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DESCRIPTION

PROTEIN CAPABLE OF BINDING SPECIFICALLY TO IMMUNQGLOBULIN, AND
IMMUNOGLOBULIN-B8INDING AFFINITY LIGAND

TECHNICAL FIELD
[00017
The present invention relates to a protein capable of
specifically binding to an antibody, an affinity separation
matrix containing the protein as an immunoglcbhbulin-binding
affinity ligand, and a method for separating and purifying or

adsorbing and removing an antibody by the use of the matrix.

BACKGROUND ART
[(0002]

Antibodies specifically bind to substances called
antigens, and detoxify and remove antigen~containing factors
with the cooperation of other biomolecules and ceils. The name
Tantibody" is particularly based on such an antigen-binding
akility, and is also referred to as "immunoglobulin (Ig)" as
2 chemical name.

[0003]

Recent developments in genetic engineering, protein
engineering, and cell technology have accelerated the
development of antibody drugs, which are pharmaceuticals
utilizing the zbilities of antibedies. Since the antibody
drugs more specifically attack a target molecule than
conventiconal pharmaceuticals, use thereof is expected to
further reduce side effects and to produce higher therapeutic
effects. In fact, these drugs contribute toc improvement in
variocus disease conditions.

[0004]

The quality of antibody drugs is thought to largely depend

cn the purity compared with the guality of other recombinant

protein pharmaceuticals because the doses ¢f these antibody
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drugs tc the bedy are very large. In order to produce a high
purity antibody, tTechnigques using an adscrbing material that
contains a ligand molecule capable of specifically binding to
an antibody {e.g. affinity chromatocography} are commonly
employed.

[0005]

Antibody drugs developed so far are generally monoclonal
antibodies. These antibodies are mass produced by recombinant
cell-culture technology or the like. The "monoclonal
antibodies"” refer tc antibodies produced by clones of a single
antibedy-preoducing cell. Almost all antibody drugs currently
avalliable on the market are classified into Immunoglobulin G
{ITgG) subclasses based on thelr molecular structures. One
well-known example of immunoglcbulin-binding proteins having
affinities for IgG antibodies is Protein A, Protein A is a cell
wall protein produced by the gram-positive bacterium
Staphylococcus aureus and contains a signal segquence 3, five
immunogleobulin-binding domainsg (E domain, D domain, A domain,
B domain and C domain) and a cell wall-anchoring domain known
as XM region {(Non Patent Literature 1). In the initial
purification step (capturing step) in the process of antibody
drug manufacture, affinity chromatography columns where
Protein A is Iimmobilized as a ligand on a water-inscluble
carrier (hereinafter, referred to as Protein A columns} are
commonly used (Non Patent Literatures 1 to 3).

[C0D%]

Various technigques for improving the performance of
Protein A columns have been developed. Various technological
developments in ligands have zlso been made. Initially,
wild-type Protein A has been used as a ligand, but currently,
recombinant Protein & altered by protein engineering is used
as a ligand in many technigques for improving the column
performance.

[0007]

Typical examples of such reccmbinant Protein A include
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recombinant Protein A without the XM region that does not bind
to immunoglobulins (rProtein A Sepharcse {(registered
trademark) available from GE health care, Japan). Currently,
columns containing as a ligand recombinant Preotein A without
the ¥M region are widely used for industrial purposes because
these columns have an advantage of suppressing non-specific
adsorption of proteins compared with conventicnal cnes.
[0008]

Also known are inventive technigues in which a
recombinant Protein A obtained by introducing a single Cys
mutation into Protelin A (Patent Literature 1} or a recombinant
Protein A obtained by introducing a plurality of Lys mutations
{Patent Literature 2) is used as a ligand. These techniques
are effective in immobilization of ligands on a water—-inscluble
carrier and are advantageous in terms of the antibody-binding
capacity of columns and for reducing leakage of the immobilized
ligands.

[0009]

Another well-known technique is using, as an engineered
recombinant Protein A ligand, an engineered domain obtained by
intreducing mutation into the B domain (this engineered domain
is referred to as Z domain) (Non Patent Literatures 1 and 4 and
Patent Literature 3). Specifically, the Z domain is an
engineered domain containing a substitution of Ala for Gly at
position 2% of the B domain. In the Z domain, a substitution
of Val for Ala at position 1 of the B domain is alsc contained,
and this mutation is intended to facilitate genetic engineering
preparation of a gene encoding multiple connected domains and
does not affect the domain functions (for example, a variant
containing a substitution of Ala for Val at position 1 of the
7z domain is used in an example of Patent Literature 4).
[0010]

The Z domain is known to be more alkali resistant than
the B domain and has an advantage in reuse of a coclumn through

washing with an alkaline solution having high bactericidal and
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cleansing effect. Patent Literatures 5 and & disclose
inventive ligands derived from the Z domain, containing a
substitution of another amino acid for Asn in order to impart
higher alkali resistance, and these ligands are already used
for industrizl purposes.

[0011]

As described above, 1t is widely known that the
substitution of Ala for Gly at position 2% of a
immunoglebulin~binding domain (E, D, A, B or C domain) of
Protein A is a useful mutation strategy. 1In fact, the prior
Protein A englineering technologies developed after the
disclosure c¢f the "GZ29A"™ mutation in 1987 involve the "G29A"
mutation (Patent Literatures 2, 4 and o).

[0012]

Ancther feature of the Z domain is its reduced binding
ability to the Fab region of immunoglobulins (Non Patent
Literature 5). This feature advantageously facilitates
dissociation of an antibody binding to the domain with the use
of an acid (Non Patent Literature 1 and Patent Literature 7).
If an antibody readily dissoclates, an eluate having a higher
concentration of antibodies can be recovered using less eluant.
Recent developments in antibody drug manufacture have increased
the cell culture producticn capacity beyond 10,000 liters per
batch, and in the past few vears the antibody expression level
has been improved up to nearly 10 g/L (Non Patent Literature
6). These developments have naturazlly created a need for
scale-up of the processing capacity of the downstream
purification process, and there is a very large demand for
technical improvement in order To recover an eluate having a
higher concentration of antibedies by using less eluant.
[00L13]

In addition to the Z domain, engineered Protein A ligands
derived from the C domain of Protein A have alsc been studied
(Patent Literature 4). These ligands characteristically take

advantage of the inherent high alkali resistance of the
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wild-type C domain and have been receiving attentions as new
alternative base domains to the 7 demain prepared based on the
B domain. However, our studies on the C domain have revealed
a disadvantage that it 18 difficult to dissocilate an antibody
binding to the C domain with the use cof an acid. The C domain,
as taught in Non Patent Literature 2 and Patent Literature 4,
has a strong binding ability to the Fab region of
immunoglobuling, and this ability 1s presumed tc make it
difficult to dissoclate the antibody with an acid. In order
to overcome this disadvantage, we have examined a C domain
variant containing a substitution of Ala for Gly at position
29 for its antibody dissociation properties in the acidic
condition. The results have revealed that the antibedy tends
to more readily disscoclate from the domain variant than the
wild-type C domain, but its properties are not enocugh vet.
10014]

At present, the "GZO9AY™ mutation is the only one mutation
which is known to cause an antibody te readily dissociate from
the immunoglobulin-binding domains of Protein A, as described
above. The "G29A" mutation has the sbove-menticned aavantages
as well as ready dissociaticn of an antibody, and further
technical impreovement by mutations at positions other than
position 29 is demanded. However, there are so far no reports
of mutations at positions cther than position 29 which enable

readier dissocilation of an antibody.

CITATION LIST
PATENT LITERATURE
[0015]

Patent Literature 1: U.S8. Patent No. 63298750
Patent Literature 2: JP 2007-252368 A

Patent Literature 3: U.S. Patent No. 5143844
Patent Literature 4: JP 2006-304633 A

Patent Literature 5: European Patent No. 1123389
Patent Literature 6: WO 03/080655
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Patent Literature 7: U.S. Publication No. 2006/0194850

NON PATENT LITERATURE
[0016]

Non Patent Literature 1: Hober 3. et al., "J. Chromatogr.
B", 20067, Vol. 848, pp. 40-47

Non Patent Literature 2: Low D. et al., "J. Chromatogr.
B", 2007, Vol. 848, pp. 48-63

Nen Patent Literature 3: Rogue A. C. A. et al., "J.
Chromatogr. A", 2007, Vol. 1160, pp. 44-55

Non Patent Literature 4: Nilsson B. ef al., "Protein
Engineering”, 1987, Vol. 1, pp. 107-113

Non Patent Literature 5: Jansson B. et al., "FEMS
Immunclogy and Medical Microbiology™, 1988, Vol. 20, pp. 68-78

Non Patent Literature 6: Jun-ichi Inagawa et al.,

"Separation process engineering”, 2008, Veol. 38, pp. 201-207

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0017]

An obiject of the present invention is to create a novel
engineerad Protein A ligand having better antibody disscciation
properties in the acidic condition compared with known
engineered Protein A ligands, by introducing mutation(s) at

amino acld residue({s) at position(s) other than pesition Z9.

SCLUTION TO PROBLEM
[0018]

The present inventors constructed a large number of
recombinant Protein A variant melecules containing amino acid
substitutions at positions other than position 29, recoveread
these variants from transformant cells by protein engineering
and genetic engineering techniques, and examined and compared
the activities of these variants. Consequently, the present

inventors completed the present invention.
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[0019]

Specifically, the present invention relates to a protein
having an affinity for an immunoglobulin,
conmprising an amino acid sequence obtalined by introducing, into
an amino acid sequence derived from C domain of Protein A of SEQ
ID No: 5, a2t least one amino acid substitution at any one or mors
of apinc acid residues at Sex as an amina acid residue corresponding
to position 33 of the C domain, or Asp as an zmine acid residue
corresponding to position 36 of the C domain,

the protein having a lower affinity for an Fab reglon of an
immunoglobulin than 2 protein before introduction cof the
gsubstitution,

wherein the protein has a sequence identity of not less than

$0% to the amino acid sscuence of SEQ ID NO:5.

[001%a]

Also disclosed is a protein
having an affinity for an immunoglobulin, including an amino
acid seguence cbtained by Introducing, intc an amino acid
sequence derived from at least one domain selected from E, D,
L, B and C domains of Protein A of SEQ ID Nos:1 to 5, at lesast
one amino acid substitution at any one or more of aminoe acid
residues at positions 31 to 37 of the A, B and C domainsg, aminoc
zcid residues at positions 29 to 35 of the E domain, and amino
acid residues at positions 34 Lo 40 of the D domain, the protein
having a lower affinity for an Fab region of an immuncoglobulin
than a protein before introduction of the substitution.
(0020}

Preferably, the aminc acid seguence derived from at least
one deomain before introduction of the substitution is any of
amino acid sequences of the E, D, A, B and C domains of Frotein
A of SEQ ID Nos:1 to 5 and amino acid sequences of SEQ ID Nos: 6
to 10 derived from the B, D, &, B and C domains cf Protein A.
(00217

Preferably, the amino acid seguence derived fromat least
one domain before intreoduction of the substitution is an amino
acid seguence of the C domain of Protein A of SEQ ID No:5 or

g

seguence of SEQ IDNo:10 derived from the C domain
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Preferably, the domain of the amino acid seguence before
introduction of the substitution contains Ser as an amino acid
residus corresponding to positicon 33 of the C domain, Lys as
an amino acid residue corresponding to position 25 of the C
domain, Asp as an amino acid residue corresponding to position
36 of the Cdomain, or Asp as an amino acild residue corresponding
to position 37 of the C domain.
[0023]
Preferably, the aminc acid substitution to be introduced
o

is a substitution of Glu, Leu or Thr for Ser corresponding t
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of Arg

on 33 of the C domain, a substitution of Arg for Lys
ponding to pesition 35 of the C domain, a substitution

or Tle for Asp corresponding to position 36 of the C domain,

or a substitution of Glu for Asp corresponding to pesition 37

of the
[0024]

C domain.

Preferably, the amino acid substitution to be introduced

ig a substitution of Giu for Ser corrasponding to position 33

of the
[0025]

protel
connec
[0026]

from o
togeth
100271

any on
[0028]

C domain.

