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DESCRIPTION

Description

FIELD OF THE INVENTION

[0001] The present invention relates to immunoglobulin (Ig) binding proteins comprising one or
more domains having highly hydrophobic amino acids with branched side chains (Iso, Leu,
Val), or aromatic amino acids (Tyr, Phe, or Trp), corresponding to positions 4 or 6 or 8 of the Ig
binding protein of SEQ ID NO: 1 or functionally similar proteins. The novel proteins have
superior properties for highly efficient purification methods for antibodies (immunoglobulins),
for example, the proteins have high binding capacity and high chemical stability. The invention
further relates to affinity matrices comprising the Ig binding proteins of the invention. The
invention also relates to a use of these Ig binding proteins or affinity matrices for affinity
purification of immunoglobulins and to methods of affinity purification using the Ig binding
proteins of the invention.

BACKGROUND OF THE INVENTION

[0002] Many biotechnological and pharmaceutical applications require the removal of
contaminants from a sample containing antibodies. An established procedure for capturing and
purifying antibodies is affinity chromatography using the bacterial cell surface Protein A from
Staphylococcus aureus as selective ligand for immunoglobulins (see, for example, review by
Huse et al., J. Biochem. Biophys. Methods 51, 2002: 217-231). Wild-type Protein A binds to the
Fc region of IgG molecules with high affinity and selectivity. Variants of Protein A with improved
properties such as alkaline stability are available for purifying antibodies and various
chromatographic matrices comprising Protein A ligands are commercially available. However,
currently available Protein A based chromatography matrices show a loss of binding capacity
for immunoglobulins following exposure to alkaline conditions and require elution conditions at
pH below 4.

[0003] EP 3 650 465 A1 relates to Ig binding proteins and discloses variants thereof for the
design of polypeptide libraries. WO 2019/152318 A1 discloses an Ig binding protein having a
D8E mutation, and further relates to alkaline stability in the context of cysteine residues in the
C-terminal region.

TECHNICAL PROBLEMS UNDERLYING THE INVENTION
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[0004] Most large scale production processes for antibodies or Fc-containing fusion proteins
use Protein A for affinity purification. However, due to limitations of Protein A applications in
affinity chromatography there is a need in the art to provide novel Ig binding proteins with
improved properties that specifically bind to immunoglobulins in order to facilitate affinity
purification of immunoglobulins. To maximally exploit the value of the chromatographic
matrices comprising Ig binding proteins it is desirable to use the affinity ligand matrices multiple
times. Between chromatography cycles a thorough cleaning procedure is required for
sanitization and removal of residual contaminants on the matrix. In this procedure, it is general
practice to apply alkaline solutions with high concentrations of NaOH to the affinity ligand
matrices. Wild-type Protein A domains cannot withstand such harsh alkaline conditions for an
extended time and quickly lose binding capacity for immunoglobulin. Further, for a repeated
use of affinity ligand matrices, a cleaning step under harsh acidic conditions is required.

[0005] Accordingly, there is an ongoing need in this field to obtain novel proteins capable of
binding proteins comprising an Ig sequence, for example antibodies, and to withstand the
harsh cleaning conditions applied in affinity purification of immunoglobulins.

[0006] The present invention relates to Ig binding proteins that are particularly well-suited for
affinity purification of immunoglobulins. In particular, the Ig binding proteins of the invention
have several advantages. One significant advantage of the Ig binding proteins of the invention
is their improved stability at high pH for a prolonged time period (such as more than 2 days)
without reducing the Ig binding capacities in combination with high dynamic binding capacities.
Further, the novel proteins of the invention are particularly useful for affinity purification of
antibodies where mild acidic elution conditions are required.

[0007] The above overview does not necessarily describe all problems solved by the present
invention.

SUMMARY OF THE INVENTION

[0008] An aspect of the present invention relates to an Ig binding protein suitable for affinity
purification. The present invention is defined by the appended claims.

1. [1] Further disclosed herein is an Immunoglobulin (Ig) binding protein comprising one or
more Ig binding domains, wherein at least one Ig binding domain corresponds to an Ig
binding protein having at least 80 % amino acid identity to SEQ ID NO: 1 (¢cs26), wherein
the amino acid corresponding to positions 4 or 6 of SEQ ID NO: 1 is isoleucine (I) or
leucine (L) or an aromatic amino acid. The Ig binding protein is alkaline stable (at least
20 h at 0.5 M NaOH). The Ig binding protein of the present invention comprises one or
more Ig binding domains, wherein at least one Ig binding domain corresponds to an Ig
binding protein having at least 80 % amino acid identity to SEQ ID NO: 1, wherein the
amino acid corresponding to position 8 of SEQ ID NO: 1 is isoleucine (I), leucine (L),
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valine (V) or an aromatic amino acid which is tryptophan (W) or phenylalanine (F), and
wherein the Ig binding protein is stable under alkaline conditions of 0.5 M NaOH for at
least 20 h.
2. [2] Further disclosed herein is an Ig binding protein according to item [1], wherein
1. (a) the amino acid corresponding to position 4 of SEQ ID NO: 1 is tryptophan (W)
or phenylalanine (F), or
2. (b) the amino acid corresponding to position 6 of SEQ ID NO: 1 is isoleucine (1),
tryptophan (W), or tyrosine (Y), or leucine (L).

3. [3] Disclosed herein is an Ig binding protein according to item [1] or [2], wherein one or
more amino acid(s) corresponding to position 10, 14, 16, 17, 18, or 28 of SEQ ID NO: 1
is/fare selected from the group of histidine (H) or acidic amino acids selected from
aspartate (D) or glutamate (E), in particular in position 14 or 28. In various
embodiments, the Ig binding protein of the invention has at least 80 % amino acid
identity to SEQ ID NO: 1 (cs26), wherein the amino acid corresponding to position 8 of
SEQ ID NO: 1 is isoleucine (l) or leucine (L) or valine (V) or an aromatic amino acid
which is tryptophan (W) or phenylalanine (F), and the amino acid corresponding to
position 14 of SEQ ID NO: 1 is histidine. In various embodiments, the Ig binding protein
of the invention has at least 80 % amino acid identity to SEQ ID NO: 1 (¢s26), wherein
the amino acid corresponding to position 8 of SEQ ID NO: 1 is isoleucine (I) or leucine
(L) or valine (V) or an aromatic amino acid which is tryptophan (W) or phenylalanine (F),
the amino acid corresponding to position 14 of SEQ ID NO: 1 is histidine (H), and the
amino acid corresponding to position 29 of SEQ ID NO: 1 is lysine (K). Preferably, the
amino acid corresponding to position 8 of SEQ ID NO: 1 is isoleucine (l) or leucine (L) or
an aromatic amino acid, which may be any of tryptophan (W), phenylalanine (F), or
tyrosine (Y). More preferably, the amino acid corresponding to position 8 of SEQ ID NO:
1 is isoleucine (I) or leucine (L), even more preferably the amino acid corresponding to
position 8 of SEQ ID NO: 1 is isoleucine (I). In various embodiments, the Ig binding
protein may have a cysteine (C) residue at the position corresponding to position 43 or
46 of SEQ ID NO: 1.

4.[4] Disclosed herein is an Ig binding protein according to any one of items [1]-[3],
wherein the amino acid corresponding to position 29 of SEQ ID NO: 1 is lysine (K).

5. [5] Disclosed herein is an Ig binding protein according to any one of items [1]-[4],
wherein at least one domain comprises or consists of an amino acid sequence of any
one of SEQ ID NOs: 4-36 and 40-49. The Ig binding protein may comprise an amino
acid sequence of any of SEQ ID NOs: 4-9, 20-36, and 40-49, or an amino acid sequence
with at least 89.5 % identity thereto to any of SEQ ID NO: 4-36, 40-49.

6. [6] Disclosed herein is an Ig binding protein according to any one of items [1]-[5],
wherein said protein binds to one or more of IgG4, 1gG5, 19Gy, IgM, IgA, Ig fragments, Fc
fragments, Fab fragments, fusion proteins comprising an Ig region, and conjugates
comprising an Ig region. The Ig binding protein may bind to proteins comprising an Fc
region or may bind to Fc fragments.

7.[7] Disclosed herein is an Ig binding protein according to any one of items [1]-[6],
wherein the protein comprises 2, 3, 4, 5, or 6 domains linked to each other.

8. [8] Disclosed herein is an Ig binding protein according to item [7], wherein the protein is
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a homo-multimer or a hetero-multimer. The Ig binding protein may be a dimer
comprising the sequence of SEQ ID NO: 37, SEQ ID NO: 50, or SEQ ID NO: 51.

9. [9] Disclosed herein is an Ig binding protein according to any one of items [1]-[8],
wherein the protein is immobilized to a solid support. The Ig binding protein may be
immobilized to a solid support by a cysteine (C) at the position corresponding to position
43 or 46 of SEQ ID NO: 1.

10. [10] Disclosed herein is an Ig binding protein according to any one of items [1]-[9],
wherein the Ig binding protein is stable under alkaline conditions, optionally for at least
20 h at 0.5 M NaOH.

11. [11] Disclosed herein is an affinity separation matrix comprising the Ig binding protein of
any one of items [1] to [10] coupled to said affinity separation matrix.

12. [12] Disclosed herein is the use of the Ig binding protein of any one of items [1] to [10],
or the affinity separation matrix of item [11] for affinity purification of any protein with
affinity to the Ig binding protein.

13. [13] A-Disclosed herein is a method of affinity purification of a protein comprising an Ig
sequence, the method comprising:

1. a) providing a liquid that contains protein comprising an Ig sequence;

2. b) providing an affinity separation matrix according to item [11] comprising at least
one lg binding protein of any one of items [1] to [10] coupled to said affinity
separation matrix of item [11];

3. ¢) contacting said affinity separation matrix with the liquid under conditions that
permit binding of the at least one Ig binding protein according to any one of items
[1]-[10] to a protein comprising an Ig sequence; and

4.d) eluting said protein comprising an Ig sequence from said affinity purification
matrix, thereby obtaining an eluate containing said immunoglobulin.

14. [14] Disclosed herein is a method according to item [13], wherein in step (d) more than
95 % of the protein comprising the Ig sequence is eluted at pH 3.7 or higher from the
affinity separation matrix comprising the Ig binding protein according to any of items [1]-
[10]. In step (d) more than 95 % of the protein comprising the Ig sequence may be
eluted at pH 4.5 from the affinity separation matrix comprising the Ig binding protein
according to any of items [1]-[10].

15. [15] Disclosed herein is a method according to any of items [13]-[14], comprising the
additional step (e) of cleaning the affinity purification matrix with an alkaline cleaning
liquid, optionally wherein at least 90 % of the Ig binding protein retains Ig binding activity
after incubation for at least 20 h at 0.5 M NaOH.

16. [16] Further disclosed herein is an Immunoglobulin (Ig) binding domain having at least
80 % amino acid identity to SEQ ID NO: 1 (cs26), wherein the amino acid corresponding
to positions 4, 6, or 8 of SEQ ID NO: 1 is isoleucine (l) or leucine (L) or an aromatic
amino acid. The Immunoglobulin (Ig) binding domain is/corresponds to an Ig binding
protein having at least 80 % amino acid identity to SEQ ID NO: 1 (¢s26), wherein the
amino acid corresponding to positions 4, 6, or 8 of SEQ ID NO: 1 is isoleucine (I) or
leucine (L) or an aromatic amino acid, as described under item [1] above.

This summary of the invention does not necessarily describe all features of the present
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invention as defined by the appended claims. Other embodiments will become apparent from a
review of the ensuing detailed description.

BRIEF DESCRIPTION OF THE FIGURES.

[0009]

Figure 1. Amino acid sequences of novel Ig binding proteins. The numbers in the top row refer
to the corresponding amino acid position in the Ig binding protein.

Figure 2, 3, 4. Caustic stability of Ig binding proteins coupled to Praesto Epoxy 85 resin
(coupling 18 h at 35 °C) after incubation for 20 h with 0.5 M NaOH. SBC determination with 6
mg Gammanorm. Coupling of variants and parent to the resin via Cysteine located in the third
helix (position 43C).

Figure 2. Variants 8l, 8V, 8F, 8W, 8L, and 8Y show significantly improved remaining activity
after long term incubation at alkaline conditions, in comparison to the parent molecule (cs26).

Figure 3. Variants 4F and 4W show improved remaining activity after long term incubation at
alkaline conditions, in comparison to the parent molecule (cs26).

