—NOVEEHMMUNOGEOBUEIN-BINDING PROTETINS WITH TMPROVED
SPECIFICITY

Related Applications

[0001] The present application claims the benefit of priority of U.S. ProvistOnal
Patent Application No. 61/188,549, filed on August 11, 2008, and U.S. Provisio
Application No. 61/212,812, filed on April 16, 2009, the entire contents of ea

Patent
of which

are incorporated by reference herein in their entirety.

Field of the Invention

[0002] The present invention relates to modified immundglobulin-binding
proteins, €.9., Staphylococcus protein A, having improved binging specificity for

immunoglobulins and methods of making and using the sapde.

Background

[0003] Staphylococcal protein A (SpA),As a 42kDa multi-domain protein from
the bacterium Staphylococcus aureus. SpA is ound to the bacterial cell wall via its
carboxy-terminal cell wall binding region, téferred to as the X domain. At the amino-
terminal region, it includes five immunoglobulin-binding domains, referred to as E, D, A,
B, and C (Sjodhal, Eur J Biochem. S¢p;78(2):471-90 (1977); Uhlen et al., J Biol Chem.
Feb 10;259(3):1695-702 (1984)). Each of these domains contains approximately 58
amino acid residues, and they share 65-90% amino acid sequence identity. The Z domain
of SpA is an engineered angfogue of the B domain of SpA and includes an alanine instead
of a glycine residue at p
[0004] SpA Based reagents have found a widespread use in the field of
biotechnology, e.g/ in affinity chromatography for capture and purification of antibodies
as well as in angbody detection methods. At present, SpA-based affinity media probably
are the mostAvidely used affinity media for isolation of monoclonal antibodies and their
fragmentg'from different samples including cell culture. Accordingly, various matrices

{sing protein A-ligands are commercially available including, for example,
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ProSep®-vA High Capacity, ProSep® VA Ultra and ProScp® UltraPTus (Mittipore) and
Protein A SepharoseTM, MabSelect™, MabSelect Xtra™ and MabSelect SuRe® (GE
Healthcare).

Summary of the Invention

[0005] The present invention provides, at least in part, novel ang/improved SpA
variants which exhibit either decreased or increased binding to a Fab pgftion of an
immunoglobulin compared to the previously known SpA variants, while retaining the
ability to bind the Fc portion of the immunoglobulin.

[0006] In some embodiments, the present invention provides novel and
improved SpA variants which exhibit reduced Fab binding/compared to the many
commercially available protein-A based reagents whiclybind Fab, a property which is
sometimes undesirable.

[0007] In one embodiment, an immunoglobulin-binding domain according to
the present invention is based on one or more domains of SpA (i.e., E, D, A, B, C and Z)
which are modified to replace at least the arhino acid at position 29. In case of the
domains E, D, A, B and C, the amino agfd at position 29 is a glycine, which is replaced
with an amino acid other than alaning or tryptophan. In case of domain Z, the amino acid
at position 29 is an alanine, whiclyis replaced with an amino acid other than glycine or
tryptophan. In a particular empodiment, the glycine at position 29 is replaced with an
amino acid other than alanife, threonine and tryptophan or the alanine at position 29 is
replaced with an amino Zcid other than glycine, threonine and tryptophan.

[0008] Accgrdingly, in one embodiment, an isolated immunoglobulin-binding
protein is provided, which comprises at least an E domain of SpA, in which at least the
glycine residug/at position 29 is replaced with an amino acid residue other than alanine or
tryptophan ghd where the immunoglobulin-binding protein exhibits binding to an Fc
portion of an immunoglobulin but exhibits reduced binding to a Fab portion of the
immuynoglobulin relative to an immunoglobulin-binding protein which includes either
alghine or glycine at position 29. In a particular embodiment, the glycine residue at

position 29 of the E domain is replaced with an amino acid residue other than alanine,
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[0009] In another embodiment, an isolated immunoglobulin-binding protein is
provided, which comprises at least a D domain of SpA, in which at least the glycine
residue at position 29 is replaced with an amino acid residue other than alanine or
tryptophan and where the immunoglobulin-binding protein exhibits binding to a'Fc
the

immunoglobulin relative to an immunoglobulin-binding protein which inc/ides alanine

portion of an immunoglobulin but exhibits reduced binding to a Fab portion

or glycine at position 29. In a particular embodiment, the glycine residde at position 29
of the D domain is replaced with an amino acid residue other than aJdnine, threonine and
tryptophan.
[0010] In yet another embodiment, an isolated immyfioglobulin-binding protein
is provided, which comprises at least an A domain of SpA /An which at least the glycine
residue at position 29 replaced with an amino acid residde other than alanine or
tryptophan and where the immunoglobulin-binding pfotein exhibits binding to an Fc
portion of an immunoglobulin but exhibits reducgd binding to a Fab portion of the
immunoglobulin relative to an immunoglobulid-binding protein which includes an
alanine or glycine at position 29. In a partigular embodiment, the glycine residue at
position 29 of the A domain is replaced #ith an amino acid residue other than alanine,
threonine and tryptophan.
[0011] In another embogiment, an isolated immunoglobulin-binding protein is
provided, which comprises at [¢ast a B domain of SpA, in which at least the glycine
residue at position 29 replaged with an amino acid residue other than alanine or
tryptophan and where thg’ immunoglobulin-binding protein exhibits binding to an Fc
portion of an immungglobulin but exhibits reduced binding to a Fab portion of the
immunoglobulin rglative to an immunoglobulin-binding protein which includes an
alanine or glycyfie at position 29. In a particular embodiment, the glycine residue at
position 29 gf the B domain is replaced with an amino acid residue other than alanine,

threoningZand tryptophan.

esidue at position 29 is replaced with an amino acid residue other than alanine or

tryptophan and where the immunoglobulin-binding protein exhibits binding to an Fc
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portion of an immunoglobulin but exhibits reduced binding to a Fab portion of the
immunoglobulin relative to an immunoglobulin-binding protein which includes an
alanine or glycine at position 29. In a particular embodiment, the glycine residue at
position 29 of the C domain is replaced with an amino acid residue other than alaning/
threonine and tryptophan.

[0013] In another embodiment, an isolated immunoglobulin-binding grotein is
provided, which comprises at least a Z domain of SpA, in which at least the/alanine
residue at position 29 replaced with an amino acid residue other than gly€ine or
tryptophan and where the immunoglobulin-binding protein exhibits bihding to an Fc
portion of an immunoglobulin but exhibits reduced binding to a Fgb portion of the
immunoglobulin relative to an immunoglobulin-binding proteir which includes an
alanine or glycine at position 29. In a particular embodimenf, the alanine residue at
position 29 of the Z domain is replaced with an amino acid residue other than glycine,
threonine and tryptophan.

[0014] In some embodiments, an immungglobulin-binding protein according to
the present invention includes more than one mgdified SpA domain or known variants
thereof (e.g., more than one of E, D, A, B, CAnd/or Z and any combinations thereof)
where each domain comprises the glycing/(i.e. in case of E, D, A, B and C domains) or
alanine (i.e., in case of Z domain) at pgfsition 29 substituted with another amino acid, e.g.,
an amino acid other than alanine, glycine or tryptophan. In a particular embodiment, the
glycine or alanine at position 29/s replaced with an amino acid other than alanine,
glycine, tryptophan and thregfiine.

[0015] In some ginbodiments, the glycine (G) at position 29 in one or more of
isolated E, D, A, B, and C domains or alanine at position 29 in the isolated Z domain is
replaced with an anyino acid selected from the group consisting of leucine (L), lysine (K),
asparagine (N), yaline (V), isoleucine (I), serine (S), cysteine (C), methionine (M),
phenylalaning/(F), tyrosine (Y), glutamic acid (E), glutamine (Q), histidine (H), proline
(P), arginide (R), aspartic acid (D) or a functional variant or derivative thereof.

[0016] In a particular embodiment, an immunoglobulin-binding protein
accofding to the present invention includes one or more isolated E, D, A, B, C or Z

domains, where the one or more isolated domains comprise the glycine residue at
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pDOSTHO 296y T case of B, D;A; Band € domains)or the atamnine at position 29 (8.0,
in case of Z domain) replaced with an amino acid residue selected from the group
consisting of leucine, lysine and arginine or a functional variant or derivative thereof.
[0017] In a yet further embodiment, an immunoglobulin-binding prote;}
according to the invention further includes at least a portion of the carboxy-te/minal
region of SpA (designated the X domain).
[0018] In some embodiments, an immunoglobulin-binding prgtein according to
the present invention further comprises an asparagine, €.9., at positigh 23, substituted
with another amino acid.
[0019] In an alternative embodiment, an isolated impfiunoglobulin-binding
protein comprising one or more isolated E, D, A, B, C or Z/domains of Staphyloccocus
protein A is provided, where the one or more isolated dgmains comprise: (i) at least the
glycine residue at position 29 replaced with an aming acid residue other than alanine
when the domain is E, D, A, B or C domain or (i}) at least the alanine at position 29
replaced with an amino acid other than glycing’when the domain is the Z domain, where
the immunoglobulin-binding protein binds £n Fc portion of an immunoglobulin and
exhibits increased binding to a Fab portjén of the immunoglobulin relative to an
immunoglobulin-binding protein incyading alanine at position 29.
[0020] In some embodifents, an isolated immunoglobulin-binding protein
according to the present invenfon includes a threonine or a tryptophan at position 29,
where immunoglobulin-binding protein binds an Fc portion of an immunoglobulin and
exhibits increased bindipg to a Fab portion of the immunoglobulin relative to an
immunoglobulin-binding protein including alanine at position 29. In some embodiments,
the Fc portion may’be a part of an Fc fusion protein.
[0021] The immunoglobulins which are capable of being bound by the various
immunoglopulin-binding proteins described herein include one or more of IgG, IgA and
IgM.
[002 In other embodiments, a chromatography matrix useful for the isolation
of fimmunoglobulins or antibodies is provided. In one embodiment, a chromatography
atrix according to the present invention comprises an isolated immunoglobulin binding

protein, as described herein, coupled to a solid support.
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immunoglobulin-binding proteins described herein, as well as host cells including such
nucleic acid molecules. In some embodiments, a host cell is a prokaryotic cell. In othey
embodiments, a host cell is a eukaryotic cell.

[0024] Additionally, the present invention encompasses a library of
polypeptides comprising one or more immunoglobulin-binding proteins described herein,
and functional variants thereof. In yet another embodiment, the present in¥ention
provides a library of nucleic acid molecules encoding one or more immyhoglobulin-
binding proteins encompassed by the present invention or encoding fdnctional variants
thereof.

[0025] Also provided herein are methods of using thg/immunoglobulin-binding
proteins described herein. In some embodiments, a method/0f affinity purifying one or
more immunoglobulins from a sample is provided, whicif comprises the steps of: (a)
providing a sample comprising one or more immunogiobulins; (b) contacting the sample
with a chromatography matrix comprising an immanoglobulin binding protein, as
described herein, under conditions such that thg”one or more immunoglobulins bind to the
matrix; and recovering the one or more bourd immunoglobulins by eluting at a suitable
pH.

[0026] In various embodimefits described herein, the suitable pH at which one

or more bound immunoglobulins gre eluted is an acidic pH.

Brief Description of the Drdwings
[0027] FIG. 1
binding domains of SpA, represented by SEQ ID NOs:1-5. SEQ ID NO:1 represents the

picts the nucleic acid sequences for the wild type (wt) IgG

nucleic acid sequenCe for the wt E domain; SEQ ID NO: 2 represents the nucleic acid
sequence for thgwt D domain; SEQ ID NO: 3 represents the nucleic acid sequence for
the wt A dorfain; SEQ ID NO: 4 represents the nucleic acid sequence for the wt B

domain; gnd SEQ ID NO: 5 represents the nucleic acid sequence for the wt C domain.
[0028

repyesented by SEQ ID NO: 6.

FIG. 2 depicts the nucleic acid sequence for the Z domain of SpA,
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IgG binding domains of SpA (E, D, A, B and C) including a glycine at position 29. SEQ
ID NO: 7 represents the amino acid sequence of the wt E domain; SEQ ID NO: 8
represents the amino acid sequence of the wt D domain; SEQ ID NO: 9 represents thé
amino acid sequence of the wt A domain; SEQ ID NO: 10 represents the amino agid
sequence of the wt B domain; and SEQ ID NO: 11 represents the amino acid sgquence of

the wt C domain.

[0030] FIG. 4 depicts the amino acid sequence of the Z domaiy, represented by
SEQ ID NO: 12.

[0031] FIG. 5 depicts a schematic of the plasmid pJ56:8320.

[0032] FIG. 6 depicts the nucleic acid sequences for fhree SpA B domain

mutants, in which the glycine at position 29 has been replacéd by leucine, lysine or
arginine. SEQ ID NO: 13 represents the nucleic acid segfience for the SpA mutant G29L;
SEQ ID NO: 14 represents the nucleic acid sequence for the SpA mutant G29K; and SEQ
ID NO: 15 represents the nucleic acid sequence foy'the SpA mutant G29R.

[0033] FIG. 7 depicts the amino acid gequences for three SpA B domain
mutants, in which the glycine at position 29 Aas been replaced by leucine, lysine or
arginine. SEQ ID NO: 16 represents the 4mino acid sequence for the SpA B domain
mutant G29L; SEQ ID NO: 17 represghts the amino acid sequence for the SpA B domain
mutant G29K; and SEQ ID NO: 1&represents the amino acid sequence for the SpA B
domain mutant G29R.

[0034] FIG. 8 depigts an exemplary Western Blot experiment in which protein
A expression from vector/PET11a:8620 in E. Coli BL21(DE3) cells was detected using a
Chicken IgY anti-protgin A antibody.

[0035] FIg. 9 depicts the results of a representative experiment evaluating the
binding of Fc angd F(ab), portions of an immunoglobulin to nickel resin alone (negative
control) or to/MabSelect SuRe® chromatography medium (positive control), followed by
SDS-PAGE analysis, which is shown. E represents eluate or the bound fraction
followiig chromatography and S represents supernatant or the unbound fraction
follgwing chromatography. From left to right: lane 1 depicts a molecular weight marker;

dnes 2-5 depict binding of either F(ab), (lanes 2(E), 3(S)) or Fc (lanes 4(E), 5(S)) to the
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nickel resin; lanes 6-9 depict binding of either F(ab), (lanes 6(S), 7(E)) or Fc (lanes 8(S),
9(E)) to the MabSelect SuRe®; and lanes 10 and 11 represent F(ab), and Fc alone.

F(ab), runs on an SDS-PAGE as a doublet of about 18 and 20 kDa and Fc runs on a
SDS PAGE at about 22 kDa. As shown in lanes 2(E) and 4(E) respectively, both#(ab),

and Fc exhibit weak to no binding to the nickel resin (negative control). Also
in lane 7(E), F(ab), shows binding to the MabSelect SuRe®, while Fc sho
binding to the MabSelect SuRe® (positive control).

significant
[0036] FIG. 10 depicts the results of a representative experyhent evaluating the
binding of F(ab); and Fc portions of an immunoglobulin to His-tagged wild-type SpA
(WtSpA) or His-tagged B-domain variant including an alanine thstead of glycine at
position 29 (G29A) using nickel affinity chromatography followed by SDS-PAGE
analysis, which is shown. F represents protein A feed; FA represents protein A flow-
through; S represents supernatant following the Fc or/A'ab binding step (unbound
fraction); and E represents elution fraction (boundAraction). From left to right: lane 1
depicts a molecular weight marker; lane 2 depigts the F fraction from the experiment
evaluating the binding of wtSpA to F(ab), or Fc; lanes 3-5 depict the binding of wtSpA to
F(ab); in the FT (lane 3), S (lane 4) and F(lane 5) fractions; lanes 6-8 depict the binding
of wtSpA to Fc in the FT (lane 6), S (Jane 7) and E (lane 8) fractions; lane 9 depicts the F
fraction from the experiment evalydting the binding of G29A to F(ab), or Fc; lanes 10-12
depict the binding of G29A to F(ab), in the FT (lane 10), S (lane 11) and E (lane 12)
fractions; and lanes 13-15 dgpict the binding of G29A to Fc in the FT (lane 13), S (lane
14) and E (lane 15) fractigns.

[0037] FIG. X1 depicts the results of a representative experiment evaluating the
binding of F(ab), a#d Fc portions of an immunoglobulin to a His-tagged B-domain
variant including a leucine instead of glycine at position 29 (G29L) using nickel affinity
chromatography followed by SDS-PAGE, which is shown. F represents protein A feed;
FT represgnts protein A flow-through; S represents supernatant following the Fc or F(ab);
binding step (unbound fraction); and E represents elution fraction (bound fraction). From
leftfo right: lane 1 depicts a molecular weight marker; lane 2 depicts the F fraction; lanes

-5 depict the binding of F(ab), to G29L in FT (lane 3), S (lane 4) or E (lane 5) fractions;
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fractions.

[0038] FIG. 12 depicts the results of a representative experiment evaluating the
binding of F(ab), and Fc portions of an immunoglobulin to a His-tagged B-domain
variant including a lysine instead of glycine at position 29 (G29K) and to a His-tagged B-
domain variant including an arginine instead of glycine at position 29 (G29R Jusing
nickel affinity chromatography followed by SDS-PAGE, which is shown. £ represents
protein A feed; FT represents protein A flow-through; S represents supgfnatant following
the Fc or F(ab), binding step (unbound fraction); and E represents eldtion fraction (bound
fraction). From left to right: lane 1 depicts a molecular weight mdrker; lane 2 depicts the
F fraction from the experiment evaluating the binding of G29IK to F(ab), and Fc; lanes 3-
5 depict the binding of F(ab), to G29K in FT (lane 3), S (Igne 4) or E (lane 5) fractions;
lanes 6-8 depict the binding of Fc to G29K in FT (lane ¢), S (lane 7) and E (lane 8)
fractions; lane 9 represents the F fraction from the eyperiment evaluating the binding of
G29R to F(ab), and Fc; lanes 10-12 depict the binding of F(ab), to G29R in FT (lane 10),
S (lane 11) or E (lane 12) fractions; and lanes }3-15 depict the binding of Fc to G29R in
FT (lane 13), S (lane 14) and E (lane 15) fractions.