The present invention also relates to a multi-domain
n, including two or more proteins described above,

ted together.
The proteins connected together are preferably different
ne another, and the number of the proteins cennected

er 1ls preferably 2 to b,

The present invention further relates te a DNA encoding

e 0f these proteins.

Preferably, in the DNA, ligated base seguences each

including the domain have a sequence identity of not higher than

90% to
(00297

contai
[0030]

one another.

The present invention further relates to a vector
ning the DNA.

The present invention further relates to a transformant

which is obtainable by transfermation of 2 host with the vector,

(00311

Preferably, the host for the transformant 1s a

gram-positive bacterium.

[003Z2]

The gram-positive bacterium is preferably a bacterium of
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EBrevibacillus, and the bacterium of Brevibacillus is more
preferably Brevibacillus choshinensis.
[6033]

Further, the present invention relates to a method for
producing any one of the proteins, the method including
utilizing the transformant or a cell-free protein synthesis
system using the DNA.

[0034]

Preferably, the productionmethod includes: accumulating
the protein intracellularly and/or in a periplasmic space of
the transformant; and/or secreting the protein extracellularly
from the transformant.

[0035]

Further, the present invention relates fto an affinity
separation matrix containing: any one of the proteins as an
affinity ligand, and a carrier made of a water-insoluble base
material on which the protein 1s immebilized.

[C036]

The water-inscluble base materizl preferably includes a
synthetic polymer or a polysaccharide, and the polysaccharide
is preferably cellulcse.

{0037]

The affinity separation matrix preferably binds tc a
protein containing an fc region of an immunoglobulin, and it
more preferably binds to an immunocglobulin G or an
immuncglobulin G derivative.

(0038]

Further, the present invention relates to use of the
affinity separation matrix for separation cof a protein
containing an Fc region of an immunoglobulin. Preferably, the
separation of a protein containing an Fc region of an
immunoglobuliln is aimed at separating and recovering a protein

consisting only of the Fab regicn of an immunoglobulin.

ADVANTAGECUS EFFECTS OF INVENTION
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[0039]

The preotein of the present invention has excellent
antibody dissoclation properties in the acidic conditicn.
Therefore, the use of an affinity separation matrix in which
the protein is immecbilized on a carrier enables to improve
separation and purification of an antibody. Whichever domain
is used among the E, D, A, B and C domains, the protein and the
affinity separation matrix of the present invention each
produce this effect similarly since the protein of the present
invention contains mutation(s) at amine acid site(s) conserved

in all the domains.

BRIEF DESCRIPTION OF DRAWINGS
[0040]

Fig. 1 1s a table for compariscn of the sequences of E,
D, A, B and C domains of Protein A of Staphyvliococcus sp.;

Figs. Z are sensorgrams of various GST fused C domain
variants binding to a meonoclonal IgG-Fab (VH3) by Biacore
measurements in Example 10 of the present invention and
Comparative Example 2; -

Fig. 3 is a graph of 5% dBCs of the affinity separation
matrix (4} of Example 12 of the present invention for an
antibody;

Figs. 4 show elution peak profiles obtained by antibody
purification chromatography using the affinity separation
matriz (1) in Example 13 of the present invention and
Comparative Example 1;

Figs. 5 show elution peak profiles cobtained by antibody
purification chromatography using the affinity separation
matrix {2} in Example 13 of the present invention and
Comparative Example 2;

Figs. © show elution peak profiles obtained by antibody
purificaticon chromatography using the affinity separation
matrix (3) in Example 13 of the present invention and

Comparative Example 1; and
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Fig. 7 shows an elution peak profile obtained by antibody
purificaticn chromatography using the affinity separation

matrix (4) in Example 13 of the present invention.

DESCRIPTION OF EMBODIMENTS
[0041]

The proteln of the present invention has an amino acid
sequence obtained by introducing, into an amino acld sequence
derived from at least one domain selected from E, D, A, B and
C domains of Protein A of SEQ ID Nos:1 to 5, at least one amino
acid substitution at any one or more of amino acid residues at
positions 31 Lo 37 of the A, B and C domains, amino acid residues
at positions 29 to 35 of the E domain, and aminc acid residues
at positions 34 to 4C of the D domain, which are conserved in
all the domains, and the protein also has a lower affinity for
the Fab region cf an immunoglobulin than a corresponding protein
having the amino acid sequence before introduction of the
substitution, and has an affinity for an immunoglobulin.
r004z]

Protein A i3 a protein containing five connected
immunoglobulin~-binding domains, i.e., immunoglobulin-binding
proteins. The E, D, A, B and C domains of Protein A are
immunoglilcobulin-binding domains having an ability to bind to a
region other than complementarity determining regions (CDRs)
of immunogiobuling. All the domains are capable of binding to
all of the Fc and Fab regions of immunoglcbuliins and
particularly the Fv region in the Fab region. Although the
crigin of Protein A herein is not particularly limited, Protein
A of Staephylococcus corigin is preferred.

1004371

The term "protein" herein is intended to include any
molecules of polypeptide structure and therefore include
fragmented polypeptide chains and polypeptide chains linked
through peptide bonds as well. The term "domain" refers to a

higher~order protein structural unit which consists of several
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tens or hundreds of amino acid residues and is able to fulfill
a certain physicochemical or biochemical function.
[0044]

The aminoe acid sequence derived from at least one domain
means an anino acid seguence before introduction of the mutation.
This sequence is not limited only to the wild-type amino acid
sequences of the E, D, A, B and C domains of Protein A, and is
intended teo also include amino acid sequences partially altered
by substitution, insertion, deletion and chemical modification
of an amino acid residue, provided that they encode proteins
naving a binding ability to the Fcregion. Examples of the amino
acld sequence derived from at least one domain include amino
acid sequences of the E, D, A, B and C domains of Protein A of
Staphylococcus origin shown in SEQ ID Nos:1 to 5, and amino acid
sequences of the E, D, A, B and C domains of Protein A shown
in SEQ ID Nos:6 to 10. Here, the proteins having the amino acid
sequences of SEQ ID Nos:6 to 10 are proteins having amino acid
sequences obtained by introducing a substitution of Ala for Gly
corresponding to position 29 of the C domain into the E, D, A,
B and C domains (SEQ IDNos:1 te 5) of Protein A, Additionally,
the 7 domain, which is chtained by intrcoducing the AlV and GZ9A
mutations inte the B domain, is also encompassed in the amine
acid sequence derived from at least one domain because 1t has
a binding ability to the Fc region. Preferred examples of the
amino acid sequence before introduction of the mutation include
those of domains having high chemical stability and variants
thereol.

[0045]

The protein to which amino acid substitution(s) is/are
to be introduced preferably has a sequence identity of not less
than 8%%, and more preferably not less than 90% to the wild-type
amino acid seguence of any of the E, D, A, B and C domains of
Protein &, and has an ability to bind to the Fc region.
[0046]

The amino acid residues conserved inall the domains refer
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to the same amino acid residues that cccur in equivalent
icocations when the amino acid seguences of the E, D, A, B and
C domains are compared. As seen in the sequence comparison
table of Fig. 1, the amino acid residues at positions 26 to 39
of the A, B and C domains, positions 24 to 37 of the E domain,
and positions 29 to 42 of the D domain are conserved in all the
domains. Specific examples of the amino acid residues
conserved in all the domains include amino acid residues at
positions 31 to 37 of the A, B and C domains, aminc aclid residues
at positions 29 to 35 of the E domain, and amino acid residues
at positions 34 to 40 of the D domain. Further, Ser
corresponding to position 33 of the C domain, Lys corresponding
to pesition 35 of the C domain, Asp corresponding to position
36 of the C domain, and Asp corresponding to position 37 of the
C domain are preferred. In particular, Ser corresponding to
position 33 of the C domain is more preferred although the amino
acid residues are not limited to these examples. Here, the term
"corresponding” means the amino acid residues arranged in the
same vertical lines when the E, D, A, B and C domains of Protein
A are aligned as shown in Fig. 1.

(00473

In general, highly conserved regilons of amino acid
sequences are important for protein functions in many cases,
and a mutation to such a region is likely to cause loss of a
protein function. However, although the aminc acid sequences
of the above-mentioned regions are highly conserved, mutations
to these regions do not considerably affect the binding ability
to the Fc region of an immunoglobulin while remarkably reducing
only the binding ability to the Fab region of an immunoglobulin.
[0048]

Additionally, it is known that when the amino acid
sequence before introduction of the mutation is that of a domain
having high chemical stakility or a variant thereof,
intreduction of a new mutation is likely to reduce the chemical

stapility because the domain consists of as small as about 60
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amine acids. TFor example, a variant containing a substitution
of Ala for Phe corresponding to pesition 30 of the C domain has
significantly reduced chemical stability against alkali
(Linhult M. et al., PROTEINS: Structure, Function, and
Ricinformatics, 2004, Vol. 55, pp. 407-416). However, the
amino acid mutations in the present invention can produce the
above-mentioned effect while maintaining the inherent chemical
stakbility.

[0049]

The amino acid substitution means a mutation of deleting
an original amino acid and adding a different amino acid at the
same position. The different amino acid to be added is not
particularly limited and examples thereof include natural
proteinogenic amino acids, non-proteinogenic amino acids, and
non~natural amino acids. Particularly, from the viewpoint of
production by genetic engineering, natural amino acids are
suitably used. Examples of natural aminc acids include Ala,
Phe, Val, Trp, Leu, Pro, Ile, Met, Gly, Asn, Ser, Gin, Thr, Tyr,
Cys, Lys, His, Asp, Glu and Arg. Particularly, Glu and Arg are
preferred. The number of amino acid substitutions is not
particularly limited, provided that the protein containing the
substitution{s) has lowered affinity for the Fab region of an
immuncglobulin while maintaining its affinity for the entire
immunogleobulin. In order to maintain the three-dimensicnal
structure of the prot@in before introduction of the
substitution, the number of substitutions is preferably not
more than 4, and more preferably not more than 2.
r0050]

With respect fo the notation of substitutions of amino
acid residues, a substitution is represented by an amino acid
residue of the wild-type or non-mutated type, followed by the
position number of the substitution, followed by an amino acid
residue introduced by the substitution. For example, a
substitution of Rla for Gly at position 2% is represented by
G29A.
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[0051]

Examples of amino acid substitutions at the
aforementicned aminc acid sites conserved in all the domains
include a substitution of Glu, Leu or Thr for Ser corresponding
to position 33 of the C domain, a substitution of Arg for Lys
corresponding to position 35 of the € domain, a substitution
of Argor ITle for Asp corresponding te position 36 of the C domain,
and a substitution of Glu for Asp corresponding to position 37
of the Cdomain. Aparticulariypreferredone is a substitution
of Glu for Ser corresponding to position 33 cof the C domain
although the substituticns are not limited to these examples.
[C052]

The protein obtained by introducing the amino acid
substitution{s) has a seqguence identity of preferably not less
than 85%%, and more preferabhly not less than 20% to the wild-type
amino acid sequence of any of the E, D, A, B and C domains of
Protein A, and has a binding ability to the Fc region.
[0053]

The protein of The present invention may be a protein

[

consisting only of a single domain containing amino acid
subgtitution(s), or may be amulti~domain protein inciuding two
or more of the proteins connected together.
o054

Tn the case of a multi-domain protein, the proteins
connected together may be proteins derived from the same domain
(i.e. homopolymer such as homodimer or homotrimer), or profteins
derived from different domains {i.e. heteropolymer such as
hetercdimer or heterotrimer). The number of proteins
connected together is preferably 2 or more, more preferably 2
to 10, and still more preferably Z to 5.
[0055]

In the multi-domain protein, sexamples of the connection
between monomeric proteins or single domains include, but are
not limited to, a connection without any linker aming acid

residues and a connection by one or more amino acid residues.
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The number of amino acid residues used for the connectlion is
not particularly limited. The connection methed and the number
ofcohnectionsareaisonotg@rticularlylimitedam;longasthey
donot cause destabilizaticon of the threse-dimensional structure
of the monomeric proteins.

