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{0019]

Specifically, the present invention relates to a protein

having an affinity for an immunoglobulin,

comprising an amino acid sequence obtained by introducing, into

an amino acid segquencs derived from C domain of Protein & of S5ED

ID No: 5, at lsast one amino acld substitution at any ons or mor

of aminge acid residues 2t Ser as an aninc 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 regilon of an

immunoglobulin than a protein before introduction of the

substitution,

wherein the protein has a seqguence identity of not less than

80% to the amino acld ssguence of SERQ ID NO: 5.

Also disclosed is a protein

having an affinity for an immuncglebulin, including zn amino
acid seguence obtained by introducing, into an amino acid

seguence derived frcocm at least one domain selected from E, D,
A, B and C domzins of Protein A of SEQ ID Nos:1 to 5, at lesast
one amino acid substitution at any one or mors of amino acid

residues at positions 31 to 37 of the A, B and C domains, amino

o

cid residuss at positions 29 to 35 of the E domain, and amino
acid residues at positions 34 to 40 of the D domain, the protein
having a lower affinity for an Fab region of an immunoglobulin
than a protein before introduction of the substitution.
[0020]

Preferably, the amino zcid sequence derived from at lsast
one domain before introduction of the substitution is
amino acid ssguences of the E, D, A, B and C domains of Pr
2 of SEQ ID Nos:1 to 5 o
to 10 derived from the E, D, &, B and C domains of Protein 4.
[0021]

Preferably, the amino acid sequence derived from at lsast

o
and amino acid ssguences of SEQ ID N

the substitution is an anino
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Preferably, the domain of the aminoe acid ssquence before
introduction of the substitution contains Ser as an amino acid
residue corresponding to position 33 of the C domain, Lys as
an amino acid residue corrssponding to position 35 of the C
domain, Asp as an aminc acid residue corresponding to position
360£'theiidomaiﬁ,<3rﬁsp)aseﬂlamino acld residue corresponding
To position 37 of the C domain.

[0023]
Preferably, the amino acid substitution to be introducsed

Fag

cutior T Gl r o4 r v for Ser rrespondin {
ution of Glu, Leu or Thr for Ser corresponding to

[
93]
¢4
)]
-
[
[
ct
', )
o
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CLAIMS

Claim 1. Aproteinhaving anaffinity for an immunoglol

comprising an amino acid seguence chtained by intreducintg, into

an amino acld sequence derivad from at least one domain’/selected

from E, I, A, B and C domains ¢of Protein A of SEQ FD Nos:1 to
5, at least one amino acid substitution at any ore or more of
amino acidresidues at positions 31 to 37 of the A /B and C domains,
amino acid residues at positions 29 to 35 of the B domain, and
amino acid residues at positions 34 to 40 4f the D domain,
the protein having a lower affinitv/Lor an Fab region of
an immuncglobulin than a protein beforé introduction of the

substitution.

Claim 2. The protein according/to claim 1,

wherein the amino acid,geqyéhce derived from at least one
domain before introduction of %he substitution is any of amino
acid seguences of the E, D, 34 B and C domains of Protein A of
SEQ ID Nes:1 to 5 and amiggf;cid saguences of SEQ ID Nosg:6 fo
10 derived from the E, Q{ A, B and C domains of Protein A,

rf)

Claim 3. The pro?gﬁn according te claim 1 or 2,

Aino acid sequence derived from at least one

wherein the ar
domain before intrbduction of the substitution is an amino acid

gsegquence of the £ domain of Protein A of SEQ ID No:5 or an amine

[due corresponding to position 33 of the C domain, Lys as

aminc acld residue corresponding to position 35 of the C

Jdomain, Esp as an amnino acid residue corresponding to position

36 of the Cdomain, or Asp as an amino acid residue cerresponding
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to position 37 of the C deomain.

Claim

5.

wherein the amino acid substitution to be intro

55

The protein according to any one of claims 1/to 4,

ced is

a substitution of Glu, Leu or Thr for Ser corresiﬁﬁding to

position 33 of the C domain,

a substitution of Arg for Lys corresponding to position

35 of the C domain,

a substitution of Arg or Ile for Asp gorresponding to

position 36 of the C domain, or

a substitution of Glu for Asp corregponding to position

37 of the C domain.

Claim

6.

The protein according #0 claim b,

wherein the amino acid substitution to be introduced is

a substitution of Glu for Ser cofresponding to position 33 of

the C domain.

Claim

7.

a4
H

2 multi-domain/protein, comprising two or more

proteins according to anw one cof claims 1 toe 6, connected

together.

Claim

g.

e}

The mulfi-domain protein according to claim 7,

wherein the/proteins connected together are different

from one anothe

Claim
8,

A

2.

The multi-domain protein according to claim 7 or

whgrein the number cf the proteins connected together is

10,

A DNA encoding the proteln according to any one of
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wherein ligated base seguences each comprising the domain

have a sequence identity of not higher than 90% to one another.

Claim 12. A vecter comprising the DNA according to cgdaim 10

or 11.

Claim 13. A transformant which is obtainakle ¥

transformation of a host with the wvector accofding to 12.