[0039] FIGs. 13A-13E depict the results of a representative experiment further
evaluating the binding of SpA variang of the invention to an Fc portion of an
immunoglobulin using surface plggmon resonance analysis. The figures depict the
binding of Fc at concentrationg/fanging from 45 nM - 185 pM to wild type protein A
(FIG. 13A) and G29A (FIG/13B) controls, and to constructs G29K (FIG. 13C), G29R
(FIG. 13D), and G29L (WM1G. 13E)

[0040] FIGs/ 14A-14E depict the results of a representative experiment further
evaluating the binding of SpA variants of the invention to an F(ab), portion of an
immunoglobuliA using surface plasmon resonance analysis. The figures depict the
binding of Efab), at concentrations ranging from 45 nM - 185 pM to the various protein
A constry€Cts. Strong binding is observed for wild type protein A (FIG. 14A), and weak
binding is seen for the G29A control (FIG. 14B). No binding was detected for G29K
(FIG. 14C), G29R (FIG. 14D), and G29L (FIG. 14E)
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experiments for SpA chromatography resins. In figure 15A the unbound fraction of Fc
appears at 7 column volume (CV), and bound Fc elutes at 23 CV. In figure 15B the
unbound fraction of F(ab)2 appears at 7 CV, and bound Fc elutes between 23-25 C¥.

Detailed Description of the Invention

[0042] The present invention provides, at least in part, variants 4f SpA which
bind a Fab portion of an immunoglobulin with a lower affinity than th¢ wild-type SpA
and variants of SpA previously described, while retaining the abili#y to bind the Fc
portion of an immunoglobulin. In some embodiments, variants/0f SpA described herein
bind a Fab portion of an immunoglobulin with a higher affipity than an SpA having an

alanine at position 29.

I Definitions

[0043] In order that the present disclogfire may be more readily understood,
certain terms are first defined. Additional definitions are set forth throughout the detailed
description.

[0044] As used herein, the tem “immunoglobulin binding protein” refers to an
amino acid sequence variant of “SpA” or “protein A of Staphylococcus aureus,”
comprising one or more modified domains of SpA (e.g., one or more of modified E, D,
A, B, C or Z) which exhibit r¢duced binding to a Fab portion of an immunoglobulin or Ig
molecule relative to the wid-type SpA (wtSpA) or a known variant domain of SpA (e.g.,
Z domain). In some emdbodiments, an immunoglobulin binding protein of the present
invention compriseg’one or more modified domains E, D, A, B, C or Z, where each
domain includes/An amino acid substitution at position 29. In the case of domains E, D,
B, A or C, th¢/glycine at position 29 is replaced with an amino acid other than alanine or
tryptopharyand in the case of the Z domain, the alanine at position 29 is replaced with an
amino aCid other than glycine or tryptophan. In some embodiments, the glycine at
posifion 29 is replaced with an amino acid other than alanine, threonine and tryptophan

aid the alanine at position 29 is replaced with an amino acid other than glycine, threonine

anc yptopriati: SO -t OaGHRCHTSanioacCtaSequcee—varrfantshay—-6 - v
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and/or insertion of one or more amino acids anywhere within the parent amino acid
sequence and including an amino acid residue substitution at least at position 29. In sogie
embodiments, amino acid sequence variants will possess at least about 70%, or at leAst
about 80%, or at least about 85%, or at least about 90%, or at least about 95%, or/at least
about 96%, or at least about 97%, or at least about 98% identity with the parept sequence
(i.e. wt SpA domains or Z domain), where such variants bind the Fc portiof of an
immunoglobulin, however, exhibit reduced binding to a Fab portion of the
immunoglobulin relative to an SpA amino acid sequence which inclydes a glycine or an
alanine at position 29.
[0045] In an alternative embodiment, the glycine or glanine at position 29 is
replaced with a threonine or a tryptophan, where the immugpoglobulin-binding protein
binds the Fc portion of an immunoglobulin and exhibitsAncreased binding to a Fab
portion of the immunoglobulin relative to an SpA anyno acid sequence which includes an
alanine at position 29.
[0046] The term “sequence identity” fheans that two nucleotide or amino acid
sequences, when optimally aligned, such as/by the programs GAP or BESTFIT using
default gap weights, share at least 70% séquence identity, or at least 80% sequence
identity, or at least 85% sequence ideAtity, or at least 90% sequence identity, or at least
95% sequence identity or more. Eér sequence comparison, typically one sequence acts as
a reference sequence (e.9., parefit sequence), to which test sequences are compared.
When using a sequence comparison algorithm, test and reference sequences are input into
a computer, subsequence/coordinates are designated, if necessary, and sequence
algorithm program pgrameters are designated. The sequence comparison algorithm then
calculates the percgnt sequence identity for the test sequence(s) relative to the reference
sequence, basegfon the designated program parameters.
[0047] Optimal alignment of sequences for comparison can be conducted, e.g.,
by the logal homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981),
by the/homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443
(1970), by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci.
SA 85:2444 (1988), by computerized implementations of these algorithms (GAP,

11
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BESTFT, FASTA and- TFASTA T the Wisconsim Genetics Software Package, Genetics
Computer Group, 575 Science Dr., Madison, Wis.), or by visual inspection (see generally
Ausubel et al., Current Protocols in Molecular Biology). One example of algorithm tht
is suitable for determining percent sequence identity and sequence similarity is the
BLAST algorithm, which is described in Altschul et al., J. Mol. Biol. 215:403 (1990).
Software for performing BLAST analyses is publicly available through the National
Center for Biotechnology Information (publicly accessible through the Nagfonal Institutes
of Health NCBI internet server). Typically, default program parameterg’can be used to
perform the sequence comparison, although customized parameters gan also be used. For
amino acid sequences, the BLAST program uses as defaults a wofdlength (W) of 3, an
expectation (E) of 10, and the BLOSUMG62 scoring matrix (seg Henikoff & Henikoff,
Proc. Natl. Acad. Sci. USA 89:10915 (1989)).

[0048] In one embodiment, an immunoglobuljs binding protein according to the
present invention is based on an isolated domain of wiSpA (i.e., E, D, A, B or C) which
includes at least the glycine amino acid residue atfosition 29 replaced with an amino
acid residue other than an alanine or tryptophat, where the immunoglobulin binding
protein exhibits reduced binding to a Fab pgfition of the Ig molecule relative to an
immunoglobulin binding protein which jicludes an alanine or glycine at position 29. In
another embodiment, the immunogloBulin binding protein according to the invention is
based on a Z domain of SpA whicH includes at least the alanine residue at position 29
replaced with an amino acid otMer than glycine or tryptophan. In another embodiment,
the glycine residue at positigh 29 (i.e., in case of E, D, A, B and C domains) is replaced
with an amino acid residde other than alanine, threonine and tryptophan or the alanine
residue at position 29/i.e., in case of the Z domain) is replaced with an amino acid
residue other than glycine, threonine and tryptophan, where the immunoglobulin-binding
protein exhibit feduced binding to a Fab portion of an Ig molecule relative to an
immunoglobfilin-binding protein which includes alanine or glycine at position 29.

[0049] In some embodiments, an immunoglobulin binding protein according to
the prgsent invention includes at least two or more, or at least three or more, or at least

foyf or more, or at least five or more of domains designated E, D, A, B, C and Z, where

ach of the two or more, or three or more, or four or more, or five or more of the domains
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case of Z domain) at position 29 substituted with an amino acid residue other than a
glycine, alanine, tryptophan and threonine and where the immunoglobulin binding
protein exhibits reduced binding to a Fab portion of the Ig molecule relative to an
immunoglobulin binding protein which includes a glycine or alanine at position 29.
[0050] In some embodiments, an immunoglobulin binding protein agCording to
the invention includes multimers of the same domain (e.g., two or more of £ domain; two
or more of D domain; two or more of A domain; two or more of B domgin; two or more
of C domain; and two or more of Z domain), where each of the mongimers includes at
least a glycine or alanine at position 29 substituted with an amino/cid other than glycine,
alanine, tryptophan and threonine, where the immunoglobulin Binding protein exhibits
reduced binding to a Fab portion of the Ig molecule relativg’to an immunoglobulin
binding protein which includes an alanine or glycine at pOsition 29.

[0051] Suitable amino acids to replace glycihe or alanine at position 29 include
any of the standard naturally occurring amino acigs, excluding glycine, alanine and
tryptophan and in certain embodiments, excluding glycine, alanine, trytophan and
threonine. In some embodiments, the naturglly occurring amino acids include one of
lysine, arginine and leucine. In other embodiments, the naturally occurring amino acids
include one of lysine, arginine, leuciné, cysteine, aspartic acid, glutamic acid, glutamine,
phenylalanine, histidine, isoleucing, methionine, asparagine, proline, serine, valine and
tyrosine. Non-naturally occurriig amino acids and amino acid derivatives which are well
known in the art could also Je used to replace the glycine or alanine at position 29.
[0052] Exemplay SpA domain modifications are shown in Table I.
Immunoglobulin bindthg proteins encompassed by the present invention may include any
combinations of op€ or more, two or more, three or more, four or more, five or more, or
six or more of gomains (E, D, A, B, C and Z), where each domain includes a
modificatiory/at position 29, and where the glycine or alanine at position 29 is replaced
with an aphino acid residue other than glycine, alanine, and tryptophan and in some
emboddments, other than glycine, alanine, tryptophan and threonine. Also encompassed
by the present invention are immunoglobulin binding proteins which include two or more

domains of the same kind (e.g., two or more E domains; two or more D domains; two or

13


Darren
Polygonal Line


domains), where each domain includes a modification at position 29, where the amino

acid residue at position 29 is replaced with an amino acid residue other than glycine,

alanine and tryptophan and in some embodiments, other than glycine, alanine, tryptgphan

and threonine.

Table |

SpA domains including modifications

Designation

E, D, A, B, C or Z or domain-glycine 29 or alaine 29 replaced with
arginine

/E-G29R
D-G29R
A-G29R
B-G29R
C-G29R
Z-A29R

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
asparagine

E-G29N
D-G29N
A-G29N
B-G29N
C-G29N
Z-A29N

E, D, A, B, C or Z domain-glycine 29 or alaning’29 replaced with
aspartic acid

E-G29D
D-G29D
A-G29D
B-G29D
C-G29D
Z-A29D

E, D, A, B, C or Z domain-glycing/29 or alanine 29 replaced with
cysteine

E-G29C
D-G29C
A-G29C
B-G29C
C-G29C
Z-A29C

E,D, A, B, CorZ dghain-glycine 29 or alanine 29 replaced with
glutamine

E-G29Q
D-G29Q
A-G29Q
B-G29Q
C-G29Q
Z-A29Q

E, D, A, B/ C or Z domain-glycine 29 or alanine 29 replaced with
glutamig’acid

E-G29E
D-G29E
A-G29E
B-G29E
C-G29E
Z-A29E
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E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with
histidine

E-GZ%H
D-G29H
A-G29H
B-G29H
C-G29
Z-A2

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
1soleucine

/

E-G291

G291
A-G291
B-G291
C-G291
Z-A291

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced wit
leucine

E-G29L
D-G29L
A-G29L
B-G29L
C-G29L
Z-A29L

E, D, A, B, C or Z domain-glycine 29 or alanine 29 splaced with
lysine

E-G29K
D-G29K
A-G29K
B-G29K
C-G29K
Z-A29K

E, D, A, B, C or Z domain-glycine 29 or'alanine 29 replaced with
methionine

E-G29M
D-G29M
A-G29M
B-G29M
C-G29M
Z-A29M

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
phenylalanine

E-G29F
D-G29F
A-G29F
B-G29F
C-G29F
Z-A29F

E, D, A, B, C of Z domain-glycine 29 or alanine 29 replaced with
proline

E-G29P
D-G29P
A-G29P
B-G29P
C-G29P
Z-A29P

}Egﬁ, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
rine

E-G29S
D-G29S

A-G29S
B-G29S
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E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
threonine

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with -G29Y
tyrosine D-G29Y

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with E-G29V
valine D-G29V

[0053] As used interchangeably hergih, the terms “E domain,” “E domain of
SpA,” and “E domain of Staphylococcus pydtein A,” refer to the polypeptide whose
amino acid sequence is set forth in SE

sequence set forth in SEQ ID NO: 1.

NO:7 or that encoded by, €.g., the nucleotide
he “E domain” is a 51 amino acid polypeptide that
folds into a three-helix bundle stryCture. It is capable of binding Fc via residues on the
surface of helices 1 and 2, or tg’Fab via residues on the surface of helices 2 and 3. In
some embodiments, an E dgfnain according to the invention is at least 70% identical, or
at least 80% identical, or/at least 90% identical or at least 95% or more identical in
sequence to the amingacid sequence set forth in SEQ ID NO:7.

[0054]

SpA,” and “D domain of Staphylococcus protein A,” refer to the polypeptide whose

used interchangeably herein, the terms “D domain,” “D domain of

amino acid géquence is set forth in SEQ ID NO: 8 or that encoded by e.g., the nucleotide
sequence/set forth in SEQ ID NO: 2. The “D domain” is a 61 amino acid polypeptide
that folds into a three-helix bundle structure. It is capable of Fc binding via residues on
the/surface of helices 1 and 2, or to Fab via residues on the surface of helices 2 and 3. In

ome embodiments, a D domain according to the invention is at least 70% identical, or at
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sequence to the amino acid sequence set forth in SEQ ID NO: 8.

[0055] As used interchangeably herein, the terms “A domain,” “A domain o
SpA,” and “A domain of Staphylococcus protein A,” refer to the polypeptide whosg
amino acid sequence is set forth in SEQ ID NO: 3 or that encoded by, €.g., the ngcleotide
sequence set forth in SEQ ID NO: 9. The “A domain” is a 58 amino acid polypeptide
that folds into a three-helix bundle structure. It is capable of Fc binding vj4 residues on
the surface of helices 1 and 2, or to Fab via residues on the surface of hélices 2 and 3. In
some embodiments, an A domain according to the invention is at legst 70% identical, or
at least 80% identical, or at least 90% identical or at least 95% oy/more identical in
sequence to the amino acid sequence set forth in SEQ ID NO;

[0056] As used interchangeably herein, the termg “B domain,” “B domain of
SpA,” and “B domain of Staphylococcus protein A,” refer to the polypeptide whose
amino acid sequence is set forth in SEQ ID NO: 10 ¢f that encoded by, e.g., the
nucleotide sequence set forth in SEQ ID NO: 4. ¥he “B domain” is a 58 amino acid
polypeptide that folds into a three-helix bundlg’structure. It is capable of Fc binding via
residues on the surface of helices 1 and 2, ¢f to Fab via residues on the surface of helices
2 and 3. In some embodiments, a B doiain according to the invention is at least 70%
identical, or at least 80% identical, oy/at least 90% identical or at least 95% or more
identical in sequence to the aming/acid sequence set forth in SEQ ID NO: 10.

[0057] As used interghangeably herein, the terms “C domain,” “C domain of
SpA,” and “C domain of Stgphylococcus protein A,” refer to the polypeptide whose
amino acid sequence is g€t forth in SEQ ID NO: 11 or that encoded by, e.g., the
nucleotide sequence get forth in SEQ ID NO: 5. The “C domain” is a 58 amino acid
polypeptide that fglds into a three-helix bundle structure. It is capable of Fc binding via
residues on the/Aurface of helices 1 and 2, or to Fab via residues on the surface of helices
2 and 3. Ingome embodiments, a C domain according to the invention is at least 70%
identical/or at least 80% identical, or at least 90% identical or at least 95% or more
identjéal in sequence to the amino acid sequence set forth in SEQ ID NO: 11.

[0058] As used interchangeably herein, the terms “Z domain,” “Z domain of

pA” and “Z domain of protein A,” refer to the three helix, 59 amino acid polypeptide
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is set forth in SEQ ID NO: 12. An exemplary Z domain is described in Nilsson et al.,
Protein Engng., 1:107-113 (1997), the entire contents of which are incorporated by
reference herein.
[0059] The term “immunoglobulin,” “Ig” or “antibody” (used interchgrhgeably
herein) refers to a protein having a basic four-polypeptide chain structure copisting of
two heavy and two light chains, said chains being stabilized, for example, by interchain
disulfide bonds, which has the ability to specifically bind antigen. The/Aerm “single-
chain immunoglobulin” or “single-chain antibody” (used interchang€ably herein) refers
to a protein having a two-polypeptide chain structure consisting gf a heavy and a light
chain, said chains being stabilized, for example, by interchairypeptide linkers, which has
the ability to specifically bind antigen. The term “domain/ refers to a globular region of
a heavy or light chain polypeptide comprising peptide J6ops (€.9., comprising 3 to 4
peptide loops) stabilized, for example, by B-pleated Sheet and/or intrachain disulfide
bond. Domains are further referred to herein as constant” or “variable”, based on the
relative lack of sequence variation within the domains of various class members in the
case of a “constant” domain, or the signifigant variation within the domains of various
class members in the case of a “variablg” domain. Antibody or polypeptide “domains”
are often referred to interchangeably/in the art as antibody or polypeptide “regions”. The
“constant” domains of antibody lxght chains are referred to interchangeably as “light
chain constant regions”, “lighfchain constant domains”, “CL” regions or “CL” domains.
The “constant” domains of/antibody heavy chains are referred to interchangeably as
“heavy chain constant rggions”, “heavy chain constant domains”, “CH” regions or “CH”
domains. The “varighle” domains of antibody light chains are referred to interchangeably
as “light chain vagiable regions”, “light chain variable domains”, “VL” regions or “VL”
domains. The/variable” domains of antibody heavy chains are referred to
interchanggably as “heavy chain variable regions”, “heavy chain variable domains”,
“VH” regions or “VH” domains.
[0060 Immunoglobulins or antibodies may be monoclonal or polyclonal and
Ay exist in monomeric or polymeric form, for example, IgM antibodies which exist in

pentameric form and/or IgA antibodies which exist in monomeric, dimeric or multimeric
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comprising fewer amino acid residues than an intact or complete antibody or antibody
chain. Fragments can be obtained via chemical or enzymatic treatment of an intact or
complete antibody or antibody chain. Fragments can also be obtained by recombinght
means. When produced recombinantly, fragments may be expressed alone or aspart of a
larger protein called a fusion protein. Exemplary fragments include Fab, Fab/, F(ab’)2,
Fc and/or Fv fragments. Exemplary fusion proteins include Fc fusion protgins.