Figure 4. Variants 6F, 61, 6L, 6V, 6W, 6Y, 6R show improved remaining activity after long term
incubation at alkaline conditions, in comparison to the parent molecule (cs26).

Figure 5. Elution profile of Belimumab from affinity ligand (SEQ ID NO: 51). The antibody was
injected onto the column with immobilized affinity ligand (SEQ ID NO: 51) and eluted with linear
pH gradient from pH 6.0 to 2.0. The pH of the elution peak maximum was used as readout.

Figure 6. DBC10% determination of affinity ligand SEQ ID NO: 51. Belimumab was loaded
onto resin with immobilized affinity ligand SEQ ID NO: 51 ("ID51" in the figure) until 10 % target
breakthrough. Elution of Belimumab was performed at pH 4.8 followed by CIP at pH 1.7. The
chromatogram shows complete elution of bound Belimumab at pH 4.8.

DETAILED DESCRIPTON OF THE INVENTION

[0010] Before the present invention is described in detail below, it is to be understood that this
invention is not limited to the particular methodology, protocols and reagents described herein
as these may vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only and is not intended to limit the scope of the
present invention which is limited only by the appended claims. Unless defined otherwise, all
technical and scientific terms used herein have the same meanings as commonly understood
by one of ordinary skill in the art to which this invention belongs.
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[0011] Preferably, the terms used herein are consistent with the definitions provided in "A
multilingual glossary of biotechnological terms: (IUPAC Recommendations)”, Leuenberger,
H.G.W, Nagel, B. and Kd&lbl, H. eds. (1995), Helvetica Chimica Acta, CH-4010 Basel,
Switzerland).

[0012] Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise”, and variations such as "comprises" and "comprising”, will be
understood to imply the inclusion of a stated member, integer or step or group of members,
integers or steps but not the exclusion of any other member, integer or step or group of
members, integers or steps.

[0013] As used in the description of the invention and the appended claims, the singular forms
"a", "an" and "the" are used interchangeably and intended to include the plural forms as well
and fall within each meaning, unless the context clearly indicates otherwise. Also, as used
herein, "and/or" refers to and encompasses any and all possible combinations of one or more

of the listed items, as well as the lack of combinations when interpreted in the alternative ("or").

[0014] The term "about", as used herein, encompasses the explicitly recited amounts as well
as deviations therefrom of £ 10 %. More preferably, a deviation of 5 % is encompassed by the
term "about".

[0015] Several documents (for example: patents, patent applications, scientific publications,
manufacturer's specifications etc.) are cited throughout the text of this specification. Nothing
herein is to be construed as an admission that the invention is not entitled to antedate such
disclosure by virtue of prior invention. In the event of a conflict between the definitions or
teachings of such references and definitions or teachings recited in the present specification,
the text of the present specification takes precedence.

[0016] All sequences referred to herein are disclosed in the attached sequence listing that,
with its whole content and disclosure, is a part of this specification.

[0017] In the context of the present invention, the term "lg binding protein” or "immunoglobulin-
binding protein” is used to describe proteins that are capable to specifically bind to an
immunoglobulin.

[0018] Further, in the context of the present invention, the term "Ig binding domain" or
"immunoglobulin-binding domain” is used to describe proteins that are capable to specifically
bind to an immunoglobulin. The Ig binding proteins or Ig binding domains of the present
invention are sometimes referred to herein as ligands of the invention. The "immunoglobulin®
or "Ig" as understood herein can include, but is not necessarily limited to, mammalian 1gG,
such as for example human 1gG4, human 1gG,, human 1gG4, mouse 1gG, rat IgG, goat IgG,
bovine IgG, guinea pig 1gG, rabbit 1gG; human IgM, human IgA; and an immunoglobulin
fragment comprising a Fc region (also referred to as "Fc fragment" or "Fc") and/or an
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immunoglobulin fragment comprising a Fab region (also referred to as "Fab fragment" or
"Fab"). The Ig binding proteins are capable of binding to entire immunoglobulins, and to Ig
fragments comprising a Fc region and/or Ig fragments comprising a Fab region. The definition
"immunoglobulin” as understood herein includes fusion proteins comprising an
immunoglobulin, fragment of an immunoglobulin comprising a Fc region (Fc fragment),
fragment of an immunoglobulin comprising a Fab region (Fab fragment), fusion proteins
comprising a fragment of an immunoglobulin comprising a Fc region, fusion proteins
comprising a fragment of an immunoglobulin comprising a Fab region, conjugates comprising
an Ig or an Ig fragment comprising a Fc region (Fc fragment), and conjugates comprising an Ig
fragment comprising a Fab region (Fab fragment).

[0019] As will be appreciated by a person of ordinary skill in the art, the terms
"immunoglobulin” and "antibody” may be used interchangeably herein. Any definitions
disclosed herein concerning the term "immunoglobulin” apply to the term "antibody"
accordingly.

[0020] The term "binding" according to the invention preferably relates to a specific binding.
"Specific binding" means that an Ig binding protein or an Ig binding domain binds stronger to
an immunoglobulin for which it is specific compared to the binding to another non-
immunoglobulin target.

[0021] The term "binding activity" refers to the ability of an Ig binding protein or Ig binding
domain of the invention to bind to immunoglobulin. For example, the binding activity can be
determined before and/or after alkaline treatment. The terms (immunoglobulin) "binding
activity" and "binding capacity” may be used interchangeably herein. The binding activity can
be determined for an Ig binding protein or for an Ig binding protein coupled to a matrix, i.e., for
an immobilized Ig binding protein. Also, the binding activity can be determined for an Ig binding
domain or for an Ig binding domain coupled to a matrix, i.e., for an immobilized Ig binding
domain. The term "artificial" refers to an object that is not naturally occurring, i.e. the term
refers to an object that has been produced or modified by man. For example, a polypeptide or
polynucleotide sequence that has been generated by man (e.g. for example in a laboratory by
genetic engineering, by shuffling methods, or by chemical reactions, etc.) or intentionally
modified is artificial.

[0022] The term "dissociation constant” or "Kp" defines the specific binding affinity. As used
herein, the term "Kp" (usually measured in "mol/L", sometimes abbreviated as "M") is intended

to refer to the dissociation equilibrium constant of the particular interaction between a first
protein and a second protein. In the context of the present invention, the term Kp is particularly
used to describe the binding affinity between an Ig binding protein or an Ig binding domain and
an immunoglobulin. An Ig binding protein or Ig binding domain of the invention is considered to
bind to an immunoglobulin, if it has a dissociation constant Ky to immunoglobulin of at least
500 nM or less, or preferably 100 nM or less, more preferably 50 nM or less, even more
preferably 10 nM or less.
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[0023] The terms "protein" and "polypeptide” refer to any linear molecular chain of two or more
amino acids linked by peptide bonds and does not refer to a specific length of the product.
Thus, "peptides”, "protein”, "amino acid chain," or any other term used to refer to a chain of
two or more amino acids, are included within the definition of "polypeptide,” and the term
"polypeptide” may be used instead of, or interchangeably with any of these terms. The term
"polypeptide" is also intended to refer to the products of post-translational modifications of the
polypeptide, including without limitation glycosylation, acetylation, phosphorylation, amidation,
proteolytic cleavage, modification by non-naturally occurring amino acids and similar
modifications which are well-known in the art. Thus, Ig binding proteins comprising two or more

protein domains also fall under the definition of the term "protein” or "polypeptides”.

[0024] The terms "alkaline stable” or "alkaline stability” or "caustic stable" or "caustic stability"
(also abbreviated as "cs" herein) may be used interchangeably herein and refer to the ability of
the Ig binding protein or Ig binding domain of the invention to withstand alkaline conditions
without significantly losing the ability to bind to immunoglobulins. The skilled person in this field
can easily test alkaline stability by incubating an Ig binding protein or Ig binding domain with,
for example, sodium hydroxide solutions, e.g., as described in the Examples, and subsequent
testing of the binding capacity or binding activity to immunoglobulin by routine experiments
known to someone skilled in the art, for example, by chromatographic approaches. The
alkaline stability may be determined by coupling the Ig binding protein or |Ig binding domain of
the invention to a surface plasmon resonance (SPR) sensor chip, and assaying the binding
capacity or binding activity for immunoglobulin before and after exposure to an alkaline
solution. The alkaline treatment can be performed, for instance, in 0.5 M NaOH for an
extended period of time, e.g., at least 20 h.

[0025] Ig binding proteins or Ig binding domains of the invention as well as matrices
comprising Ig binding proteins or Ig binding domains of the invention exhibit an "increased" or
"improved" alkaline stability, meaning that the molecules and matrices incorporating said Ig
binding proteins or Ig binding domains are stable under alkaline conditions for an extended
period of time relative to a reference. In various embodiments, the reference may be the
parent molecule ¢s26 having the sequence of any one of SEQ ID NOs: 1-3, preferably the
sequence of SEQ ID NO: 3 (cs26 43C). In various other embodiments, the reference may be
the parent molecule cs26 of any of SEQ ID NOs: 1-3 having a substitution D8E (Asp8Glu),
preferably the parent molecule cs26 of SEQ ID NO: 3 having a substitution D8E (Asp8Giu).

[0026] The term "variant" as used herein includes an amino acid sequence of an Ig binding
protein or Ig binding domain that differs from another amino acid sequence by at least one
amino acid substitution, deletion or insertion. These modifications may be generated by
genetic engineering or by chemical synthesis or chemical reactions carried out by man.

[0027] The term "conjugate” as used herein relates to a molecule comprising or essentially
consisting of at least a first protein attached chemically to other substances such as to a
second protein or a non-proteinaceous moiety.
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[0028] The term "modification” or "amino acid modification" refers to an exchange, a deletion,
or an insertion of an amino acid at a particular position in a polypeptide sequence by another
amino acid. Given the known genetic code, and recombinant and synthetic DNA techniques,
the skilled scientist can readily construct DNAs encoding the amino acid variants.

[0029] The term "substitution” or "amino acid substitution" refers to an exchange of an amino
acid at a particular position in a polypeptide sequence by another amino acid. The term
"deletion" or "amino acid deletion" refers to the removal of an amino acid at a particular
position in a polypeptide sequence.

[0030] The term "insertions" or "amino acid insertion" refers to the addition of amino acids to
the polypeptide sequence.

[0031] Throughout this description, the amino acid residue position numbers are designated
as corresponding to those for example in SEQ ID NO: 1.

[0032] The term "amino acid sequence identity" refers to a quantitative comparison of the
identity (or differences) of the amino acid sequences of two or more proteins. "Percent (%)
amino acid sequence identity" or "percent identical" or "percent identity" with respect to a
reference polypeptide sequence is defined as the percentage of amino acid residues in a
sequence that are identical with the amino acid residues in the reference polypeptide
sequence, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity. In various embodiments, 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.

[0033] To determine the sequence identity, the sequence of a query protein is aligned and
compared to the sequence of a reference protein. Methods for sequence alignment and
sequence comparison algorithms are well known in the art. For example, for determining the
extent of an amino acid sequence identity of an arbitrary polypeptide relative to the reference
amino acid sequence, the SIM Local similarity program is preferably employed. For multiple
alignment analysis, Clustal\W as known to someone skilled in the art is preferably used.

[0034] The extent of sequence identity is generally calculated with respect to the total length of
the unmodified sequence. As used herein, the phrases "percent identical" or "percent (%)
amino acid sequence identity" or "percent identity”, in the context of two polypeptide
sequences, refer to two or more sequences or subsequences that have in some embodiments
at least 89.5 %, in some embodiments at least 91 %, some embodiments at least 92 %, in
some embodiments at least 93 %, in some embodiments at least 94 %, in some embodiments
at least 95 %, in some embodiments at least 96 %, in some embodiments at least 97 %, in
some embodiments at least 98 %, and in some embodiments 100 % amino acid residue
identity, when compared and aligned for maximum correspondence, as measured using one of
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the following sequence comparison algorithms or by visual inspection. For clarity reasons, for
example a sequence with at least 89.5 % identity includes all sequences with identities higher
than 89.5% identity, e.g. embodiments with at least 89.6 %, at least 90 %, at least 91 %, at
least 92 %, at least 93 %, at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98
%, at least 99 %, or 100 % amino acid identity.