[0056]

Also included within the scope of the protein of the
present inventicn are fusion proteins in which such a protein
or malti-domain protein as described above, as one component,
is fused with ancther protein having a different function.
Examples of the fusion proteins include, but are not limited
to, fusion proteins with albumin, GST {glutathione
S-transferase) or MBP (maltose-kinding protein). Proteins
expressed in the form of fusicn proteins with GST or MEP can
be easily purified. Additionally, fusion proteins with a
nucleic acid (e.g. DNA aptamer), a drug (e.g. antibiotic

substance) or a polymer (e.g. PEG (polyethvlene glycol)) are
also included within the scope of the protein of the present
invention, provided that they produce the same effect of the
present invention.

[0057]

The present invention alsco relates to a DNA encoding the
protein. The DNA may be any DNA having a base seguence which
can be transliated into the amino acid segquence of the protein
of the present invention. Such a base seguence can be obtained
bycommmnknowntechniques,forexample,usiﬁgpolymerasechain
reaction (hereinafter, abbreviated as PCR) technclogy.
Blternatively, the base sequence can be synthesized by known
chemical synthesis technigues or i1s available from DNA
libraries. A codon in the base seguence may be replaced with
a degenerate codon, that i1s, the base seguence 1is not
necessarily the same as the original base sequence, provided
that the translated amino acids are the same as those encoded
by the original base seguence.

[0058]
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The DNA of the present invention can be obtained by
site-directed mutagenesis of a known DNA encoeding a wild-type
domain of Protein A or a variant thereof. The site-~directed
mutagenesis can be carried out as followg, using recombinant
DNA technology, PCR technology or the like.

[0059]

In the case of mutagenesis by recombinant DNA technology,
for example, 1f there are suiltable restriction enzvme
recognition sequences on both sides of amutagenesis target site
in the gene encoding the protein of the present invention,
cassette mutagenesis can be used in which a region containing
the mutagenesis target site 1s removed by cleaving these
restriction enzyme recognition sites with the restriction
enzymes, and then a DNA fracgment containing mutation only at
the target site, prepared by a method such as chemical synthesis,
is inserted.

[0060]

In the case of site-directed mutagenesis by PCR, for
example, double primer mutagenesis can be used in which PCR is
carried out using a double-stranded plasmid encoding the
protein as a template, and two kinds of synthetic oligo primsrs
containing mutaticn, complementary to the + and -~ strands.
[0061]

In the case of a DNA encoding the multi-domain protein,
it can be produced by ligating the desired number of DNAs each
enceding the monomeric protein (single domain) of the present
invention in tandem. Ligation to preoduce a DNA encoding the
multi-domain protein can be accomplished, for example, by
intreducing a suitable restriction enzyme site into DHNA
segquences, fragmenting the DNA seguences with the restriction
enzyme, and ligating the cbtained double-stranded DNA fragments
using a DNA ligase., Only one restriction enzyme recognition
site may be introduced or restriction enzyme sites of different
types may be introduced. Alternatively, such a DNA encoding

the multi-domain proteln may be produced, for example, by
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applying the aforementioned mutagenesis technologies to a DNA
encoding Protein A (for example, WO 06/00406¢7). If the base
sequences encoding monomeric proteins in the DNA encoding the
multi-domain protein are the same, homologous recombinationmay
occur in host cells. Therefore, the ligated DNAs sach encoding
the monomeric protein preferably have a base seqguence identity
of not higher than 0%, and more preferably not highar than 85%
to cne ancther.

[0062]

The wvector of the present invention contains a base
sequence encoding the protein or the multi-domain protein, and
a promoter that is operably linked to the base seqguence to
function in host cells. Typically, the vector can be
constructed by linking or inserting the protein-encoding DNA
to a vectorn,

[0063]

The vector to which the gene is to bhe inserted is not
particularly limited, provided that it is capable of autonomous
replication in host cells. As such a vector, a plasmid DNA or
a phage DNA can be used. For example, in the case of using
Escherichia coli host cells, examples of the vector tce which
the gene is Lo be inserted include pQE series vectors (QIAGEN),
pET series vectors {Merck;, and pGEX series vectors (GF health
care, Japan). In the case of using Brevibacillus host cells,
examples of the wvector inciude the known Bacillus subtilis
vector pUBLl10, and pHYS00 (JP HOZ-31682 A), pNY700 (JP
HO4-278091 A), pNUZI1IRZLS (JP HO7-170984 A}, and pHT210 (JP
HO6-133782 A), and the shuttle vector pNCMOZ between
Escherichia coli and bacteria of Brevibacillus (JP 2002-238569
A) .

[0064]

Atransformant can be obtained by transformation of a host
with the vector. The host is not particularly limited, and
preferred examples of those suited for low-cost mass production

include Escherichia coli, Bacillus subtilis and bacteria



10

20

25

35

(evbacteria) of genera including Brevibacillus,
Staphyloccccus, Streptococcus, Streptomyces, and
Corynebacterium. More preferred are gram-positive bacteria
such as Bacillus subtilis and bacteria of genera including
Brevibacillus, Staphylccoccus, Streptccoccus, Streptomyces,
and Corynebacterium. S5till more preferred are bacteria of
Brevibacillus, which are known to be used for mass production
of Protein A (WO 0&/004067).

(006573

The bacteria of Brevibacillus are not particularly
limited and examples thereof include Brevibacillus agri, B.
borstelensis, B. brevis, B. centrosporus, B. choshinensis, B.
formosus, B. inveocatus, B. laterosporus, B. limneophilus, B.
parabrevis, B. reuszeri, and B. thermoruber. Preferred
examples include Brevibacillus brevis 47 (JCM6Z285),
Brevikacillus brevis 47K (FERM BP~-2208), Brevibacillus brevis
47-50 (JCMB970), Brevibacillus choshinensis HPD31 {(FERM
BrP-1087) and Brevibacillus choshinensis HPD31~0K (FERM
BP-4573), Mutant strains (or derivative strains) such as
protease-deficient strains, high-expression strains and
sporulation—~deficient strains of the bacteria of Brevibacillus
may be used according to purposes such as improvement in yilelds.
Specifically, the protease mutant strain HPD31-0OK of
Brevibacillus choshinensis (JP HO6~296485 A} and the
sporulation-deficient strain HPD31~3P3 of Brevibacillus
choshinensis (WO 05/045005) derived from Brevibacillus
choshinensis HPD31 may be used.

[0066]

Examples of the method for transfecting host cells with
the vector include, but are not limited to, a method using
calcium ions, an electroporation method, a spheroplast method,
a lithium acetate method, an Agrobacterium infection method,
a particle gun method, and a polyethylene glycol methed. In
order for the obtained gene to express its function in the host

cells, for example, amethod including incorporation of the gene
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obtained in the present inventicn into the genome {(chromosome)
may be used.
100671

The protein can be produced utilizing the transformant
or a cell-free protein synthesis system using the DNA.
[0068]

In the case of using the transformant for the production
of the protein, the transformant may be cultured in a medium
to produce and accumulate the protein of the present invention
inthe cultured cells {including the periplasmic space thereof)
or in the culture liguid {extracellularly). Thus, the desired
protein can be collected from the culture.

[0065]

Also in the case of using the transformant for the
production of the protein, the protein can be accumulated
intracellularly and/ocr the periplasmic space of the
transformant. In the case where the expressed protein is thus
intracellularly accumulated, it is advantageous in that the
protein can be protected fromoxidation, and side reactions with
medium components can be aveilded. In the case where the
expressed protein is accumulated in the periplasmic space,
degradation by an intracellular protease can advantagecusly be
inhibited. Alternatively, the protein may be secreted
extracellularly from the transformant in the production of the
protein. This technigue advantageously provides production
cost savings because processes such as cell disrupticon and
extraction are not reguired.

[0C70}

The transformant of the present invention can be cultured
in a medium in accordance with a common method for culturing
host cells. The medium tc be used for culturing the obtained
transformant is not particularly limited, provided that it
enables high vield production of the proteinat high efficiency.
Specifically, carbon and nitrogen scurces such as glucose,

sucrose, glycerol, polypepntons, meat extracts, yeast extracts,
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and casamine acids can be used. In addition, the medium may
be supplemented, as reqguired, with inorganic salts such as
potassium salts, scodium salts, phosphates, magnesium salts,
manganese salts, zinc salts, and iron salts. In the case of
auxotrophic host cells, nutritional substances necessary for
their growth may be added to the medium. Moreover, antiblotics
such as penicillin, erythromycin, chloramphenicol, and
neomycin may be optionally added.

[CO071]

Furthermore, any one or more of a variety of known
protease inhibitors such as phenylmethane sulfonyl fluoride
{PMSF), benzamidine, 4-{Z-aminoethyl}-benzenesulfonyl
fluocride (AEBSF), antipain, chymostatin, leupeptin, pepstatin
A, phosphoramidon, aprotinin, and ethylenediaminetetraacetic
acid {(EDTA), and other commercially avallable protease
inhibitors may be added at appropriate concentrations in order
to inhibit degradation or molecular-size reduction of the
desired protein by a host-derived protease present inside or
outside the cells.

(00727

In order t©o assist accurate folding of the protein ¢f the
present invention, a molecular chaperone such as GrokEL/ES,
Hsp70/DnakK, Hsp90 and Hspl04/ClpB may be used. For example,
such a molecular chaperone can be coexpressed with the protein
of the present invention or can be allowed to coexist with the
protein of the present invention by combining into a fusion
protein or the like. Further examples of technigques for
accurate folding of the protein of the present invention include,
but are not limited to, addition of an additlve for assisting
accurate folding to the medium; and culturing at low
temperatures.

[0073]

Examples of medla for culturing transformant cells

obtained from an Escherichia coli host include LB medium (1%

triptone, 0.5% yeast extract, 1% NaCl) and Zx¥YT medium (1.6%
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triptone, 1.0% yeast extract, 0.5% NaCl).
(00741

Examples of media for culturing transformant cells
obtained froma Brevibacillushost include TMmedium (1% peptone,
0.5% meat extract, 0.2% yeast extract, 1% glucose, pH 7.0} and
Z8L medium (4% peptone, 0.5% yeast extract, 2% glucose, pH 7.2 .
(00751

The protein of the present invention 1s accumulated in
the cultured cells (including the periplasmic space thereof)
or in the culture licuid (extracellularly; by aerocbically
culturing the cells at a temperature of 15°C to 42°C, preferably
20°C to 37°C, for several hours tc several days in an

aeration-stirring condition prior to recovery. In some cases,

[0076]

In the case where the reccombinant protein is produced and
secreted, the produced recombinant protein can be recovered,
after culturing the cells, by separating the culturedcells from
the supernatant containing the secreted protein by a common
separation method such as centrifugation and filtration.
(00771

Also in the case where the protein is accumulated in the
cultured cells (including the periplasmic space), the protein
produced and accumulated in the cells can be recovered, for
example, by collecting the cells from the culture liguid by
centrifugation, filtration cr the 1ike, and then disrupting the
cells by sonication, a French press treatment or the like,
and/or adding an agent for making the protein soluble, such as
a surfactant.

[0078]

In the case where the protein c¢f the present invention
is produced by a cell-free protein synthesis system, the
cell-freeprotein synthesis system isnot particularly limited,
and examples therecf include synthesis systems derived from

procaryotes, plant cells, and higher animal cells.
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(60797

Purification of the protein of the present invention can
be accomplished by any one or an appropriate combination of
technigues such as affinity chromatography, cation or anion
exchange chromatography and gel filtration chromatography.
[008C]

Fxamples of technigues to confirm whether the obtained
purified product is the desired protein include common
technigues such as SDS polyacrylamide gel electrophoresis,
N-terminal amino acid seguence analysis and Western blot
analysis.

[0081]

An affinity separation matrix can be prepared by
immobilizing as an affinity ligand the protein produced by the
above method on a carrier made of a water-inscoluble base
material. The term "affinity ligand" refers to a substance
(functicnal group) that selectively captures (binds to) a
target molecule in a mixture of molecules due to a specific
affinity between molecules, typically, antigen-antibody
binding affinity, and refers herein to a protein that
specifically binds to an immunoglobulin. The term "ligand"” as
used alcone herein is synonymous with the "affinity ligand”.
(0082]

Examples of the carrier made of a water-insoluble base
material used in the present invention include inorganic
carriers such as glass beads and silica gel; organic carriers
such as syntheticpolymers (e.g. cross~linked polyvinyl alcochol,
cross—1linked polyacrylate, cross-linked polyacryiamide,
cross—linked polystyrene) and polysaccharides (e.g.
crystalline cellulose, cross-linked cellulose, cross-linked
agarose, cross-linked dextran}; and composite carriers of
combinations of these carriers such as organic-organic or
organic-inorganic composite carriers.