[0061] The term “antigen-binding fragment” refers to a polypéptide portion of
an immunoglobulin or antibody that binds an antigen or competes with intact antibody
(i.e., with the intact antibody from which they were derived) for ghtigen binding (i.e.,
specific binding). Binding fragments can be produced by recombinant DNA techniques,
or by enzymatic or chemical cleavage of intact immunoglopulins. Binding fragments
include Fab, Fab', F(ab'),, Fv, single chains, and single-¢hain antibodies.

[0062] The terms “polynucleotide” and “ny€leic acid molecule,” used
interchangeably herein, refer to polymeric forms gf nucleotides of any length, either
ribonucleotides or deoxyribonucleotides. Thegt terms include a single-, double- or triple-
stranded DNA, genomic DNA, cDNA, RNA, DNA-RNA hybrid, or a polymer
comprising purine and pyrimidine bases/or other natural, chemically or biochemically
modified, non-natural or derivatized fucleotide bases. The backbone of the
polynucleotide can comprise sugars and phosphate groups (as may typically be found in
RNA or DNA), or modified or/Aubstituted sugar or phosphate groups. In addition, a
double-stranded polynuclegtide can be obtained from the single stranded polynucleotide
product of chemical synghiesis either by synthesizing the complementary strand and
annealing the strandsinder appropriate conditions, or by synthesizing the complementary
strand de novo usifg a DNA polymerase with an appropriate primer. A nucleic acid
molecule can tgke many different forms, e.g., a gene or gene fragment, one or more
exons, one of more introns, mRNA, cDNA, recombinant polynucleotides, branched
polynuclgotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA of any
sequegce, nucleic acid probes, and primers. A polynucleotide may comprise modified
nugleotides, such as methylated nucleotides and nucleotide analogs, uracyl, other sugars

and linking groups such as fluororibose and thioate, and nucleotide branches. As used
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includes any of their analogs or modified forms of these bases, such as methylated
nucleotides, internucleotide modifications such as uncharged linkages and thioates, usg of
sugar analogs, and modified and/or alternative backbone structures, such as polyanpdes.
In a particular embodiment, a nucleic acid molecule comprises a nucleotide sequence
encoding a variant of SpA.

[0063] As used herein, the term “reduced binding” refers to any decrease in
binding to a Fab (or F(ab),) portion of an immunoglobulin molecule by’an
immunoglobulin binding protein according to the present inventionfelative to an
immunoglobulin binding protein which includes an alanine or glycine amino acid residue
at position 29. For example, binding to a Fab portion may be/decreased by about 10%, or
about 20%, or about 30%, or about 40%, or about 50%, or/about 60%, or about 70%, or
about 80%, or about 90%, or about 95%, or about 96%/or about 97%, or about 98%, or
about 99% or more, relative to an immunoglobulin pinding protein which includes a
glycine or an alanine amino acid residue at posityéon 29. In some embodiments, binding
to a Fab portion of an immunoglobulin molecle is reduced by at least 50% or more
relative to binding by an immunoglobulin grotein which includes a glycine or alanine at
position 29. In another embodiment, bjiding to a Fab portion of an immunoglobulin
molecule is reduced by at least 70% 6r more. In yet another embodiment, binding to a
Fab portion of an immunoglobuljd molecule is reduced by at least 90% or more, or at
least 95% or more, or at least 99% or more. In one embodiment, binding to a Fab portion
of an immunoglobulin molgcule is undetectable using conventional techniques in the art
and those described hergin. Binding to an immunoglobulin molecule can be detected
using well known teghniques including those described herein and including but not
limited to, for exgmple, affinity chromatography and surface plasmon resonance analysis.
In some embodiments, an immunoglobulin binding protein encompassed by the present
invention bds the Fc portion of an immunoglobulin molecule with a dissociation
constant/0f at least about 10™*M for a single IgG binding domain, or about 10™"' M for 5
tandefm IgG binding domains. In other embodiments, an immunoglobulin binding protein

acfording to the invention binds to the Fab portion of an immunoglobulin molecule with
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about 107 for intact protein A with five tandem binding domains.
[0064] As used herein, the term “increased binding” refers to any increase j
binding to a Fab (or F(ab),) portion of an immunoglobulin molecule by an
immunoglobulin binding protein according to the present invention relative to 4n
immunoglobulin binding protein which includes an alanine amino acid residue at position
29. For example, binding to a Fab portion may be increased by about 1096, or about
20%, or about 30%, or about 40%, or about 50%, or about 60%, or ahout 70%, or about
80%, or about 90%, or about 95%, or about 96%, or about 97%, of about 98%, or about
99% or more, relative to an immunoglobulin binding protein which includes an alanine
amino acid residue at position 29. In some embodiments, byding to a Fab portion of an
immunoglobulin molecule is increased by at least 50% o more relative to binding by an
immunoglobulin protein which includes an alanine at/fosition 29. In another
embodiment, binding to a Fab portion of an immugoglobulin molecule is increased by at
least 70% or more relative to the Fab binding by an immunoglobulin binding protein
which includes an alanine at position 29. In/et another embodiment, binding to a Fab
portion of an immunoglobulin molecule jicreased by at least 90% or more, or at least
95% or more, or at least 99% or morefelative to the Fab binding by an immunoglobulin
binding protein which includes an #lanine at position 29. In exemplary embodiments, an
immunoglobulin binding proteig which exhibits increased Fab binding relative to an
immunoglobulin binding profein including an alanine at position 29, includes a threonine
or a tryptophan at positiof 29. Binding to an immunoglobulin molecule can be detected
using well known techfiiques including those described herein and including but not
limited to, for example, affinity chromatography and surface plasmon resonance analysis.
[0065] he term “Fc-binding,” “binds to an Fc portion” or “binding to an Fc
portion” refeys to the ability of an immunoglobulin-binding protein described herein, to
bind to the'crystallizable part (Fc) of an antibody. In some embodiments, an
immunoglobulin-binding protein according to the present invention binds an Fc¢ portion
of 3 antibody (e.g., human IgG1, IgG2 or IgG4) with an affinity of at least 10”7 M, or at
fast 107 M, or at least 10° M.

21


Darren
Polygonal Line


f00661 The term “affimity scparation,  or alfinity puritication, as used herein,

refers to any purification or assaying technique which involves the addition of a sample

containing a target analyte (€.¢., an immunoglobulin) to a solid support which carries/On
it an immunoglobulin-binding protein, as described herein.
[0067] The term “chromatography,” as used herein, refers to any king/of

technique which separates the analyte (e.g., an immunoglobulin) to be measgred from
other molecules in the mixture and allows it to be isolated.
[0068] The term “affinity chromatography,” as used herein, fefers to a mode of
chromatography where the analyte to be separated is isolated by ityinteraction with a

ttically interacts with the

molecule (e.9., an immunoglobulin binding protein) which spe

analyte.

I1. SpA Structure and Immunoglobulin Bindin

[0069] SpA is about a 42-kDa protein deriy¥ed from the bacterium
Staphylococcus aureus and contains five tandem Aighly homologous extracellular
immunoglobulin (Ig)-binding domains at the X-terminus, designated E, D, A, B and C.
Each extracellular domain of SpA possessgé distinct Ig-binding sites. One site is for
Fcy (the constant region of IgG class ofAg) and the other is for the Fab portion of certain
Ig molecules (the portion of the Ig that is responsible for antigen recognition). It has
been reported that each of the domains contains a Fab binding site. The non-Ig binding
portion of SpA is located at th¢ C-terminus and is designated the X region or X-domain.
[0070] The clonipg of the gene encoding SpA is described in U.S. Patent No.
5,151,350, the entire coptents of which are incorporated by reference herein in their
entirety.

I1l.  Genergtion and Expression of SpA Variants
[0071]

suitable

The SpA variants of the present invention can be made using any
ethods known in the art. For example, standard techniques for site-directed
mutagenesis of nucleic acids may be used such as those described, for example, in the

lajforatory manual entitled Molecular Cloning by Sambrook, Fritsch and Maniatis.
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(PCR) mutagenesis may be used.

[0072] In some embodiments, SpA variants are generated using standard
genetic engineering techniques. For example, a nucleic acid molecule encoding domain
of SpA or portions thereof can be cloned into a suitable vector for expressionAn an
appropriate host cell. Suitable expression vectors are well known in the ary/and typically
include the necessary elements for the transcription and translation of th¢ variant SpA
coding sequence.

[0073] SpA variants described herein may also be synthésized chemically from
amino acid precursors for fragments using methods well knowa in the art, including solid
phase peptide synthetic methods such as the Boc (tert-butyléxycarbonyl) or Fmoc (9-
fluorenylmethyloxy carbonyl) approaches (see, e.g., U.$/Pat. Nos. 6,060,596; 4,879,378;
5,198,531; 5,240,680).

[0074] Expression of SpA variants can b€ accomplished in cells from
eukaryotic hosts such as yeasts, insects or mangnals, or in prokaryotic host cells, e.g.,
bacteria such as E. coli.

[0075] In some embodiments, ZpA variants may be expressed on the surface of
a bacteriophage such that each phage €ontains a DNA sequence that codes for an
individual SpA variant displayed ofi the phage surface. In this approach, a library of SpA
variants are made by synthesiziig random or semi random oligonucleotides at selected
positions in the SpA sequenge chosen to generate a variety of amino acids at these
positions. The encoding DNA is inserted into an appropriate phage vector, packaged into
a phage particle and yged to infect a suitable bacterial host. Each of the sequences is thus
cloned in one phagé vector and the SpA variant of interest (€.9., having a mutation at
position 29) caybe selected by finding those phage that bind to Fc but do not bind to Fab
(e.g., by a mgthod known as panning). The phages recovered in this way can be
amplified/and the selection repeated. Also, the phages can be isolated and the nucleotide

sequente encoding selected SpA variants determined by nucleotide sequencing.
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V. Binding of SpA variants to Fc and Fab

[0076] Following generation of the SpA variants, the binding specificity of the
SpA variants to Fab or Fc portions of an immunoglobulin is determined using standar
techniques in the art and those described herein.

[0077] For example, the SpA variant may be constructed with a histid
((His)¢-tag) for immobilization by nickel affinity chromatography. The nic
SpA can then be tested for Fc and Fab binding by adding appropriate fra
resin. Unbound material is washed away, and Fc and Fab are detected/in the elution
sample by gel electrophoresis.

[0078] Alternatively, Fc and Fab binding can be measyted by surface plasmon
resonance analysis. The SpA variant is immobilized on a chjp using amine-reactive
chemistry, and Fc or Fab fragment is flowed over the chip/ If Fc or Fab binds, an
increase in the surface plasmon resonance signal is obg€rved.

[0079] SpA can also be immobilized on cfromatography beads. Fc or Fab
binding is observed by comparing the flow-throwgh and elution peaks for the SpA resin.

V. Use of SpA and Variants thereof/for Making Chromatography Matrices

[0080] The present inventiph also provides a method of preparing a

chromatography matrix comprising at least one immunoglobulin-binding protein with
affinity for the Fc part of an anfibody and having reduced or no affinity for the Fab
portion of the antibody. In/one embodiment, such a method comprises: (a) providing a
nucleic acid sequence epfoding an isolated SpA domain (e.g., E, D, A, B, C or Z); (b)
mutating the nucleic gcid sequence to encode for a variant protein where at least the
glycine at positiory29 has been replaced by an amino acid other than alanine or
tryptophan; (c)£xpressing the variant protein in a host cell (e.g., a suitable prokaryotic
cell or a eukaryotic cell); (d) recovering the variant protein from the host cell; and (e)
couplingfhe variant protein to a solid support.

Solid support matrices include, but are not limited to, controlled pore
glahs, agarose, methacrylate, and polystyrene. The protein can be coupled to the matrix,

or example, by amine reactive or thiol reactive chemistry.
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[0082] This mvention 1s further 1llustrated by the following examples which
should not be construed as limiting. The contents of all references, patents and published
patent applications cited throughout this application, as well as the Figures, are

incorporated herein by reference.

Examples

Example 1:  Construction of Vectors Containing SpA Variants

[0083] A gene encoding the “B domain” of protein A is synth¢sized by standard

method using a DNA synthesizer. The 5’ end of the gene includes gcodon for an
initiating methionine as well as six histidine codons at the 3’ end/0f the gene. The gene is
provided in vector pJ56:8620. The parent vector pJ56 conferg’resistance to ampicillin,
kanamycin, chloramphenicol and gentamicin. Appropriatg'restriction enzyme sites for
the subsequent cloning of the gene into expression vectdrs are introduced into the gene at
both 5” and 3’ ends. A plasmid map of the vector isghown in Figure 5.

[0084] Glycine at position 29 is mutated'to each of the 19 other amino acids by
PCR-based methods using the Phusion High-PAdelity DNA polymerase (New England
Biolabs, Ipswich, MA). Phosphorylated py/mers are purchased from IDT DNA
(Coralville, 1A), as 100 uM solution in Aris EDTA buffer. The mutagenic primer has the
sequence: 5’ (P) GAAGAACAACGCAACNNNTTCATTCAGA (SEQ ID NO:19) where
NNN represents the three bases efcoding the amino acid at position 29. The non-
mutagenic primer has the sequénce 5’(P) GTTCAGGTTCGGCAGATGCAGGAT (SEQ
ed in 50 pL reactions containing dNTPs (0.2 mM each), 0.5
mM of each primer, 10 gg template plasmid, and 1 U of Phusion enzyme. PCR is carried
out according to the gcheme outlined in Table II.

Table I1: PCR conhditions

Cycle descrigtion | Temperature Time # of cycles

Initial dengfuration | 98 °C 30 seconds 1 cycle

Denatur;v{ion 98 °C 30 seconds

Anne@l{ng 56 °C 30 seconds 25 cycles

Extofision 72 °C 2 minutes

Fjral extension 98 °C 10 minutes 1 cycle
4°C Hold
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[0085] PCR reactions are treated with the restriction enzyme Dpnl (New
England Biolabs, Ipswich, MA) to reduce wild type background. To each 50 uL PCR
reaction, about 1 pL of Dpnl enzyme is added and the samples are incubated for abgfit
one hour at 37 °C.

[0086] E. coli NEB5a competent cells (New England Biolabs, Ipswich, MA)
are transformed with 2 pL of the Dpnl-treated PCR reaction. Cells are thgved on ice,
and 2 pL of the PCR reaction is added to 25 uL of cells. Following abdut a 30-minute
incubation on ice, cells are heat shocked for 30 seconds at about 42 7C. Cells are allowed
to recover for about 5 minutes on ice, and then 125 pL of SOC pfedia (New England
BioLabs) is added. Cells are incubated for about one hour at37 °C, and then 100 pL are
plated on LB plates (Northeast Laboratory Services, Wingfow, ME) containing 100
pg/mL ampicillin and grown overnight at about 37 °C/In order to obtain purified DNA,
individual colonies are picked for overnight culture/in LB containing 100 pg/mL
ampicillin. DNA is purified using spin mini-prep kits from Qiagen (Valencia, CA).
Primer pJR (5 GAATATGGCTCATAACAZCCCTTG) (SEQ ID NO:21) is used for
sequencing the mini-prepped DNA to confirm the identity of each clone (MWG Biotech,
Huntsville AL).

[0087] Following sequengé confirmation of the various clones, the gene for
each SpA variant is subcloned ifo a plasmid for expression of the variant in bacterial
cells. Plasmid is digested wigh the appropriate restriction enzymes (New England
Biolabs, Ipswich, MA), and the insert is gel purified on 1% agarose Reliant FastLane gels
(Lonza Inc., Allendale,NJ). The relevant band is cut out of the gel and purified using the

gel extraction kit from Qiagen (Valencia, CA). The purified insert is ligated into the
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[0088] Any suitable bacterial expression system can be used for expressing the
various SpA variants. For example, the protein may be expressed in Eschercia cgli such
as strain BL21(DE3) (Promega, Madison WI) from a pET vector such as pETf1a
(Novagen, Madison WI). A single colony is picked from a plate and growyovernight at
about 37 °C in LB media containing 100 ng/mL ampicillin. The overnjyght culture is
diluted 100-fold into fresh LB media containing 100 pg/mL ampicilin and grown to a
cell density such that the optical density at 600 nm is ~0.8. Follgaving the addition of 1
mM isopropyl-beta-D-thiogalactopyranoside, cells are grown for an additional two hours.
Expression is confirmed by SDS-PAGE analysis and Westérn blotting. An exemplary
protein A western blot is shown in Figure 8, which shoy's that protein A expression from
vector PET11a:8620 in E. coli BL21 (DE3) cells is ¢€tected using a chicken IgY anti-
protein A antibody.

[0089] Cells are harvested by centrifdgation (4000 rpm, 4 °C, 5 minutes) and
resuspended in 3 mL of phosphate buffere¢/saline containing 20 mM imidazole. Cells
are lysed by sonication, and cell debris )£ pelleted by centrifugation (4000 rpm, 4 °C, 30
minutes). SpA variants are purified ysing NiNTA spin columns (Qiagen), applying 400
pL cell lysate per spin column. COlumns are washed with 2x600 pL phosphate buffered
saline containing 20 mM imid#zole, and SpA is eluted in 2x200 pL phosphate buffered
saline containing 200 mM pnidazole. SpA is dialyzed overnight into PBS. Protein
concentration is confirm€d using the Dc protein assay (Bio-Rad Laboratories, Hercules,

CA) relative to a stapard curve prepared with bovine serum albumin.

