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Infection by Staphylococcus aureus can result in severe conditions
such as septicemia, toxic shock, pneumonia, and endocarditis with
antibiotic resistance and persistent nasal carriage in normal indi-
viduals being key drivers of the medical impact of this virulent
pathogen. In both virulent infection and nasal colonization, S.
aureus encounters the host immune system and produces a wide
array of factors that frustrate host immunity. One in particular, the
prototypical staphylococcal superantigen-like protein SSL7, po-
tently binds IgA and C5, thereby inhibiting immune responses
dependent on these major immune mediators. We report here the
three-dimensional structure of the complex of SSL7 with Fc of
human IgA1 at 3.2 A resolution. Two SSL7 molecules interact with
the Fc (one per heavy chain) primarily at the junction between the
Ca2 and Ca3 domains. The binding site on each IgA chain is
extensive, with SSL7 shielding most of the lateral surface of the
Ca3 domain. However, the SSL7 molecules are positioned such that
they should allow binding to secretory IgA. The key IgA residues
interacting with SSL7 are also bound by the leukocyte IgA receptor,
FcaRI (CD89), thereby explaining how SSL7 potently inhibits IgA-
dependent cellular effector functions mediated by FcaRI, such as
phagocytosis, degranulation, and respiratory burst. Thus, the abil-
ity of S. aureus to subvert IgA-mediated immunity is likely to
facilitate survival in mucosal environments such as the nasal
passage and may contribute to systemic infections.

immune evasion | mucosal immunity | antibody | Fc receptor |
staphylococcal superantigen-like

Staphylococcus aureus is an important human pathogen causing
conditions ranging from minor superficial skin infections to
life-threatening syndromes, including sepsis, toxic shock syn-
drome, osteomyelitis, pneumonitis, and endocarditis. It is carried
without symptoms in at least 20% of individuals (1, 2). The
emergence in the 1960s of pandemic penicillin-resistant S. aureus
has been followed by a variety of hospital-associated and
community-associated methicillin-resistant strains (HA- and
CA-MRSA) (2, 3). The increased prevalence of MRSA infec-
tions and corresponding rise in life-threatening syndromes have
made it imperative to elucidate the mechanisms of pathogenesis
for §. aureus. The interaction between S. aureus and the host is
complex and is mediated by an array of bacterial proteins that
both mediate the various pathologies and modify the immune
system of the host (4-10).

SSL7 (formerly named SET1) is the first described member
of a new family of putative S. aureus toxins, the staphylococcal
superantigen-like (SSL) proteins (11, 12), related to the staph-
ylococcal enterotoxins (SEs) or superantigens (13). The SSL
proteins have ~30% sequence identity with toxic shock syn-
drome 1 (TSST-1) and 25% or less identity with other SEs.
Despite the sequence differences, the SSL proteins have a
typical SE tertiary structure consisting of a distinct oligonu-
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cleotide/oligosaccharide binding (OB-fold) linked to a B-grasp
domain (14-16).

Similar to the se genes, the ss/ genes are located in a patho-
genicity island (SaPIn2) and are likely to be significant virulence
factors (12, 17, 18). Most healthy individuals have antibodies to
SSL proteins (19), and the ss/ genes exhibit marked allelic
variance consistent with selective pressure from the host immune
system (20). However, unlike SE, the SSL proteins do not have
superantigen activity, but some have been shown to inhibit key
molecules of the host immune system. Both SSL5 (21) and SSL11
(M. C. Chung, B.D.W, H. Baker, R. J. Langley, E. N. Baker, and
J.D.F., unpublished data) interact with sialyl-Le* and related
oligosaccharides, thereby inhibiting key cellular adhesion pro-
cesses such as neutrophil transmigration. Notably, SSL7 exhibits
multiple activities, including the binding of complement com-
ponent C5 and serum and mucosal forms of IgA, thereby
inhibiting both C5 and fragment crystalline (Fc) receptor for IgA
(FcaRI)-mediated immunity (22, 23). Furthermore, SSL7 has
been observed to alter cytokine secretion (12) and to bind, and
be rapidly internalized by, monocytes and dendritic cells, but the
ligands involved are yet to be identified (16, 19).