[0035] The percent identity exists in some embodiments over a region of at least 52 residues,
in some embodiments over a region of at least 53 residues, in some embodiments over a
region of at least 54 residues, in some embodiments over a region of at least 55 residues, in
some embodiments over a region of at least 56 residues, in some embodiments over a region
of at least 57 residues, and in some embodiments over a region of at least 58 residues.

[0036] The term "fused" means that polypeptide components or units are linked by peptide
bonds, either directly or via peptide linkers. In various embodiments, the term "fused" may
mean that polypeptide components or units are linked by a non-peptide linker, e.g., through
chemical conjugation.

[0037] The term "fusion protein” relates to a protein comprising at least a first protein joined
genetically to at least a second protein. A fusion protein is created through joining of two or
more genes that originally coded for separate proteins. Thus, a fusion protein may comprise a
multimer of identical or different proteins which are expressed as a single, linear polypeptide.
In various embodiments, a fusion protein is created through joining of two or more
polypeptides via a non-peptide linker, e.g., through chemical conjugation. In various
embodiments, a dimer of an Ig binding protein or Ig binding domain of the present invention
may be considered as a "fusion protein”.

[0038] As used herein, the term "linker" refers in its broadest meaning to a molecule that
covalently joins at least two other molecules. In typical embodiments of the present invention, a
"linker" is to be understood as a moiety that connects an Ig binding protein or Ig binding
domain with at least one further Ig binding protein or Ig binding domain, i.e. a moiety linking
two protein domains to each other to generate a dimer or a multimer. In preferred
embodiments, the "linker" is a peptide linker, i.e. the moiety linking the two binding proteins or
binding domains is one single amino acid or a peptide comprising two or more amino acids. In
various embodiments, a dimer or multimer of the present invention may comprise a linker
joining two or more Ig binding proteins or Ig binding domains with each other.

[0039] The term "chromatography" refers to separation technologies which employ a mobile
phase and a stationary phase to separate one type of molecules (e.g., immunoglobulins) from
other molecules (e.g. contaminants or other immunoglobulins) in the sample. The liquid mobile
phase contains a mixture of molecules and transports these across or through a stationary
phase (such as a solid matrix). Due to the differential interaction of the different molecules in
the mobile phase with the stationary phase, molecules in the mobile phase can be separated.
The term "affinity chromatography” refers to a specific mode of chromatography in which a
ligand coupled to a stationary phase interacts with a molecule (i.e. immunoglobulin) in the
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mobile phase (the sample) i.e. the ligand has a specific binding affinity or binding capacity for
the molecule to be purified. As understood in the context of the invention, affinity
chromatography involves the addition of a (liquid) sample containing an immunoglobulin to a
stationary phase which comprises a chromatography ligand, such as an Ig binding protein or Ig
binding domain of the invention.

[0040] The terms "solid support” or "solid matrix" are used interchangeably herein, and in
various embodiments are used for the stationary phase.

[0041] The terms "affinity matrix" or "affinity separation matrix" or "affinity chromatography
matrix”, as used interchangeably herein, refer to a matrix, e.g. a chromatographic matrix, onto
which an affinity ligand e.g., an Ig binding protein or Ig binding domain of the invention is
attached. The ligand (e.g., Ig binding protein or Ig binding domain) is capable of specific
binding to a molecule of interest (e.g., an immunoglobulin as defined above) which is to be
purified or removed from a mixture (in a liquid sample). As will be appreciated by a person of
ordinary skill in the art, the terms "affinity matrix" or "affinity separation matrix" or "affinity
chromatography matrix" describe the separation of a molecule of interest (in particular an
immunoglobulin) by using an Ig binding protein or Ig binding domain of the invention.
Accordingly, the terms "affinity matrix" or "affinity separation matrix" or "affinity chromatography
matrix” or "separation matrix" may be used interchangeably herein.

[0042] The term "affinity purification" as used herein refers to a method of purifying
immunoglobulins of interest as defined above from a liquid (sample) by binding
immunoglobulins of interest as defined above to an Ig binding protein or Ig binding domain that
is immobilized to a matrix. Thereby, all other components of the mixture except
immunoglobulins of interest are removed. In various embodiments, said other components of
the mixture may include, e.g., other immunoglobulins that are not of interest. In a further step,
immunoglobulins of interest are eluted in purified form. The terms "affinity purification" or
"affinity chromatography purification” or "affinity separation" or "affinity chromatography
separation” may be used interchangeably herein.

EMBODIMENTS OF THE INVENTION

[0043] The present invention will now be further described. In the following passages different
embodiments of the invention are defined in more detail. Each embodiment defined below may
be combined with any other embodiments unless clearly indicated to the contrary. In particular,
any feature indicated as being preferred or advantageous may be combined with any other
feature or features indicated as being preferred or advantageous.

[0044] The present invention provides an Ig binding domain, which corresponds to an Ig
binding protein having at least 80 % amino acid identity to SEQ ID NO: 1 (¢cs26), wherein the
amino acid corresponding to position 8 of SEQ ID NO: 1 is isoleucine () or leucine (L) or valine
(V) or an aromatic amino acid, which is tryptophan (W) or phenylalanine (F).
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[0045] Preferably, the amino acid corresponding to position 8 of SEQ ID NO: 1 is isoleucine ()
or leucine (L), more preferably the amino acid corresponding to position 8 of SEQ ID NO: 1 is
isoleucine (I). In various embodiments, the amino acid corresponding to position 14 of SEQ ID
NO: 1 is histidine (H), and/or the amino acid corresponding to position 29 of SEQ ID NO: 1 is
lysine (K). The Ig binding domain may further have a cysteine (C) residue at the position
corresponding to position 43 or 46 of SEQ ID NO: 1. The Ig binding domain is stable under
alkaline conditions of 0.5 M NaOH for at least 20 h. As described elsewhere herein, an Ig
binding protein of the invention comprises one or more such Ig binding domains.

[0046] In one embodiment, the Ig binding protein comprises one or more domains, wherein at
least one domain comprises or essentially consists of or consists of an amino acid substitution
at one or more amino acids corresponding to positions 4, 6, or 8 of SEQ ID NO: 1, the
substitution at the amino acid corresponding to position 8 of SEQ ID NO: 1 is an amino acid
selected from the group of Iso (I), Leu (L), Phe (F), Val (V), or Trp (W), and wherein the amino
acid sequence of the Ig binding protein is at least 80% identical to SEQ ID NO: 1.

[0047] In one embodiment, the Ig protein comprises one or more domains, wherein at least
one domain comprises an amino acid substitution at an amino acid corresponding to position 8
of SEQ ID NO: 1 selected from the group of highly hydrophobic amino acids with branched side
chains (Iso, Leu, Val), or aromatic amino acids (Phe, or Trp), and wherein the amino acid
sequence of the Ig binding protein is at least 80 % identical to SEQ ID NO: 1. In some
embodiments, the amino acid corresponding to position 8 of SEQ ID NO: 1 is isoleucine (l) or
tyrosine (Y). In some preferred embodiments, the amino acid corresponding to position 8 of
SEQ ID NO: 1 (or functionally equivalent proteins) is isoleucine (I). In various embodiments,
Isoleucine (I) in a position corresponding to position 8 of SEQ ID NO: 1 improves the Ig binding
capacity and caustic stability. Further, an isoleucine in position corresponding to position 8 of
SEQ ID NO: 1 (or functionally equivalent proteins) might improve the expression of the protein.
For an Ig binding ligand of the present invention with high binding capacity and caustic stability
suitable for uses in affinity chromatography, it is important that the amino acid in position 8 is
not selected from any one of arginine (R), serine (S), threonine (T), or alanine (A) (see
FIGURE 2). The present invention demonstrates an improved caustic stability over these
substitutions at position 8 of SEQ ID NO: 1 as well as over the substitution D8E (Asp8Glu).
Accordingly, in various embodiments of the present invention the amino acid corresponding to
position 8 of SEQ ID NO: 1 is not glutamic acid (E).

[0048] As further described herein, the Ig binding protein or Ig binding domain may be
selected from the following (1) to (3): (1) a protein comprising an amino acid sequence
corresponding to SEQ ID NO: 1 wherein an amino acid residue at the 8th position is substituted
by lle, Leu, Val, or an aromatic amino acid; (2) a protein comprising an amino acid sequence
specified in the (1) further having deletion, substitution and/or addition of one or more amino
acid residues in a position other than the 8th position; (3) a protein comprising an amino acid
sequence having a sequence identity of at least 80% or more with the amino acid sequence
specified in the (1), provided that the amino acid substitution specified in the (1) at the 8th



DK/EP 4132943 T3

position is not further mutated in (3).

[0049] Further disclosed herein is an Ig protein comprising an amino acid substitution at a
position corresponding to position 4 of SEQ ID NO: 1 selected from the group of from the
group of highly hydrophobic amino acids with branched side chains (Iso, Leu), or aromatic
amino acids (Tyr, Phe, or Trp), and wherein the amino acid sequence of the Ig binding protein
is at least 80% identical to SEQ ID NO: 1. The amino acid corresponding to position 4 of SEQ
ID NO: 1 may be tryptophan (W) or phenylalanine (F). Aromatic amino acids such as Wor F in
a position corresponding to position 4 of SEQ ID NO: 1 improve the binding capacity and
caustic stability of the ligand in affinity chromatography. For an Ig binding ligand with high
binding capacity and caustic stability suitable for uses in affinity chromatography, it is important
that the amino acid in position 4 is not selected from arginine (R), serine (S), threonine (T),
alanine (A), or valine (V) (see FIGURE 3).

[0050] Disclosed herein is a protein selected from the following (1) to (3): (1) a protein
comprising an amino acid sequence corresponding to SEQ ID NO: 1 wherein an amino acid
residue corresponding to the 4th position is substituted by lle, Leu, or an aromatic amino acid;
(2) a protein comprising an amino acid sequence specified in the (1) further having deletion,
substitution and/or addition of one or more amino acid residues in a position other than the 4th
position; (3) a protein comprising an amino acid sequence having a sequence identity of at
least 80% or more with the amino acid sequence specified in the (1), provided that the amino
acid substitution specified in the (1) at the 4th position is not further mutated in (3).

[0051] Further disclosed herein is an Ig protein comprising an amino acid substitution at a
position corresponding to position 6 of SEQ ID NO: 1 selected from selected from the group of
Iso, Leu, Tyr, Phe, or Trp, and wherein the amino acid sequence of the Ig binding protein is at
least 80 % identical to SEQ ID NO: 1. The amino acid corresponding to position 6 of SEQ ID
NO: 1 may be isoleucine (I), tryptophan (W), or tyrosine (Y), or leucine (L). Aromatic amino
acids such as Trp (W) or Tyr (Y), or amino acids selected from Iso (I) or Leu (L) in a position
corresponding to position 6 of SEQ ID NO: 1 improve the binding capacity and caustic stability
of the ligand in affinity chromatography. For an Ig binding ligand with high binding capacity and
caustic stability suitable for uses in affinity chromatography, it is important that the amino acid
in position 6 is not selected from valine (V), serine (S) or alanine (A) (see FIGURE 4).

[0052] Disclosed herein is a protein selected from the following (1) to (3): (1) a protein
comprising an amino acid sequence of SEQ ID NO: 1 wherein an amino acid residue at the 6th
position is substituted by lle, Leu, or an aromatic amino acid; (2) a protein comprising an amino
acid sequence specified in the (1) further having deletion, substitution and/or addition of one or
more amino acid residues in a position other than the 6th position; (3) a protein comprising an
amino acid sequence having a sequence identity of at least 80% or more with the amino acid
sequence specified in the (1), provided that the amino acid substitution specified in the (1) at
the 6th position is not further mutated in (3).

[0053] The surprising advantage of the Ig binding proteins and Ig binding domains of the
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invention is the stability under extreme conditions such as high pH (pH 13 and higher) without
losing Ig binding properties. The Ig binding proteins and Ig binding domains as described
herein demonstrate alkali stability for a prolonged period of time without impairing the Ig-
binding properties (see FIGURES 2, 3, 4 and Examples). Further, they are stable at low pH
without significantly losing Ig binding properties. The alkali stability feature is particularly
important for chromatography approaches with cleaning procedures using alkaline solutions
with high NaOH concentrations to remove contaminants on the matrix so for example that the
matrix can be used several times. In addition to high caustic stability, Ig binding proteins show
high coupling efficiencies, as shown in the Examples.