Example 3: Binding of SpA Variants to Fc and Fab Fragments

[0090] Each SpA variant is subsequently tested for the ability to bind Fc and
Fab usidg NiNTA agarose resin (Qiagen). Fc and F(ab), fragments are obtained from
Jackfon ImmunoResearch (West Grove, PA). Each SpA variant is diluted to a
cdncentration of 0.11 mg/mL, Fc is diluted to a concentration of 0.44 mg/mL and F(ab),

is diluted to a concentration of 0.92 mg/mL, in phosphate buffered saline containing 20
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supernatant is discarded. The resin is washed with about 100 pl PBS with 20 mM
imidazole, incubated at room temperature for about 15 mins and pelleted again. The
supernatent is discarded. About 250 pl of each SpA variant at 0.11mg/ml or PBS g¢g6ntrol
is loaded onto the resin column in duplicates and incubated for about 30 mins ay/room
temperature. The resin is pelleted and the supernatant is saved for analysis. A'he pellet is
washed three times with 100 ul of PBS plus 20 mM imidazole each time, Ancubated for 5
mins and pelleted again. The supernatant is discarded. About 100 pl gf Fc or F(ab), is
tested for binding with each of the SpA variants or the PBS control by incubating with
the resin for about 30 mins. The resin is subsequently pelleted gnd the supernatant is
saved for analysis. The resin is washed again three times wigh about 100 pl of PBS plus
20 mM imidazole each time, incubated for 5 mins and pelfeted. The supernatant is
discarded this time. The bound fraction is eluted with Zbout 100 pl of PBS plus 20 mM
imidazole, incubated for about 15 mins and pelleted/ The supernatant is saved for further
analysis. The samples are subsequently analyzed by SDS-PAGE on 4-15% gradient gels
purchased from Bio-Rad Laboratories, CA, ag’depicted in Figures 9-12.

[0091] The binding of five protey A variants to Fc and F(ab)2 is tested by
surface plasmon resonance biosensor agalysis. All experiments are carried out in
phosphate buffered saline (PBS) copfaining 0.005% Tween-20. Protein A variants are
immobilized on ProteOn GLC sensor chip (Bio-Rad Laboratories, Hercules, CA) via
amine chemistry, with couplipg to a level of 500 RU. Three fold-dilution series of Fc and
F(ab), fragments (Jackson fmmunoResearch Laboratories, West Grove, PA) are prepared,
with protein concentratjons ranging from 45 nM to 185 pM, and each concentration is
analyzed in duplicatg’ Each concentration of Fc or F(ab), is injected for 250 seconds,
followed by 3.5 hoéurs of PBS to measure dissociation rates. Data are fit to a
heterogeneougtwo-site model in order to obtain on- and off-rates (ko, and ko). As
depicted infigures 13A-13E, the wild type glycine 29 protein, and each of G29A, G29R,
G29K apxd G29L bind Fc. Figures 14A-14E show that the wild type G29 is observed to
bind Fab, and G29A shows weak but detectable F(ab)2 binding. No F(ab)2 binding is
seén for G29R, G29K or G29L.
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009 and Fab binding are also evaluated following immaohbilization of the
SpA variants on chromatography resins. Controlled pore glass beads (50 mL each, mean
particle size of 60 pm, mean pore diameter of 800A) are functionalized with Protein A gr
Protein A variant according to the method for coupling Protein A to a solid support
described in International PCT Application No. WO 90/09237, the entire contentg’of
which are incorporated by reference herewin. After ligand coupling, the sampfes are
washed three times with 150 mL volume of each (in order): 0.1M Tris with/0.15M NaCl,
pH 8 followed by 0.05M Acetic Acid. Afterwards, the samples are equitibrated and
stored in PBS with azide.

[0093] Controlled pore glass affinity resins immobilized/with the corresponding
ligand are packed in a 6.6 mm id x 70 mm L OmniFit columng/ Buffers used in the
experiment are: (A) 50 mM sodium phosphate buffer, pH 7/2; and (B) 50 mM sodium
phosphate, pH 2, and the flow rate is 1.2 mL/min. Aftey'the column is equilibrated in the
starting buffer A, 100 uL of F(ab)2 or Fc at 1~2 mg/mL (Jackson ImmunoResearch, West
Grove, PA) in buffer A is injected into the columry/ After 10 column volume (CV) of
buffer A, buffer B is mixed in over 20 CV in afinear gradient. Ten more column volumes
of Buffer B run through the column before fhe column was regenerated by 2 CV of 6 M
guanidine hydrochloride. As depicted in/Figures 15A and 15B, the wild type glycine 29
protein as well as each of G29A, G29R, G29K and G29L bind Fc. The wild type G29 is
observed to bind Fab, and G29A sifows weak but detectable F(ab)2 binding. No F(ab)2
binding is seen for G29R, G29K or G29L.

[0094] In another gkemplary experiment, a full set of protein A variants are
tested for Fc and Fab binding by capturing them on NiNTA agarose resin (Qiagen).
Briefly, His-tagged prétein A variants having an amino acid substitution at position 29 of
the wtSpA are addgd in excess to the resin, the resin is washed with PBS containing 20
mM imidazole f6llowed by the addition of Fc or Fab portion of an immunoglobulin. The
resin is wash€d again with PBS containing 20 mM imidazole followed by elution of SpA
and IgG fragments with PBS containing 200 mM imidazole. The resulting elution
fractions are analysed on a 4-20% gradient gel (BioRad) followed by Commassie blue
stajding (Pierce). Resin with no protein A is used as a negative control. The results of an

gxemplary experiment are summarized below in Table III. While no apparent difference
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1n Fc binding 1s observed among the diiferent variants, the Fab binding 1s markedly

reduced for most of the variants. Most of the variants exhibit Fab binding that is less than
15% compared to wild type. Residual Fab binding of 24% or greater is observed for
three of the variants (G29A, G29T, and G29W).

Table 111

Fab binding quantitated by
Variant densitometry

(percentage of wild type glycine)
WT 100
G29K 4

G29R 9 /

G29L 7 /

G29A 24 /

G29C 5 /

G29D 8 /

G29E 11 /

G29F 7 /
G29H 5 /
G29l 8 /
G29M 9 /

G29N 8

G29P 14 /

G29Q 11 /

G29S 8 /

G29T /é?
G29vV / 10
G29W / 66

G29Y / 11

control / 11

[0095] The specification is most thoroughly understood in light of the teachings
of the feferences cited within the specification which are hereby incorporated by

refgrence. The embodiments within the specification provide an illustration of
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artisan readily recognizes that many other embodiments are encompassed by this
invention. All publications and inventions are incorporated by reference in their entirety’
To the extent that the material incorporated by reference contradicts or is inconsiste

with the present specification, the present specification will supercede any such mpdterial.
The citation of any references herein is not an admission that such references gre prior art
to the present invention.

[0096] Unless otherwise indicated, all numbers expressing quagtities of
ingredients, cell culture, treatment conditions, and so forth used in thg/specification,
including claims, are to be understood as being modified in all insgAnces by the term
“about.” Accordingly, unless otherwise indicated to the contragf, the numerical
parameters are approximations and may vary depending upofi the desired properties
sought to be obtained by the present invention. Unless ofherwise indicated, the term “at
least” preceding a series of elements is to be understogd to refer to every element in the
series. Those skilled in the art will recognize, or bg able to ascertain using no more than
routine experimentation, many equivalents to th¢€ specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following
claims.

[0097] Many modifications ghd variations of this invention can be made
without departing from its spirit and scope, as will be apparent to those skilled in the art.
The specific embodiments descptbed herein are offered by way of example only and are
not meant to be limiting in apy way. It is intended that the specification and examples be
considered as exemplary ghly, with a true scope and spirit of the invention being

indicated by the following claims.

31


Darren
Polygonal Line


<110> MILLIPORE CORPORATION

<120> NOVEL IMMUNOGLOBULIN-BINDING PROTEINS WITH IMPROVED
SPECIFICITY

<130> MCA-925 SG

<140> SG 200905295-2
<141> 2009-08-07

<150> 61/212,812
<151> 2009-04-16

<150> 61/188,549
<151> 2008-08-11

<160> 22
<170> PatentIn version 3.5

<210> 1

<211> 159

<212> DNA

<213> Staphylococcus aureus

<400> 1
gcgcaacaaa acgctttcta tcaggtac¥g aacatgccta acctgaacgce
cgatcagcgt 60

aacggcttca tccaaagcct gaagdacgac ccgagccagt ccgcaaacgt
tctgggtgaa 120

gctcaaaaac tgaacgacag gcaggcaccg aaagctgac
159

<210> 2

<211> 177
<212> DNA
<213> Staphylglcoccus aureus

<400> 2
gcccaacagy acaaatttaa caaagaccag cagtccgegt tctacgagat
tctgaacayg 60

cctaacftga atgaagaaca gcgcaacggt tttattcagt ctctgaagga
cgatglttct 120

caAtccacca acgtactggg cgaagcgaag aaactgaacg aatctcaggc tccgaag

<210> 3
<211> 174
<212> DNA
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<213> Staphylococcus aureus

<400> 3
gccgacaaca acttcaacaa agagcagcaa aacgctttct acgaaatcct
gaatatgcca 60

aatctgaacg aagagcagcg taacggtttc atccaatctc tgaaagacga
tcecgteccag 120

tcecgecgaatce tgctggcgga ggctaaaaag ctgaacgaat cccaggctcce gaaa
174

<210> 4

<211> 174

<212> DNA

<213> Staphylococcus aureus

<400> 4
gcagacaata agttcaataa agagcagcag aacgcatttf acgagatcct
gcatctgccg 60

aacctgaacg aagaacaacg caacggtttc attcagagcc tgaaagacga
cccatctcag 120

tccgctaace tgectggcgga agcaaagaag cigaacgatg cacaggcgcce gaaa
174

<210> 5

<211> 174

<212> DNA

<213> Staphylococcus aureys

<400> 5
gcggataaca aattcaacaa /ggagcaacag aacgcattct atgaaattct
gcacctgccg 60

aatctgacgg aggagcagAcg taacggcttt atccagtccc tgaaggatga
tcecgtetgtg 12

tctaaagaga tccgfggcgga ggcaaaaaaa ctgaatgatg cacaagctcc gaaa
174

aacctgaacg aagaacagcg taacgcgttt atccagtccc tgaaagacga
cccgagcecag 120



Darren
Polygonal Line


agcgcaaatc tgctggcgga agcgaaaaag ctgaacgactyg cccaggcgcce gaaa

174

<210> 17

<211> 51

<212> PRT

<213> Staphylococcus aureus

<400> 7
Ala Gln Gln Asn Ala Phe Tyr
Asn

1 5 10

Ala Asp Gln Arg Asn Gly Phe
Ser

20 25

Gln
Gln

Ser Ala Asn Val Leu Gly

35 40

Ala Pro Lys

50

<210> 8

<211> 61

<212> PRT

<213> Staphylococcus aure

<400> 8
Ala Asp Ala Gln Gln A
Phe
1

Lys

10

Tyr Glu Ile Leu
Gly

Met Pro

25

Phe Ile G/n Ser Leu Lys Asp
Leu

35 40

Glu Ala Lys Lys
50

Leu Asn
55

<210> 9
<211> 58

212 PRT

Ile Gln Ser Leu Lys

Gln Val Leu Asn Met Pro A

Glu Ala Gln Lys Leu Asn Asp

Phe Asn Lys Asp Gln

Asn Leu Asn Glu Glu

Asp Pro Ser Gln Ser

Glu Ser Gln Ala Pro

60

Leu

15

Pro

Ser

45

Gln Ser Ala

15

Gln Arg Asn

30

Thr Asn Val

45

Lys
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— <213> Staphylococcus—aureus

<400> 9

Ala Asp Asn Asn Phe Asn Lys Glu Gln
Ile

1 5

Leu Asn Met Pro Asn Leu Asn Glu Glu
Gln
20 25

Ser Leu Lys Asp Asp Pro Ser Gln Ser

Ala
35 40
Lys Lys Leu Asn Glu Ser Gln Ala Pro
50 55
<210> 10
<211> 58
<212> PRT

<213> Staphylococcus aureus

<400> 10

Ala Asp Asn Lys Phe Asn Lys Glu n
Ile

1 5

Leu His Leu Pro Asn Leu Asn/Glu Glu
Gln
20 25

Ser Leu Lys Asp Asp 0 Ser Gln Ser
Ala
35 40

Lys Lys Leu Asp Asp Ala Gln Ala Pro
55

5

Gln Asn Ala Phe Tyr Glu

10 15

Gln Arg Asn Gly Phe Il

30

Ala Asn Leu Leu a Glu

45

Lys

Gln Asn Ala Phe Tyr Glu

10 15

Gln Arg Asn Gly Phe Ile

30

Ala Asn Leu Leu Ala Glu

45

Lys

10 15
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TeU0 HiS LeU Pro ASH Leu Thr GIU GIU GIn AYyg ASH Gly PhOe 1le
Gln
20 25 30

Ser Leu Lys Asp Asp Pro Ser Val Ser Lys Glu Ile Leu Ala Glu
Ala
35 40 45

Lys Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> 12

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 12
Val Asp Asn Lys Phe Asn Lys Glu Gln Gln A
Ile

1 5

Ala Phe Tyr Glu

15

Leu His Leu Pro Asn Leu Asn Glu Glu/Gln Arg Asn Ala Phe Ile
Gln

20 30

Ser Leu Lys Asp Asp Pro Ser n Ser Ala Asn Leu Leu Ala Glu

Ala

35 40 45

Lys Lys Leu Asn Asp Al¥ Gln Ala Pro Lys
50 55

<210> 13

<211> 174
<212> DNA
<213> Staphylgcoccus aureus

<400> 13
gcagacaaty agttcaataa agagcagcag aacgcatttt acgagatcct
gcatctgcygy 60

aacctgldacg aagaacaacg caaccgcttc attcagagcc tgaaagacga
tcag 120

tcfgctaacc tgctggcgga agcaaagaag ctgaacgatg cacaggcgcc gaaa

<210> 14
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211

174
Z L L 773

<212> DNA
<213> Staphylococcus aureus

<400> 14
gcagacaata agttcaataa agagcagcag aacgcatttt acgagatcct
gcatctgccg 60

aacctgaacg aagaacaacg caacaaattc attcagagcc tgaaagacga
cccatctcag 120

tccgctaace tgctggcgga agcaaagaag ctgaacgatg cacaggcgcc/gaaa
174

<210> 15

<211> 174

<212> DNA

<213> Staphylococcus aureus

<400> 15
gcagacaata agttcaataa agagcagcag aacgcatt
gcatctgccg 60

acgagatcct

aacctgaacg aagaacaacg caacctgttc attcgfagcc tgaaagacga

cccatctcag 120
tccgetaacce tgctggcgga agcaaagaag gaacgatg cacaggcgcc gaaa
174

<210> 16

<211> 58

<212> PRT

<213> Staphylococcus aur

<400> 16
Ala Asp Asn Lys Phe
Ile
1

n Lys Glu Gln Gln Asn Ala Phe Tyr Glu

5 10 15

Leu His Leu Pr
Gln

Asn Leu Asn Glu Glu Gln Arg Asn Leu Phe Ile

25 30

s Asp Asp Pro Ser Gln Ser Ala Asn Leu Leu Ala Glu
Ala
35 40 45

LyZ Lys Leu Asn Asp Ala Gln Ala Pro Lys
50 55

<210> 17
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ot B

indilel
g . ~ 0

<212> PRT

<213> Staphylococcus aureus

<400> 17
Ala Asp Asn
Ile

1

Leu His Leu
Gln

Ser Leu Lys
Ala
35

Lys Lys Leu
50

<210> 18
<211> 58
<212> PRT

Lys Phe Asn Lys

5

Pro Asn Leu Asn

20

Asp Asp Pro Ser

Asn Asp Ala Gln
55

<213> Staphylococcus aureus

<400> 18
Ala Asp Asn
Ile

1

Leu His Leu
Gln

Ser Leu Lys
Ala
35

Lys Lys Leu

Lys Phe Asn Lys

5

Glu Gln Gln Asn Ala Phe Tyr Glu

10 15

Glu Glu Gln Arg Asn Lys Phe e

25 30

Gln Ser Ala Asn Leu Ley Ala Glu

40 5

Ala Pro Lys

Gluy/Gln Gln Asn Ala Phe Tyr Glu

10 15

Glu Glu Gln Arg Asn Arg Phe Ile

25 30

Gln Ser Ala Asn Leu Leu Ala Glu

40 45

Ala Pro Lys

<223> Description of Artificial Sequence: Synthetic primer
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<220>

<221> modified base

<222> (16)..(18)

<223> a, ¢, t, g, unknown or other

<400> 19
gaagaacaac gcaacnnntt cattcaga
28

<210> 20

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: SynthetjC primer

<400> 20
gttcaggttc ggcagatgca ggat
24

<210> 21

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial quence: Synthetic primer

<400> 21
gaatatggct cataacaccc cttg
24

<210> 22

<211> 6

<212> PRT

<213> Artificial Seglience

<220>
<223> Descripti of Artificial Sequence: Synthetic 6xHis tag

<400> 22
His His His HAis His His
1 5
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NOVEL IMMUNOGLOBULIN-BINDING PROTEINS WITH
IMPROVED SPECIFICITY

Related Applications

[0001] The present application claims the benefit of priority of U.S. Provisional
Patent Application No. 61/188,549, filed on August 11, 2008, and U.S. Provisional
Patent Application No. 61/212,812, filed on April 16, 2009, the entire contents of each

of which are incorporated by reference herein in their entirety.

Field of the Invention

[0002] The present invention relates to modified immunoglobulin-binding
proteins, e.g., Staphylococcus protein A, having improved binding specificity for

immunoglobulins and methods of making and using the same.

Backaround
[0003] Staphylococcal protein A (SpA), is a 42kDa multi-domain protein from

the bacterium Staphylococcus aureus. SpA is bound to the bacterial cell wall via its
carboxy-terminal cell wall binding region, referred to as the X domain. At the amino-
terminal region, it includes five immunoglobulin-binding domains, referred to as E, D,
A, B, and C (Sjodhal, Eur J Biochem. Sep;78(2):471-90 (1977); Uhlen et al., J Biol
Chem. Feb 10;259(3):1695-702 (1984)). Each of these domains contains
approximately 58 amino acid residues, and they share 65-90% amino acid sequence
identity. The Z domain of SpA is an engineered analogue of the B domain of SpA and
includes an alanine instead of a glycine residue at position 29.

[0004] SpA based reagents have found a widespread use in the field of
biotechnology, e.g., in affinity chromatography for capture and purification of
antibodies as well as in antibody detection methods. At present, SpA-based affinity
media probably are the most widely used affinity media for isolation of monoclonal
antibodies and their fragments from different samples including cell culture.
Accordingly, various matrices comprising protein A-ligands are commercially
available including, for example, ProSep®-vA High Capacity, ProSep® vA Ultra and
ProSep® UltraPlus (Millipore) and Protein A SepharoseTM, MabSelect™, MabSelect
Xtra™ and MabSelect SuRe® (GE Healthcare).
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[0005] WO 00/69459 disclose Protein A based binding domains with desirable
activities.