We have determined the 3.2 A resolution crystal structure of
SSL7 bound to Fc of human IgA1l, which reveals the structural
mechanism for evasion of IgA-mediated immunity by S. aureus.
Notably, two SSL7 molecules bind the Fc, principally at the
junction of the Ca2 and Ca3 domains, establishing a competitive
binding mechanism for inhibition of FcaR1 (24). The OB-fold of
SSL7is used for IgA recognition, which suggests that the B-grasp
domain has another role such as the binding of C5. Site-directed
mutagenesis of SSL7 and IgA confirmed that key binding
residues for SSL7 and FcaRI are colocated on human IgA.

Results

General Features of the Recognition of IgA by SSL7. The
complex of SSL7 and human IgA1 Fc was determined to 3.2 A
resolution (Table 1). The complex has pseudo-2-fold symmetry,
and two SSL7 molecules are bound to the Fc homodimer, where

Author contributions: N.W. and H.M.T. contributed equally to this work; B.D.W. designed
research; P.A.R., N.W., H.M.T, W.F., and B.D.W. performed research; N.W., H.M.T., J.D.F.and
B.D.W. contributed new reagents/analytic tools; P.A.R., N.W., H.M.T., W.F., P.M.H, J.D.F.,
and B.D.W. analyzed data; and P.A.R. and B.D.W wrote the paper.

Conflict of interest statement: SSL7 is the subject of a filed provisional patent application.
This article is a PNAS Direct Submission.

Abbreviations: C5, complement component 5; Fc, fragment crystalline; FcaRl, Fc receptor
for IgA; OB, oligonucleotide/oligosaccharide-binding; SE, staphylococcal enterotoxin; SSL,
staphylococcal superantigen-like.

Data deposition: The atomic coordinates and structure factors have been deposited in the
Protein Data Bank, www.pdb.org (PDB ID code 2QE)J).

7To whom correspondence should be addressed. E-mail: bwines@burnet.edu.au.

© 2007 by The National Academy of Sciences of the USA

PNAS | September 18,2007 | vol. 104 | no.38 | 15051-15056

IMMUNOLOGY




SINPAS

Table 1. Crystallographic statistics

Parameter Value*

P242124
a=71.31,b=109.26, c = 170.86
50-3.20 (3.31-3.20)

Space group
Unit cell dimensions, A
Resolution range, A

Data completeness, % 98 (97)
Average multiplicity 6.3 (6.1)
Rsym 0.103 (0.362)
Mean l/o, | 10.0 (2.8)
Rwork (Rfree) . 0.23 (031)
rmsd bond lengths, A 0.008
rmsd bond angles, ° 1.5
Ramachandran plot?
Most favored regions, % 70.9
Additional allowed regions, % 26.1
Generously allowed regions, % 2.2
Disallowed regions, % 0.9

*Values in parentheses are for the highest-resolution shell.
*Prepared with Procheck, version 3.3.

each SSL7 interacts principally with a single IgA heavy chain
(Fig. 1). The main axes of the SSL7 and Fc molecules lie
approximately in the same plane such that the complex has a
relatively flat disk-like topography. The only protrusions from
the flat faces of the disk are the N-linked carbohydrates of the
Ca2 domains, but these glycans are mostly disordered, unlike
their counterparts in IgG, which occupy the interface between
the Cy2 domains (25). The two SSL7 molecules, resembling the
pincers of a crab, seize the Fc with two loops from the OB-fold
(L1 and L4), which interact predominantly at the Ca2/Ca3
domain junctions of IgA. The SSL7 molecules also shield most
of the lateral surfaces of the two Ca3 domains, but the only
additional contacts involve the N-terminal a-helix of SSL7.
Interestingly, the SSL7 B-grasp domains extend beyond the end
of the Fc and are around the expected position of the tail pieces
and J-chain that are responsible for the formation of polymeric
IgA. We have demonstrated previously that SSL7 binds with
high affinity to IgA found in mucosal secretions (22). The
relatively flat topography of the current complex may allow the
Fc of dimeric IgA to interact concurrently with both secretory
component and SSL7.