[0054] Further, an important step in affinity chromatography is the elution of the protein of
interest, particular an immunoglobulin of interest, that is bound to the Ig binding protein or Ig
binding domain of the invention. This step is usually done at low pH. The affinity ligands of the
invention do not lose binding properties to |g after this treatment, while elution of the protein of
interest is possible at low pH.

[0055] In some circumstances, it is important to have conditions for the elution of antibodies
(immunoglobulins) from the affinity ligand at pH between 3.7 higher, such as pH 4.3 and
above, for example, up to pH 5.5. In order to improve characteristics of the ligands of the
invention, further modifications can be made to the ligands described above. In some
embodiments, one or more amino acid(s) corresponding to position 10, 14, 16, 17, 18, or 28 of
SEQ ID NO: 1 are selected from the group of histidine (H) or acidic amino acids selected from
aspartate (D) or glutamate (E). In some embodiments, the amino acid corresponding to
position 14 of SEQ ID NO: 1 is H. In some embodiments, the amino acid corresponding to
position 16 of SEQ ID NO: 1 is H. In other embodiments, the amino acid corresponding to
position 28 of SEQ ID NO: 1 is H. In some embodiments, the amino acid corresponding to
position 28 of SEQ ID NO: 1 is E. In other embodiments, the amino acid corresponding to
position 9 of SEQ ID NO: 1 is H. In some embodiments, the amino acid corresponding to
position 10 of SEQ ID NO: 1 is H. Ligands of the invention with His (H), Asp (D), or Glu (E) in
positions corresponding to positions 10, 14, 16, 17, 18, or 28 of SEQ ID NO: 1 weaken the Fc
binding affinity and allow elution of the bound Ig protein of interest at pH higher than 4.0 or
even pH 4.3, up to pH 5.5.

[0056] It has surprisingly been found that an Ig binding protein or Ig binding domain of the
present invention comprising a histidine (H) at the position corresponding to position 14 of SEQ
ID NO: 1 or a histidine (H) at the position corresponding to position 16 of SEQ ID NO: 1 is
particularly suitable for elution of Ig molecules of interest from the immobilized ligand at mild
pH conditions (up to pH 5.5) (see Table 3). This feature is particularly useful for isolating
immunoglobulins, in particular Ig having an Fc region, using separation matrices, wherein the
elution step has to be carried out at mild acidic conditions higher than pH 3.7, in particular in
the range of pH 4.0 up to and including pH 5.5.

[0057] The Ig binding protein or Ig binding domain may be selected from the following (1) to
(3): (1) a protein comprising an amino acid sequence corresponding to SEQ ID NO: 1 wherein
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the amino acid residue corresponding to the 8th position is lle, Leu, Val, or an aromatic amino
acid; (2) a protein comprising an amino acid sequence specified in the (1) wherein the amino

acid residue corresponding to the 101, 14th 16t 17t 18t or 28 position is His, Asp, or Glu,
preferably wherein the amino acid corresponding to position 14 is His, the amino acid
corresponding to position 16 is His, the amino acid corresponding to position 10 is Asp or His,
the amino acid corresponding to position 17 is His, the amino acid corresponding to position 18
is Glu, or the amino acid corresponding to position 28 is His or Glu, more preferably wherein
the amino acid corresponding to position 14 is His, (3) a protein comprising an amino acid
sequence having a sequence identity of at least 80% or more with the amino acid sequence
specified in the (1), provided that the amino acid specified in (1) corresponding to the 8th

position and the amino acid in the (2) corresponding to the 10t 14t 16t 17th 1gth or 28t
position is not further mutated in (3).

[0058] Further modifications can be introduced to the protein to modify certain properties for
affinity chromatography. For example, a cysteine can be added to the C-terminus. Alternatively,
a cysteine can be introduced at a position within helix 3 of the protein, for example, in position
43 or position 46, to enable efficient coupling to the matrix.

[0059] The position corresponding to position 29 might be exchanged in order to lower the
binding of Ig (by eliminating Fab-VH3 binding) and improve elution properties at higher pH
values. The amino acid corresponding to position 29 of SEQ ID NO: 1 may be Lys (K). The
resulting ligand of the invention has at least 80 % identity to SEQ ID NO: 1.

[0060] Disclosed herein is an Ig binding protein or Ig binding domain selected from the
following (1) to (3):

1. (1) protein comprising an amino acid sequence corresponding to SEQ ID NO: 1 wherein
the amino acid residue corresponding to the 8th position is lle, Leu, Val, or an aromatic
amino acid;

2. (2) a protein comprising an amino acid sequence specified in (1) wherein the amino acid

residue corresponding to the 101, 14th 16t 17t 18h or 281 position is His, Asp, or
Glu, preferably wherein the amino acid corresponding to position 14 is His, the amino
acid corresponding to position 16 is His, the amino acid corresponding to position 10 is
Asp or His, the amino acid corresponding to position 17 is His, the amino acid
corresponding to position 18 is Glu, or the amino acid corresponding to position 28 is His
or Glu, in particular wherein the amino acid corresponding to position 14 is His ;

3. (3) a protein comprising an amino acid sequence specified in the (1) wherein the amino
acid residue corresponding to the 29th position is Lys;

4. (4) a protein comprising an amino acid sequence having a sequence identity of at least
80 % or more with the amino acid sequence specified in the (1), provided that the amino
acids specified in the (1), (2), and (3) are not further mutated in (4).
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[0061] Preferred Ig binding domains. In various embodiments, the Ig binding domain
comprises or consists of an amino acid sequence of any one of SEQ ID NOs: 4-36 and 40-49,
or an amino acid with at least 89.5 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %,
at least 94 %, at least 95 %, at least 96 %, at least 97 %, at least 98 %, or at least 99 % identity
thereto. In various embodiments, the Ig binding domain comprises or essentially consists of or
consists of an amino acid sequence of any of SEQ ID NOs: 4-36 and 40-49, or an amino acid
with at least 95 %, at least 96 %, at least 97 %, at least 98 %, or at least 99 % identity to any of
SEQ ID NOs: 4-36 and 40-49.

[0062] Preferred lg binding proteins. In some embodiments, the Ig binding protein
comprises one or more binding domains wherein at least one domain comprises or consists of
an amino acid sequence of any one of SEQ ID NOs: 4-36 and 40-49, or an amino acid with at
least 89.5 %, at least 90 %, at least 91 %, at least 92 %, at least 93 %, at least 94 %, at least
95 %, at least 96 %, at least 97 %, at least 98 %, or at least 99 % identity thereto. In some
embodiments, the Ig binding protein comprises one or more domains, wherein at least one
domain comprises or essentially consists of or consists of an amino acid sequence of any of
SEQ ID NOs: 4-36 and 40-49, or an amino acid with at least 95 %, at least 96 %, at least 97 %,
at least 98 %, or at least 99 % identity to any of SEQ ID NOs: 4-36 and 40-49.

[0063] Affinity to Immunoglobulin. All Ig binding proteins or Ig binding domains as described
herein bind to Immunoglobulin with a dissociation constant Kp preferably below 200 nM, or

below 100 nM, even more preferably 10 nM or less. In some embodiments, the Ig binding
protein or Ig binding domain binds to 1gG4, 1gGoy, 19G4, I1gM, IgA, Ig fragments, Fc fragments,
Fab fragments, fusion proteins comprising an Ig region, and conjugates comprising an Ig
region with a dissociation constant Kp preferably below 200 nM, or below 100 nM, even more

preferably 10 nM or less. Methods for determining binding affinities or binding capacities of Ig
binding proteins or domains, i.e. for determining the dissociation constant Kp, are known to a

person of ordinary skill in the art and can be selected for instance from the following methods
known in the art: Surface Plasmon Resonance (SPR) based technology, kinetic exclusion
analysis (KinExA assay), Bio-layer interferometry (BLI), enzyme-linked immunosorbent assay
(ELISA), flow cytometry, isothermal titration calorimetry (ITC), analytical ultracentrifugation,
radioimmunoassay (RIA or IRMA) and enhanced chemiluminescence (ECL). Some of the
methods are described further in the Examples. Typically, the dissociation constant Kp is

determined at 20 °C, 25 °C, or 30 °C. If not specifically indicated otherwise, the Kp values

recited herein are determined at 22 °C +/- 3 °C by surface plasmon resonance spectroscopy.

[0064] In one embodiment, the Ig binding protein has a dissociation constant Kp to human

IgG1 in the range between 0.1 nM and 100 nM, preferably between 0.1 nM and 50 nM.

[0065] High alkaline stability of g binding proteins. The Ig binding proteins and Ig binding
domains of the invention provide surprisingly particularly good alkaline stability, as shown in the
Examples and in the Figures, in addition to high dynamic binding capacities (DBC). The
alkaline stability of the Ig binding protein or Ig binding domain is determined by comparing the
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loss in Ig binding activity. In some embodiments, the alkaline liquid comprises 0.1 - 1.0 M
NaOH or KOH, preferably 0.25 - 0.5 M NaOH or KOH. Due to the high alkaline stability of the Ig
binding proteins and Ig binding domains of the invention, an alkaline liquid with pH higher than
13 can be used for cleaning affinity matrices with immobilized Ig binding proteins or
immobilized Ig binding domains of the invention. In some embodiments, the alkaline stability of
the Ig binding protein or Ig binding domain is determined by comparing the loss in Ig binding
activity after at least 20 h incubation in 0.5 M NaOH (see FIGURE 2, FIGURE 3, FIGURE 4 and
Examples). In some embodiments, the alkaline stability of the Ig binding protein or Ig binding
domain is determined by comparing the loss in Ig binding activity after very long incubation in
alkaline solution, e.g. for at least 2 days (at least 48 h) incubation in 0.5 M NaOH (see
Examples), reflecting an extraordinary stability of the Ig binding proteins as described herein.

[0066] The Ig binding proteins and Ig binding domains of the invention are stable under
alkaline conditions, in particular under alkaline conditions of 0.5 M NaOH for at least 20 h. In
various embodiments, the Ig binding protein or Ig binding domain of the invention is stable
under alkaline conditions, in particular under alkaline conditions of 0.5 M NaOH for at least 24
h. In preferred embodiments, the Ig binding protein or Ig binding domain of the invention is
stable under alkaline conditions, in particular under alkaline conditions of 0.5 M NaOH for at
least 48 h, more preferably for at least 50 h.

[0067] The Ig binding proteins and Ig binding domains of the invention are alkaline-stable
ligands for immunoglobulins. The Ig binding proteins and Ig binding domains of the invention
retain binding capacity (or binding affinity) for immunoglobulin after exposure to 0.5 M NaOH
for at least 20 h. As further described herein, the Ig binding proteins and Ig binding domains of
the invention retain at least 85 % or at least 90 % binding capacity for immunoglobulin after
exposure to alkaline conditions as described herein. In further preferred embodiments, the Ig
binding proteins and Ig binding domains of the invention retain at least 94% binding capacity
for immunoglobulin after exposure to alkaline conditions (0.5 M NaOH for at least 20 h or 24
h), preferably after exposure to 0.5 M NaOH for at least 48 h, more preferably after exposure
to 0.5 M NaOH for at least 50 h. In various embodiments, the Ig binding proteins and Ig binding
domains of the invention retain binding capacity for immunoglobulin as described above when
immobilized to a solid support, preferably to a solid support of an affinity separation matrix.

[0068] As further described herein, the Ig binding proteins and Ig binding domains of the
invention are typically stable under alkaline conditions at room temperature. The term room
temperature may include temperatures between 15°C and 25°C, more specifically
temperatures between 20°C and 25°C. In various embodiments, the Ig binding protein or Ig
binding domain of the invention is stable under alkaline conditions at 22°C + 3°C.

[0069] In various embodiments, the alkaline stability of the Ig binding protein or Ig binding
domain as described above means alkaline stability of the Ig binding protein or Ig binding
domain immobilized to a solid support, preferably to a solid support of an affinity separation
matrix. Hence, in various embodiments, the alkaline stability of the Ig binding protein or Ig
binding domain is determined by comparing the loss in Ig binding activity or Ig binding capacity
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of the Ig binding protein or Ig binding domain when immobilized to a solid support, preferably
to a solid support of an affinity separation matrix. Hence, in other embodiments, the alkaline
stability of the Ig binding protein or Ig binding domain is determined by comparing the Ig
binding activity of the Ig binding protein or Ig binding domain to a reference protein after
alkaline treatment for a prolonged time when immobilized to a solid support (see FIGURES 2,
3,4).