Summary of the Invention

[0006] The present invention provides, at least in part, novel and improved SpA
variants which exhibit either decreased or increased binding to a Fab portion of an
immunoglobulin compared to the previously known SpA variants, while retaining the
ability to bind the Fc portion of the immunoglobulin. The present invention provides
novel and improved SpA variants which exhibit reduced Fab binding compared to the
many commercially available protein-A based reagents which bind Fab, a property
which is sometimes undesirable.

[0007] According to a first aspect of the present invention, there is provided an
isolated immunoglobulin binding protein according to claim 1. Preferred features are
given in claims 2 to 10.

[0008] There is described an immunoglobulin-binding domain based on one or
more C domains of SpA which are modified to replace at least the amino acid at position
29. The amino acid at position 29 is a glycine, which is replaced with an amino acid
other than alanine or tryptophan. In a particular embodiment, the glycine at position 29
is replaced with an amino acid other than alanine, threonine and tryptophan or the
alanine at position 29 is replaced with an amino acid other than glycine, threonine and
tryptophan.

[0009] There is also described, in an isolated immunoglobulin-binding protein is
provided, which comprises at least an E domain of SpA, in which at least the glycine
residue at position 29 is replaced with an amino acid residue other than alanine or
tryptophan and where the immunoglobulin-binding protein exhibits binding to an Fc
portion of an immunoglobulin but exhibits reduced binding to a Fab portion of the
immunoglobulin relative to an immunoglobulin-binding protein which includes either
alanine or glycine at position 29. In a particular embodiment, the glycine residue at
position 29 of the E domain is replaced with an amino acid residue other than alanine,

threonine and tryptophan.

[0010] There is also described an isolated immunoglobulin-binding protein is
provided, which comprises at least a D domain of SpA, in which at least the glycine
residue at position 29 is replaced with an amino acid residue other than alanine or

tryptophan and where the immunoglobulin-binding protein exhibits binding to an Fc
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portion of an immunoglobulin but exhibits reduced binding to a Fab portion of the
immunoglobulin relative to an immunoglobulin-binding protein which includes
alanine or glycine at position 29. In a particular embodiment, the glycine residue at
position 29 of the D domain is replaced with an amino acid residue other than alanine,
threonine and tryptophan.

[0011] There is also described an isolated immunoglobulin-binding protein is
provided, which comprises at least an A domain of SpA, in which at least the glycine
residue at position 29 replaced with an amino acid residue other than alanine or
tryptophan and where the immunoglobulin-binding protein exhibits binding to an Fc
portion of an immunoglobulin but exhibits reduced binding to a Fab portion of the
immunoglobulin relative to an immunoglobulin-binding protein which includes an
alanine or glycine at position 29. In a particular embodiment, the glycine residue at
position 29 of the A domain is replaced with an amino acid residue other than alanine,
threonine and tryptophan.

[0012] In another embodiment, an isolated immunoglobulin-binding protein is
provided, which comprises at least a B domain of SpA, in which at least the glycine
residue at position 29 replaced with an amino acid residue other than alanine or
tryptophan and where the immunoglobulin-binding protein exhibits binding to an Fc
portion of an immunoglobulin but exhibits reduced binding to a Fab portion of the
immunoglobulin relative to an immunoglobulin-binding protein which includes an
alanine or glycine at position 29. In a particular embodiment, the glycine residue at
position 29 of the B domain is replaced with an amino acid residue other than alanine,
threonine and tryptophan.

[0013] There is also described an isolated immunoglobulin-binding protein is
provided, which comprises at least a C domain of SpA, in which at least the glycine
residue at position 29 is replaced with an amino acid residue other than alanine or
tryptophan and where the immunoglobulin-binding protein exhibits binding to an Fc
portion of an immunoglobulin but exhibits reduced binding to a Fab portion of the
immunoglobulin relative to an immunoglobulin-binding protein which includes an
alanine or glycine at position 29. In a particular embodiment, the glycine residue at
position 29 of the C domain is replaced with an amino acid residue other than alanine,
threonine and tryptophan.
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[0014] An immunoglobulin-binding protein is provided, which comprises at least a
Z domain of SpA, in which at least the alanine residue at position 29 replaced with an amino
acid residue other than glycine or tryptophan and where the immunoglobulin-binding
protein exhibits binding to an Fc portion of an immunoglobulin but exhibits reduced
binding to a Fab portion of the immunoglobulin relative to an immunoglobulin-binding
protein which includes an alanine or glycine at position 29. In a particular embodiment,
the alanine residue at position 29 of the Z domain is replaced with an amino acid residue
other than glycine, threonine and tryptophan.

[0015] In some embodiments, an immunoglobulin-binding protein according to the
present invention includes more than one modified SpA domain or known variants thereof
(e.g., more than one of E, D, A, B, C and/or Z and any combinations thereof) where each
domain comprises the glycine (i.e. in case of E, D, A, B and C domains) or alanine (i.e., in
case of Z domain) at position 29 substituted with another amino acid, e.g., an amino acid
other than alanine, glycine or tryptophan. In a particular embodiment, the glycine or
alanine at position 29 is replaced with an amino acid other than alanine, glycine, tryptophan
and threonine.

[0016] In some embodiments, the glycine (G) at position 29 in one or more of
isolated E, D, A, B, and C domains or alanine at position 29 in the isolated Z domain is
replaced with an amino acid selected from the group consisting of leucine (L), lysine (K),
asparagine (N), valine (V), isoleucine (I), serine (S), cysteine (C), methionine (M),
phenylalanine (F), tyrosine (Y), glutamic acid (E), glutamine (Q), histidine (H), proline
(P), arginine (R), aspartic acid (D) or a functional variant or derivative thereof.

[0017] In a yet further embodiment, an immunoglobulin-binding protein according
to the invention further includes at least a portion of the carboxy-terminal region of SpA
(designated the X domain).

[0018] An immunoglobulin-binding protein according to the present invention
further comprises an asparagine, e.g., at position 23, substituted with another amino acid.
[0019] In an alternative embodiment, an isolated immunoglobulin-binding protein
comprising one or more isolated E, D, A, B, C or Z domains of Staphyloccocus protein A
is provided, where the one or more isolated domains comprise: (i) at least the glycine
residue at position 29 replaced with an amino acid residue other than alanine when the
domainis E, D, A, B or C domain or (ii) at least the alanine at position 29 replaced with
an amino acid other than glycine when the domain is the Z domain, where the

immunoglobulin-binding protein binds an Fc portion of an immunoglobulin and exhibits
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increased binding to a Fab portion of the immunoglobulin relative to an immunoglobulin-
binding protein including alanine at position 29.

[0020] In some embodiments, an isolated immunoglobulin-binding protein
according to the present invention includes a threonine or a tryptophan at position 29, where
immunoglobulin-binding protein binds an Fc portion of an immunoglobulin and exhibits
increased binding to a Fab portion of the immunoglobulin relative to an immunoglobulin-
binding protein including alanine at position 29. In some embodiments, the Fc portion may
be a part of an Fc fusion protein.

[0021] The immunoglobulins which are capable of being bound by the various
immunoglobulin-binding proteins described herein include one or more of 1gG, IgA and
IgM.

[0022] The invention includes, a chromatography matrix useful for the isolation of
immunoglobulins or antibodies is provided. In one embodiment, a chromatography matrix
according to the present invention comprises an isolated immunoglobulin binding protein,

as described herein, coupled to a solid support.

[0023] Also provided herein are nucleic acid molecules encoding the various
immunoglobulin-binding proteins described herein, as well as host cells including such
nucleic acid molecules. In some embodiments, a host cell is a prokaryotic cell. In other
embodiments, a host cell is a eukaryotic cell.

[0024] Additionally, the present invention encompasses a library of polypeptides
comprising one or more immunoglobulin-binding proteins described herein, and
functional variants thereof. In yet another embodiment, the present invention provides a
library of nucleic acid molecules encoding one or more immunoglobulin- binding proteins
encompassed by the present invention or encoding functional variants thereof.

[0025] Also provided herein are methods of using the immunoglobulin-binding
proteins described herein. In some embodiments, a method of affinity purifying one or
more immunoglobulins from a sample is provided, which comprises the steps of: (a)
providing a sample comprising one or more immunoglobulins; (b) contacting the sample
with a chromatography matrix comprising an immunoglobulin binding protein, as
described herein, under conditions such that the one or more immunoglobulins bind to the
matrix; and recovering the one or more bound immunoglobulins by eluting at a suitable
pH.

[0026] In various embodiments described herein, the suitable pH at which one or more

bound immunoglobulins are eluted is an acidic pH.
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Brief Description of the Drawings
[0027]

FIG. 1 depicts the nucleic acid sequences for the wild type (wt) IgG binding domains of
SpA, represented by SEQ ID NOs:1-5. SEQ ID NO:1 represents the nucleic acid
sequence for the wt E domain; SEQ ID NO: 2 represents the nucleic acid sequence for the
wt D domain; SEQ ID NO: 3 represents the nucleic acid sequence for the wt A domain;
SEQ ID NO: 4 represents the nucleic acid sequence for the wt B domain; and SEQ ID
NO: 5 represents the nucleic acid sequence for the wt C domain.

FIG. 2 depicts the nucleic acid sequence for the Z domain of SpA, represented by SEQ
ID NO: 6.

FIG. 3 depicts the amino acid sequence alignments of the wild type (wt) IgG binding
domains of SpA (E, D, A, B and C) including a glycine at position 29. SEQ ID NO: 7
represents the amino acid sequence of the wt E domain; SEQ ID NO: 8 represents the
amino acid sequence of the wt D domain; SEQ ID NO: 9 represents the amino acid
sequence of the wt A domain; SEQ ID NO: 10 represents the amino acid sequence of the
wt B domain; and SEQ ID NO: 11 represents the amino acid sequence of the wt C domain.

FIG. 4 depicts the amino acid sequence of the Z domain, represented by SEQ ID NO: 12.

FIG. 5 depicts a schematic of the plasmid pJ56:8620.

FIG. 6 depicts the nucleic acid sequences for three SpA B domain mutants, in which the
glycine at position 29 has been replaced by leucine, lysine or arginine. SEQ ID NO: 13
represents the nucleic acid sequence for the SpA mutant G29L; SEQ ID NO: 14 represents
the nucleic acid sequence for the SpA mutant G29K; and SEQ ID NO: 15 represents the
nucleic acid sequence for the SpA mutant G29R.

FIG. 7 depicts the amino acid sequences for three SpA B domain mutants, in which the
glycine at position 29 has been replaced by leucine, lysine or arginine. SEQ ID NO: 16
represents the amino acid sequence for the SpA B domain mutant G29L; SEQ ID NO: 17
represents the amino acid sequence for the SpA B domain mutant G29K; and SEQ ID NO:

18 represents the amino acid sequence for the SpA B domain mutant G29R.

FIG. 8 depicts an exemplary Western Blot experiment in which protein A expression from

vector PET11a:8620 in E. Coli BL21(DE3) cells was detected using a Chicken IgY anti-

protein A antibody.

FIG. 9 depicts the results of a representative experiment evaluating the binding of Fc and
F(ab), portions of an immunoglobulin to nickel resin alone (negative control) or to
MabSelect SuRe® chromatography medium (positive control), followed by SDS-PAGE
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analysis, which is shown. E represents eluate or the bound fraction following
chromatography and S represents supernatant or the unbound fraction following
chromatography. From left to right: lane 1 depicts a molecular weight marker; lanes 2-5
depict binding of either F(ab), (lanes 2(E), 3(S)) or Fc (lanes 4(E), 5(S)) to the nickel resin;
lanes 6-9 depict binding of either F(ab), (lanes 6(S), 7(E)) or Fc (lanes 8(S), 9(E)) to the
MabSelect SURe®; and lanes 10 and 11 represent F(ab), and Fc alone. F(ab), runs on an
SDS-PAGE as a doublet of about 18 and 20 kDa and Fc runs on an SDS PAGE at about
22 kDa. As shown in lanes 2(E) and 4(E) respectively, both F(ab), and Fc exhibit weak to
no binding to the nickel resin (negative control). Also, as shown in lane 7(E), F(ab), shows
binding to the MabSelect SuRe®, while Fc shows significant binding to the MabSelect
SuRe® (positive control).

FIG. 10 depicts the results of a representative experiment evaluating the binding of F(ab),
and Fc portions of an immunoglobulin to His-tagged wild-type SpA (wtSpA) or His-
tagged B-domain variant including an alanine instead of glycine at position 29 (G29A)
using nickel affinity chromatography followed by SDS-PAGE analysis, which is shown.
F represents protein A feed; FT represents protein A flow- through; S represents
supernatant following the Fc or Fab binding step (unbound fraction); and E represents
elution fraction (bound fraction). From left to right: lane 1 depicts a molecular weight
marker; lane 2 depicts the F fraction from the experiment evaluating the binding of wtSpA
to F(ab), or Fc; lanes 3-5 depict the binding of wtSpA to F(ab), in the FT (lane 3), S (lane
4) and E (lane 5) fractions; lanes 6-8 depict the binding of wtSpA to Fc in the FT (lane 6),
S (lane 7) and E (lane 8) fractions; lane 9 depicts the F fraction from the experiment
evaluating the binding of G29A to F(ab), or Fc; lanes 10-12 depict the binding of G29A
to F(ab), in the FT (lane 10), S (lane 11) and E (lane 12) fractions; and lanes 13-15 depict
the binding of G29A to Fc in the FT (lane 13), S (lane 14) and E (lane 15) fractions.

FIG. 11 depicts the results of a representative experiment evaluating the binding of F(ab),
and Fc portions of an immunoglobulin to a His-tagged B-domain variant including a
leucine instead of glycine at position 29 (G29L) using nickel affinity chromatography
followed by SDS-PAGE, which is shown. F represents protein A feed;

FT represents protein A flow-through; S represents supernatant following the Fc or F(ab),
binding step (unbound fraction); and E represents elution fraction (bound fraction). From

left to right: lane 1 depicts a molecular weight marker; lane 2 depicts the F fraction; lanes
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3-5 depict the binding of F(ab)2 to G29L in FT (lane 3), S (lane 4) or E (lane 5) fractions;
and lanes 6-8 depict the binding of Fc to G29L in FT (lane 6), S (lane 7) and E (lane 8)
fractions.

FIG. 12 depicts the results of a representative experiment evaluating the binding of F(ab),
and Fc portions of an immunoglobulin to a His-tagged B-domain variant including a lysine
instead of glycine at position 29 (G29K) and to a His-tagged B- domain variant including
an arginine instead of glycine at position 29 (G29R) using nickel affinity chromatography
followed by SDS-PAGE, which is shown. F represents protein A feed; FT represents
protein A flow-through; S represents supernatant following the Fc or F(ab), binding step
(unbound fraction); and E represents elution fraction (bound fraction). From left to right:
lane 1 depicts a molecular weight marker; lane 2 depicts the F fraction from the experiment
evaluating the binding of G29K to F(ab), and Fc; lanes 3-5 depict the binding of F(ab), to
G29K in FT (lane 3), S (lane 4) or E (lane 5) fractions; lanes 6-8 depict the binding of Fc
to G29K in FT (lane 6), S (lane 7) and E (lane 8) fractions; lane 9 represents the F fraction
from the experiment evaluating the binding of G29R to F(ab), and Fc; lanes 10-12 depict
the binding of F(ab), to G29R in FT (lane 10), S (lane 11) or E (lane 12) fractions; and
lanes 13-15 depict the binding of Fc to G29R in FT (lane 13), S (lane 14) and E (lane 15)
fractions.

FIGs. 13A-13E depict the results of a representative experiment further evaluating the
binding of SpA variants of the invention to an Fc portion of an immunoglobulin using
surface plasmon resonance analysis. The figures depict the binding of Fc at concentrations
ranging from 45 nM - 185 pM to wild type protein A (FIG. 13A) and G29A (FIG. 13B)
controls, and to constructs G29K (FIG. 13C), G29R (FIG. 13D), and G29L (FIG. 13E)
FIGs. 14A-14E depict the results of a representative experiment further evaluating the
binding of SpA variants of the invention to an F(ab), portion of an immunoglobulin using
surface plasmon resonance analysis. The figures depict the binding of F(ab), at
concentrations ranging from 45 nM - 185 pM to the various protein A constructs. Strong
binding is observed for wild type protein A (FIG. 14A), and weak binding is seen for the
G29A control (FIG. 14B). No binding was detected for G29K (FIG. 14C), G29R (FIG.
14D), and G29L (FIG. 14E)

FIGs 15A-15B depict the results of a representative Fc and Fab pulse experiments for SpA
chromatography resins. In figure 15A the unbound fraction of Fc appears at 7 column
volume (CV), and bound Fc elutes at 23 CV. In figure 15B the unbound fraction of F(ab)2
appears at 7 CV, and bound Fc elutes between 23-25 CV.
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Detailed Description of the Invention

[0028] The present invention provides, at least in part, variants of SpA which bind a
Fab portion of an immunoglobulin with a lower affinity than the wild-type SpA and variants
of SpA previously described, while retaining the ability to bind the Fc portion of an
immunoglobulin. In some embodiments, variants of SpA described herein bind a Fab
portion of an immunoglobulin with a higher affinity than an SpA having an alanine at
position 29.

l. Definitions

[0029] In order that the present disclosure may be more readily understood, certain
terms are first defined. Additional definitions are set forth throughout the detailed
description.