The SSL7 Interface with IgA Is Discontinuous and Extensive. Although
there are several differences in the residues participating in
the binding of IgA for the two SSL7 molecules (Table 2), the

SSL7 (D) SSL7 (C)

Fig. 1.

o (-grasp
domain

Table 2. Interactions of SSL7 with IgA

SSL7 site 1 residue (site 2) Fc residue
Y37* N38, R85 (Y37) L257
N83* (D81, P82, N83*) L258
(N36) E313
N36, N38, G39 (N36*, N38, G39) N316
N36 H317
P82 (P82) E389
L79, 180 (180) M433
(N38) H436
N38* (N38*) E437
(N38) L439
(F55) P440
F55, E78, V89, F179 (F55, E78) L441
Y37 Ad42
Y37, L79, D81, P82 (Y37, L79, D81, P82) F443
L79 T444
L79 (L79) Q445
R18 (R18) T447
(K14%*) D449
K14 (K14%*) R450
Y11t E357
Y11t A360

*SSL7 residues hydrogen bonding with Fc residue.
TSubsite where SSL7 (chain D) interacts with the partner heavy chain (i.e.,
chain B).

conservation of the two interfaces is substantial (Fig. 2). The
SSL7 footprint on IgA extends vertically down the Fc from
the lower Ca2 domain to the end of the Ca3 domain; however,
nearly all of the interactions occur at the Ca2/Ca3 junction (Figs.
2 and 3). In IgA, this binding “hot spot” is a shallow irregularly
shaped cavity formed between Ca2 residues from two a-helices
(al, L257 and L258; a2, N316 and H317), and Ca3 residues from
the C-strand (E389) and the FG loop (M433, E437, 1441, F443,
and Q445). Near the middle of the Ca2/Ca3 junction, the side
chain of Fc residue L441 forms an obvious protrusion, which
facets neatly into a hydrophobic slot in the SSL7 molecules (lined
by F55, E78, L79, V89, and F179) and packs closely with the side
chain of SSL7 residue F55. In SSL7, a loop (L1, residues 36-38)
from the OB-fold binds adjacent to the protruding L441 in the
Fc cavity formed mainly by Ca2 residues, whereas a second loop
(L4, residues 78—83) penetrates with P82 in the lead into the
pocket formed entirely by Ca3 residues. Thus far, all alleles of
SSL7 are likely to bind IgA because the sequence of the L1-and

B IgA-Fc

SSL7 (D)

SSL7 (C)

Crystal structure of SSL7 bound to Fc of human IgA1. (A) Ribbons-style representation with the IgA-Fc homodimer (heavy chains, magenta and cyan;

carbohydrates, orange CPK spheres) and the two SSL7 molecules (yellow and red) with secondary structure displayed. (B) Solvent-accessible surface view of the

SSL7 complex with IgA-Fc.
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Fig. 2. Conserved SSL7 interactions with the Fc of human IgA1. Only those
residues that participated in atomic contacts or hydrogen bonding (dashed
lines) for both SSL7 (yellow) molecules bound to IgA-Fc (magenta) are dis-
played. A full list of residues involved in the different interfaces is presented
in Table 2.

L4-binding regions are identical in SSL7 from S. aureus strains
4427, MW2, N315, Mu50, GL1, GL10, and NCTC8325.