Examples of commercial products thereof include GCL2000

{(porous cellulose gel), Sephacryl S5-1000 (prepared by
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methylenebisacrylamide), Toyopearl (methacryliate carrier),
Sepharose CL4B (cross-linked agarose carrier) and Cellufine
(cross—-linked cellulose carrier). It should be noted that the
water~insoluble carrier usable in the present invention is not
limited only to the carriers listed above.

00831}

In view of the purpese and method of usage of the affinity
separation matrix, the water-insoluble carrier used in the
present invention desirably has a large surface area and is
preferably a porous matrix having a large number of fine pores
of asuitable gsize. The carriermay be inany form such as beads,
monolith, fiber, or £ilm (including hollow fiber), and any form
can be selected appropriately.

[0084]

Immobilization of the ligand on the carrier may be
accempiished, for example, by a conventional coupling method
utilizing an amino, carboxyl or thiol group of the ligand.
Examples of such a coupling methed include immeobilization
methods including activation of the carrier by reacting the
carrier with cyanogen bromide, epichiorochydrin, diglycidyl
ether, tosyl chloride, tresyl chloride, hydrazine, sodium
periodate, or the like (or introduction of a reactive functional
group into the carrier surface), followed by a coupling reaction
between the carrier and & compound to be Ilmmobilized as the
ligand; and immobilization methods inveoliving condensation and
crosslinking by adding a cendensation reagent such as
carbodiimide or a reagent containing a plurality of functional
groups in the molecule, such as glutaraldehyde, to a system
containing the carrier and a compound to be immechilized as the
iigand.

[0085]

A spacer molecule consisting of a plurality of atoms may

also be introduced between the ligand and the carrier, or

alternatively, the ligand may be directly immobilized on the
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carrier. That is, for immcbilization, the protein of the
present invention may be chemically modified, or may
incorporate an additional amine acid residue useful for
immokbilization. Examples of amino acids useful for
immobilization include amino acids containing, in a side chain,
a functional group useful for a chemical reaction for
immobilization, and specifically include Lys which contains an
amino group in a side chain, and Cys which contains a thiol group
in a side chain. In the nature of the present invention, the
matrix containing the protein of the present invention as a
ligand immokilized therein should also have the effect of the
protein of the present invention, and the matrix is also
included within the scope of the présent invention even if the
protein ismodifiedor altered in any manner for immobilization.
[G08B&]

The affinity separation matrix is thus obtained by
immobilizing the protein of the present invention. Therefore,
due to the activity of the protein of the present inventicn,
per ze, the affinity separation matrix ils capable of binding
to a protein containing the Fc region of an immuncglobulin.
Lccordingly, the protein containing the Fe region of an
immunoglobulin can be separated and purified by an affiinity
column chromatography purification methed using the protein and
the affinity separation matrix of the present invention. The
term "protein containing the Fc region of an immuncglobulin'
refers to a protein containing any part of the Fo region to which
Protein A binds. It should be noted that the protein is not
regquired to contain the entire Fc region as long as Protein 4
can binds thereto.

[0087]

Examples of the protein containing the Fo region of an
immunoglobulin include, but are not limited to, immunoglobulin
Gs and immuncglobulin G derivatives. Specific examples of the
protein containing the Fc region of an immunoglobulin include

TgG of the VH3 subfamily, in particular, human IgG of the VH3
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subfamily (monoclonal antibody). The protein and the affinity
separation matrix of the present invention preferably have &
lower affinity for the Fab region of IgG of the VHI subfamily
than a protein before introduction of the mutation, and at the
game time they preferably have an affinity for the Fc region
of IgG subtypes 1, 2 and 4. Nearly half of human VH germ line
genes belong to the VH3 subfamily. In fact, pharmaceuticals
containing IgG antibodies of the VH3 subfamily are under study
and some of them are already commercially avallable. In
addition, 1t is regarded as a known fact that in the case of
using a ligand maintaining the binding ability to the Fab region
of an immuncglobulin of the VH3 subfamily in an affinity
separation matrix for antibody purification, the remaining
binding ability adversely affects the disscociation properties
of the antibody in the acidic condition, from some literatures
(Ghose 5. et al., Blotechnoleogy and bicengineering, 2005, vol.
2, No. 6). Therefore, the protein and the affinity separation
matrix ¢f the present invention preferably have a reduced
pinding ability to the Fab region of human IgG of the VH3
subfamily.

[0088]

The term "immunoglcobulin G derivatives" is a generic name
of altered synthetic proteins to which Protein A binds, such
as chimeric immuncglobulin Gs in which domain(s) of human IgG
is/are partially replaced and fused with IgG domainis) of
another species, humanized immunoglobulin Gs in which CDRs
(Complementarity Determining Regions) of human IgG are replaced
and fused with antibody CDRs of ancother species, immunoglobulin
Gz whose Fc regilon has a molecularly altered sugar chain, and
artificial immunoglobulin Gs in which the Fv region and the Fc
reglion of human IgG are fused.

[00892]

The regions to be bound are loosely defined as "Fab region

(in particular, Fv region)” and "Fc¢ region”, and the protein

to which the protein and the affinity separation matrix of the
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present invention bind may be cone chtained by further altering
(e.g. fragmenting} the Fab or Fc region while maintaining the
three—-dimensional structure of the region to which Protein A
hinds by protein engineering technigues based on the
three-dimensional structure of the antibody, which is already
known.

[0090]

Purification of the protein containing the Fc regicn of
an immunoglobulin using an affinity column filled with the
affinity separation matrix of the present invention is
accomplished in accordance with an affinity column
chromatography purification method using a Protein A column
which is already on the market {Non Patent Literature 3}.
Specifically, a buffer containing the protein containing the
Fo region of an immunoglecbulin is neutralized and the resulting
soluticon is allowed to pass through the affinity column filled
with the affinity separation matrix of the present invention
so that the protein containing the Fc region of an
immunoglobulin is adsorbed on the affinity separation matrix.
Next, an adeguate amount of a pure buffer is allocwed to pass
through the affinity column to wash the inside of the column.
At this time, the desired protein containing the Fc region of
an immunoglobulin remains adsorbed on the affinity separation
matrix of the present invention in the column. Subseqguently,
an acidic buffer adjusted to an adeguate pH (which may contain
a substance for accelerating dissociaticn of the protein from
the matrix} is allowed to pass through the column to elute the
desired protein containing the Fc region of an immunoglobulin,
Thus, high-level purification can be achieved.

[0091]

The affinity separation matrix of the present invention
can be reused through a washing process in which a pure buffer
{in some cases, a solution containing an appropriate modifier
or organic solvent) having an adeguately strong acidity or

alkalinity which does not completely impair the functions of
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the ligand compound and the carrier base material is allowed

ss through the matrix.

An advantageous effect of the protein of the present
invention and the affinity separation matrix utilizing this
protein is that they have an affinity for an immunoglobulin but
have a reduced affinity for the Fab region of the immunocglobulin.
in general, the domains of Protein A more strongly bind to the
#'c region than to the Fab (Fv) region {(Non Patent Literature
3y. Thus, the "affinity for arn immunoglobulin” of Protein A
and the domains essentially refers to the affinity for the Fc
regicn, and the degree of affinity for an immunoglobulin does
not largely change when cnly the strength of binding to the Fab
regicon is changed. The protein of the present invention shows
a reduction in the secondary affinity for the Fab region which
the immunoglobulin-binding domains of Protein A inherently have.
Therefore, the protein of the present invention has an
advantageous effect of eliminating an influence of the
secondary binding by interaction with an immunoglobulin. On
the other hand, the affinity for the Fc region is maintained,
and therefore the affinity for the immunoglobulin as a whole
is maintained. When the affinity of the protein of the present
invention for an immunoglobulin is evaluated as an affinity for
a human immuroglobulin G drug by a Bilacore system described
beiow, the affinity constant (KA) is preferably 108 (MY or
higher, and more preferably 107 (M™') or higher.

[0083]

The affinity of the protein and the affinity separation
matrix of the present invention for a protein containing the
Fc region of an immunoglchulin can be tested by for example,
but not limited to, a biosensor such as a Biacore system (GE
health care, Japan} based on the surface plasmon resonance
principle.

[0094]

The measurement conditions may be determined such that
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a binding signal emitted when Protein A binds to the Fc region
of an immunoglobulin can be detected. Specifically, the
affinity can be easily evaluated by measurement at a temperature
of 20°C to 40°C (constant temperature) and a neutral pH of ©
to 8.

100957

The immunoglobulin molecule as a binding partner is not
particularly limited, provided that 1t allows detection of
binding to the Fab region. However, fragmented immunoglobulin
molecules (Fab fragments, Fv fragments) cobtained by separating
the Fab region from the Fc region are preferred because binding
to the Fe region is also detected 1f an immunoglobulin molecule
containing the Fc region is used. Further, more preferred are
Fab fragments of immuncglcbulins of the VH3 subfamily, which
are already known tc allow Protein A to bond to the Fab region.
[0096]

Those skilled in the art can easlily determine the
difference in affinity by chtaining sensorgrams of the binding
reactions with the same immunoglobulin molecule under the same
measurement conditions, andmaking a comparison between binding
parameters obtained by the analysis of proteins before and after
introduction of a mutation. Here, the seguences to be compared
for the difference in affinity should be the same except for
the mutated site. For example, when the seguences cof the B
domain and a C domain variant containing the D36R mutation are
usad for evaluation of the effect of the D36R mutation, as the
amino acid secguence of a protein before introduction of the
mutation and the amino acid seguence of a protein after
introduction of the mutaticon, respectively, the comparison
between them does not make sense.

[0CST]

Examples of binding parameters include the affinity
constant (KA) and the dissociation constant (KD} (Nagataet al.,
"Real-time analysis of biomolecular interactions”,

Springer-Verlag Tokyo, 1998, p. 41). The affinity constants
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of domain variants of the present invention for Fab can be
determined with a Bilacore system by adding each domain variant
to a flow channel in an experimental system that includes a
gsensor chip with an Fab fragment of an immunoglobulin of the
VH3 subfanily immobilized thereon, at a temperature of 25°C and
apHoef 7.4, Amcng proteins having mutated segquences according
to the present invention, those havinganaffinity constant (KA
reduced to net higher than 1/2 of the affinity constant of a
protein having a sequence before introduction of the mutation
are suiltabkly used. The affinity constant (KA) is more
preferably reduced to not higher than 1/5, and still more
preferably not higher than 1/10. Here, i1t should be ncted that
although the affinity constant is alsgo described as the
asggociation ceonstant in some literatures, these Two Terms
basically mean the same.

[(0098]

In general, C domain variants containing a substitution
cf Ala for Gly at position 29 have a KA for Fab of 1x10% to 1x10°
(M*y. C domain variants containing mutation(s) according to
the present invention in addition to the substitution of Ala
for Gly at position 29 and having a KA reduced to lower than
1x10% (M) are suitably used in the present invention. More
suitably used are variants having a KA of O.5x104(M‘H or lower.
The Fab used in the KA measurement may be obtained by fragmenting
an immunoglobulin G into an Fab fragment and an Fo fragment by
papain; or may be prepared using a genetically engineered
production system that expresses only the Fab region of an
immunoglobulin G.