[0030] As used herein, the term “immunoglobulin binding protein” refers to an
amino acid sequence variant of “SpA” or “protein A of Staphylococcus aureus,”
comprising one or more modified domains of SpA (e.g., one or more of modified E, D, A,
B, C or Z) which exhibit reduced binding to a Fab portion of an immunoglobulin or Ig
molecule relative to the wild-type SpA (wtSpA) or a known variant domain of SpA (e.g.,
Z domain). In some embodiments, an immunoglobulin binding protein of the present
invention comprises one or more modified domains E, D, A, B, C or Z, where each domain
includes an amino acid substitution at position 29. In the case of domains E, D, B, A or C,
the glycine at position 29 is replaced with an amino acid other than alanine or tryptophan
and in the case of the Z domain, the alanine at position 29 is replaced with an amino acid
other than glycine or tryptophan. In some embodiments, the glycine at position 29 is
replaced with an amino acid other than alanine, threonine and tryptophan and the alanine
at position 29 is replaced with an amino acid other than glycine, threonine and tryptophan.
In some embodiments, amino acid sequence variants may differ from the parent amino acid
sequence from which they are derived, in the substitution, deletion and/or insertion of one
or more amino acids anywhere within the parent amino acid sequence and including an
amino acid residue substitution at least at position 29. In some embodiments, amino acid
sequence variants will possess at least about 70%, or at least about 80%, or at least about
85%, or at least about 90%, or at least about 95%, or at least about 96%, or at least about
97%, or at least about 98% identity with the parent sequence (i.e. wt SpA domains or Z
domain), where such variants bind the Fc portion of an immunoglobulin, however, exhibit
reduced binding to a Fab portion of the immunoglobulin relative to an SpA amino acid

sequence which includes a glycine or an alanine at position 29.
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[0031] In an alternative embodiment, the glycine or alanine at position 29 is replaced
with a threonine or a tryptophan, where the immunoglobulin-binding protein binds the Fc
portion of an immunoglobulin and exhibits increased binding to a Fab portion of the
immunoglobulin relative to an SpA amino acid sequence which includes an alanine at
position 29.

[0032] The term “sequence identity” means that two nucleotide or amino acid
sequences, when optimally aligned, such as by the programs GAP or BESTFIT using
default gap weights, share at least 70% sequence identity, or at least 80% sequence identity,
or at least 85% sequence identity, or at least 90% sequence identity, or at least 95%
sequence identity or more. For sequence comparison, typically one sequence acts as a
reference sequence (e.g., parent sequence), to which test sequences are compared. When
using a sequence comparison algorithm, test and reference sequences are input into a
computer, subsequence coordinates are designated, if necessary, and sequence algorithm
program parameters are designated. The sequence comparison algorithm then calculates
the percent sequence identity for the test sequence(s) relative to the reference sequence,
based on the designated program parameters.

[0033] Optimal alignment of sequences for comparison can be conducted, e.g., by
the local homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by
the homology alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970),
by the search for similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA
85:2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer
Group, 575 Science Dr., Madison, Wis.), or by visual inspection (see generally Ausubel
et al., Current Protocols in Molecular Biology). One example of algorithm that is suitable
for determining percent sequence identity and sequence similarity is the BLAST
algorithm, which is described in Altschul et al., J. Mol. Biol. 215:403 (1990). Software
for performing BLAST analyses is publicly available through the National Center for
Biotechnology Information (publicly accessible through the National Institutes of Health
NCBI internet server). Typically, default program parameters can be used to perform the
sequence comparison, although customized parameters can also be used. For amino acid
sequences, the BLAST program uses as defaults a wordlength (W) of 3, an expectation
(E) of 10, and the BLOSUM®62 scoring matrix (see Henikoff & Henikoff, Proc. Natl.
Acad. Sci. USA 89:10915 (1989)).

10
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[0034] In one embodiment, an immunoglobulin binding protein according to the
present invention is based on an isolated domain of wtSpA (i.e., E, D, A, B or C) which
includes at least the glycine amino acid residue at position 29 replaced with an amino acid
residue other than an alanine or tryptophan, where the immunoglobulin binding protein
exhibits reduced binding to a Fab portion of the Ig molecule relative to an immunoglobulin
binding protein which includes an alanine or glycine at position 29. In another
embodiment, the immunoglobulin binding protein according to the invention is based on a
Z domain of SpA which includes at least the alanine residue at position 29 replaced with
an amino acid other than glycine or tryptophan. In another embodiment, the glycine residue
at position 29 (i.e., in case of E, D, A, B and C domains) is replaced with an amino acid
residue other than alanine, threonine and tryptophan or the alanine residue at position 29
(i.e., in case of the Z domain) is replaced with an amino acid residue other than glycine,
threonine and tryptophan, where the immunoglobulin-binding protein exhibit reduced
binding to a Fab portion of an Ig molecule relative to an immunoglobulin-binding protein
which includes alanine or glycine at position 29.

[0035] In some embodiments, an immunoglobulin binding protein according to the
present invention includes at least two or more, or at least three or more, or at least four or
more, or at least five or more of domains designated E, D, A, B, C and Z, where each of
the two or more, or three or more, or four or more, or five or more of the domains include
at least a glycine (e.g., in the case of domains E, D, A, B and C) or alanine (in the case of
Z domain) at position 29 substituted with an amino acid residue other than a glycine,
alanine, tryptophan and threonine and where the immunoglobulin binding protein exhibits
reduced binding to a Fab portion of the Ig molecule relative to an immunoglobulin binding
protein which includes a glycine or alanine at position 29.

[0036] In some embodiments, an immunoglobulin binding protein according to the
invention includes multimers of the same domain (e.g., two or more of E domain; two or
more of D domain; two or more of A domain; two or more of B domain; two or more of C
domain; and two or more of Z domain), where each of the monomers includes at least a
glycine or alanine at position 29 substituted with an amino acid other than glycine, alanine,
tryptophan and threonine, where the immunoglobulin binding protein exhibits reduced
binding to a Fab portion of the 1g molecule relative to an immunoglobulin binding protein
which includes an alanine or glycine at position 29.

[0037] Suitable amino acids to replace glycine or alanine at position 29 include any

of the standard naturally occurring amino acids, excluding glycine, alanine and tryptophan
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and in certain embodiments, excluding glycine, alanine, trytophan and threonine. In some
embodiments, the naturally occurring amino acids include one of lysine, arginine and
leucine. In other embodiments, the naturally occurring amino acids include one of lysine,
arginine, leucine, cysteine, aspartic acid, glutamic acid, glutamine, phenylalanine,
histidine, isoleucine, methionine, asparagine, proline, serine, valine and tyrosine. Non-
naturally occurring amino acids and amino acid derivatives which are well known in the
art could also be used to replace the glycine or alanine at position 29.

[0038] Exemplary SpA domain modifications are shown in Table |I.
Immunoglobulin binding proteins encompassed by the present invention may include any
combinations of one or more, two or more, three or more, four or more, five or more, or
six or more of domains (E, D, A, B, C and Z), where each domain includes a modification
at position 29, and where the glycine or alanine at position 29 is replaced with an amino
acid residue other than glycine, alanine, and tryptophan and in some embodiments, other
than glycine, alanine, tryptophan and threonine. Also encompassed by the present
invention are immunoglobulin binding proteins which include two or more domains of the
same kind (e.g., two or more E domains;

[0039] two or more D domains; two or more A domains; two or more B domains;
two or more C domains; and two or more Z domains), where each domain includes a
modification at position 29, where the amino acid residue at position 29 is replaced with
an amino acid residue other than glycine, alanine and tryptophan and in some embodiments,

other than glycine, alanine, tryptophan and threonine.

Table |

SpA domains including modifications Designation

E, D, A, B, C or Z or domain-glycine 29 or alaine 29 replaced with E-G29R

arginine D-G29R
A-G29R
B-G29R
C-G29R
Z-A29R

E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with E-G29N

asparagine D-G29N
A-G29N
B-G29N
C-G29N
Z-A29N

12
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E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
aspartic acid

E-G29D
D-G29D
A-G29D
B-G29D
C-G29D
Z-A29D

E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with
cysteine

E-G29C
D-G29C
A-G29C
B-G29C
C-G29C
Z-A29C

E,D, A, B,CorZ domain-glycine 29 or alanine 29 replaced with
glutamine

E-G29Q
D-G29Q
A-G29Q
B-G29Q
C-G29Q
Z-A29Q

E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with
glutamic acid

E-G29E
D-G29E
A-G29E
B-G29E
C-G29E
Z-A29E

E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with
histidine

E-G29H
D-G29H
A-G29H
B-G29H
C-G29H
Z-A29H

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
isoleucine

E-G29I
D-G29I
A-G291
B-G29I
C-G29I
Z-A29I

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
leucine

E-G29L
D-G29L
A-G29L
B-G29L
C-G29L
Z-A29L

E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with
lysine

E-G29K
D-G29K
A-G29K
B-G29K
C-G29K
Z-A29K

13
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E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with
methionine

E-G29M
D-G29M
A-G29M
B-G29M
C-G29M
Z-A29M

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
phenylalanine

E-G29F
D-G29F
A-G29F
B-G29F
C-G29F
Z-A29F

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
proline

E-G29P
D-G29P
A-G29P
B-G29P
C-G29P
Z-A29P

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
serine

E-G29S
D-G29S
A-G29S
B-G29S
C-G29S
Z-A29S

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
threonine

E-G29T
D-G29T
A-G29T
B-G29T
C-G29T
Z-A29T

E, D, A, B, Cor Z domain-glycine 29 or alanine 29 replaced with
tyrosine

E-G29Y
D-G29Y
A-G29Y
B-G29Y
C-G29Y
Z-A29Y

E, D, A, B, C or Z domain-glycine 29 or alanine 29 replaced with
valine

E-G29V
D-G29Vv
A-G29V
B-G29V
C-G29v
Z-A29V

[0040] As used interchangeably herein, the terms “E domain,” “E domain of SpA,”
and “E domain of Staphylococcus protein A,” refer to the polypeptide whose amino acid
sequence is set forth in SEQ ID NO:7 or that encoded by, e.g., the nucleotide sequence
set forth in SEQ ID NO: 1. The “E domain” is a 51 amino acid polypeptide that folds

14
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into a three-helix bundle structure. It is capable of binding Fc via residues on the surface
of helices 1 and 2, or to Fab via residues on the surface of helices 2 and 3. In some
embodiments, an E domain according to the invention is at least 70% identical, or at
least 80% identical, or at least 90% identical or at least 95% or more identical in sequence
to the amino acid sequence set forth in SEQ ID NO: 7.

[0041] As used interchangeably herein, the terms “D domain,” “D domain of
SpA,” and “D domain of Staphylococcus protein A,” refer to the polypeptide whose
amino acid sequence is set forth in SEQ ID NO: 8 or that encoded by e.g., the
nucleotide sequence set forth in SEQ ID NO: 2. The “D domain” is a 61 amino acid
polypeptide that folds into a three-helix bundle structure. It is capable of Fc binding
via residues on the surface of helices 1 and 2, or to Fab via residues on the surface of
helices 2 and 3. In some embodiments, a D domain according to the invention is at
least 70% identical, or at

[0042] least 80% identical, or at least 90% identical or at least 95% or more
identical in sequence to the amino acid sequence set forth in SEQ ID NO: 8.

[0043] As used interchangeably herein, the terms “A domain,” “A domain of
SpA,” and “A domain of Staphylococcus protein A,” refer to the polypeptide whose
amino acid sequence is set forth in SEQ ID NO: 3 or that encoded by, e.g., the
nucleotide sequence set forth in SEQ ID NO: 9. The “A domain” is a 58 amino acid
polypeptide that folds into a three-helix bundle structure. It is capable of Fc binding
via residues on the surface of helices 1 and 2, or to Fab via residues on the surface of
helices 2 and 3. In some embodiments, an A domain according to the invention is at
least 70% identical, or at least 80% identical, or at least 90% identical or at least 95%
or more identical in sequence to the amino acid sequence set forth in SEQ ID NO: 3.
[0044] As used interchangeably herein, the terms “B domain,” “B domain of
SpA,” and “B domain of Staphylococcus protein A,” refer to the polypeptide whose
amino acid sequence is set forth in SEQ ID NO: 10 or that encoded by, e.g., the
nucleotide sequence set forth in SEQ ID NO: 4. The “B domain” is a 58 amino acid
polypeptide that folds into a three-helix bundle structure. It is capable of Fc binding
via residues on the surface of helices 1 and 2, or to Fab via residues on the surface of
helices 2 and 3. In some embodiments, a B domain according to the invention is at
least 70% identical, or at least 80% identical, or at least 90% identical or at least 95%

or more identical in sequence to the amino acid sequence set forth in SEQ ID NO: 10.
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[0045] As used interchangeably herein, the terms “C domain,” “C domain of
SpA,” and “C domain of Staphylococcus protein A,” refer to the polypeptide whose
amino acid sequence is set forth in SEQ ID NO: 11 or that encoded by, e.g., the
nucleotide sequence set forth in SEQ ID NO: 5. The “C domain” is a 58 amino acid
polypeptide that folds into a three-helix bundle structure. It is capable of Fc binding
via residues on the surface of helices 1 and 2, or to Fab via residues on the surface of
helices 2 and 3. In some embodiments, a C domain according to the invention is at
least 70% identical, or at least 80% identical, or at least 90% identical or at least 95%
or more identical in sequence to the amino acid sequence set forth in SEQ ID NO: 11.
[0046] As used interchangeably herein, the terms “Z domain,” “Z domain of SpA”

and “Z domain of protein A,” refer to the three helix, 59 amino acid polypeptide

[0047] that is a variant of the B domain of protein A. The amino acid sequence
of the Z domain is set forth in SEQ ID NO: 12. An exemplary Z domain is described
in Nilsson et al., Protein Engng., 1:107-113 (1997).

[0048] The term “immunoglobulin,” “Ig” or “antibody” (used interchangeably
herein) refers to a protein having a basic four-polypeptide chain structure consisting of
two heavy and two light chains, said chains being stabilized, for example, by interchain
disulfide bonds, which has the ability to specifically bind antigen. The term “single-
chain immunoglobulin” or “single-chain antibody” (used interchangeably herein)
refers to a protein having a two-polypeptide chain structure consisting of a heavy and
a light chain, said chains being stabilized, for example, by interchain peptide linkers,
which has the ability to specifically bind antigen. The term “domain” refers to a
globular region of a heavy or light chain polypeptide comprising peptide loops (e.g.,
comprising 3 to 4 peptide loops) stabilized, for example, by B-pleated sheet and/or
intrachain disulfide bond. Domains are further referred to herein as “constant” or
“variable”, based on the relative lack of sequence variation within the domains of
various class members in the case of a “constant” domain, or the significant variation
within the domains of various class members in the case of a “variable” domain.
Antibody or polypeptide “domains” are often referred to interchangeably in the art as
antibody or polypeptide “regions”. The “constant” domains of antibody light chains
are referred to interchangeably as “light chain constant regions”, “light chain constant
domains”, “CL” regions or “CL” domains. The “constant” domains of antibody heavy
chains are referred to interchangeably as “heavy chain constant regions”, “heavy chain

constant domains”, “CH” regions or “CH” domains. The “variable” domains of
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antibody light chains are referred to interchangeably as “light chain variable regions”,
“light chain variable domains”, “VL” regions or “VL” domains. The *“variable”
domains of antibody heavy chains are referred to interchangeably as “heavy chain

variable regions”, “heavy chain variable domains”, “VH” regions or “VH” domains.

[0049] Immunoglobulins or antibodies may be monoclonal or polyclonal and
may exist in monomeric or polymeric form, for example, IgM antibodies which exist
in pentameric form and/or IgA antibodies which exist in monomeric, dimeric or
multimeric form. The term “fragment” refers to a part or portion of an antibody or
antibody chain comprising fewer amino acid residues than an intact or complete
antibody or antibody chain. Fragments can be obtained via chemical or enzymatic
treatment of an intact or complete antibody or antibody chain. Fragments can also be
obtained by recombinant means. When produced recombinantly, fragments may be
expressed alone or as part of a larger protein called a fusion protein. Exemplary
fragments include Fab, Fab’, F(ab’)2, Fc and/or Fv fragments. Exemplary fusion
proteins include Fc fusion proteins.

[0050] The term “antigen-binding fragment” refers to a polypeptide portion of

an immunoglobulin or antibody that binds an antigen or competes with intact

antibody (i.e., with the intact antibody from which they were derived) for antigen
binding (i.e., specific binding). Binding fragments can be produced by recombinant
DNA techniques, or by enzymatic or chemical cleavage of intact immunoglobulins.
Binding fragments include Fab, Fab', F(ab"),, Fv, single chains, and single-chain
antibodies.

[0051] The terms “polynucleotide” and “nucleic acid molecule,” used
interchangeably herein, refer to polymeric forms of nucleotides of any length, either
ribonucleotides or deoxyribonucleotides. These terms include a single-, double- or
triple- stranded DNA, genomic DNA, cDNA, RNA, DNA-RNA hybrid, or a polymer
comprising purine and pyrimidine bases, or other natural, chemically or biochemically
modified, non-natural or derivatized nucleotide bases. The backbone of the
polynucleotide can comprise sugars and phosphate groups (as may typically be found in
RNA or DNA), or modified or substituted sugar or phosphate groups. In addition, a
double-stranded polynucleotide can be obtained from the single stranded polynucleotide
product of chemical synthesis either by synthesizing the complementary strand and
annealing the strands under appropriate conditions, or by synthesizing the

complementary strand de novo using a DNA polymerase with an appropriate primer. A
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nucleic acid molecule can take many different forms, e.g., a gene or gene fragment, one
or more exons, one or more introns, mMRNA, cDNA, recombinant polynucleotides,
branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated
RNA of any sequence, nucleic acid probes, and primers. A polynucleotide may comprise
modified nucleotides, such as methylated nucleotides and nucleotide analogs, uracyl,
other sugars and linking groups such as fluororibose and thioate, and nucleotide
branches. As used herein, “DNA” or “nucleotide sequence” includes not only bases A,
T, C, and G, but also includes any of their analogs or modified forms of these bases, such
as methylated nucleotides, internucleotide modifications such as uncharged linkages and
thioates, use of sugar analogs, and modified and/or alternative backbone structures, such
as polyamides. In a particular embodiment, a nucleic acid molecule comprises a
nucleotide sequence encoding a variant of SpA.