A second and distinct interface involves the N-terminal helix
of SSL7 interacting with the end of the Fc (Figs. 2 and 3). Two
SSL7 residues (K14 and R18) participate in interactions with the

Table 3. Comparative affinities of SSL7 mutants in binding
human serum IgA

SSL7 mutant Kg X 1076 M Change, -fold
SSL7 wild type* 0.0011 1

N38T 0.038 35

R44A 0.0036 3.2
L79A 0.1 91

P82A 0.039 35

N83A 0.004 4

*From ref. 22.

final G-strand of Ca3 (T447 and R450). In one SSL7 molecule
(chain D), Y11 contacts the Fc residues A360 and E357, but
these interactions occur with the second heavy chain (chain B)
Ca3 domain (Fig. 3). Because of the observed differences, the
smaller interface is unlikely to contribute significantly to SSL7
binding of IgA. However, the SSL7 interactions near the end of
the Fc have led to the steric shielding of nearly all of the lateral
surfaces of the two Ca3 domains.

Mutagenesis Confirms the Role of Key SSL7 Residues in Binding IgA.
Based on the three-dimensional structure of the SSL7 complex
with IgA, individual point mutations were made to SSL7 residues
N38, R44, L79, P82, and N83, and the effect on the SSL7
interaction with IgA was measured by biosensor analysis (Table
3). SSL7 mutant L79A had a 91-fold reduction in affinity
compared with wild-type (WT) SSL7. The role of L79 in SSL7
binding of IgA is substantial through interactions with Fc
residues F443, Q445, and M433 (Table 2 and Fig. 2). Further-
more, the L79 side chain also contributes to the hydrophobic
environment of the cleft on SSL7 that accommodates L441 from
Fc. Binding to IgA was reduced 35-fold compared with wild-type
SSL7 for the N38T and P82A mutants, confirming the dominant
roles of the OB-fold L1 and L4 loop regions, respectively.
Mutation of SSL7 residues N83 (near the periphery of the
interaction) and R44 (not part of the binding interface) only had
modest effects on IgA-binding activity (Table 3).

The Same Binding Site on IgA Is Recognized by SSL7 and FcaRIl. We
previously identified the Ca2/Ca3 junction, and in particular the
Ca3 domain FG loop sequence PLAF (Fc residues 440-443)
were critical for binding to SSL7 and FcaRI (23). This finding
is now confirmed in the three-dimensional structure of SSL7 and
Fc, where both L441 and F443 are prominent interface residues
(Table 2 and Figs. 2 and 3). We generated cell surface-expressed
IgA-Fc mutants to examine the relative contribution of Ca2
residues from the al- and a2-helices. The L256A and L257A

Fig.3. Surface views of binding regions on SSL7 and the Fc of human IgA1. (A) Residues at the interface (=4 A) are mapped to the molecular surfaces of the
Fc (chain A, cyan; chain B, orange) and SSL7 (chain D, yellow) for one complex of SSL7 and the Fc. (B) Side view of the interaction between SSL7 and the Fc.
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Fig. 4. Mutagenesis of key residues on the Fc of human IgA1 confirms
overlapping binding sites for SSL7 and FcaRI. (A-C) The IgA-Fc fusion proteins
(WT and mutants, L256A, L257A, L258A, N316A, and H317A) were transiently
expressed on CHOP cells and were analyzed by flow cytometry for binding of
SSL7 (A), FcaRI-Ig fusion (B), and anti-IgA (C). The anti-IgA polyclonal anti-
serum binding of the various IgA-Fc fusion proteins was comparable with WT
(90-103%) or modestly reduced (L256A mutant, 87%; L257A mutant, 71%).
Binding data (mean = SD; n = 4) are expressed as percent normalized by WT
IgA Fc. ANOVA (ns, not significant P > 0.05; *, P < 0.05; ***, P < 0.001) was
performed with a Dunnett multiple comparison test (Prism 5 version 5.00,
GraphPad Software, Inc., San Diego, CA) on data before normalization.