Claim 14. The transformant according to Llaim 13,
wherein the host is a gram-pesitivé bacterium.
Claim 15. The transformant according to claim 14,

wherein the gram-positive bacterium is a bacterium of

Brevibacillus.
Claim 16. The transformant atcording to claim 15,
wherein the bacterium of Brevibacillus is Brevibacillus

choshinensis,

Claim 17. A method foy'producing the protein according to any
one of ¢laims 1 to §,/ the method comprising utilizing the
transformant according to any one of claims 13 to 16, or a
cell-free protein/synthesis system using the DNA according to
claim 10 or 11.
Claim 18, Zhe production method according to c¢laim 17,
comprising-ﬁ

ac ﬁmulating the protein intracellularly and/or in a
periplatmic space of the transformant; and/or

secreting the protein extracellularly from the

trafsformant.

laim 19. An affinity separaticn matrix, comprising:

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

acarriermade of a water-insoluble base material on whd

the protein is immobilized.

Claim 20. The affinity separation matrix according/to claim
19,
wherein the water-insoluble base material /comprises a

synthetic polymer or a polysaccharide.

Claim 21. The affinity separation matrix gecording to claim
20,
wherein the polysaccharide is cellulose.

Claim ZZ. The affinity separationmAtrix according to any one
of claims 19 to 21,
wherein the affinity separafion matrix binds to a protein

containing an Fc region of an Ammunoglobulin.

Claim 23. The affinity separation matrix according to claim
22,

wherein the protein containing an Fc region of an
immuncglcebulin is an ¥mmuncgleobulin G cor an immunoglobulin G

derivative.

Claim 24. Use gf the affinity separation matrix according to
any one of claigs 19 to 23 for separation of a protein containing

an Fo regionsof an immunoglobulin.

Claim 25 The use of the affinity separationmaetrix according
to claim 24,

wherein the sepsration of a protein containing an Fc
reg¥on of an Ilmmunoglobulin is aimed at separating and
recovering a protein consisting only of the Fab region of an

mmunoglobulin.
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CLAIMS

Claim 1, A protein having an affinity for an immuncglobulin,
comprising an amino acid sequence obtained by introducing, into
an aminoc acid sequence derived from C domain of Protein A of SEQ
ID No: 5, at least one amino acid substitution at any cne or more
of amino acid residues at Ser as an amino acid residue corresponding
to position 33 of the C domalin, or Asp as an amino acid residue
corresponding to pesition 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 sequence identity of not less than

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

Claim 2. The protein according to claim 1,

wherein the amino acid sequance derived from at least one
domain before introduction of the substitution is any of amine acid
sequences of the B, D, &, B and C domains of Frotein A of SEQ ID
Nes:l to 5 and amino acid seguences of SEQ ID Nes:6 to 10 derived

from the B, D, A, B and C domains of Protein A.

Claim 3. The protein according to claim 1 or 2,

Wherein the amino acid seguence derived from at least one
domain before introduction of the substitution is an amino acid
sequence of the C domain of Protein A of SEQ ID No:5 or an amino
acid sequence of SEQ ID Ne:10 derived f£rom the C domain of Protein

A.

Claim 4. The protein according to any one of claimsl to 3,
wherein the amino acid sequence of the domain before
introduction of the substitution comprises Ser as an aminoc acid
residue corresponding to position 33 of the C domain, Lys as an
amino acid residue corresponding feo position 35 of the C domain,
Asp as an amino acid residue corresponding to position 36 cof the

C domain, or Asp as an amino acid residus corrssponding to position
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37 of the C domain.

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 domailn,

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

asubstitution of Arg or Ile for Asp corresponding toposition
36 0f the C domain, or

a substitution of Glu for Asp corresponding to position 37

of the C domain.

Claim 6. The protein according to claim 5,
wherein the amino acid substitution to be introduced 1s a
gsubstitution of Glu for Ser corresponding to position 33 of the

C domain.

Claim 7. A multi-domzain protein, comprising two or more

roteins according to any one of claims 1 to 6, connected together.
b G

Claim 8. The multi~domain protein according to claim 7,
Wherein the proteins connected together are different from

one another.

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

to 5.

Claim 10, A DNA encoding the proteln according to any one of

claims 1 to 9.

Claim 11. The DNA according to claim 10,
wherein ligated base sequences each comprising the domain

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

of & host with the vector according to claim 12.

Claim 14. The transfermant according to claim 13,

Wherein the host 1s a gram-positive bacterium.

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

Brevibacillus.

Claim 16. The transformant according to claim 15,
wherein the bacterium of Brevibacillus is Brevibacillus

choshinensis.

Claim 17. A method for producing the protein according to'any
one of claims 1 to 9, the method comprising utilizing the
transformant according to any one of claims 13 to 16, or a cell-free
protein synthesis system using the DNA according te claim 10 or
11,

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

accumulating the protein intracellularly or ina periplasmic
space of the transformant; and/or

secreting the protein extrécellularly from the

transformant.

Claim 19. An affinity separation matrix, comprising:

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

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

the protein is immobilized.
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Claim 20. The affinity separation matrix accerding to claim 19,
wherein the water-insoluble base material comprises a

synthetic polymer or a polysaccharide.

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

wherein the polysaccharide is cellulose.

Claim 22, The affinity separation matrix according to any one
of clainms 19 to 21,
wherein the affinity separation matrix binds to a protein

containing an Fc region of an immunoglobulin.

Claim 23, The affinity separation matrix accoerding to claim 22,
wherein the protein containing an Fo 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 18 to 23 for separation of a protein containing an

Fo region of an immuncoglobulin.

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

wherein the separation of a protein containing an F¢ region
of an immunoglobulin is aimed at separating and recovering a protein

consisting only of the Fab region of an immunoglobulin,