[0070] The binding capacity or binding affinity for immunoglobulin of the Ig binding protein or Ig
binding domain of the present invention can be evaluated by a skilled person using methods
well known in the art, in particular methods for determining the dissociation constant Kp as

described elsewhere herein. In various embodiments, the binding capacity or binding affinity
for immunoglobulin of the Ig binding protein or Ig binding domain of the present invention is
determined using Surface Plasmon Resonance (SPR) spectroscopy, as also described
elsewhere herein. In other embodiments, the binding capacity or binding affinity for
immunoglobulin of the Ig binding protein or Ig binding domain of the present invention is
determined using kinetic exclusion analysis (KinExA assay), or enzyme-linked immunosorbent
assay (ELISA), as described elsewhere herein.

[0071] The binding capacity or binding affinity for immunoglobulin of the Ig binding protein or Ig
binding domain of the present invention can be assessed for each candidate ligand before and
after exposure to alkaline conditions as described herein.

[0072] Multimers. In one embodiment, the Ig binding protein comprises 1, 2, 3, 4, 5, or 6 Ig
binding domains linked to each other, i.e. the Ig binding protein can be, for example, a
monomer, a dimer, a trimer, a tetramer, a pentamer, or a hexamer. A multimer may comprise
two, three, four, or even more binding domains. Multimers of the invention are fusion proteins
generated artificially, generally by recombinant DNA technology well-known to a skilled person.

[0073] In some embodiments, the multimer is a homo-multimer, e.g. the amino acid
sequences of all Ig binding domains of the Ig binding protein are identical. In some
embodiments, the multimer is a hetero-multimer, e.g. at least one Ig binding domain has a
different amino acid sequence than the other Ig binding domains within the Ig-binding protein.

[0074] A multimer may comprise two or more Ig binding domains, wherein said |Ig binding
domains preferably comprise or essentially consist of an amino acid sequence as described
above. In some embodiments, the multimer is a dimer. The present invention provides dimers
comprising monomers of any of SEQ ID NOs: 4-36 and 40-49. Further disclosed herein is an Ig
binding protein, which is a dimer comprising two Ig binding domains, wherein each of the two
Ig binding domains corresponds to an Ig binding protein having at least 80 % amino acid
identity to any one of SEQ ID NOs: 4-36 and 40-49, wherein the dimeric Ig binding protein is
stable under alkaline conditions. As further described herein, an Ig binding protein of the
present disclosure may be a dimer comprising two |g binding domains, wherein each of the two
Ig binding domains corresponds to an Ig binding protein having at least 80 % amino acid
identity to any one of SEQ ID NOs: 4-9, 20-36, and 40-49, wherein the amino acid
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corresponding to position 8 of SEQ ID NOs: 4-9, 20-36, and 40-49 is isoleucine (I) or leucine
(L) or valine (V) or an aromatic amino acid (Y, F, or W), and wherein the dimeric Ig binding
protein is stable under alkaline conditions of 0.5 M NaOH for at least 20 h. As further described
herein, a dimeric Ig binding protein of the present disclosure may comprises an Ig binding
domain corresponding to an Ig binding protein having at least 80 % amino acid identity to any
one of SEQ ID NOs: 4-5, 20-36, and 40-49, wherein the amino acid corresponding to position 8
of SEQ ID NOs: 4-5, 20-36 and 40-49 is isoleucine (I), and wherein the dimeric Ig binding
protein is stable under alkaline conditions of 0.5 M NaOH for at least 20 h. As further described
herein, a dimeric Ig binding protein of the present disclosure may comprises an Ig binding
domain corresponding to an Ig binding protein having at least 80 % amino acid identity to any
one of SEQ ID NOs: 4-5, 20-36, and 40-49, wherein the amino acid corresponding to position 8
of SEQ ID NOs: 4-5, 20-36 and 40-49 is isoleucine (I), and wherein the dimeric Ig binding
protein is stable under alkaline conditions of 0.5 M NaOH for at least 20 h and wherein the
dimeric Ig binding protein allows elution of the target at mild elution conditions of an pH of at
least 4.0. As further described herein, the N-terminal Ig binding domain of a dimer comprising
two Ig binding domains may have a cysteine (C) at the position corresponding to position 43 or
46 of SEQ ID NO: 1 or any of SEQ ID NOs: 4-36 and 40-49, respectively.

[0075] Disclosed herein is an Ig binding protein that comprises two Ig binding domains,
wherein one Ig binding domain corresponds to an Ig binding protein having at least 80 %
amino acid identity to SEQ ID NO: 4, and the other Ig binding domain corresponds to an Ig
binding protein having at least 80 % amino acid identity to SEQ ID NO: 5. The domain based
on SEQ ID NO: 5 may be located upstream of the domain based on SEQ ID NO. 4. As further
described herein, an Ig binding protein of the present disclosure may comprises two Ig binding
domains, wherein one Ig binding domain corresponds to an Ig binding protein having at least
80 % amino acid identity to SEQ ID NO: 43, and the other Ig binding domain corresponds to an
Ig binding protein having at least 80 % amino acid identity to SEQ ID NO: 46. The domain
based on SEQ ID NO: 46 may be located upstream of the domain based on SEQ ID NO: 43.

[0076] The Ig binding protein may be a dimer comprising the sequence of SEQ ID NO: 37,
SEQ ID NO: 50, or SEQ ID NO: 51.

[0077] Linker. In various embodiments, the one or more Ig binding domains are directly linked
to each other. In other embodiments, the one or more Ig binding domains are linked to each
other with one or more linkers. Preferred in these typical embodiments are peptide linkers. This
means that the peptide linker is one or more amino acids, e.g. an amino acid sequence, that
connects a first Ig binding domain with a second Ig binding domain. The peptide linker is
connected to the first Ig binding domain and to the second Ig binding domain by a peptide
bond between the C-terminal and N-terminal ends of the domains, thereby generating a single,
linear polypeptide chain. The length and composition of a linker may vary between at least one
and up to about 30 amino acids. More specifically, a peptide linker has a length of between 1
and 30 amino acids; e.g., 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24, 25, 26, 27, 28, 29, 30 amino acids. It is preferred that the amino acid sequence of
the peptide linker is stable against caustic conditions and proteases. Linkers should not
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destabilize the conformation of the domains in the Ig binding protein. Well-known are linkers
that comprise or consist of small amino acids such as glycine and serine. The linkers can be
glycine-rich (e.g., more than 50% of the residues in the linker can be glycine residues). Also
preferred are linkers that comprise further amino acids. Other embodiments of the invention
comprise linkers consisting of alanine, proline, and serine. Other linkers for the fusion of
proteins are known in the art and can be used. In some embodiments, the multimer of Ig
binding proteins comprises one or more linkers connecting the Ig binding domains wherein the
linkers are identical or different.

[0078] Non-lg binding proteins. The Ig binding protein as described above may further
comprises at least one further polypeptide distinct from the Ig binding protein or Ig binding
domain as disclosed. The further polypeptide distinct from the Ig binding protein or Ig binding
domain as disclosed herein might be a non-Ig-binding protein, for example but not limited to, a
protein that does not bind to the Fc part of immunoglobulin. Accordingly, disclosed herein are
fusion proteins comprising one or two or more Ig binding protein(s) thereof as disclosed herein
and one or two or more non-lg-binding polypeptide(s). A fusion protein may comprise one (or
more) Ig binding protein(s) and/or one (or more) Ig binding domain(s) as disclosed herein
fused to one (or more) non-lg binding protein(s).

[0079] As described herein, a non-lg binding protein may have at least 89.5 % or at least 91 %
or at least 93 % or at least 95 % or at least 96 % or at least 98 % or 100 % identity to SEQ 1D
NO: 38 or SEQ ID NO: 39. SEQ ID NO: 39 is a non-Ig binding protein. SEQ ID NO: 39 has the
same basic scaffold as SEQ ID NO: 1 but with modifications D8I, F13D, Y14K, I131R, L42A in
SEQ ID NO: 1 which lead to the non-lg binding property of SEQ ID NO: 39. The modification in
position 8 to isoleucine results in improved biochemical properties such as high stability in the
non-lg binding protein, for example, in high stability under alkaline conditions. Accordingly, an
isoleucine in a position corresponding to position 8 results in higher stability of proteins having
a similar triple-helical structure as present in SEQ ID NO: 1, regardless of the function (i.e. Ig
binding protein or non-lg binding protein). Accordingly, the further disclosed herein is a protein
comprising one or more domains, wherein at least one domain corresponds to a protein having
at least 70 % amino acid identity to SEQ ID NO: 1 (cs26), wherein the amino acid
corresponding to position 8 of SEQ ID NO: 1 is isoleucine (I). The protein comprising one or
more domains, wherein at least one domain corresponds to a protein having at least 70 %
amino acid identity to SEQ ID NO: 1 (cs26), wherein the amino acid corresponding to position 8
of SEQ ID NO: 1 is isoleucine (l), is stable under alkaline conditions.

[0080] In accordance with the above, disclosed herein is a non-Immunoglobulin (Ig) binding
protein comprising an amino acid sequence having at least 70 %, preferably at least 80 %,
more preferably at least 85 %, even more preferably at least 89.5 %, identity to SEQ ID NO: 1,
wherein the non-Ig binding protein comprises:

1. (i) an amino acid selected from any one of isoleucine (I), leucine (L), valine (V), or an
aromatic amino acid (Tyr, Phe, or Trp), preferably any one of isoleucine (l), leucine (L),
or an aromatic amino acid (Y, F, W), more preferably isoleucine (I) or leucine (L), even
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more preferably isoleucine (1), at the position corresponding to position 8 of SEQ ID NO:
1;

2. (ii) an aspartate (D) at the position corresponding to position 13 of SEQ ID NO: 1;

3. (iii) a lysine (K) or serine (S) at the position corresponding to position 14 of SEQ ID NO:
1;

4. (iv) an arginine (R) at the position corresponding to position 31 of SEQ ID NO: 1; and (v)
an alanine (A) or leucine (L) at the position corresponding to position 42 of SEQ ID NO:
1. In some embodiments, the non-Ig binding protein is stable under alkaline conditions of
0.5 M NaOH for at least 20 h.

[0081] Further disclosed herein is a non-lg binding protein having at least 89.5 % or at least 91
% or at least 93 % or at least 95 % or at least 96 % or at least 98 % or 100 % sequence identity
to the amino acid sequence of SEQ ID NO: 38 or SEQ ID NO: 39, wherein the non-Ig binding
protein comprises:

1. (i) an amino acid selected from any one of isoleucine (I), leucine (L), valine (V), or an
aromatic amino acid (Tyr, Phe, or Trp), preferably any one of isoleucine (l), leucine (L),
or an aromatic amino acid (Y, F, W), more preferably isoleucine (I) or leucine (L), even
more preferably isoleucine (1), at the position corresponding to position 8 of SEQ ID NO:
38 or 39;

2. (ii) an aspartate (D) at the position corresponding to position 13 of SEQ ID NO: 38 or 39;

3. (iii) a lysine (K) or a serine (S) at the position corresponding to position 14 of SEQ ID
NO: 38 or 39;

4. (iv) an arginine (R) at the position corresponding to position 31 of SEQ ID NO: 38 or 39;
and

5. (v) an alanine (A) or a leucine (L) at the position corresponding to position 42 of SEQ ID
NO: 38 or 39. In some embodiments, the non-Ig binding protein is stable under alkaline
conditions of 0.5 M NaOH for at least 20 h.

[0082] Affinity separation matrix. The present invention is further directed to an affinity
separation matrix, comprising an Ig binding protein or Ig binding domain described herein.

[0083] In preferred embodiments, the affinity separation matrix is a solid support. The affinity
separation matrix comprises at least one Ig binding protein or Ig binding domain as described
above.

[0084] An affinity matrix is useful for separation of immunoglobulins and should retain the Ig
binding property even after highly alkaline conditions as applied during cleaning processes.

Such cleaning of matrices is essential for long-term repeated use of matrices.

[0085] Solid support matrices for affinity chromatography are known in the art and include for
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example but are not limited to, agarose and stabilized derivatives of agarose (e.g.