mutations in the al-helix were the most deleterious, reducing
SSL7 binding 13-fold and 15-fold, respectively, followed by a
6.5-fold decrease for the L258A mutant Fc (Fig. 4). Interestingly,
L256 does not contact SSL7, but its side chain is buried and
packed against W315 and P251 in the core of the Ca2 domain,
and its mutation has probably altered the conformation of the
AB loop that contains the al-helix. In contrast, both L.257 and
L258 participate in multiple interactions with the L1 loop region
of SSL7 (Figs. 2 and 3), consistent with the reduced activity upon
mutation. Mutations in the Ca2 EF loop a2-helix were less
disruptive, with the N316A mutation reducing binding 1.8-fold,
whereas the effect of the H317A mutation was negligible. In the
complex, both of these Fc residues are located at the edge of the
binding cavity that accommodates the L1 loop region of SSL7,
and H317 was only observed to contact SSL7 in one of the two
interactions (Table 2 and Figs. 2 and 3).

Activities of the Ca2 Fc mutants were also tested for binding
to FcaR1. In contrast to SSL7 binding, the L256A and L.257A Fc
mutations resulted in modest reductions (3.3-fold and 2.3-fold,
respectively) in FcaRI binding. Notably, the L258A mutant
displayed >100-fold reduction in FcaRI-binding activity. Like-
wise, other studies found that L257R (26) and L258R (27)
mutant IgAs were inactive in FcaRI binding. Mutation of N316A
and H317A had no effect on the binding of FcaRI (Fig. 4). Thus,
the Ca2/Ca3 domain junction of IgA is critical for binding both
SSL7 and FcaRI (24), but the relative contribution differs for
key Fc residues in binding SSL7 and FcaR1, consistent with their
recognition of overlapping yet not identical binding sites on IgA.

Comparison of Structures of SSL7 and FcaRl Bound to IgA-Fc. The
overlapping binding sites for SSL7 and FcaRI [Protein Data
Base (PDB) ID code 10W0] (24) are obvious from examination
of their complexes with the Fc of human IgA1l (Fig. 5). The
average total surface area buried at the interface of SSL7 and
IgA is 1,678 A2 ie., 1,775 A2 and 1,584 A? for each of the

15054 | www.pnas.org/cgi/doi/10.1073/pnas.0706028104

SSL7-Fc pairings. A similar total buried surface area of 1,654 A2
occurs in the interaction of FcaRI with Fc (1,656 A2 and 1,651
Az) but both protein and carbohydrate residues of FcaRI
contact the IgA ligand (24). In contrast, whereas the SSL7
molecules cover most of the Ca3 domains, the FcaR1 grasps the
Fc like bent fingers (Fig. 5B), which is perhaps a steric require-
ment of this receptor normally being anchored in, and “standing
up” from, the cellular membrane (24, 28).

Compared with the near perfect pseudo-2-fold symmetry of
the IgA-Fc in complex with FcaRI (24), the Fc bound to SSL7
has adopted noticeable asymmetry. Most of the differences
occur near the top of the Ca2 domains in the polypeptide
segments surrounding the half-cystine residues, which are dis-
placed in Ca positions by up to 9 A (242,75 A; €299, 9.0 A;
€301, 8.5A) when the two heavy-chain Ca3 domains are super-
imposed. In the lower portions of the Ca2 domains, the struc-
tural differences are minimal (0.6 A Ca dlsplacements) and
consequently the Ca2/Ca3 domain junctions where the SSL7
bind are almost identical. Differences in Ca2 domains are
attributable to the disulfide pairing of these domains in the
SSL7-Fc complex. Examination of the electron density maps
around the disulfides of the Fc revealed a single interchain
pairing of C299-C299 and novel intradomain Ca2 disulfides
resulting from C242-C301 pairings (Fig. 5 C and D). In contrast,
the Fc in complex with FcaRI has two interchain disulfides
involving C242-C299 (Fig. 5E), which leaves the two C301
residues with free sulthydryl groups (24). This alternative disul-
fide connectivity has resulted in a 2-fold symmetrical association
of the Ca2 domains.