[0029]

Because of its reduced binding ability to the Fab region
of an immunogicbulin, the affinity separation matrix of the
present invention excellently dissociates an antibody in the
process of eluting the antibody with an acidic solution.
Specifically, since the affinity separation matrix of the

present inventicon allows elution under acidic elution
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conditions closer toneutral, damage Lo an antibody caused under
acidic conditions can advantagecusiy be suppressed. The
cldic elution conditions closer to neutral specifically mean
conditions with a pH of about 3.0 to 5.0 compared with the pH
range of commen acidic elution conditions of about 2.0 to 3.5,
Elution under the conditions reduces damage to an antibody
(Ghose 3. et al., Biotechnology and biocengineering, 2005, vol.
92, No. &), The excellent antibody disscciation properties in
the acidic condition mean, for example, disscciation under
aclidic elution conditions closer to neutral, or a sharper
elution peak profile obtained when an antibody 1s eluted under
acldic conditions. A sharper elution peak profile in
chromatography indicates that an eluate having a higher
concentration of antibodies can be recovered using less eluant.
Additionally, the affinity separation mafrix of the
present invention enables the Fab region to be separated and
recovered readily as a flow through fraction from a mixture of
a molecule containing the Fc region and a molecule containing

only the Fab region.

EXAMPLES
[6100]

The following description is offered to illustrate in
more detail the present inventicn based on examples, but the
scope of the present invention is not limited to these examples.
[01017

Proteins obtained in examples are each represented by "an
alphabet indicating a domain - an introduced mutation (wild for
the wiid~type)”. Forexample, thewild«~type Cdomain of Protein
A is represented by "C-wild", and a C domain variant containing
the G292 mutation is represented by "C-GZ9A"Y, A deomain variant
containing two mutations together is represented by indicating
the twomutations together witha slash. TForexample, aCdomain
variant containing the GZ29A and S33E mutations is represented

by "C-G29A/S33E". A protein containing a plurality of single
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deomains connected 1s represented together with a period (.) and
the number of connected domains with "d". For example, a
protein consisting of five connected C domain variants
containing the G2%A and S33E mutations is represented by
"C-G29A/S33E.54".

[0102]

[Example 1] Preparation of DNA encoding C-G29A4, 5d

A base sequence encoding a protein consisting of five
connected C-GZ29Vs was constructed by reverse translation from
The amino acid sequence (C-G29V.5d, SEQ IDNo:11) of the protein.
Codons were assigned such that the codon usage frequency of the
protein was closer to the coden usage freguency of the cell
surface protein HWP, which is expressed in a large amount in
Brevibacillus choshinensis HPFD3L (Ebisu 3., "J. Bacteriol.”,
1980, No. 172, pp. 1312-1320), and that the seqguence ldentity
betwesen the base sesquences of the five domains was low. The
restrictionenzyme recognition sites for Petl and ¥bal were also
prepared on the 5 side and 3’ side, respectively, of the
sequence encoding the five connected domains. The prepared DNA
fragment was commissiocned from Takara Bic Inc. The seguence
cf the prepared DNA fragment is shown as SEQ ID Wo:lZ.
[0103]

The prepared DNA fragment encoding C-G29%V.5d was digested
with Pstl and Xbal (both available from Takara Bio Inc.), and
then separated and purified by agarose gel slectrophoresis.
Separately, the plasmid vector pNK326Z for Brevibacillus was
digested with PstI and ¥bal, and then purified and recovered,
The recovered vector was treated with alkaline phosphatase
{Takara Bio Inc.} for dephospheoryviation. Both were mixed and
ligated with Ligation High (TOYOBO CO., LTD.). In this manner,
a plasmid vector pNK3262-C-GZ29V.5d capable of expressing
C-GZ9V.5d was constructed. Brevibacillus choshinensis FY-1
was transfcrmed using the plasmid vector obtained by the above
procedures. The transformation was accomplished by a known

electroporationmethoed {("Biosci. Biotech. Biochem.", 13897, No.



(83

10

S
N

20

25

30

35

61, pp. 202-203). The BrevibacilluschoshinensisFY-1 is a Phe~
and Tyr-reguiring strain cobtained by mutating Brevibacillus
choshinensis HPD31-OK (JP HO6-256485 A).
101047

The gene encoding C-GZ9V.bd in the plasmid
pNK3262-C~GZ9V.5d thus prepared was cleaved into five DNA
fragments so that each fragment contained a codon for Val-29
of the individual domain. The domains were numbered 1 to 5§
starting from the N-terminal side. The DNA fragment for the
domain 1 was digested with Pstl and NarI; the DNA fragment for
the domain 2 was digested with Nari and HindIlil; the DNA fragment
for the domain 3 was digested with HindIIl and MIluI; the DNA
fragment for the domain 4 was digested with Miul and BgllI; and
The DNA fragment for the domain 5 was digested with BglII and
Xbal (Narl is available from TOYOBO CO., LTD. and the others
are available fromTakara Bic Inc.), each fcllowed by separation
and purification using an agarcse gel to give the respective
DNA fragments.
[0105]

Two cloning vectors pSL30L1 (Invitrogen) and pUCl9 (Takara
Bio Inc.) were digested with the same pairs of restriction
enzymes as those used for the DNA fragments encoding the domains.
The resulting fragments were each mixed with the corresponding
DNA fragment, and they were ligated with Ligation High. In this
manner, plasmids each containing cone cf the five-divided DNA
fragments were constructed. The plasmids are represented in
correspendence to the domain numbers as pUClo9-v29-di,
pUC18~V29-dZ, pSL301-V29-d3, pSL301-V29%~d4, and pSL301-v29~-d5,
The seguences (including the restriction enzyme recognition

Fag

sites) of the DNA fragments of the C-G29V.5d-encoding region
are shown as SEQ ID Nos:13 to 17.
[0106]

Quick change mutagenesis was performed using the
oligonuclecotide primers of SEQ ID Nos:18 to 27, and the plasmids

pUC18~V29-dl, pUC19-V29-d2, pSL301-V29-d3, pSL301-V29~d4, and



[}

Jrt
n

20

25

30

35

34

pSL301-VZ29-d5 as templates. As a result, plasmids
pUCLE-AZ28-dl, pUCLS~-A28~-d2, pSL301~-A29~d3, pSL301-A29-d4, and
pSL301-AZ2-d5 were cbtained, each of which contained a DNA
fragment encoding C~G29A containing a substitution of Ala for
Val-29 of the domain. The five fragments were seguentially
ligated to one another with Ligation High. In this manner, an
expression plasmid pNK3262-C-G28A.5d containing the DNA
fragment (SEQ ID No:29) enceding C-G29%A.5d (SEQ ID No:2B) was
prepared. Then, this plasmid was used for transformation of
FY-1 recombinant cells. The guick change mutagenesis was
performed in accordance with the protoccl of Stratagene using
Pfu Turbo DHNA polymerase and the methylated DNA (template DNA)
cleavage enzyme Dpnl (both available from Stratagene). For
example, the quick change mutagenesis was performed on the
plasmid pUCl8~-V29-dl containing the DNA fragment of SEQ IDNo:13
with two synthetic DNA primers of SEQ ID Nos:18 and 19, thereby
providing a plasmid pUCLS-A28~-dl containing a DNA fragment for
the domain 1 containing a substitution of Ala for Val-29.
101071

[Example 2] Preparation of DNAs encoding C-G284A/S33FE.5d,
C-G29A/D36R.5d and C-GZ29A/K35R/D37E.2d

The same techniques based on guick change mutagenesis as
in Example 1 were applied using the oligonucleotide primers of
SEQ ID Nos:30 to 59, and the five plasmids each containing a
C-GZ29A-encoding DNA fragment, pUCl%-A29-dl, pUCi9-A2%-d2,
pSL301-A29-d3, pSL301-A29-d4, and pSL301-A29-d5 prepared in
Example 1, as templates. As a result, plasmids containing DNA
fragments encoding C-GZSA/S33E, C-GZ29A/D36R, and
C-G29A/K35R/D37E were prepared.

[0108]

Subsequently, the DNA fragments were ligated in the
manner described in Example 1 sc that an expression plasmid
PNK3262~C-G29A/833E.5d containing the DNA fragment (SEQ ID
No:6l; encoding C-G29A/S33E.5d (SEQ ID No:60), an expression
plasmia pNK3262Z2~C-GZ29A/D36R.5d containing the DNA fragment
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(SEQ ID No:63) encoding C-GZ29A/D36R.5d (SEQ ID No:562), and an
expression plasmid pNK3262-C~G29A/K35R/D37E. 5d containing the
DNA fragment (SEQ ID No:65) encoding C~GZ9A/K35R/D37E.5d (SEQ
ID No:64) were prepared. These plasmids were used for
transformation of FY-1 recombinant cells. For ligation of the
DNA fragments encoding C-G29A, the restriction enzyme HindIII
was used, Since the HindIII recogniticn sequence was close to
the mutation site, a plasmid containing the DNA fragment
enceding the unmutated domain 2 and the DNA fragment encoding
the mutated domain 3 connected through the HindIII site was

prepared, and then the corresponding mufation was introduced

lJ.

n the domain Z-encoding region. Additionally, the DNA
fragment (SEQ ID No:69) encoding C-GZ29A/833E.4d (SEQ ID No:68)
was amplified by PCR using pNK3262-C-GZ8A/S33E.5d as a template
plasmid and the oligonuclectide primers of SEQ ID Nos:66 and
67. The amplified DNA fragments were digested with PstI and
Xpal, and inserted into the vector pNE32462 digested with the
same enzymes. In this manner, an expression plasmid
pNK3262-C-GZ9A/S33E.4d was prepared, and used for
transformation of FY-1 recombinant cells.
[0109]
[Exampie 3] DHA sequence determination

The DNA base sequences of the expression plasmids
obtained in Exanples 1 and 2 were determined using a DNA
sequencer 3130x1 Genetic Analyzer (AppliedBiosystems). Using
BigDhye Terminator v. 1. 1 Cycle Sequencing XKit (Applied
Biosystems} in accordance with the attached protocol, PCR of
these plasmid DNAs for sequencing was carried out, and the
seguencing products were purified and sequenced. The
seguences 0f the oligeonuclecotide primers for sequencing were
critted here.
[0110]
[Example 43 Expression of targel protein in expressing
recombinant cell

The Brevibacillus choshinensis FY-1 recombinant cells
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obtained in Examples 1 and 2 were cultured with shaking for 3
days at 30°C in 5 mL of 3¥YC medium (3% polypeptone, 0.2% yeast
extract, 3% glucose, 0.01% magnesium sulfate, 0.001% iron
sulfate, 0.001% manganese chloride, 0.0001% zinc chlorids)
containing 60 pg/ml neomycin.

0111}

Each culture was centrifuged to remove cells, and the
obtained culture supernatant was subjected to cation exchange
chromatography using an SP Fast Flow column (GE Healthcare,
Japan) to purify {(partially purify) the target protein.
Specifically, sodium acetate was added to the culture
supernatant to a final concentration of 50 mM, and hydrochloric
acid was also added to adjust the pH to £.0. Then, the culture
supernatant was applied to the SP Fast Flow column egquilibrated
with a cation exchange buffer A (50 mM CHsCOOH-CH;COCNa, pH4.0) .
After washing the column with the cation exchange buffer A, the
target protein was eluted and separated in the process of salt
gradient elution using the cation exchange buffer A and a cation
exchange buffer B (50 mM CH3;COOH-CH;COONa, 1 M NaCl, pH 4.0).
[0112]

Next, the target protein was purified by anicon exchange
chromatography using a DEAE Fast Flow column (GE Healthcare,
Japan). Specifically, the separated target protein solution
was dialyzed with ultrapure water, and applied to the DEAE Fast
Flow column eguilibrated with an anion exchange buffer A (50
mM Tris-HCl, pH 8.C). After washing with the anion exchange
buffer A, the target protein was eluted and separated in the
process of salt gradient elution using the anion exchange buffer
A and an anion exchange buffer B (50 mM Tris-HCi, 0.3 M NaCl,
pH 8.0). The separatedtarget protein solutionwas re-dialyzed
with ultrapure water. In thils manner, an agueous solution
containing only the target protein was obtained as a final
purified sample.

[0113]
The protein purification processes by chromatography
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using the columns were carried out using an AKTAprime plus
system (GE Healthcare, Japan).