[0052] As used herein, the term “reduced binding” refers to any decrease in

binding to a Fab (or F(ab)z) portion of an immunoglobulin molecule by an

immunoglobulin binding protein according to the present invention relative to an

immunoglobulin binding protein which includes an alanine or glycine amino acid

residue at position 29. For example, binding to a Fab portion may be decreased by

about 10%, or about 20%, or about 30%, or about 40%, or about 50%, or about 60%,

or about 70%, or about 80%, or about 90%, or about 95%, or about 96%, or about 97%,

or about 98%, or about 99% or more, relative to an immunoglobulin binding protein

which includes a glycine or an alanine amino acid residue at position 29. In some

embodiments, binding to a Fab portion of an immunoglobulin molecule is reduced by

at least 50% or more relative to binding by an immunoglobulin protein which includes

a glycine or alanine at position 29. In another embodiment, binding to a Fab portion of

an immunoglobulin molecule is reduced by at least 70% or more. In yet another

embodiment, binding to a Fab portion of an immunoglobulin molecule is reduced by at

least 90% or more, or at least 95% or more, or at least 99% or more. In one embodiment,

binding to a Fab portion of an immunoglobulin molecule is undetectable using

conventional techniques in the art and those described herein. Binding to an

immunoglobulin molecule can be detected using well known techniques including those

described herein and including but not limited to, for example, affinity chromatography

and surface plasmon resonance analysis. In some embodiments, an immunoglobulin

binding protein encompassed by the present invention binds the Fc portion of an

immunoglobulin molecule with a dissociation constant of at least about 10°M for a
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single 1gG binding domain, or about 10™ M for 5 tandem 1gG binding domains. In
other embodiments, an immunoglobulin binding protein according to the invention
binds to the Fab portion of an immunoglobulin molecule with a dissociation constant
of about 10-5 M for a single immunoglobulin binding domain or about 10-6 for intact
protein A with five tandem binding domains.

[0053] As used herein, the term “increased binding” refers to any increase in
binding to a Fab (or F(ab)2) portion of an immunoglobulin molecule by an
immunoglobulin binding protein according to the present invention relative to an
immunoglobulin binding protein which includes an alanine amino acid residue at
position 29. For example, binding to a Fab portion may be increased by about 10%, or
about 20%, or about 30%, or about 40%, or about 50%, or about 60%, or about 70%, or
about 80%, or about 90%, or about 95%, or about 96%, or about 97%, or about 98%, or
about 99% or more, relative to an immunoglobulin binding protein which includes an
alanine amino acid residue at position 29. In some embodiments, binding to a Fab
portion of an immunoglobulin molecule is increased by at least 50% or more relative to
binding by an immunoglobulin protein which includes an alanine at position 29. In
another embodiment, binding to a Fab portion of an immunoglobulin molecule is
increased by at least 70% or more relative to the Fab binding by an immunoglobulin
binding protein which includes an alanine at position 29. In yet another embodiment,
binding to a Fab portion of an immunoglobulin molecule increased by at least 90% or
more, or at least 95% or more, or at least 99% or more relative to the Fab binding by an
immunoglobulin binding protein which includes an alanine at position 29. In exemplary
embodiments, an immunoglobulin binding protein which exhibits increased Fab binding
relative to an immunoglobulin binding protein including an alanine at position 29,
includes a threonine or a tryptophan at position 29. Binding to an immunoglobulin
molecule can be detected using well known techniques including those described herein
and including but not limited to, for example, affinity chromatography and surface
plasmon resonance analysis.

[0054] The term “Fc-binding,” “binds to an Fc portion” or “binding to an Fc portion”
refers to the ability of an immunoglobulin-binding protein described herein, to bind to the
crystallizable part (Fc) of an antibody. In some embodiments, an immunoglobulin-binding
protein according to the present invention binds an Fc portion of an antibody (e.g., human
IgG1, 1gG2 or IgG4) with an affinity of at least 10-7 M, or at least 10-8 M, or at least 10-9
M.
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[0055] The term “affinity separation,” or “affinity purification,” as used herein,
refers to any purification or assaying technique which involves the addition of a sample
containing a target analyte (e.g., an immunoglobulin) to a solid support which carries on
it an immunoglobulin-binding protein, as described herein.

[0056] The term “chromatography,” as used herein, refers to any kind of
technique which separates the analyte (e.g., an immunoglobulin) to be measured from
other molecules in the mixture and allows it to be isolated.

[0057] The term “affinity chromatography,” as used herein, refers to a mode of
chromatography where the analyte to be separated is isolated by its interaction with a
molecule (e.g., an immunoglobulin binding protein) which specifically interacts with the

analyte.
1. SpA Structure and Immunoglobulin Binding Sites
[0058] SpA is about a 42-kDa protein derived from the bacterium Staphylococcus

aureus and contains five tandem highly homologous extracellular immunoglobulin (1g)-
binding domains at the N-terminus, designated E, D, A, B and C. Each extracellular
domain of SpA possesses distinct 1g-binding sites. One site is for Fcy (the constant
region of 1gG class of Ig) and the other is for the Fab portion of certain Ig molecules (the
portion of the Ig that is responsible for antigen recognition). It has been reported that
each of the domains contains a Fab binding site. The non-Ig binding portion of SpA is
located at the C-terminus and is designated the X region or X-domain.

[0059] The cloning of the gene encoding SpA is described in U.S. Patent No.
5,151,350, the entire contents of which are incorporated by reference herein in their
entirety.

I11.  Generation and Expression of SpA Variants

[0060] The SpA variants of the present invention can be made using any suitable
methods known in the art. For example, standard techniques for site-directed
mutagenesis of nucleic acids may be used such as those described, for example, in the
laboratory manual entitled Molecular Cloning by Sambrook, Fritsch and Maniatis.
Additionally, standard molecular biology techniques involving polymerase chain

reaction (PCR) mutagenesis may be used.
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[0061] In some embodiments, SpA variants are generated using standard genetic
engineering techniques. For example, a nucleic acid molecule encoding a domain of SpA
or portions thereof can be cloned into a suitable vector for expression in an appropriate
host cell. Suitable expression vectors are well known in the art and typically include the
necessary elements for the transcription and translation of the variant SpA coding
sequence.

[0062] SpA variants described herein may also be synthesized chemically from
amino acid precursors for fragments using methods well known in the art, including solid
phase peptide synthetic methods such as the Boc (tert-butyloxycarbonyl) or Fmoc (9-
fluorenylmethyloxy carbonyl) approaches (see, e.g., U.S. Pat. Nos. 6,060,596;
4,879,378; 5,198,531, 5,240,680).

[0063] Expression of SpA variants can be accomplished in cells from eukaryotic
hosts such as yeasts, insects or mammals, or in prokaryotic host cells, e.g., bacteria
such as E. coli.

[0064] In some embodiments, SpA variants may be expressed on the surface of a
bacteriophage such that each phage contains a DNA sequence that codes for an
individual SpA variant displayed on the phage surface. In this approach, a library of SpA
variants are made by synthesizing random or semi random oligonucleotides at selected
positions in the SpA sequence chosen to generate a variety of amino acids at these
positions. The encoding DNA is inserted into an appropriate phage vector, packaged
into a phage particle and used to infect a suitable bacterial host. Each of the sequences
is thus cloned in one phage vector and the SpA variant of interest (e.g., having a mutation
at position 29) can be selected by finding those phage that bind to Fc but do not bind to
Fab (e.g., by a method known as panning). The phages recovered in this way can be
amplified and the selection repeated. Also, the phages can be isolated and the nucleotide

sequence encoding selected SpA variants determined by nucleotide sequencing.
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IV.  Binding of SpA variants to Fc and Fab
[0065] Following generation of the SpA variants, the binding specificity of the

SpA variants to Fab or Fc portions of an immunoglobulin is determined using standard
techniques in the art and those described herein.

[0066] For example, the SpA variant may be constructed with a histidine tag
((His)e-tag) for immobilization by nickel affinity chromatography. The nickel-bound
SpA can then be tested for Fc and Fab binding by adding appropriate fragments to the
resin. Unbound material is washed away, and Fc and Fab are detected in the elution
sample by gel electrophoresis.

[0067] Alternatively, Fc and Fab binding can be measured by surface plasmon
resonance analysis. The SpA variant is immobilized on a chip using amine-reactive
chemistry, and Fc or Fab fragment is flowed over the chip. If Fc or Fab binds, an
increase in the surface plasmon resonance signal is observed.

[0068] SpA can also be immobilized on chromatography beads. Fc or Fab

binding is observed by comparing the flow-through and elution peaks for the SpA resin.

V. Use of SpA and Variants thereof for Making Chromatography Matrices

[0069] The present invention also provides a method of preparing a
chromatography matrix comprising at least one immunoglobulin-binding protein with
affinity for the Fc part of an antibody and having reduced or no affinity for the Fab
portion of the antibody. In one embodiment, such a method comprises: (a) providing
a nucleic acid sequence encoding an isolated SpA domain (e.g., E, D, A, B, C or Z); (b)
mutating the nucleic acid sequence to encode for a variant protein where at least the
glycine at position 29 has been replaced by an amino acid other than alanine or
tryptophan; (c) expressing the variant protein in a host cell (e.g., a suitable prokaryotic
cell or a eukaryotic cell); (d) recovering the variant protein from the host cell; and (e)
coupling the variant protein to a solid support.

[0070] Solid support matrices include, but are not limited to, controlled pore
glass, agarose, methacrylate, and polystyrene. The protein can be coupled to the matrix,

for example, by amine reactive or thiol reactive chemistry.

22


Darren
Polygonal Line


[0071] This invention is further illustrated by the following examples which should
not be construed as limiting. The contents of all references, patents and published patent
applications cited throughout this application, as well as the Figures, are incorporated

herein by reference.

Examples

Example 1:  Construction of Vectors Containing SpA Variants

[0072] A gene encoding the “B domain” of protein A is synthesized by standard
method using a DNA synthesizer. The 5’ end of the gene includes a codon for an
initiating methionine as well as six histidine codons at the 3’ end of the gene. The gene
is provided in vector pJ56:8620. The parent vector pJ56 confers resistance to ampicillin,
kanamycin, chloramphenicol and gentamicin. Appropriate restriction enzyme sites for
the subsequent cloning of the gene into expression vectors are introduced into the gene at
both 5’ and 3’ ends. A plasmid map of the vector is shown in Figure 5.

[0073] Glycine at position 29 is mutated to each of the 19 other amino acids by PCR-
based methods using the Phusion High-Fidelity DNA polymerase (New England Biolabs,
Ipswich, MA). Phosphorylated primers are purchased from IDT DNA (Coralville, 1A),
as 100 uM solution in Tris EDTA buffer. The mutagenic primer has the sequence:
5’(P)GAAGAACAACGCAACNNNTTCATTCAGA (SEQ ID NO:19) where NNN
represents the three bases encoding the amino acid at position 29. The non- mutagenic
primer has the sequence 5’(P) GTTCAGGTTCGGCAGATGCAGGAT (SEQ ID NO:20).
PCR is performed in 50 pL reactions containing dNTPs (0.2 mM each), 0.5 mM of each
primer, 10 pg template plasmid, and 1 U of Phusion enzyme. PCR is carried out according
to the scheme outlined in Table II.

Table Il: PCR conditions

Cycle description Temperature Time # of cycles

Initial denaturation | 98 °C 30 seconds 1 cycle

Denaturation 98 °C 30 seconds

Annealing 56 °C 30 seconds 25 cycles

Extension 72 °C 2 minutes

Final extension 98 °C 10 minutes 1 cycle
4°C Hold
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[0074] PCR reactions are treated with the restriction enzyme Dpnl (New England
Biolabs, Ipswich, MA) to reduce wild type background. To each 50 uL. PCR reaction,
about 1 pL of Dpnl enzyme is added and the samples are incubated for about one hour
at 37 °C.

[0075] E. coli NEBSa competent cells (New England Biolabs, Ipswich, MA) are
transformed with 2 uL of the Dpnl-treated PCR reaction. Cells are thawed on ice, and
2 uL of the PCR reaction is added to 25 uL of cells. Following about a 30-minute
incubation on ice, cells are heat shocked for 30 seconds at about 42 °C. Cells are
allowed to recover for about 5 minutes on ice, and then 125 uL of SOC media (New
England BioLabs) is added. Cells are incubated for about one hour at 37 °C, and then
100 uL are plated on LB plates (Northeast Laboratory Services, Winslow, ME)
containing 100 pg/mL ampicillin and grown overnight at about 37 °C. In order to obtain
purified DNA, individual colonies are picked for overnight culture in LB containing
100 pg/mL ampicillin. DNA is purified using spin mini-prep kits from Qiagen
(Valencia, CA). Primer pJR (5 GAATATGGCTCATAACACCCCTTG) (SEQ ID NO:
21) is used for sequencing the mini-prepped DNA to confirm the identity of each clone
(MWG Biotech, Huntsville AL).

[0076] Following sequence confirmation of the various clones, the gene for each
SpA variant is subcloned into a plasmid for expression of the variant in bacterial cells.
Plasmid is digested with the appropriate restriction enzymes (New England Biolabs,
Ipswich, MA), and the insert is gel purified on 1% agarose Reliant FastLane gels (Lonza
Inc., Allendale, NJ). The relevant band is cut out of the gel and purified using the gel
extraction kit from Qiagen (Valencia, CA). The purified insert is ligated into the
backbone of a suitable expression vector using T4 DNA ligase (New England Biolabs,
Ipswich, MA). The resulting plasmid is used to transform E. coli NEB5a competent

cells as described above.
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Example 2:  Expression and Purification of Protein A Variants

[0077] Any suitable bacterial expression system can be used for expressing the
various SpA variants. For example, the protein may be expressed in Eschercia coli such
as strain BL21(DE3) (Promega, Madison WI) from a pET vector such as pET1la
(Novagen, Madison WI). A single colony is picked from a plate and grown overnight at
about 37 °C in LB media containing 100 ug/mL ampicillin. The overnight culture is
diluted 100-fold into fresh LB media containing 100 pg/mL ampicillin and grown to a
cell density such that the optical density at 600 nm is ~0.8. Following the addition of 1
mM isopropyl-beta-D-thiogalactopyranoside, cells are grown for an additional two
hours. Expression is confirmed by SDS-PAGE analysis and Western blotting. An
exemplary protein A western blot is shown in Figure 8, which shows that protein A
expression from vector PET11a:8620 in E. coli BL21 (DE3) cells is detected using a
chicken 1gY anti- protein A antibody.

[0078] Cells are harvested by centrifugation (4000 rpm, 4 °C, 5 minutes) and
resuspended in 3 mL of phosphate buffered saline containing 20 mM imidazole. Cells
are lysed by sonication, and cell debris is pelleted by centrifugation (4000 rpm, 4 °C, 30
minutes). SpA variants are purified using NiNTA spin columns (Qiagen), applying 400
uL cell lysate per spin column. Columns are washed with 2x600 uL. phosphate buffered
saline containing 20 mM imidazole, and SpA is eluted in 2x200 pL phosphate buffered
saline containing 200 mM imidazole. SpA is dialyzed overnight into PBS. Protein
concentration is confirmed using the Dc protein assay (Bio-Rad Laboratories, Hercules,

CA) relative to a standard curve prepared with bovine serum albumin.

Example 3: Binding of SpA Variants to Fc and Fab Fragments

[0079] Each SpA variant is subsequently tested for the ability to bind Fc and Fab
using NINTA agarose resin (Qiagen). Fc and F(ab), fragments are obtained from
Jackson ImmunoResearch (West Grove, PA). Each SpA variant is diluted to a
concentration of 0.11 mg/mL, Fc is diluted to a concentration of 0.44 mg/mL and F(ab),
is diluted to a concentration of 0.92 mg/mL, in phosphate buffered saline containing 20
mM imidazole. The NiNTA agarose resin is resuspended and about 20 ul of the resin
slurry is pipetted into a 0.5 ml microfuge tube. The resin is subsequently pelleted and
the supernatant is discarded. The resin is washed with about 100 ul PBS with 20 mM
imidazole, incubated at room temperature for about 15 mins and pelleted again. The
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supernatent is discarded. About 250 pl of each SpA variant at 0.11mg/ml or PBS control
is loaded onto the resin column in duplicates and incubated for about 30 mins at room
temperature. The resin is pelleted and the supernatant is saved for analysis. The pellet
is washed three times with 100 ul of PBS plus 20 mM imidazole each time, incubated
for 5 mins and pelleted again. The supernatant is discarded. About 100 pl of Fc or
F(ab), is tested for binding with each of the SpA variants or the PBS control by
incubating with the resin for about 30 mins. The resin is subsequently pelleted and the
supernatant is saved for analysis. The resin is washed again three times with about 100
ul of PBS plus 20 mM imidazole each time, incubated for 5 mins and pelleted. The
supernatant is discarded this time. The bound fraction is eluted with about 100 ul of
PBS plus 20 mM imidazole, incubated for about 15 mins and pelleted. The supernatant
is saved for further analysis. The samples are subsequently analyzed by SDS-PAGE on
4-15% gradient gels purchased from Bio-Rad Laboratories, CA, as depicted in Figures
9-12.

[0080] The binding of five protein A variants to Fc and F(ab)2 is tested by surface
plasmon resonance biosensor analysis. All experiments are carried out in phosphate
buffered saline (PBS) containing 0.005% Tween-20. Protein A variants are
immobilized on ProteOn GLC sensor chip (Bio-Rad Laboratories, Hercules, CA) via
amine chemistry, with coupling to a level of 500 RU. Three fold-dilution series of Fc
and F(ab), fragments (Jackson ImmunoResearch Laboratories, West Grove, PA) are
prepared, with protein concentrations ranging from 45 nM to 185 pM, and each
concentration is analyzed in duplicate. Each concentration of Fc or F(ab) is injected
for 250 seconds, followed by 3.5 hours of PBS to measure dissociation rates. Data are
fit to a heterogeneous two-site model in order to obtain on- and off-rates (Ko, and Kogf).
As depicted in Figures 13A-13E, the wild type glycine 29 protein, and each of G29A,
G29R, G29K and G29L bind Fc. Figures 14A-14E show that the wild type G29 is
observed to bind Fab, and G29A shows weak but detectable F(ab)2 binding. No F(ab)2
binding is seen for G29R, G29K or G29L.
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[0081] Fc and Fab binding are also evaluated following immobilization of the
SpA variants on chromatography resins. Controlled pore glass beads (50 mL each,
mean particle size of 60 pm, mean pore diameter of 800A) are functionalized with
Protein A or Protein A variant according to the method for coupling Protein A to a solid
support described in International PCT Application No. WO 90/09237, the entire
contents of which are incorporated by reference herewin. After ligand coupling, the
samples are washed three times with 150 mL volume of each (in order): 0.1M Tris with
0.15M NaCl, pH 8 followed by 0.05M Acetic Acid. Afterwards, the samples are
equilibrated and stored in PBS with azide.