Praesto®Pure, Praesto® Jetted A50, Mabselect®, PrismA®, Sepharose 6B, CaptivA®,
rPROTEIN A Sepharose Fast Flow, and other), cellulose or derivatives of cellulose, controlled

pore glass (e.g. ProSep® VA resin), monolith (e.g. CIM® monoliths), silica, zirconium oxide
(e.g. CM Zirconia or CPG®), titanium oxide, or synthetic polymers (e.g. polystyrene such as
Poros 50A or Poros MabCapture® A resin, polyvinylether, polyvinyl alcohol, monodisperse

polyacrylate resin (e.g. UniMab™ UniMab ™ Pro), polyhydroxyalkyl acrylates, polyhydroxyalkyl
methacrylates, polyacrylamides, polymethacrylamides etc) and hydrogels of various
compositions. In certain embodiments the support comprises a polyhydroxy polymer, such as a
polysaccharide. Examples of polysaccharides suitable for supports include but are not limited
to agar, agarose, dextran, starch, cellulose, pullulan, etc, and stabilized variants of these.

[0086] The formats for solid support matrices can be of any suitable well-known kind. Such
solid support matrix for coupling the Ig binding protein or Ig binding domain as described
herein might comprise for example, one of the following: columns, capillaries, particles,
membranes, filters, monoliths, fibers, pads, gels, slides, plates, cassettes, or any other format
commonly used in chromatography and known to someone skilled in the art.

[0087] In one embodiment, the matrix is comprised of substantially spherical particles, also
known as beads, for example Sepharose or Agarose beads or monodisperse polyacrylate
beads. Suitable particle sizes may be in the diameter range of 5-500 pm, such as 10-100 ym,
such as 20-80 pm, such as 40-70 ym. Matrices in particle form can be used as a packed bed
or in a suspended form including expanded beds.

[0088] In an alternative embodiment, the solid support matrix is a membrane, for example a
hydrogel membrane. In some embodiments, the affinity purification involves a membrane as
matrix to which the Ig binding protein or Ig binding domain of the one embodiment is covalently
bound. The solid support can also be in the form of a membrane in a cartridge.

[0089] In some embodiments, the affinity purification involves a chromatography column
containing a solid support matrix to which the Ig binding protein or Ig binding domain of the one
embodiment is covalently bound.

[0090] Immobilization to a solid support. In embodiments of the invention, the Ig binding
protein or Ig binding domain is conjugated to a solid support. In some embodiments of the
invention, the Ig binding protein or Ig binding domain may comprise additional amino acid
residues at the N-and/or C-terminal end. The Ig binding protein or Ig binding domain of the
invention may be attached to a suitable solid support matrix via conventional coupling
techniques. Methods for immobilization of protein ligands to solid supports are well-known in
this field and easily performed by the skilled person in this field using standard techniques and
equipment. In some embodiments, the coupling may be a multipoint coupling, for example via

several lysines, or a single point coupling, for example via cysteine.
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[0091] In some embodiments, the alkaline stable Ig binding protein or Ig binding domain
comprises an attachment site for covalent attachment to a solid phase (matrix). Site-specific
attachment sites comprise natural amino acids, such as cysteine or lysine, which enable
specific chemical reactions with a reactive group of the solid phase or a linker between the
solid phase and the protein.

[0092] In some embodiments, the attachment site may be directly at the C- or N-terminal end
of the Ig binding protein or Ig binding domain. In some embodiments, a single cysteine is
located at the C-terminal end for site-specific immobilization of the Ig binding protein or Ig
binding domain. An advantage of having a C-terminal cysteine is that coupling of the Ig binding
protein or Ig binding domain can be achieved through reaction of the cysteine thiol with an
electrophilic group on a support resulting in a thioether bridge coupling. This provides excellent
mobility of the coupled protein which provides increased binding capacity.

[0093] In other embodiments, the attachment site may be located in the third helix of the Ig
binding protein or Ig binding domain, for example, in position corresponding to position 43 or
position 46 of SEQ ID NO: 1.

[0094] In other embodiments, there may be a linker between the N- or C-terminus and the
attachment site. In some embodiments of the invention, the Ig binding protein or Ig binding
domain may comprise a N- or C-terminal amino acid sequence of 3 - 20 amino acids,
preferably of 4 - 10 amino acids, with a terminal cysteine. Amino acids for a terminal
attachment site may be selected from the group of proline, glycine, alanine, and serine, with a
single cysteine at the C-terminal end for coupling.

[0095] In some embodiments of the invention, the Ig binding protein or Ig binding domain may
also comprise additional amino acid residues at the N- and/or C-terminal end, such as for
example a leader sequence at the N-terminal end and/or a coupling sequence with or without a
tag at the N- or C-terminal end.

[0096] Use of the Ig binding protein. The present invention is further directed to the use of
the Ig binding protein or Ig binding domain described herein, or an affinity matrix described
herein, for affinity purification of immunoglobulins or variants thereof, i.e. the Ig binding protein
or Ig binding domain of the invention is used for affinity chromatography. In some
embodiments, the Ig binding protein or Ig binding domain of the invention is immobilized onto a
solid support as described herein,

[0097] Method of affinity purification of immunoglobulins. The present invention is further
directed to a method of affinity purification of immunoglobulins, the method comprising the
following steps:

1. (a) providing a liquid (sample) that contains an Ig such as IgG¢, 1gGy, 1gG4, IgM, IgA, Ig
fragments, Fc fragments, or Fab fragments (including fusion proteins and conjugates, as
defined above);
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2. (b) providing an affinity separation matrix comprising an immobilized |g binding protein
or Ig binding domain as described above immobilized to said affinity separation matrix;

3. (c) contacting said liquid with said affinity separation matrix, under conditions that permit
binding of the at least one Ig binding protein or Ig binding domain as described above to
an lg; and

4. (d) eluting said Ig from said matrix, thereby obtaining an eluate containing said Ig.

[0098] In some embodiments, the method of affinity purification may further comprise one or
more washing steps carried out between steps (c¢) and (d) under conditions sufficient to
remove from the affinity separation matrix some or all molecules that are non-specifically
bound thereto. Non-specifically bound means any binding that does not involve an interaction
between the at least one Ig binding protein or Ig binding domain and an Ig.

[0099] Affinity separation matrices suitable for the disclosed uses and methods are those
matrices according to the embodiments described above and as known to someone skilled in
the art.

[0100] The elution of the immunoglobulin from (the matrix comprising) the Ig binding protein or
Ig binding domain in step (d) may be effected through a change in pH and/or a change in salt
concentration. In general, suitable conditions for performing the method of affinity purification
are well known to someone skilled in the art.

[0101] The disclosed uses or methods of affinity purification comprising the disclosed Ig
binding proteins or Ig binding domains may provide elution of at least about 95 %, at least
about 96 %, at least about 97 %, at least about 98 %, at least about 99 %, or 100 % of Ig
containing proteins at a pH of greater than or equal to 3.7 (e.g., about pH 4.0, about pH 4.5,
about pH 5.0, or about pH 5.5). Due to the high stability of the Ig binding proteins and Ig
binding domains of the invention, solutions with greater than or equal to pH 3.7 can be used for
the elution of Ig proteins (see Examples).

[0102] In step (d) of the method of affinity purification more than 95 % of the protein
comprising the Ig sequence (e.g. antibody) is eluted at pH 3.7 or higher (up to about pH 5.5)
from the matrix comprising the immobilized Ig binding protein or Ig binding domain as
described above. A further step (e) for efficient cleaning of the affinity matrix may be added, in
particular by using an alkaline liquid, for example, with pH of 13 - 14. As further described
herein, the cleaning liquid may comprises 0.1 - 1.0 M NaOH or KOH, in particular 0.25 - 0.5 M
NaOH or KOH. Due to the high alkaline stability of the Ig binding proteins or Ig binding domains
of the invention, such strong alkaline solution can be used for cleaning purposes. After
cleaning the affinity purification matrix with an alkaline cleaning liquid, at least 88 % of the Ig
binding protein or Ig binding domain may have Ig binding activity if incubated for at least 48 h
at 0.5 M NaOH. The Ig-binding capacity of the Ig binding protein or Ig binding domain may be
at least about 80%, at least about 90 %, or 100 % of the Ig binding capacity before the



DK/EP 4132943 T3

incubation under alkaline conditions, for example, as determined by the remaining Ig-binding
capacity after at least 20 h incubation in 0.5 M NaOH.

[0103] The present invention further relates to a method of isolating an immunoglobulin,
comprising the steps (a) contacting a liquid sample comprising an immunoglobulin with a
separation matrix comprising a plurality of Ig binding proteins or Ig binding domains described
herein (coupled to a solid support); (b) washing the separation matrix with a washing liquid at a
pH above pH 3.7 (up to pH 5.5); (c) eluting the immunoglobulin from the separation matrix; and
(d) obtaining the immunoglobulin.

[0104] Nucleic acid molecule. Further disclosed herein is a nucleic acid molecule, in
particular an isolated nucleic acid molecule, encoding an Ig binding protein or Ig binding
domain as disclosed above. Further disclosed herein is a vector comprising the nucleic acid
molecule. A vector means any molecule or entity (e.g., nucleic acid, plasmid, bacteriophage or
virus) that can be used to transfer protein coding information into a host cell. In one
embodiment, the vector is an expression vector.

[0105] Further disclosed herein is an expression system which comprises a nucleic acid or a
vector as disclosed above, for example a prokaryotic host cell, for example E. coli, or a
eukaryotic host, for example yeast Saccharomyces cerevisiae or Pichia pastoris or mammalian
cells such as CHO cells.

Method for the production of a Ig binding protein.

[0106] Further disclosed herein is a method for the production of an Ig binding protein or Ig
binding domain of the invention, comprising the step(s): (a) culturing the host cell of the one
embodiment under suitable conditions for the expression of the binding protein or Ig binding
domain in order to obtain said Ig binding protein or Ig binding domain; and (b) optionally
isolating said Ig binding protein or Ig binding domain. Suitable conditions for culturing a
prokaryotic or eukaryotic host are well-known to the person skilled in the art.

[0107] Ig binding molecules of the invention may be prepared by any of the many conventional
and well-known techniques such as plain organic synthetic strategies, solid phase-assisted
synthesis techniques or by commercially available automated synthesizers. On the other hand,
they may also be prepared by conventional recombinant techniques alone or in combination
with conventional synthetic techniques.

[0108] Further disclosed herein is a method for the preparation of a Ig binding protein or Ig
binding domain according to the invention as detailed above, said method comprising the
following steps: (a) preparing a nucleic acid encoding an Ig binding protein or Ig binding
domain as defined above; (b) introducing said nucleic acid into an expression vector; (c)
introducing said expression vector into a host cell; (d) cultivating the host cell; (e) subjecting
the host cell to culturing conditions under which an Ig binding protein or Ig binding domain is
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expressed, thereby (e) producing an Ig binding protein or Ig binding domain as described
above; optionally (f) isolating the Ig binding protein or Ig binding domain produced in step (e);
and (g) optionally conjugating the Ig binding protein or Ig binding domain to solid matrices as
described above. The production of the Ig binding protein or Ig binding domain may be
performed by cell-free in vitro transcription / translation.

EXAMPLES

[0109] The following Examples are provided for further illustration of the invention. The
invention, however, is not limited thereto, and the following Examples merely show the
practicability of the invention on the basis of the above description.

Example 1. Generation of Ig binding proteins of the invention

[0110] Modifications were introduced in SEQ ID NO: 1 (cs26) by site-saturation mutagenesis of
individual amino acid residues. The following exchanges were introduced and analyzed for
properties in affinity chromatography: 81, 8F, 8Y, 8W, 8L, 8V, 61, 6Y, 6W, 6L, 41, 4F, 4W, 4Y, 4L;
position 43 was exchanged to C (cysteine) for coupling to the matrix.