Discussion

The 3.2 A resolution structure of SSL7 bound to the Fc of human
IgAl has provided the first glimpses into how S. aureus has
adapted for survival in mucosal and systemic environments
without elimination by IgA-mediated immunity. This prototyp-
ical member of the SSL family of exotoxins (12) can bind with
high affinity by comprehensively shielding both sides of the lower
half of the Fc, apparently without blocking the additional
components (tailpieces, J-chain, and secretory component) that
assemble to form dimeric and secretory IgA (22). The Fc
residues recognized by SSL7 occur in all human IgA subclasses
and allotypes. Furthermore, SSL7 competitively inhibits the
leukocyte IgA receptor, FcaRI, which binds to an overlapping
site at the Ca2/Ca3 domain junction (24).

In IgA, the Ca2/Ca3 junction appears to be a hot spot for
recognition by diverse molecules such as SSL7, FcaRI (CD89)
(24, 26, 27), as well as proteins from group A streptococci (M
proteins; Sir22/Arp4), group B streptococci (B-protein) (29, 30),
and it forms part of the human polymeric Ig receptor-binding site
(31). The Cy2/Cvy3 domain junction of IgG is also a target site
for multiple binding proteins, including the neonatal Fc receptor
(32), staphylococcal protein A (25), autoantibodies or rheuma-
toid factors (33), viral receptors (34), and Trim21 or Ro52 (35).
Thus, rather than being an inert junction of two antibody
constant domains, they are sites of functional diversity, and so it
is not surprising that pathogens target these junctions. Indeed,
SSL7 species cross-reactivity (22), combined with a phylogenetic
analysis of IgA and FcaRI sequences, found that these proteins
have been coevolving under the pressure of pathogenic IgA-
binding proteins such as SSL7. This work predicted residues in
the Ca2 a2-helix affect SSL7 binding (36).

Recognition of IgA by SSL7 is predominantly through the
OB-fold and, as an example of an OB-fold interaction with an Ig,
SSL7 further illustrates the functional adaptability of the OB-
fold. The OB-fold is found in all existent species from archaea
to mammals, and these domains commonly bind oligonucleo-
tides (RNA and DNA) or oligosaccharides, although protein
binding and enzymatic activities have also been described (15).

Ramsland et al.
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Fig.5. Comparison of the structures of SSL7 and FcaRI bound to Fc of human IgA1. (A and B) Surface views of the SSL7 complex (A) and FcaRI complex (B) (PDB
code 1T0W0) bound to IgA-Fc are shown. (C) Electron density (F, — Fc at 2.5 o) for the SSL7-bound Fc with the regions of polypeptide containing the Ca2 domain
disulfides omitted during map calculation. (D and E) Disulfide bridges are shown for the Ca2 domain pairings of IgA-Fc structures bound to SSL7 (D) and FcaRI ().

The OB-fold consists of a five-stranded p-barrel capped with an
N-terminal a-helix, and ligand-binding sites are adaptable, often
involving the face of the B-barrel and combinations of the
variable loops. Nucleic acid binding usually involves the L2 and
L4 loops, whereas the L3 and L4 loops have been described to
bind oligosaccharide in the shigella-like toxin (15). In the SSL7
interaction with IgA, the L1 and L4 loops provide the major
binding contacts, and the capping a-helix of the OB-fold is also
involved (Figs. 1 and 2).

The B-grasp domain of SSL7 is not involved in binding IgA,
but it extends beyond the globular Ca3 domains in a position that
should not interfere with the assembly of tail pieces and J-chain
in dimeric IgA. The CS inhibitory activity of SSL7 occurs without
obvious interference by IgA, and through implication we suggest
the B-grasp domain to be the most likely candidate for SSL7-
mediated inhibition of complement lysis and CS5a-mediated
chemotaxis. In support of the B-grasp domain of SSL7 having a
CS5 inhibitory function, it has been reported that the chemotaxis
inhibitory protein of S. aureus (CHIPS), which consists of an
isolated B-grasp domain, binds both C5aR and the formylated
peptide receptor (37, 38).

