/F306A18). SPR analysis shows

here.

The interaction between rAFNBRAs44 and tropoelastin
was monitored at varying pHs with the aim of determining
the nature of the interaction. At less than pH 11 an interaction

that these recombinant proteins bind to tropoelastin with the was observed between the two proteins. At pH 11 and above

same affinity as rAFnBP#&-s1; (Table 2). Dissociation
constants of 135 7 and 171+ 9 nM were obtained for
proteins rAFNBPA;-s11 F306A and rAFNBPAy—s11 N304A/
F306A, respectively. Twoother substituted proteins, rAFNBRA
R224A and rAFNnBPAy-s11 L498A, also showed no defect
in tropoelastin binding, havingps of 201+ 10 and 17%

no binding occurred, highlighting the pH-dependent nature
of the interaction. At pH 11 or above, it is possible that the
loss of binding is due to conformational changes induced
by such a basic environment but was not due to a simple
regeneration of the sensor chip surface (data not shown).
The FnBPA-tropoelastin interaction withstands a broad
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range of pH, and the sensorgram obtained at pH 10.6internalization ofS. aureusy such endothelial or fibroblast
persistently demonstrates a specific dose-dependent interaceells and is likely to interfere with elastogene€8)( Recent
tion. Titratable positively charged lysines on the surface of studies have also demonstrated the important contribution
tropoelastin may contribute to the interaction. Indeed, at pH of FnBPA to the adherence 8f aureudo intact endothelium
>5, rAFNBPAs7—-s44 is Negatively charged and is drawn to in vivo (24). The close proximity of this bacterium to the
interact with the positively charged lysines of tropoelastin. surface of these host cells provides multiple opportunities
We propose that ionic interactions between positive to interact with the tropoelastin monomer on the cell surface.
regions on tropoelastin and negatively charged regions of Tropoelastin synthesis in fibroblast and endothelial cells is
rAFNBPAg;_s44 Stabilize the binding between the proteins. highest in fetal and infant developmeS8t.aureuss a known
These multiple surfacesurface interactions promote dose- pathogen of low birth weight neonates, causing skin and other
dependent binding in SPR analysis and could indicate atissue infections and often causing systemic sepsis. The high
mechanism to allovs. aureugo bind to human tropoelastin ~ mortality of such infections has led to clinical trials testing
in vivo. the efficacy of antistaphylococcal IgG-based prophylactics

Subsequent to the mapping of the 11 fibronectin-binding (25), and it is possible thaB. aureusinteractions with
motifs of FNBPA by other researched, it was noted that ~ secreted tropoelastin on these cells aid in establishing
the recombinant rAFnBPA protein used in the above assaysinfection and inhibiting ECM repair.

(rAFNnBPAg7-s544) contained a fibronectin-binding motif at its During the course of an infection, bacterial and host
C terminus. A protein lacking this motif, rAFNBRA 511, elastases are both activB. aureusproduces a cysteine
was previously shown to be defective in fibronectin binding protease ScpB which degrades elastin tissue and is inhibited
but retained fibrinogen and-elastin binding ability 13). by a2-macroglobulin 26). It also produces a serine protease,

We have shown here that this protein can also bind SspA, which inactivates alpha-1-proteinase inhibitor (alpha
immobilized tropoelastin in a dose-dependent manner, gen-1Pl), a major factor which protects lungs from phagocytic
erating aKp of 127 + 4 nM. This represents a 4.5-fold proteasesZ7). A staphylococcal zinc metalloprotease, ly-
decrease in affinity compared to that of rAFNBR A4, sostaphin, also has elastolytic activi®8| as does Ecp, a
which can be explained by the loss of surfaserface homologue of ScpB, found iBtaphylococcus epidermidis
interactions occurring between the negatively charged512 (29). In addition to its own repertoire of elastin-degrading
544 sequence and the positive lysines of tropoelastin. A enzymessS. aureusas been shown to induce the production
further truncate of rAFNBPA lacking the N1 subdomain, of host matrix proteinases in human dermal and synovial
rAFNBP A4 511, had an affinity comparable to rAFNBRAs:1 fibroblasts 80). As the bacterium traverses the extracellular
for tropoelastin, supporting previous results showing that this matrix during systemic infection, it will therefore encounter
FnBPA subdomain has no role in ligand binding. varying states of elastin tissue, in the process of being
The investigation of the binding of rAFnBPA to other degraded or subsequently repaired. Two elastin repair
ligands highlighted crucial residues buried within the FnBPA processes have been described, namely, salzdyearid de
molecule along the putative fibrinogen-binding trench. novo synthesis32) methods. The latter involves increased
Recombinant rAFNBP#x_s,1 proteins with specific alanine  tropoelastin synthesis and secretion from cells in elastin-
substitutions were tested for binding to tropoelastin. The damaged tissue. These degradation and repair processes result
range oKps observed for the alanine-substituted rAFNBRA; in the exposure of a heterogeneous mix of elastin peptides
proteins, however, did not differ significantly from that of and tropoelastin monomers, all of whi€haureuss capable
wt rAFNBPAg7-s511. However, rAFNBPA7-s;; N304A had of binding via FNBPA. The extraordinary adaptability of
an~5-fold decrease iKp, bringing it into the affinity range ~ FnBPA may help to explain the persistent nature of elastin-
seen for that of the initial rAFNBPA s44 construct. This specificS. aureudnfections.
shows that residues located along the interior hydrophobic
trench situated between N2 and N3 of region A of FnBPA ACKNOWLEDGMENT
are not involved in tropoelastin binding. This supports the
hypothesis that FnBPA binds to tropoelastin by a distinct
mechanism.
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