[0114]

[Example 5] Analysis of affinity of obtained proteins for human
immunoglobulin G (human IgG)

The proteins obitained in Example 4 were analyzed for
affinity for an immuncoglcbulin by a biosensor Blacore 3000 {(GE
health care, Japan} utilizing surface plasmon rescnance. In
the present example, a human immunoglobulin G drug (hereinafter,
referred to as human IgG) separated from human plasma was used.
The human [gG was immobiiized on a sensor chip, and each protein
was added on the c¢hip to detect an interaction betwesn them.
The immobilization of the human IgG on the sensor chip CM5 was
carried out by amine coupling using N-hydroxysuccinimide (NHS)
and N-ethyl-N" - (3-dimethylamincpropyl!carbodiimide
hydrochloride (EDC), and ethanolamine was used for blocking
(ail the sensor chips and the immcbilization reagents are
available from GE health care, Japan). The human IgG sclution
was prepared by dissocolving Gammagard (Baxter) in a standard
buffer (20 mM NaH;POs~NaHPC,, 150 mM NaCl, pH 7.4) to a
concentration of 1.0 mg/ml. The human IgG sclution was diluted
Lo 1/100 in an immobilization buffer (10 mM CH;COOH-CHiCOONa,
pH 4.5) and the human IgG was immokilized on the sensor chip
in accordance with the protocol attached to the Biacore 3000,
A reference cell to be used asgs a negative control was also
prepared by immobilizing ethanclamine on ancther flow cell on
the chip after activation by EDC/NHS. The protein sclutions
were appropriately prepared at concentrations of 10 to 1000 nM
using a running buffer (20 mM NaH; PO, -Naz;HPOy, 150 mM NaCl, 0.005%
P-20, pH 7.4) (sclutions of three different protein
concentrations were prepared for each protein), and each
protein solution was added on the sensor chip at a flow rate
of 20 uL/min for 30 seconds. A sensorgram of the binding
reaction at 25°C was sequentially plotted during the addition

(binding phase, 30 seconds) and after the addition
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(digscciation phase, 60 seconds). After each sensorgram
determination, the sensor chip was regenarated by adding 50 mM
NaCH (for 15 secends) (tThis process was performed Lo remove the
added proteins remaining on the sensor chip and it was confirmed
that the binding activity of the immecbilized human IgG was
substantially completely recovered). The binding rate
constant (XK.l , disscclation rate constant (keee), affinity
constant (Ku = Ken/kosz), and dissociation constant (Kp = keee/kon)
were calculated by performing a fitting analysis on each of the
obtained binding reaction sensorgrams {(the binding reaction
sensorgrams cbtained by subtracting the binding reaction
sensorgram of the reference cell) by using the 1:1 binding model
in a scoftware BIA evaluation attached to the system.
[01151

As shown in Table 1, the binding paramsters of the
proteins to the human Igé were at gsimilar levels to those of
C-G29A.5d {(Comparative Example 1}. Specifically, theaffinity
constants (KA) of all the proteins for the human Igs fell in
the range of 5.0x107 M™° to 5.0x10% ML,

10116]
[Table 1]
Kon{>< 105 M'1s) Kotr {1003 g°1) Ka(108 MY
C-G29A . bd 4.1 0.88 4.7
C-GZOASSR2E bd 3.0 1.3 3.3
C-G28AMB6R. B4 4.6 15 3.0
C-G29A/K3ER/D3TE . bd 0.86 1.3 0.65
[0117]

[Example 6] Preparation of Fab fragment derived from humanized
monoclonal antibody

In the present invention, the "affinity for the Fab
region" was analyzed using an Fab fragment free from the Ic
region of an immunoglobulin.
roiis]

The Fab fragment was prepared by fragmenting a humanized
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monoclonal IgG drug as a starting material into an Fab fragment
and an Fc fragment by using papain, and separating and purifying
only the Fab fragment.

[0119]

Specifically, herceptin (humanized monoclonal IgG drug
avallable from Chugal Pharmaceutical Co., Ltd.) was dissolved
in a papain digestion buffer (0.1 M AcOH-AcONa, 2 mM EDTA, 1
mM cysteine, pH 5.5). Papaln Agarcse from papaya latex
(papain-immobilized agarcose available from SIGMA) was added to
the solution, and the resultingmixture was incubated for about
8 hours at 37°C while being mixed with a rotator. Ry ion
exchance chromatography using a Rescurce 8 column {(GE health
care, Japan), the Fab fragment {(hereinafter, referred to as
monoclonal IgG-Fab) was separated and purified from the
reaction solution (containing both the Fab fragment and the Fc
fragment) which had been separated from the papain-immobilized
agarcse. More specifically, the reaction solution was diluted
to pH 4.5 in an icon exchange buffer A (50 mM CH3;COOH-CH3COONa,
pH 4.5}, and then added to the Resource 35 column eguilibrated
with the icn exchange buffer A. After washing the column with
the ion exchange buffer A, the mcnoclonal IgG-Fab was sluted
and separated in the process of salt gradient elution using the
ion exchange buffer A and an ion exchange buffer B (50 mM
CHsCOOH-CH3COONa, 1 M NaCl, pH 4.5} (the buffer B concentration
was linearly increased from 0% to 50% during the process of
allowing the buffers in a total amount corresponding to the
volume cf 10 columns to pass through the column).

[0120]

The separsated moncclonal IgG-Fab solution was purified
by gel £iltration chromatography using a Superdex 75 10/300 GL
column (the standard buffer was used for equilibration and
separation). Inthismanner, amonoclonal IgG-Fab solution was
obtained.

[01z21]

The protein purification by chromatography was performed
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using the AKTAprime plus system in the same manner as in Example
4.

[0122]

[Example 7] Analysis of affinity of cbtained proteins for
monccleonal IgG-Fab

The affinity of the proteins obtained in Example 4 for
the IgG-Fab was also analyvzed using the Biacore 3000 in the same
manner as in Example 5.

(0123}

The monoclonal IgG-Fab obtained in Example 6 was
immebllized on the sensor chip CM5, and esach protein obtained
in Example 4 was added on the chip to detect an interaction
between them., Human serum albumin {Sigma Aldrich) was
immekilized on a reference cell. The Ilmmobilizaticn of the
monoclional TgG-Fab and the human serum albumin was carried out
in the same manner as in Example 5.

[0124]

Protein solutions of different concentrations (4 uM, 8
pM, 16 uM, 32 uM (32 puM samples of some proteins were nct
prepared) ) were prepared for each of the proteins to be measured,
using a running buffer (20 mM NaH;POs-NaHPCs, 150 mMNaCl, 0.005%
P-20, pH 7.4). FEach protein sclution was added on the senscr
chip at a flow rate of 20 pL/min for 30 seconds, and a sensorgram
of the binding reaction at 25°C was sequentially plotted during
the addition (binding phase, 30 seconds) and after the addition
(dissociation phase, 60 seconds). After each sensorgram
determination, 10 mM NaOH was added for 30 seconds for
regeneraticn of the sensor chip. The analysis was conducted
in the same manner as in Example ©&. IT should be noted that
Roax, one of binding parameters, was regarded as a constant in
the fitting analysis. The Rpx 15 the signal amount obtalined
when added molecules are bound to all immobilized molecules,
and could not largely change in these experiments in which the
same molecules f(monocleonal IgG-Fab) are immobilized. If the

binding signal is very weak, however, a fitting is incorrectly
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made so that the Rgx is regarded as an extremely small value.
Hence, the Ru., was regarded as a constant in the fitting. As
shown in Table 2, the binding parameters of the proteins to the
monoclonal IgG-Fab were significantly lower than those of
C-G29A.5d (Comparative Example 1) . Specifically, theaffinity
constants (KA) of all the proteins to the moncclonal IgG-Fab
were less than 1/10 of that of C-GZ9A.5d.

101251
[Table 2]
kon (104 M1s) kot (s71) Ka(x105 M1
-G29A 5d 5.8 0.13 4.4
C-O29A/533E. 5d 0.058 0.40 0.014
) C-G20AD36R.bd (.22 0.39 0.0R7
C-G2OAKABR/DSTE . &6d .23 0.41 (3 ORY
[0126]

[Example 8] Preparation of transformant cells capable of
expressing single-domain variants

In order to effectively evaluate other mutations
disclosed herein in addition to the mutations evaluated in
Example 7, single-domain variants were prepared.

The aminc acid sequence (SEQ IDNo:10, C-G29A.1d) derived
from the C domain of Proteln A was chosen as a protein seguence
tobemutated., AGST fusionprotein expressionvector pGEX-6P-1
(GE Healthcare, Japan) containing the DNA sequence encoding
C-GZ29A.1d of SEQ ID Nec:70 was used as a tempiate plasmid for
mutation. The template plasmidwas prepared in accordance with
the description of WO 2010/110288.

[0127]

Expression plasmids enceding C domain variants
(C~G29A/833L.1d, C-G29A/S533T.1d, C-G29A/D36I.1d,
C-G2%4/D36R.1d, and C-GZ22A/D37E.1d) of SEQ ID Nos:81 £o 85 were
obtained by gquick change mutagenesis using the two plasmids as
tenplates and the oligonuclectide primers of SEQ ID Nos:71 to
80. For example, the C domain variant {C-G29A/S33L.1d} of SEQ

ID No:81 was obtained by guick change mutagenesis using the
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expression plasmid (pGEX~-6P-1-C-GZ2%A.1d) containing the DNA
seguence of SEQ ID No:70 as a template and the oligonuclectide
primers of SEQ ID Nes:71 and 7Z. The DNA seqguences of the
obtained expression plasmids were determined in the same manner
as in Example 3. The obtained expression plasmids were used
for transformation of E. coli HBLIOL {Takara RBic Inc.) in the
same manner as in Example
101281
[Example 97 Expressicn and purificaticn of single-domain
variants

The transformants obtained in Example 8 were capable of
expressing the respective variants in the form of G3T fusion
proteins. EBachof these transformants was cultured in LB madium
contalining ampicillin at 37°C overnight. Each culture liguid
was lnoculated in 2x¥YT medium (containing ampicillin) and
cultured at 37°C for about 1 hour. IPTG
(isopropyl-l-thic-f-D-galactoside) was added to a final
concentration of 0.1 mM, followed by further culturing at 37°C
for 18 hours. After the culturing, cells were collected by
centrifugation and resuspended in PBS buffer containing EDTA
(0.5mM). The cells were sonicated and centrifuged Lo separate
a supernatant fraction {(cell-free extract) and an insoluble
fraction. The GST fusion proteins were purified (partially
purified) fromthe cell~free extracts containing the GST fusion
proteins by affinity chromatography using a GSTrap FF column
(GE Healthcare, Japan), which has an affinity for GST. Each
cell-free extract was applied to the GS8Trap FF column, and the
column was washed with a standard buffer {20 mM NaH,PO4-Na-HPO,,
150 mM NaCl, pH 7.4). Then, the target GST fusion protein was
eluted with an elution buffer (50mM Tris~HCL, Z0 mM glutathione,
PH 8.0). The eluted fraction was subjected to exchangs with
the standard buffer by ultrafiltration. The solutions thus
obtained were treated as final purified samples.
[0129]

[Example 10] Analysis of affinity of single~domain variants to
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monoclonal IgG-Fab

The single-domain variants obtained in Example 9 were
measured for affinity for the moncclonal IgG-Fab by Biacore in
the same manner as in Bxample 7 to analyze the changes of the
binding ability to IgG-Fab caused by the introduced mutations.
Fere, only sensorgrams cf the single-domain variants at a
protein concentration of 4 uM {at which the variants had the
same absorbance at 280 nm) were determined.

[0130C]

Figs. 2 show the resulting IgG-Fab binding sensorgrams.
The proteins showed significantly reduced binding responses to
the monoclonal IgG-Fak compared with that of C-G2%A.1d
(Comparative Example 3) and thelr responses were reduced to
undetectable levels. Thus, the mutations obtained in the
present invention were found to reduce the Fab binding ability.
Here, since the responses ware reduced to undetectable levels,
their affinity constants were not calculated.
r0131]

[Example 111 Evaluation of alkali resistance of C-GZ9A/S33K.5d

C-GZ9A/533K.5d obtained in Example 4 was evaluated for
alkall resistance by comparing decreases in the binding amocunt
to the human IgG (remaining bhinding activity to the human IgG)
before and after incubation under alkaline conditions for a
predetermined period.