In complex with SSL7, the IgA-Fc adopts an asymmetric
conformation around the pairing of Ca2 domains. In contrast,
the IgA-Fc bound to FcaRI is almost perfectly symmetrical
because of different interchain and intradomain disulfide link-
ages in the two Fc structures (Fig. 5 C-E). These two Fcs both
lack C241, and hence the disulfide connectivity may differ from
intact IgA. With this caveat in mind, the two Fc structures
indicate that pairing of Co2 domains can generate different
conformational states of IgA, possibly by disulfide interchange

Ramsland et al.

reactions. These different IgA conformers may alter interactions
with the polymeric Ig receptor and so have a role in the assembly
of secretory IgA. Indeed, late in transcytosis a disulfide inter-
change reaction occurs that results in a disulfide bond between
IgA at C311 and the extracellular domain 5 (ECS) of the
polymeric Ig receptor (39). The C311 side chain exists as a free
sulfhydryl in both the FcaRI- and SSL7-bound IgA-Fc mole-
cules, but its relative position differs by 2.7 A in the two
SSL7-bound heavy-chain conformers. Hence, disulfide-bonding
patterns may contribute to generating distinct conformations of
IgA, possibly with different functions. Furthermore, conforma-
tional plasticity of the Fc is supported by the finding that covalent
binding of secretory component to dimeric IgA is optimized
when the IgA is first treated in a redox buffer to facilitate
disulfide/thiol interchange reactions (40).

This work and previous mutagenesis (23) have confirmed the
structural and functional importance of the Ca2/Ca3 domain
junction for binding of SSL7 and FcaRI. Circulating and se-
creted IgA differ in form and function (41), and SSL7 binds both
with high affinity (22). Because SSL7 binds serum IgA a role in
inhibiting FcaRI-mediated effector functions in S. aureus sys-
temic infections is feasible (29, 42, 43). However, the topography
of the SSL7 interaction with Fc may reflect adaptation for its
known binding of secretory IgA (22), thereby facilitating mu-
cosal colonization by S. aureus. The existence of functionally
equivalent, although unrelated, proteins from group A and
group B streptococci (29, 30), themselves often mucosal patho-
gens, suggests the mucosal response is the primary target of these
IgA-binding proteins. Therefore, the SSL7 protein of S. aureus
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provides an elegant example of how a bacterial pathogen evades
IgA-mediated immunity.

Materials and Methods

Production of Recombinant IgA-Fc and SSL7. A construct
encoding a heavy-chain leader sequence (TIB142; American
Type Culture Collection, Manassas, VA) and an IgA-Fc region
(C242 to P455; IgAl myeloma Bur numbering) from IMAGE
clone 4701069 (GenBank accession no. BC016369) was ex-
pressed from pAPEX-3p-X-DEST (pBAR424), a Gateway RfA
cassette (Invitrogen, Carlsbad, CA) derivative of pAPEX-3p
(44). The IgA-Fc was produced by transfection of
HEK293EBNA cells with Lipofectamine 2000 (Invitrogen) and
selection with 2 ug/ml puromycin (Sigma, Melbourne, Austra-
lia). The IgA-Fc was affinity-purified by using thioredoxin-SSL7
coupled Sepharose (GE, Melbourne, Australia) and eluted with
50 mM glycine (pH 11.5).

The SSL7 gene used was from a S. aureus isolate (strain 4427)
from Greenlane (GL) hospital, Auckland New Zealand, and the
production of recombinant SSL7 (GL1) has been described
previously (22). Mutants at individual residues of SSL7 were
produced by splice overlap PCR as described previously (45).

Purification of IgA and Assay of SSL7-Binding Activity. Human IgA
was affinity-purified from serum by using SSL7-Sepharose (22).
IgA was eluted with 50 mM glycine (pH 3), neutralized with 1
M Tris (pH 8.0), further purified on a Superdex 200 FPLC
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