[0082] Controlled pore glass affinity resins immobilized with the corresponding
ligand are packed in a 6.6 mm id x 70 mm L OmniFit columns. Buffers used in the
experiment are: (A) 50 mM sodium phosphate buffer, pH 7.2; and (B) 50 mM sodium
phosphate, pH 2, and the flow rate is 1.2 mL/min. After the column is equilibrated in
the starting buffer A, 100 pL of F(ab)2 or Fc at 1~2 mg/mL (Jackson ImmunoResearch,
West Grove, PA) in buffer A is injected into the column. After 10 column volume (CV)
of buffer A, buffer B is mixed in over 20 CV in a linear gradient. Ten more column
volumes of Buffer B run through the column before the column was regenerated by 2
CV of 6 M guanidine hydrochloride. As depicted in Figures 15A and 15B, the wild type
glycine 29 protein as well as each of G29A, G29R, G29K and G29L bind Fc. The wild
type G29 is observed to bind Fab, and G29A shows weak but detectable F(ab)2 binding.
No F(ab)2 binding is seen for G29R, G29K or G29L.

[0083] In another exemplary experiment, a full set of protein A variants are tested
for Fc and Fab binding by capturing them on NiNTA agarose resin (Qiagen). Briefly,
His-tagged protein A variants having an amino acid substitution at position 29 of the
WtSpA are added in excess to the resin, the resin is washed with PBS containing 20 mM
imidazole followed by the addition of Fc or Fab portion of an immunoglobulin.  The
resin is washed again with PBS containing 20 mM imidazole followed by elution of
SpA and IgG fragments with PBS containing 200 mM imidazole. The resulting elution
fractions are analysed on a 4-20% gradient gel (BioRad) followed by Commassie blue
staining (Pierce). Resin with no protein A is used as a negative control. The results of

an exemplary experiment are summarized below in Table I11.
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While no apparent difference in Fc binding is observed among the different variants, the
Fab binding is markedly reduced for most of the variants. Most of the variants exhibit
Fab binding that is less than 15% compared to wild type. Residual Fab binding of 24%
or greater is observed for three of the variants (G29A, G29T, and G29W).

Table 111

Fab binding quantitated by
Variant densitometry
(percentage of wild type glycine)
WT 100
G29K 4
G29R 9
G29L 7
G29A 24
G29C 5
G29D 8
G29E 11
G29F 7
G29H 5
G29 8
G29M 9
G29N 8
G29P 14
G29Q 11
G29S 8
G29T 37
G29V 10
G29W 66
G29Y 11
control 11
[0084] The specification is most thoroughly understood in light of the teachings

of the references cited within the specification which are hereby incorporated by
reference. The embodiments within the specification provide an illustration of
embodiments in this invention and should not be construed to limit its scope. The skilled
artisan readily recognizes that many other embodiments are encompassed by this
invention. All publications and inventions are incorporated by reference in their entirety.
To the extent that the material incorporated by reference contradicts or is inconsistent

with the present specification, the present specification will supercede any such material.
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The citation of any references herein is not an admission that such references are prior art
to the present invention.

[0085] Unless otherwise indicated, all numbers expressing quantities of
ingredients, cell culture, treatment conditions, and so forth used in the specification,
including claims, are to be understood as being modified in all instances by the term
“about.”  Accordingly, unless otherwise indicated to the contrary, the numerical
parameters are approximations and may vary depending upon the desired properties
sought to be obtained by the present invention. Unless otherwise indicated, the term “at
least” preceding a series of elements is to be understood to refer to every element in the
series. Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following
claims.

[0086] Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only and are not
meant to be limiting in any way. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention being
indicated by the following claims.

References:
[0087] Fab binding: Melissa A. Starovasnik, Mark P. O'connell, Wayne J. Fairbrother.And
Robert F. Kelley (1999). Antibody variable region binding by Staphylococcal protein A:
Thermodynamic analysis and location of the Fv binding site on E-domain. Protein Science
8, 1423-1431. Fe binding constant: Susanne Gulich, Mathias Uhlen, Sophia Hober (2000)
Protein engineering of an IgG-binding domain allows milder elution conditions during
affinity chromatography.

Journal of Biotechnology 76, 233-244

5. The immunoglobulin-binding protein of para 4, wherein the asparagine is at

position 23.

6. The immunoglobulin-binding protein of any one of paras 1 to 5, wherein the

immunoglobulin is an 1gG or a fragment thereof.

7. The immunoglobulin-binding protein of any one of paras 1 to 6, wherein the Fe

portion of the immunoglobulin is part of an Fe fusion protein.
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8. An isolated immunoglobulin-binding protein comprising one or more isolated E,
D, A, 8, C or Z domains of Staphyloccocus protein A, wherein the one or more
isolated domains comprise:
(i) at least the glycine residue at position 29 replaced with an amino acid residue
other than alanine when the domain is E, D, A, B or C domain or
(i) at least the alanine at position 29 replaced with an amino acid other than glycine
when the domain is the Z domain, wherein the immunoglobulin-binding protein
binds an Fe portion of an immunoglobulin and exhibits increased binding to a Fab
portion of the immunoglobulin relative to an immunoglobulin-binding protein
including alanine at position 29.
9. The isolated immunoglobulin-binding protein of para 8, wherein at least the
glycine at position 29 or the alanine at position 29 is replaced with a threonine or
tryptophan.
10. The immunoglobulin-binding protein of para 8 or para 9, wherein the
immunoglobulin is selected from the group consisting of IgG, IgA or IgM, or a
fragment thereof.
11. A library of polypeptides comprising the immunoglobulin-binding protein of
any one of paras 1 to 10.
12. A nucleic acid molecule encoding the immunoglobulin-binding protein of any
one of paras 1 to 10.
13. A host cell comprising the nucleic acid molecule of para 12.
14. A chromatography matrix comprising the isolated immunoglobulin-binding
protein of any one of paras 1 to 10 coupled to a solid support.
15. A method of affinity purifying one or more immunoglobulins from a sample,
the method comprising the steps of:

(a) providing a sample comprising one or more immunoglobulins;

(b) contacting the sample with the matrix of para 14 under conditions such that

the one or more immunoglobulins bind to the matrix; and

(c) recovering the one or more bound immunoglobulins by eluting under

suitable conditions.
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SEQUENCE LISTING
[0088]

<110> MILLIPORE CORPORATION

<120> NOVEL IMMUNOGLOBULIN-BINDING PROTEINS WITH IMPROVED SPECIFICITY

<130>P11129EPO1

<140>
<141> 2009-08-11

<150> 61/212,812
<151 > 2009-04-16

<150> 61/188,549
<151 > 2008-08-11

<160> 22
<170> Patentln version 3.5

<210>1

<211> 159

<212> DNA

<213> Staphylococcus aureus

<400> 1

gcgcaacaaa acgctttcta tcaggtactg aacatgecta acctgaacge cgatcagegt
aacggcttca tccaaagcct gaaggacgac ccgagecagt ccgcaaacgt tetgggtgaa
gctcaaaaac tgaacgacag ccaggeaccy aaagctgac

<210> 2

<211 >177

<212> DNA

<213> Staphylococcus aureus

<400> 2

gcccaacaga acaaatttaa caaagaccag cagtccgegt tctacgagat tctgaacatg
cctaacctga atgaagaaca gcgcaacggt tttattcagt ctctgaagga cgatccttct
caatccacca acgtactggg cgaagcgaag aaactgaacyg aatctcaggc tccgaag
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<210> 3

<211> 174

<212> DNA

<213> Staphylococcus aureus

<400> 3

gccgacaaca acttcaacaa agagcagcaa aacgctttct acgaaatcct gaatatgeca
aatctgaacg aagagcagcg taacggtttc atccaatctc tgaaagacga tccgtcccag
tccgcgaate tgctggegga ggctaaaaag ctgaacgaat cccaggcetee gaaa

<210> 4

<211>174

<212> DNA

<213> Staphylococcus aureus

<400> 4

gcagacaata agttcaataa agagcagcag aacgcatttt acgagatcct geatctgecg
aacctgaacg aagaacaacg caacggtttc attcagagcc tgaaagacga cccatctcag
tccgctaacc tgctggegga agcaaagaag ctgaacgatg cacaggcgec gaaa

<210>5

<211>174

<212> DNA

<213> Staphylococcus aureus

<400> 5

gcggataaca aattcaacaa ggagcaacag aacgcattct atgaaattct gcacctgecg
aatctgacgg aggagcaacg taacggcttt atccagtcce tgaaggatga teegtetgtgy
tctaaagaga tcctggcgga ggcaaaaaaa ctgaatgatg cacaagctce gaaa

<210> 6

<211>174

<212> DNA

<213> staphylococcus aureus

<400> 6

gtagacaaca aattcaataa agaacagcag aacgctttct atgaaatcct gcacctgeeg
aacctgaacg aagaacagcg taacgcgttt atccagtcce tgaaagacga cccgagecag
agcgcaaatc tgctggcgga agcgaaaaag ctgaacgatg cccaggegee gaaa
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<210>7

<211>51

<212> PRT

<213> Staphylococcus aureus

<400> 7

Ala GIn GIn Asn Ala Phe Tyr GlIn Val Leu Asn Met Pro Asn Leu Asn
1 5 10 15

Ala Asp GIn Arg Asn Gly Phe Ile GIn Ser Leu Lys Asp Asp Pro Ser
20 25 30

GlIn Ser Ala Asn Val Leu Gly Glu Ala GIn Lys Leu Asn Asp Ser GIn
40
35 45

Ala Pro Lys
50

<210> 8

<211>61

<212> PRT

<213> Staphylococcus aureus

<400> 8

Ala Asp Ala GIn GIn Asn Lys Phe Asn Lys Asp GIn GIn Ser Ala Phe
1 5 10 15

Tyr Glu lle Leu Asn Met Pro Asn Leu Asn Glu Glu GIn Arg Asn Gly
20 25 30

Phe lle GIn Ser Leu Lys Asp Asp Pro Ser GIn Ser Thr Asn val Leu
35 40 45

Gly Glu Ala Lys Lys Leu Asn Glu ser GIn Ala Pro Lys
50 55 60

<210>9

<211>58

<212> PRT

<213> Staphylococcus aureus

<400>9

Ala Asp Asn Asn Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu lle
1 5 10 15

Leu Asn Met Pro Asn Leu Asn Glu Glu GIn Arg Asn Gly Phe lle GIn
20 25 30

Ser Leu Lys Asp Asp Pro Ser GIn Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Glu Ser GIn Ala Pro Lys
50 55
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<210> 10

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 10

Ala Asp Asn Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu lle
1 5 10 15

Leu His Leu Pro Asn Leu Asn Glu Glu GIn Arg Asn GIn Phe lle Gin

20 25 30
Ser Leu Lys Asp Asp Pro Ser GIn Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45
Lys Lys Leu Asn Asp Ala GIn Ala Pro Lys
50 55

<210> 11
<211>58
<212> PRT

<213> Staphylococcus aureus

<400> 11

Ala Asp Asn Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu lle

1 5 10 15
Leu His Leu Pro Asn Leu Thr Glu Glu GIn Arg Asn Gly Phe lle Gin
20 25 30
Ser Leu Lys Asp Asp Pro Ser Val Ser Lys Glu lle Leu Ala Glu Ala
35 40 45
Lys Lys Leu Asn Asp Ala GIn Ala Pro Lys
50 55
<210> 12
<211> 58
<212> PRT

<213> Staphylococcus aureus

<400> 12

Val Asp Asn Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu lle
1 5 10 15

Leu His Leu Pro Asn Leu Asn Glu Glu GIn Arg Asn Ala Phe lle GIn
20 25 30

Ser Leu Lys Asp Asp Pro Ser GIn Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Asp Ala GIn Ala Pro Lys
50 55
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<210> 13

<211>174

<212> DNA

<213> Staphylococcus aureus

<400> 13

gcagacaata agttcaataa agagcagcag aacgcatttt acgagatcct gecatctgcecg 60
aacctgaacg aagaacaacg caaccgcttc attcagagcc tgaaagacga cccatctcag 120
tccgctaacc tgctggegga agcaaagaag ctgaacgatg cacaggegec gaaa 174

<210> 14

<211> 174

<212> DNA

<213> Staphylococcus aureus

<400> 14

gcagacaata agttcaataa agagcagcag aacgcatttt acgagatcct gcatctgceg 60
aacctgaacy aagaacaacy caacaaattc attcagagcc tgaaagacga cccatctcag 120
tccgctaacc tgctggegga agcaaagaag ctgaacgatg cacaggcgec gaaa 174

<210> 15

<211>174

<212> DNA

<213> Staphylococcus aureus

<400> 15
gcagacaata agttcaataa agagcagcag aacgcatttt acgagatcct gcatctgceg 60

aacctgaacy aagaacaacyg caacctgttc attcagagcc tgaaagacga cccatctcag 120
tccgctaacc tgctggegga agcaaagaag ctgaacgatg cacaggegec gaaa 174

<210> 16

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 16

Ala Asp Asn Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu lle
1 5 10 15

Leu His Leu Pro Asn Leu Asn Glu Glu GIn Arg Asn Leu Phe lle Gin
20 25 30

Ser Leu Lys Asp Asp Pro Ser GIn Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45

Lys Lys Leu Asn Asp Ala GIn Ala Pro Lys
50 55
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<210> 17

<211> 58

<212> PRT

<213> Staphylococcus aureus

<400> 17

Ala Asp Asn Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu lle

1 5 10 15
Leu His Leu Pro Asn Leu Asn Glu Glu GIn Arg Asn Lys Phe lle Gin
20 25 30
Ser Leu Lys Asp Asp Pro Ser GIn Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45
Lys Lys Leu Asn Asp Ala GIn Ala Pro Lys
50 55
<210> 18
<211>58
<212> PRT

<213> Staphylococcus aureus

<400> 18

Ala Asp Asn Lys Phe Asn Lys Glu GIn GIn Asn Ala Phe Tyr Glu lle

1 5 10 15
Leu His Leu Pro Asn Leu Asn Glu Glu GIn Arg Asn Arg Phe lle Gin
20 25 30
Ser Leu Lys Asp Asp Pro Ser GIn Ser Ala Asn Leu Leu Ala Glu Ala
35 40 45
Lys Lys Leu Asn Asp Ala GIn Ala Pro Lys
50 55
<210> 19
<211> 28
<212> DNA

<213> Artificial Sequence

<220>
<221 > source
<223> /note="Description of Artificial Sequence: Synthetic primer"

<220>

<221 > modified base

<222> (16)..(18)

<223> a, ¢, t, g, unknown or other

<400> 19
gaagaacaac gcaacnnntt cattcaga 28

36


Darren
Polygonal Line


<210> 20

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<221 > source
<223> /note="Description of Artificial Sequence: Synthetic primer"

<400> 20
gttcaggttc ggcagatgca ggat 24

<210>21

<211> 24

<212> DNA

<213> Artificial sequence

<220>
<221 > source
<223> /note="Description of Artificial Sequence: Synthetic primer

<400> 21
gaatatggct cataacaccc cttg 24

<210> 22

<211>6

<212> PRT

<213> Artificial Sequence

<220>
<221 > source
<223> /note="Description of Artificial sequence: Synthetic 6xHis tag"
<400> 22
His His His His His His
1 5
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CLAIMS:

1. An isolated immunoglobulin-binding protein comprising one or more isolated
C domains of Staphyloccocus protein A, wherein the one or more isolated C domain
comprise the amino acid sequence set forth in SEQ ID No: 11 or an amino acid sequence
having at least 90% identity to the same wherein at least the glycine residue at position
29 replaced with an amino acid residue other than alanine, threonine or tryptophan,
wherein the immunoglobulin-binding protein binds an Fc portion of an immunoglobulin
but exhibits reduced binding to a Fab portion of the immunoglobulin relative to an

immunoglobulin-binding protein including alanine or glycine at position 29.

2. An immunoglobulin-binding protein according to claim 1,
wherein:

@) the amino acid residue other than alanine, threonine or tryptophan
is selected from the group consisting of leucine, lysine and arginine; and/or

(b) at least the glycine residue at position 29 is replaced with an amino acid
selected from the group consisting of lysine, arginine, leucine, cysteine, aspartic acid,
glutamic acid, phenylalanine, histidine, isoleucine, methionine, asparagine, proline,

glutamine, serine, valine and tyrosine.

3. An isolated immunoglobulin-binding protein according to claim 1 or claim

2, wherein the glycine residue at position 29 is replaced with lysine.

4. An isolated immunoglobulin-binding protein according to any one of
the preceding claims, further comprising at least a portion of the carboxy-terminal

region of Staphylococcus protein A.

5. An immunoglobulin-binding protein according to any one of the preceding
claims, further comprising the replacement of an asparagine with another amino acid
residue in the one or more isolated domains.

6. An isolated immunoglobulin-binding protein according to claim 5, wherein

the asparagine is at position 23.
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7. An isolated immunoglobulin-binding protein according to any one of

the preceding claims, wherein the immunoglobulin is an IgG or a fragment thereof.

8. An isolated immunoglobulin-binding protein according to any one of
the preceding claims, wherein the Fc portion of the immunoglobulin is part of an Fc

fusion protein.

0. An isolated immunoglobulin-binding protein according to any one of
the preceding claims, wherein the amino acid sequence has at least 95% or more identity
to SEQ ID No 11.

10. An isolated immunoglobulin-binding protein according to anyone of
the preceding claims, wherein the amino acid sequence is SEQ ID No: 11.

11. A nucleic acid molecule encoding the immunoglobulin-binding protein of any

one of claims 1 to 10.

12. A host cell comprising the nucleic acid molecule of claim 11.

13. A chromatography matrix comprising the isolated immunoglobulin-
binding protein of any one of claims 1 to 10 coupled to a solid support.

14. A method of affinity purifying one or more immunoglobulins from a sample,
the method comprising the steps of:
(@) providing a sample comprising one or more immunoglobulins;
(b) contacting the sample with the matrix of claim 13 under conditions such
that the one or more immunoglobulins bind to the matrix; and
(c) recovering the one or more bound immunoglobulins by eluting under

suitable conditions.
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