[0132]

Specifically, the binding amount of C-G29A/S33E.5d to the
human IgG was measured using the Biaccre 3000 before and after
an alkall treatment. In the alkali treatment, to a 26.2 uM
sample of the protein (10 ul) was added a certain amount of 0.625
M NaOH to a final cconcentration of 0.5 M. The mixture was
incubated for & hours at 30°C. Subseguently, 0.5 M HC1l (in a
certaln amount that had been confirmed to neutralize the pH)
was added to the treated solution to neutralize the solution.
The solution was then diluted to 1/2 in a running buffer (20
mM NaHzPO4~Na,HPC,y, 150 mM NaCil, §.005% P-20, pH 7.4). In this
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manner, a C-G29A/833E.5d solution atter the alkali treatment
was prepared.

In corder tc achieve the same protein concentration and
the same solution composition as those of the above sclution,
a C-G29A/S33E.5d sclution before the alkali treatment was
prepared by preparing a mizxed soluticn of the NaCH solution used
for the alkali treatment and the HCL1 solution used for thes
neutralization treatment in advance, and adding the mixed
solution to a 26.2 uM sample of C-G29A/S33E.5d {10 ul).
Preparation of a sensor chip (e.g. immobilization of the human
IgG), the running buffer used for the measuremsnt, the
measurenment temperature, and the regeneration treatment of the
chip were the same as those in Example 7. Each of the
C-C29A/3338.5d solutions before and after the alkall treatment
was added on the sensor chip at a flow rate of 20 uL/min for
150 secends. A binding reaction sensorgram was then
sequentially plotted during the addition (binding phase, 150
seconds} and after the addition {(disscciation phase, 210
seconds) .

[0133]

The analysis was conducted 1n the same manner as in
Example 5. Here, an additicnal interpretation of the obtained
binding parameters is provided. In this analysis, the protein
concentrations of the solutions before and after the alkali
treatment were the same, but the concentraticons of the protein
having binding activity to the human IgG were different from
each other. However, since fitting using the concentration as
a variable is difficult, =ach concentration was considered to
be the same before and after the treatment in the fitting
analysis. In this case, the concentration difference of the
protein having binding activity to IgG is reflected on the
parameter Rp.x, which is the maximum binding capacity.
Therefore, the alkaell resistance of C-G29A/S833F.5d was
evalusted by calculating and comparing the relative value of

the Rp.e after the alkali treatment to the Rpay before the alkali
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treatment (remaining IgG binding activity (%)).
(01347

C-GZ2SA.54 (Comparative Example 1) had a remaining TgG
binding activity after the alkalli treatment of 85.4%, whereas
C~GZ29A/8335.5d had a remaining IgG binding activity after the
alkali treatment of 85.5%. The results demonstrate that the
mutation in the present invention can produce the effect without
sacrificing excellent alkali resistance of C-GZYA.
(01353
[Example 12] Preparation of affinity separation matrices with
obtained proteins (ligands) immobilized thereon

Affinity separation matrix (1): methacrvlate polymer-based

As & water-insoluble base material, a commercial
activated filler for affinity chromatography "TOYOPEARL
AF-Formyl-650M" {Tosoh Corporation) was used. This filler was
a methacrylate polymer-based filler already bearing formyl
groups for immobilization of a preoteinic ligand. The final
purified sample of C-G29A/333E.5d obtained in Example 4 was used
as a ligand and immobilized to prepare affinity separation
matrix {1;.

[0136]

More specifically, 5 mL of the filler was subjscted to
exchange with a citric acid buffer (0.25 M trisodium citrate
dihydrate, pH 9.0 adjusted with NaCH) on a glass filter, and
the volume was increased to 7.5 mL in total in a centrifuge tube,
To this was added 0.64 ml of the C-GZ29A/S33E.5d-containing
solution (64.6mg/mi), and the resultingmixture was shaken with
a mix rotor (MIX ROTCR MR-3 1-336-05 available from AZONE) at
6°C for 4 hours. Subseguently, the mixture was adjusted to pH
3 with a 2.4 M citric acid agueous solution and continuously
shaken at 6°C feor 4 hours. Then, 2.8 mL of a 5.5% by weight
dimethylamine borane agueous solution (Wake Pure Chemical
Industries, Ltd.} was added thereto, and the resuliing mixture
was shaken at 25°C for 18 hours. The thus prepared carrier was

washed on a glass filter with RC water until the electric



o

15

[R]
[€)]

30

46

conductivity of the washing filtrate fell to 5 uS/cm or less.
In this manner, the affinity separaticn matrix was prepared.
0137

Affinity separation matrix (2): cross~linked agarose-based

As a water-insoluble base material, a commercial 1-mL
prepacked activated ccelumn "Hitrap NHS activated HP" (GE
Healthcare, Japan) was used. This column was a cross-linked
agarose-bhased column already bearing N-hydroxysuccinimide
(NHS) groups for immebilization of a proteinic ligand. The
final purified sample of C~GZI9A/S533E.4d obtained in Example 4
was used as a ligand and immobilized in accordance generally
with the product manual to prepare affinity separation matrix
(2.

[0138]

More specifically, the final purified sample was diluted
to a final concentration of about 6 mg/mlL in & coupling buffer
(0.2 M sodium carbonate, 0.5 M NaCl, pH 8.3) to prepare a sample
diluted solution {1 mL}. The procedure of allowing 2 mL of 1
M HCl cooled in an ice bath to flow threough the column at a
fiow rate of 1 ml/min was carried out three times to remove
isopropanol in the column. Then, 1 mL of the sample diluted
solution prepared above was lmmediately added at the same flow
rate. The top and bottom of the column were sealed, and the
column was then left at rest at 25°C for 30 minutes. In this
manner, the obtained protein was immobilized on the column.
Thereafter, the column was opened, and 3 mL cof the coupling
buffer was allowed to flow therethrough at the same flow rate
to recover unreacted protein. Next, the procedure of allowing
2 ml of a2 blocking buffer (0.5 M ethanclamine, 0.5 M WaCl, pH
8.2) to flow through the column was carried out three times,
and the procedure of allowing 2 mL of a washing buffer (0.1 M
acetic acid, 0.5 M NaCi, pH 4.0) to flow therethrough was also
carried out three times. Finally, 2 ml of a standard buffer
(20 mM NaH;PU,~Na BEPO4, 150 mM Nall, pH 7.4) was allowed to flow

therethrough. Thus, the preparation of the affinity
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separation column was completed.
[0139]

Affinity separation matrix (3): cellulose-based

As a water—inscluble base material, a commercial
gel-filtraetion filler "Cellulofine GCL-2000-m™ {Chissc
Corporation} was used. This filler was a cross-linked porous
celiulose-based filler. The final purified sample of
C-GZSA/S33E.5d cbtained in Example 4 was used as a ligand and
immob:ilized to prepare affinity separation matrix (3).
[014C]

More specifically, 12 mbL of the filler was subjected to
exchange with a citric acid buffer (C.01 M trisodium citrate
dihydrate~citric acid monohydrate, pH 3) on a glass filter
(17G-2 available from TOP), and the fluid volume was increased
to 18 mL in a centrifuge tube. To this was added 6 ml of an
aquecus solution containing 0.08 g of sodium pericdate (Wako
Pure Chemical Industries, Ltd.) dissolved in RO water, and the
resulting mixture was shaken with a mix rotor (MIX ROTOR MR-3
1-336-05 from AZONE} at 6°C for about 30 minutes. The thus
prepared product was washed on a glass filter with a sufficient
amount of RO water, thereby providing a carrier bearing formyl
groups.

[0141]

Then, 5 mi of the formyl group-bearing carrier was
subjected to exchange with a citric acid buffer (0.25 M
trisodium citrate dihydrate, pH 8.0 adijusted with NaOH) on a
glass filter, and the volume was increased to 8.5 mL in total
in a centrifuge tube. To this was added 0.64 nlL of the
C-G29A/S33E.5d-containing solution (64.6 mg/mL), and the
mixture was adjusted to pH 12 with ¢.4 M NaOH and then shaken
with the mix rotor at 6°C for 4 hours. Subseguently, the
resulting mixture was adjusted to pH 3 with a 2.4 Mcitric acid
aqueous solution (citric acid monchydrate! and then
continuously shaken at 6°C for 4 hours. Subseguently, 2.8 mL

of a 5.5% by welght dimethylamine borane agueous sclution was
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added thereto, and the resulting mixture was shaken at 25°C for
18 hours. The thus prepared carrier was washedon a glass filter
with RO water until the electric conductivity of the washing
Ffiltrate fell to 5 uS/cm or less. In this manner, the affinity
separation matrix was prepared.

01421

Affinity separation matrix {4}: cellulose-based 2

As a water-insocluble base material, crystaliine hicghly
cross~linked cellulose {gel available from Chisso Corporation,
disclosed in U.S. Patent No. 0062118 (JP 2Z009-242770 A))} wasg
used. The final purified sample of C-G29A/S33E.5d obtained in
Example 4 was used as a ligand and immobilized to prepare
affinity separation matrix (4).

More specifically, 12 mlL of the gel was subjected to
exchange with a citric acid buffer (0.01 M triscodium ciltrate
dihydrate-citric acid monohydrate, pH 3} on a glass filter, and
the fluid velume was increased to 18 mL in a centrifuge tube.
To this was added © ml of an agueous solution containing ¢.08
g of sodium periodate dissolved in RO water, and the resulting
mixture was shaken withthemix rotor at 6°C for about 30 minutes.
[0143]

Than, > ml of this formyl group-bearing carrier was
subjected to exchange with a citric acid buffer (0.25 M
trisodium citrate dihydrate, pH 8.0 adjusted with NalOH) on a
glass filter, and the volume was increased to 8.5 mL in total
in a centrifuge tube. To this was added 0.%¢ mL of the
C-G2%A/S33E.bd~containing solution (64.6 mg/mL) obtained in
Example 4, and the mixture was adjusted to pH 12 with 0.4 M NaOH
and then shaken with the mix rotor at 6°C for 4 hours.

Subseguently, the resulting mixture was adjusted to pH
5 with a 2.4 M citric acid agueous solution (citric acid
monohydrate) and then ceontinuously shaken at 6°C for 4 hours.
Subseguently, 0.46 ml of a 5.5% by welght dimethylamine borane
aqueous solution was added thereto, and the resulting mixture

was shaken at 25°C for 18 hours. After the reaction, the
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reaction solution was measured for absorbance at the absorption
maximum arcund 275 nm. The result revealed that the amount of
C-G29A/833E.5d introduced was 11 mg/mL-gel, and the yvield of
the ligand immobilized on the carrier was 90%.

[0144]

This carrier was washed on a glass filter with RO water
until the electric conductivity of the washing filtrate fell
to 5 u&/cm or less. Then, the carrier was further washed with
a 0.1 Mcitric acid aqueous solution (citric acid monohydrate),
a sodium hydroxide/sodium sulfate mixture aguecus solution
(0.05 M NaCH, 0.5 M sodium sulfate), and a citric acid buffer
(0.5 M triscodium citrate dihydrate-citric acid monchydrate, pH
&) in this crder. Finally, the carrier was washed with RO water
until the electric conductivity of the washing filtrate fell
to 5 uS/cm or less. In this manner, the affinity separation
matrix was prepared.

[0145]

This affinity separation matrix {4) was measured in
accordance with the method described in WO 2010/064437 to
cgetermine the adsorpticon capacity for an antibedy and the amount
of ligand leakage. The 5% dBC values at contact times of 1.8
minutes and 3 minutes were 33 and 41 mg/mL, respectively, and
the amount of ligand leakage was 30 ppm relative to eluted IgG.
Here, the corresponding 5% d2C values of a commercial highly
cross-linked agarose carrier "MabSelect" (GE Healthcare
Bicosclence) measured under the same conditions were 28 and 37
mg/mL, respectively. Fig. 3 shows a graph for comparing the
5% dBC wvalues. The amounts of ligand leakage of commercial
affinity separation matrices have been reported in a known
literature {(Hahn R. et al., "J. Chromatogr. A.", 2006, vol. 1102,
pp. 224-231). As described above, the affinity separation
matrix (4} obtained in this example was found tc have
performance parameters important for antibody drug
purification at levels sufficient for practical use.

[0146]
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[Example 13] Evaluation of antibody elution properties of
affinity separaticon matrices with acid

An empty column Tricorn™ 5/50 Column (GE Healthcars,
Japan) was filled with each of the affinity separationmatrices
(ly to (4) prepared in Example 12, and the coclumn was connected
to a chromato system AKTA prime plus (GE Healthcare, Japan) to
evaluate the antibody eluticn properties in the acidic
condition by antibody purification chromatography. Here, the
affinity separation matrix (2}, which was a prepacked column,
could be connected as it was. A1l the columns had a volume of
about 1 mi. After equilibration of each affinity separation
columnwith a etandard buffer (20 mM NaH,P04~-NaBPO., 150 mM NaCl,
pH 7.4}, 500 ul of a 1 mg/wl solution of herceptin (humanized
monccional 1gG drug of the VH3 subfamily) in the standard buffer
was added thereto at a flow rate of 2 mL/min. Subseguently,
the column was washed with 5 mlL of the standard buffer flowing
at the same flow rate, and then 5 mlL of an elution buffer (35
M CH3COOH-CHLCOONa, pH 3.5) was also allowed to flow
therethrough at the same flow rate. During this period, the
absorbance at Z80 nm was monitored to determine a
chromatographic preofile of an IgG elution peak. Continucusly,
5 ml of the standard buffer was alliowed to flow therethrough
at the same flow rate, and then 3 ml of a strong washing solution
(0.5 M CH3CO0H, 0.1 M NazS0s, pH 2.5) was also allowed te flow
at the same flow rate. During this period, the absorbance at
280 nm was monitored to determine a peak of forcibly separated
IgG which had been still present in the column. Here, only for
the affinity separation matrix (2}, & strong washing solution
(20 mM CH;3COONa-CH-COOH, 1M NaCl (pH 3.2)) was used.

The affinity separation matrices (1) to (3) were
evaluated for antibody elution properties in the acidic
condition by carrying out antibody purification chromatography
with an elution buffer adiusted to pH 3.75 in the same manner
as described above.

[0147]
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Antibody elution properties with acid of affinity separation

matrix (1)

Figs. 4 show graphs on which elution peak profiles
obtained by antibody purification chromatography using the
affinity separation matrix (1) with C-G29A/333E.5d or with
C-GZ2C8A.5d (Comparative Example 1) immobilized instead are
superimposed. The upper graph shows elution peak profiles
cbhtained at an elution pH of 3.5, and the lower graph shows
elution peak profiles cobtalned at an elutlon pH of 3.75%. As
shown in Figs. 4, the elution peak profiles obtained using the
matrix with C-G29A/833E.5d immobilized thereon were apparently
sharper than those obtained using the matrix with C-G29A.5d
immobilized thereon. From the elution peak profiles at an
elution pH of 3.75, 1t was demonstrated that recovery of IgG
adsorbed on C~-GZ9A.5d, which corresponds to a protein before
introduction of the mutation, was difficult but IgG adsorbed
on C~-G29A/5338.5d, which corresponds to a protein after
introduction of the mutation, could be all recovered. Thismay
be one example showing that the present inventicon can
drastically snhance the antibody recovery rate in the presence
of an acidic solution closer to neutral.

[(0148]

Antibody elution properties of affinity separation matrix (2)

with acid

Figs. 5 show graphs on which elution peak profiles
obtained by antibody purification chromatography using the
affinity separation matrix (2) with C-GZ9A/S33E.4d or with
C~GZ9n.4d (Comparative Example 2) immobilized instead are
superimposed. Likewise, as seen in the case of the affinity
separationmatrix (1), the eluticn peakprofiles chtained using
the matrix with C-G29A/S33E.4d immeobilized thereon were
apparently sharper than those cbhtained using the matrix with
C-G2%A.4d immobilized therecn. The obtained data demonstrated
that the protein of the present invention can produce the effect

regardiess of the type of the base of the water-insocluble base
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material, the immobilization method of the ligand on the base
material, and the number ¢f domains of the protein serving as
a ligand.

[(0149]

Antibody elution properties of affinity separation matrix (3)

with acid

Figs. 6 show graphs on which elution peak profiles
obtained by antibody purification chromatography using the
affinity separation matrix (3) with C-G29A/S33E.5d or with
C-G29A.5d (Comparative Example 1) immobilized instead are
superimposed. If was shown that the elution peak profiles
obtained using the matrix with C-G29A/S533E.5d immobilized
thereon were apparently sharper than those obtained using the
matrix with C-GZ9A.5d immobilized thereon. The obtained data
demonstrated that the protein of the present invention can
produce a better effect when a base material with excellent
antibody elution properties (sharp elution) is used in
combination.
[0150]

Antibody elution properties of affinity separation matrix (4)

with acid
Fig. 7 shows an elution peak profile {(elution pH: 3.5)
ohtained by antibody purification chromatography using the
affinity separationmatrix (4} with C-GZSA/S33E.5d immobilized
thereon., Froman industrial peint of viaw, a need for matrices
having a high antibody-~binding capacity 1s large. Increase in
the amount of immcebilized ligands is effective to increase the
antibody-binding capacity. The obtained data demcnstrated
that the present invention can produce the effect without
causing any problems even when the amount of immobilized
proteins is high.
(01517
[Comparative Example 1] Preparation and use of C-G29A.5d
C-GZ9A.5d (BEQ ID No:2B) was prepared using the

recombinant cells obtained in Example 1 in the same manner as
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in Examples 3 to 5. The affinities for the human IgG and the
monaclonal IgG-Fab were analyzed in the same manner as in
Examples 5 and 7, and the analysis results are also shown in
Tables 1 and 2.

10152]

The alkall resistance was also evaluated in the same
manner as in Example 11. Additionally, C-G29%A.5d was used
instead for preparation of the affinity separationmatrices (1)
and (3) in Example 12, and the resulting matrices were evaluated
for antibody elution properties in the acidic condition in the
same manner as in Example 13. The resultis are alsce shown in
Figs. 4 and 6. Here, the solutions used for preparation of the
affinity separation matrices {1) and (3) had a protein
concentration of 58.2 mg/mL, and the used amount was 0.79 mL.
[0153]

[Comparative Example 2] Preparation and use of C-GZ9A.4d

An expression plasmid for C-GZ9A.4d and transformant
cells obtained using the plasmid were prepared using the
expression plasmid pNK3262-C-GZ29A.5d cbtalned in Example 1 as

a template and the oligonuclectide primers of SEQ ID Nos: 66 and

67 in the same manner as in Example 2. C-G29A.4d was prepared

in the same manner as in Examples 3 to 5. Additionally,
C-GZ2%A.4d was used instead for preparaticn of the affinity
separation matrix {2} in Example 12, and the resulting matrix
was evaluated for antibody elution properties in the acidic
condition in the same manner as in Example 13. The results are
alsc shown in Figs. 5.
(01541
[Comparative Example 3] Preparation of C-GZ2%A.1d

C-GZ9A.1d was prepared using the transformant cells
(HB101l) containing the template plasmid used in Example B in
the same manner as in Example 9, and the affinity for the
moneclonal TgG-Fab was analyzed in the same manner as in Exanmple

10. The analysis results are also shown in Figs. 2.
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CLAIMS

Claim 1. % protein having an affinity for an immunoglobulin,
comprising an amino acid sequence cbtained by introducing, into
an amino acid seqguence derived from C domain of Protein A of SEQ
ID No: 5, at least one amino acid substitution at any one or more
of amino acid residues at Ser as an amino acid residue corresponding
to position 33 of the C domain, or Asp as an amino acid residue
corresponding to position 36 of the C domain,

the protein having a lower affinity for an Fab region of an
immunoglobulin than a protein before introduction of the
substitution,

wherein the protein has a seguence identity of not lezs than

80% to the amino acid seguence of SEQ ID NO:5.

Claim 2. The protein accerding to claim 1,

wherein the amino acid sequence derived from at least one
domain before introduction of the substitution is any of amino acid
sequences of the E, D, A, B and C demains of Protein A of SEQ ID
Nos:1 to 5 and amino acid seguences of SEQ ID Nos:6 teo 10 derived
from the E, D, A, B and ¢ doemains of Protein A.

Claim 3. The protein according to claim I or 2,

Wherein the aminc acid sequence derived from at least one
domain before introduction of the substitution is an amino acid
sequence of the C domain of Pfotein A of SEQ ID No:3 or an amino
acid sequence of SEQ ID No:10 derived from the C domain of Protein
A.

Claim 4. The protein according to any one of claimsl to 3,
wherein the amino acid segquence of the domain before
introduction of the substituticn comprises Ser as an amino acid
rasidue corresponding to position 23 of the € domaln, Lys as an
amino acid residue corresponding to position 35 of the C domain,
Asp as an amino acld residue corresponding to position 36 of the

C domain, or Bsp as an amino acid residue corresponding to position
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37 of the C domaln.

Claim 5. The protein according to any one of claims 1 to 4,

Wherein the amino acid substitution to be introduced is a
substitution of Glu, Leu or Thr for Ser corresponding to position
33 of the C domain,

a substitution of Arg for Lys corresponding to position 35
of the C domain,

a substitution of Argor Ile for Asp corresponding to position
36 of the C domalin, or

a substitution of Glu for Asp corresponding to position 37

of the C domain.

Claim 6, The protein according to c¢laim 5,
wherein the amino acid substitution to be introduced is a
substitution of Glu for Ser corresponding to position 33 of the

C domain.

Claim 7. A multi-domain preotein, comprising two or more

proteins according to any cne of claims 1 to 6, connected together.

Claim §&. The multli-domain protein according to claim 7,
Wherein the proteins connected together are different from

one another,

Claim 9, The multi-domain protein according to ciaim 7 or 8,
wherein the number of the proteins connected together is 2

to 5.

Claim 1G. A DNA encoding the protein according to any one of

claims 1 to 9.

Claim 3ii. The DNA& according to claim 10,
whereln ligated base sequences each comprising the domain

have a sequence ldentity of not higher than %0% to one another.
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Claim 12, A vector comprising the DNA according to claim 10 or
11,
Claim 13. A transformant which is obtainable by transformation

of a host with the vector according to claim 12.

Claim 14. The transformant according to claim 13,

Wherein the hast is a gram-positive bacterium.

Claim 15. The transformant according to claim 14,
wherein the gram-positive bacterium is a bacterium of

Brevibacillus.

Clzim 16. The transformant according to claim 135,
wherein the bacterium of Brevibacillus is Bresvibacillius

choshinensis.

laim 17. B method for producing the protein according toc any
ene of claims 1 to 9, the method comprising utilizing the
transformant according to any one of claims 13 to 16, oxr a cell-free
proteln synthesis system using the DNA according to claim 10 or
il.

Claim 18. The production method according teo claim 17,
comprising: '

accumulating the protein intracelilulariy orinaperiplasmic
space of the transformant; and/or

secreting the protein extrécelluiarly from the

transformant.

Claim 19. Bn affinity separation matrix, comprising:

the protein according to any one of claims 1 te 9 as an
affinity ligand, and

a carrier made of a water-insoluble base material on which

the protein is ilmmobilized.
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Claim 20. The affinity separation matrix according to claim 19,
wherein the water-insocluble base material comprises a

synthetic polymer or a polysaccharide.

Claim 21. The affinity separation matrix according to claim 20,

wherein the polysaccharide 1s cellulosze.

Claim 22, The affinity separation matrix according to any onsz
of claims 18 to 21,
wherein the affirnity separation matrix binds tc a protein

containing an Fc region of an immunoglobulin.

Claim 23. The affinity separation matrix according to claim 22,
wherein the protein containing an Fc region of an
immunoglobulin is an immunoglobulin G or an immunoglobulin &

derivative.

Claim 24. Use of the affinity separation matrix according to any
one of claims 1% to 23 for separation of a protein containing an

Fe region of an immunoglobulin.

Claim 25. The use of the affinity separation matrix according
to claim 24,

wherein the separaticn of a protein containing an Fo region
of an immunoglobulin is aimed at separating and recovering a protain

conslisting only of the Fab region of an immunoglobulin.