Example 2. Expression of Ig binding proteins

[0111] BL21 (DE3) competent cells were transformed with an expression plasmid encoding Ig
binding proteins (for example, 203524 and 203550). Cells were spread onto selective agar
plates (Kanamycin) and incubated either for 2 days at 21 °C or overnight at 37°C. Precultures
were inoculated from single colony in 50 ml 2xYT medium supplemented with 50 pg/ml
kanamycin and cultured for 17 hours at 37 °C at 210 rpm in a conventional orbital shaker in
250 mL Erlenmeyer flasks. The ODgyg readout should be in the range of 3.5-6. Main cultures

were inoculated from previous overnight culture with an adjusted start-ODggg of 0.3 in 300 ml

superrich medium (modified H15 medium consisting of 2% glucose, 5% yeast extract, 0.89%
glycerol, 0,76% lactose, 250 mM MOPS, 202 mM TRIS, 10 mM MgSOy4, pH 7.4, antifoam
SE15) that was supplemented with 50 ug/ml Kanamycin and trace elements (see Studier 2005)
in 1 L thick-walled Erlenmeyer flasks. Cultures were transferred to a resonant acoustic mixer
(RAMy;o) and incubated at 37 °C with 20 x g. Aeration was facilitated by Oxy-Pump stoppers.
Recombinant protein expression was induced by metabolizing glucose and subsequently
allowing lactose to enter the cells. Cells were grown overnight for approx. 18 hours to reach a
final ODgqq of about 35-55. Before the harvest, the ODgyg was measured, samples adjusted to
0.6/0ODggg were withdrawn, pelleted and frozen at -20 °C. To collect biomass cells were

centrifuged at 12000 x g for 20 min at 20 °C. Pellets were weighed (wet weight). Cells were
stored at -20 °C before processing.
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Example 3: SDS-PAGE Analysis of expression and solubility of Ig binding proteins

[0112] Samples were resuspended in 90 ul extraction buffer (PBS supplemented with 0.2
mg/ml Lysozyme, 0.5x BugBuster, 6 mM MgSO4, 6 mM MgCl,, 15 U/mL Benzonase) and

solubilized by agitation in a thermomixer at 850 rpm, rt for 15 min with a subsequent incubation
at -80 °C for 15 min. After thawing, soluble proteins were separated from insoluble proteins by
centrifugation (16000 x g, 2 min, rt). Supernatant was withdrawn (soluble fraction) and the
pellet (insoluble fraction) was resuspended in equivalent amount of urea buffer (8 M urea, 0.2
M Tris, 20 mM EDTA, pH 7.0). 35 ul were taken both from the soluble and insoluble fraction,
and 10 ul 5x sample buffer as well as 5 yl 0.5 M DTT were added. Samples were boiled at 95
°C for 5 min. Finally, 5 ul of those samples were applied to NuPage Novex 4-12 % Bis-Tris SDS
gels which were run in accordance to the manufacturer's recommendations and stained with
Coomassie. Results: High level expression was found under optimized conditions within the
chosen period of time. All expressed Ig binding proteins were 100% soluble according to SDS-
PAGE.

Example 4: Purification of Ig binding proteins

[0113] Ig binding proteins were expressed in the soluble fraction of E. coli The cells were
resuspended in cell disruption buffer and lysed by an ultrasonic cell disruption system
(Sonopuls HD 2200, Bandelin). Purification step was performed with IEC Sepharose SP-HP
(GE Healthcare) using an AKTAvant system (Ge Healthcare) according to the manufacturer's
instructions using citric acid buffer at pH 3.0 (20 mM Citric acid, 1 mM EDTA, pH 3.0). Pure
protein fractions were eluted by increasing sodium chloride concentration to 1 M with a linear
gradient in 10 column volumes. Furth purification was performed by size exclusion
chromatography (Superdex 75) according to manufactures instructions using citric acid buffer
pH 6.0 (20 mM Citric acid, 150 mM NaCl, 1 mM EDTA, pH 6.0). Results: The purity of variants
8l and 6L was > 95% after SE-HPLC and >90 % after RP HPLC.

Example 5. The Ig binding proteins bind to IgG with high affinities (SPR)

[0114] A CM5 sensor chip (GE Healthcare) was equilibrated with surface plasmon resonance
(SPR) running buffer. Surface-exposed carboxylic groups were activated by passing a mixture
of EDC and NHS to yield reactive ester groups. 700-1500 RU on-ligand were immobilized on a
flow cell, off- ligand was immobilized on another flow cell. Injection of ethanolamine after ligand
immobilization removes non-covalently bound Ig binding protein. Upon ligand binding, protein
analyte was accumulated on the surface increasing the refractive index. This change in the
refractive index was measured in real time and plotted as response or resonance units (RU)
versus time. The analytes were applied to the chip in serial dilutions with a suitable flow rate
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(M/min). After each run, the chip surface was regenerated with regeneration buffer and
equilibrated with running buffer. The control samples were applied to the matrix. Regeneration
and re-equilibration were performed as previously mentioned. Binding studies were carried out
by the use of the Biacore® 3000 (GE Healthcare) at 25 °C; data evaluation was operated via
the BlAevaluation 3.0 software, provided by the manufacturer, by the use of the Langmuir 1:1
model (RI=0). Evaluated dissociation constants (Kp) were standardized against off-target and
Kp values of Ig binding proteins for Cetuximab (IgG4), Natalizumab (1gG,4), and Panitumab
(1gGy) in Table 1.

Table 1. Kp values of Ig binding proteins for IlgG

CID Variant vs. higG, (nM) vs. hilgG, (nM) vs. hlgG4 (nM)
203524 D6L 4.2 110 4

203550 D8I 2.9 20.6 2.4

203704 N28H 17.2 107 20

203447 cs26 3.6 23.2 2.7

Example 6. Ig binding proteins coupled to agarose-based chromatography beads

Praesto" Pure85 - coupling efficiencies, DBC10 %, elution

[0115] DBC10%: Purified Ig binding proteins were coupled to agarose-based chromatography

beads (Praesto™ Pure85, Purolite; Cat. No. PR01265-164) according to the manufacturer's
instructions (coupling conditions: pH 9.5, 3 hours, 35 °C, 4.1 M NaSQy, blocking overnight with

ethanolamine). Coupled Resin was packed into super compact 5/50 column (Gétec GmbH).

Polyclonal human IgG Gammanorm® (Ocatpharm) was used as IgG sample (conc. 2,2 mg/ml).
Polyclonal higG sample was applied in saturated amounts to the matrix comprising immobilized
Ig binding protein. Results: Variant 81 (203550) shows slightly increased DBC10% in
comparison to the parent variant (203447)

[0116] Elution of Immunoglobulin from matrix: The matrix was washed with 100 mM acetic acid
buffer, pH 3.7 and then with 0.1 M phosphoric acid pH 1.7 to elute higG (Load: 2.2 mg/mL
Gammanorm, 6 min residence time) that was bound to the immobilized Ig binding protein.
Results: For all variants tested, more than 99 % of the antibody was eluted (e.g. D8I, D6L),
compared to 96% elution if the parent molecule was immobilized; see Table 2.

Example 7. Alkaline stability of Ig binding proteins coupled to an epoxy-activated
matrix

[0117] Columns were incubated with 0.5 M NaOH for 0 h and 20 h at room temperature (22 °C
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+/- 3 °C). The Ig binding activity of the immobilized proteins was analyzed after incubation with
0.5 M NaOH. Results are shown in FIGURE 2, FIGURE 3, and FIGURE 4. Praesto 85 epoxy
resin with immobilized 25 mg/ml variants 6L (203524) and 8| (203550) and controls was
incubated with 0.5 M NaOH for 50 h at room temperature (22 °C +/- 3 °C). Results: Even after
more than 2 days in strong alkaline solution, variant 8| and variant 6L showed 94,4 % and 88,5
%, respectively, remaining binding capacity for Ig. The remaining IgG binding capacity after
alkaline treatment for 50 h is improved compared to the parent (caustic stable Ig binding
protein of SEQ ID NO: 3; CID203447) (83 % remaining binding capacity for Ig). Results see
Table 2.

Table 2. Caustic stability and elution

CID Affinity {DBC10% at6 ;DBC10 Caustic Elution recovery
ligand imin residence {compared jstability 50 h, iat 10 mM acetic
time (mg/ml) to cs26 0.5 M NaOH iacid at pH 3.7
(%)
203550ics26 8 {56.6 103.1 94.4 99.6
203704 ics26 56 102 n.d. n.d.
28H
203447 ics26 54.9 100 83 99.8

Example 8. Elution of higG from immobilized ligands

[0118] Determination of elution pH with pH gradient.1 mg/ml higG (Gammanorm) in PBS
pH 7.3 was injected onto the column; contact time: 6 min. The column was washed with 0.1 M
citrate pH 6.0. higG that was bound to the immobilized ligand was eluted via pH gradient form
pH 6.0 - 2.0. The pH of the eluted main fraction was determined (peak maximum). Table 3
shows that all variants show a peak maximum at the range of pH 4.2 and pH 5.5, compared to
cs26 a peak maximum of pH 3.7 for ¢s26.

Table 3. Elution pH (gradient)

SEQ ID NO: CID Substitution Peak maximum (pH)
3 203447 37
60 203561 Q10D 46
59 203564 Q10H 53
58 203606 Y14H 55
57 203634 [16H 55
56 203648 L17H 4.9
55 203660 H18E 4.1
54 203702 N28E 4.3
53 203704 N28H 4.2
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[0119] Elution at high pH (pH 4.5). The matrix was washed with 50 mM acetic acid buffer, pH
4.5 and then 100 mM acetic acid to elute hlgG (Load: 2.2 mg/mL Gammanorm, 6 min
residence time) that was bound to the immobilized affinity ligand (variant). Table 4 shows that
all ligands show significantly higher percentage of recovered antibody at pH 4.5 compared to
cs26.

Table 4. Elution recovery (%)

SEQ ID NO: {CID ligand 50 mM acetic acid pH {100 mM citrate pH
4.5 4.5
2 184244 (cs26 45 n.d.
60 203561 jcs26 10D 85 n.d.
59 203564 jcs26 10H 85 n.d.
58 203606 jcs26 14H 98 n.d.
57 203634 jcs26 16H 91 n.d.
56 203648 jcs26 17H 82 n.d.
55 203660 jcs26 18E 71 n.d.
54 203702 jcs26 28E 70 n.d.
53 203704 jcs26 28H 76 93.5

Example 9. Characterization of SEQ ID NO: 51 as ligand for affinity purification of IgG

[0120] Experiments were performed as described above, unless different procedures are
mentioned here.

[0121] Purity: The purity of affinity ligand of SEQ ID NO: 51 was 100 % after RP HPLC. Protein
was detected by 220 nm absorption.

[0122] Affinity for hlgG: For the analysis of affinity ligand SEQ ID NO: 51, the monoclonal
antibodies Cetuximab (IgG,) and Belimumab (IgG¢) were used as target. The KD of SEQ ID
NO: 51 for IgG Cetuximab was 40.8 nM and for IgG4 Belimumab 47.4 nM.

[0123] Binding capacity: Binding capacity was determined with 1gG41 sample. The antibody

was injected onto coupled resin with affinity ligand SEQ ID NO: 51 until 10 % target
breakthrough at 6 min residence time. Loaded antibody was quantified and calculated as
dynamic binding capacity DBC10 %, The DBC10 % at 6 min residence time with 2.2 mg/mi
Belimumab compared to ¢s26 was 104.1% compared to cs26.

[0124] Caustic stability: Praesto 85 epoxy resin with immobilized 19.6 mg/ml SEQ ID NO: 51
(coupled at pH=10.5 and 2.05 M Na>SO4) was incubated with 0.5 M NaOH for 24 h at room
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temperature (22 °C +/- 3 °C). Even after 24 h in strong alkaline solution, SEQ ID NO: 51
showed no reduction in binding capacity for Ig (99 %).

[0125] Elution pH: Elution pH of peak maximum was determined as described above. SEQ ID
NO: 51 showed high elution pH (pH 5.0) for Gammanorm and Belimumab in comparison to
cs26 (pH 3.5), see Table 5.

Table 5. Elution of peak maximum.

Affinity ligand Elution pH peak maximum; ;Elution pH peak maximum;
Target: Gammanorm Target: Belimumab

SEQ ID NO: 51 5.0 50

cs26 3.5 3.5

[0126] Step Elution: Step elution was analyzed for target elution at pH 4.8. Residual elution of
the target (Gammanorm or Belimumab) from the ligand (SEQ ID NO: 51) was analyzed after
100 mM phosphoric acid CIP at pH 1.7 (recovery). The target protein was nearly completely
eluted from the ligand of SEQ ID NO: 51 at pH 4.8, see Table 6.

Table 6. Target elution at pH 4.8 compared to pH 1.7

Affinity ligand

Elution-Recovery at pH 4.8 vs.
1.7;

Elution-Recovery at pH 4.8 vs.
1.7;

Target: Gammanorm

Target: Belimumab

SEQ ID NO: 51

96.9 %

99.7 %

cs26

15.8 %

19.3 %
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PATENTKRAV

1. Et Immunoglobulin (Ig)-bindende protein omfattende et eller flere Ig-bindende
domeener, hvor mindst ét Ig-bindende domane svarer til et Ig-bindende protein
med mindst 80 % aminosyreidentitet med SEQ ID NO: 1, hvor aminosyren svarer
til til position 8 i SEQ ID NO: 1 erisoleucin (l), leucin (L}, valin (V) eller en aromatisk
aminosyre, som er tryptophan (W) eller phenylalanin (F), og hvor det Ig-bindende
protein er stabil under alkaliske betingelser pa 0,5 M NaOH i mindst 20 timer.

2. Ig-bindende protein ifelge krav 1, hvor aminosyren svarende til position 8 i SEQ
ID NO: 1 er isoleucin (I).

3. lIg-bindende protein ifelge krav 1-2, hvor en eller flere aminosyre(r) svarende til
position 10, 14, 16, 17, 18 eller 28 i SEQ ID NO: 1 er udvalgt blandt gruppen af
histidin (H) eller aspartat (D) eller glutamat (E).

4. lg-bindende protein ifglge et hvilket som helst af kravene 1-3, hvor mindst ét
domaene omfatter en aminosyresekvens af en hvilken som helst af SEQ ID NOs: 4-
9, 20-26 og 40-49, eller en amino. syresekvens med mindst 89,5 % identitet dertil
med en hvilken som helst af SEQ ID NO: 4-9, 20-26 og 40-49.

5. Ig-bindende protein ifglge et hvilket som helst af kravene 1-4, hvor naevnte
protein binder til 1gGy, 1gGz, 1gGs4, IgM, IgA, Ig-fragmenter, Fc-fragmenter, Fab-
fragmenter, fusionsproteiner, der omfatter en Ig-region, og konjugater, der omfat-
ter en lg-region.

6. lg-bindende protein ifglge et hvilket som helst af kravene 1-5, hvor proteinet
omfatter 2, 3, 4, 5 eller 6 domeener bundet til hinanden.

7. lg-bindende protein ifelge krav 6, hvor proteinet er en homo-multimer eller en
hetero-multimer.

8. Ig-bindende protein ifolge et hvilket som helst af kravene 1-7, hvor proteinet er
immobiliseret til en fast beerer.

9. Affinitetsseparationsmatrix omfattende det Ig-bindende protein ifglge et hvilket
som helst af kravene 1 til 8 koblet til naevnte affinitetsseparationsmatrix.

10. Anvendelse af det Ig-bindende protein ifglge et hvilket som helst af kravene 1
til 8 eller af affinitetsseparationsmatricen ifglge krav 9 til affinitetsoprensning af et
hvilket som helst protein med affinitet til det 1g-bindende protein.

11. Fremgangsmade til affinitetsoprensning af et protein omfattende en Ig-se-
kvens, fremgangsmaden omfatter:

a. tilvejebringelse af en veeske, der indeholder protein omfattende en Ig-
sekvens;

b. tilvejebringelse af en affinitetsseparationsmatrix ifolge krav 9 omfat-
tende mindst ét Ig-bindende protein ifelge et hvilket som helst af kravene
1 til 8 koblet til affinitetsseparationsmatrixen ifglge krav 9;

c. at bringe neevnte affinitetsseparationsmatrix i kontakt med vaesken un-
der betingelser, der tillader binding af det mindst ene Ig-bindende protein
ifalge et hvilket som helst af kravene 1-8 til et protein, der omfatter en Ig-
sekvens; og
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d. eluering af neevnte protein omfattende en lg-sekvens fra affinitetsop-
rensningsmatrixen, hvorved der opnas et eluat indeholdende im-
munoglobulinet.

12. Fremgangsmade ifglge krav 11, hvor i trin (d), hvor mere end 95 % af proteinet
omfattende Ig-sekvensen elueres ved pH 3,7 eller hgjere fra affinitetsoprensnings-
matrixen omfattende det Ig-bindende protein ifglge et hvilket som helst af kravene
1- 8.

13. Fremgangsmade ifglge krav 12, hvor i trin (d) mere end 95 % af proteinet
omfattende Ig-sekvensen elueres ved pH 4,5 eller hgjere fra affinitetsoprensnings-
matrixen omfattende det Ig-bindende protein ifglge et hvilket som helst af kravene
1- 8.

14. Fremgangsmaden ifelge et hvilket som helst af kravene 11-13, omfattende det
yderligere trin (e) rensning af affinitetsoprensningsmatrixen med en alkalisk ren-
sevaske.
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DRAWINGS

Drawing

FIGURE 1. Selected novel Ig Binding proteins.

X
=
=

Al

X
=
X
A

X

X
=
Xl

AP

@)

|alolale

LB LA BA[KKLIN] HAIQIAIE

)

S|LIE|T|LIAEA[K|K|LIN|DA|QIAIP|X

S|LIE|T|{L|A|E|A[K| K| TN

S|LIE|T[LIGE|AK| K| LIN| DA

JDIPIS

D

UN|A[E|I @ SILIR[DIDP|S(V]S|LIA|LILIAE|A[K| KILIND|AIGIA|PP

R

AAIFIHEITILIHLIPINLIT EIBEOIRINIA[EITOSILIRDIDIP)| SV S|LIB|VILIG EIA[QIKITINIDIS|O AP

AJAIFYEIT[LIH|L|PIN[LIT | E|D[Q| R[HA|F|T{Q] S| LR

o]

QIHIDIKIT|QIQIAAF[Y|E[T|LIH LIPNILIT E[E|QIRINA[E)T|QSILIR[DID|P|S[V|S|LIE|T|LIA| EIA[K|K|LINIDIAIQ AP

QIEDIKIFISDAAIFIYEITILIHLIPINILIT EIBIQIRINAIFITIGSILIRIDIDIPSIVISILIEITILIAIEAIK[KITIN|DIAIGIAD

OIHDIKIY[QQJAAF|Y|E[T|LIH LIPIN|LIT E[EIQIRINJAIF) TG S|L|R(DID | P|S[V| S| L E|T|LIA| EIAIK|K|LIN DIAIQ AP

QIH|Y|KID[QIQIAA[FY|E[T|LIH LI PIN|LIT|E[EIQIRINA[E)T|1Q|SIL|R[D[D|P|S[V]S|LIE|T | LIA| BIA[K| K| LN DIAIQ AP

QIHWIKIDIQIQIAIAIFIYETILIH LIPINILIT E[EQIRINAIE)TIQSILIRIDID P|S[V|S|LIEIT LA EIAIKIKITINIDIAQ AP

QIHILIKIDIGQ|AAFYE[T|LIH LI PIN|LIT E[EOIRINJA[F) 11O SILIR(DDP|S[V]S|C E|T|LIA| EIAIK|K|LINDIAIG AP

I[HDIRDIQAIAIFYIEITILIFLIPINILITI EIBQIRINIA|EIT[QISITIRIDIDIPISIV|S|LIE|T [LIA|FIA|KIKIT N IAQIA|P

WIH D KIDIQQAAFIY|E|T|LIH|L| PIN|L|I T E|BQ RINA|FT|QS|LIR|D| D P|S

LI D|K[DQAAIAF| Y E|IT|LIH LIPIN|LIT E[RQ RIN|AFT[QS|LIRD| D PSIVIS|LIE|T|LIA | BIAK| K TN DIA[QIAP[X]

KIFDET|Y

KHDIKTQQ

7

2

7

7

7

7

7

7

2

NA[KIE|DIBIT () DAA[F| VBT | LIHLIPIN|L| T EID Q)

7
AL A

7
Al

7
IALA]

7\
A4

7
ALA|

n
ALA|

7
ALA|

n
A|A

EA R

AlA)

7
AlA|

n

I oo~ b o

1
I
1

LIALAIQIHID| KW ALAN R Y )L LIH] LI PINTLPL TSIV RINIATET LG SILIRIDI D PISIV]S|LIEL LA EIA]KIK] LN OIAIGIATE) <

LIAJAIOMH DKL JIATANE) Y [HL |G H L PIN L RO RINTATE] L [O S LRI ]S

TIAA|QHIT|KID|QIS|A|A|FIY|E|T|LIH| LI PIN|L|T | E|E[QIRIN|A|FIT|Q|S|LIR|D D P|S

I
1
1
1

LIAJAIEHIDJKIMO)DIALAEY B LH) L) PIN|LPL ) EIESORINA LG SILIRIDID P S|V S| L E[L|LIA]BIA[K]K]LIN[VAIG AP L]

I
I

I[AJAIKIEIDIEIT[QQ|A[AFIYEIT|LIHLIPIN|ILIT E[EIQIRINAIF|T|QSILIR(DID P|S[V]S|L E[V|LIG| E[AQIK|LIN[DIS|Q AP

I

TOIAIKIFDIRITIAQIAIAIFIYE I TILIH LI PINILIT EIDIOIRINAIEITIOSILIRIDDIPISIVISILIAIT LIA BIAIKIKI TN DIAIQIAPIP

IAJAIKIEDIKII|QRIAAIFIYE[TILIHILIPIN|LIT| EIDIQIRINAIE| TG SILIRIDIDIP|S[VIS|LIEIT|LIG| E[AIK|K|LINDIAIGIAIP|P

SE

cs26

cs26 6Y

4w

cs26

cs26 41,

H | TAAQHID|KIT[QIQIAAFHIE[T|LiH LI PIN|LIT E[E|QRINA[E|T|Q|S|L|\R[D[D P|S[V| S| LIE|T|LIA| E[AIK|K|LIN[DIAIQ AP X]

/

cs26 81 1

iH [T

81 1

cs27

81 208H |T|AJAIK[FID|E[T|GQIAAIFIYEIT|LIH|LIPINIL|IT|EE/QR|HA|F| TG S|LIR|D[D|P|S|V]S|LIE[VIL|IG|E|AIQ|K|LIN| D S|C|A|P

cs27

cs59 871

H ITIOAKFIDIETIGDAAIFHETILIELIPINILIT EIDQIMRNAF|TG SILIRDIDP|S[V]S|L A|LILIA E|AK]X[T N[ DA[GAIPD

¢

9 8T 1
cs59 8T 28H |T|DJA|K|F|D|EITQIQ|A|A[F|Y|E[T|LIH|L|PIN|L|T|E|D|Q[RIH|A[E]T[Q|S|LIR|D|D|P[S[V|S|LIA|LILIA|E|A|K|K|LIN[DIA[Q|A[P[P

Ccs60

C3

81

S ITOIAKIEFIDIEIT|AQAAIFHIBIT|LIHLIPINILITIEIDIOIRINAIFIT|Q|S|LIR[D| D P|S|V| S| LIA|LILIA EIAKIKIT N DJAIQ AP P

81 28H |T|IDJAIK[FID|E[T|AIQIA|A|F|Y|E|T|LIHILIPINIL|T | E|D|QIRIHIA|E| TG S|LIRIDID|P|3[V]S|LIA|LIL|A| E|A|K|K|L I N[DA[Q|A[P[P

¢

cs6D 81 1
cs6l

81 1<H |T|A|AIKIHD|K|T|Q Q|A|AF[H|E|T|LIHILIPIN|L|T|E|D|QRIN|A|F| T (0| SILIR|DID P|S[V]S|LIE|T|L|G| E|A|K|K|LIN[DIA[O|A[PP

81 28H |T

SEQ IDlremarks

é

0

11

7

18

0

)
2

26

28

29
3

0

31
32




DK/EP 4132943 T3

FIGURE 2. Remaining activity after NaOH incubation (pos. 8 modifications)
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FIGURE 3. Remaining activity after NaOH incubation (pos. 4 modifications)
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FIGURE 4. Remaining activity after NaOH incubation (pos. 6 modifications)
‘ 160
140 - : :

S , .
120 : : e
z . B
£ .
o 80 ] . . . - BRI
= ’
E 60 , e
=
E a0 ; o ; ;
4

0 i

Parent DEF o6t DelL DER DEs Dev DEW D6y ;




DK/EP 4132943 T3

FIGURE 5. Elution profile of Belimumab from affinity ligand SEQ ID NO: 51 (pH gradient

pH 6.0 to 2.0)
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Figure 6. DBC10% determination of affinity ligand SEQ ID NO:

completely at pH 4.8.
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SEKVENSLISTE

Sekvenslisten er udeladt af skriftet og kan hentes fra det Europeaeiske Patent Register.

The Sequence Listing was omitted from the document and can be downloaded from the European
Patent Register.

Sidste side



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS

