
- 1 - IDes or ipt ion PROCESS FOR PRODUCING PROTEIN A-LIKE
PROTEIN WITH USE OF BREVIBACILLUS GENUS BACTERIUM [0001]
Technical Field The present invention relates to a process for producing a
protein A-like protein having immunoglobulin- 10 binding ability with use of
a Brevibacillus genus bacterium. Specifically, the present invention relates
to the hyper expression and secretion of a protein A-like protein by a
Brevibacillus genus bacterium by using a genetic recombination
technique, to the separation and 15 collection of the expressed protein
A-like protein at high purity without undergoing degradation by protease
and the like, and to the effective use of the separated and collected
protein A-like protein in applications such as a column resin for antibody
purification. 20[00023 Cross Reference to Related Application      All the
disclosed contents including the specification, claims, drawings, and
summary of Japanese 



Patent Application No. 2004-198831 (applied on Jul. 6, 25 2004) are
incorporated to the present application by reference in their entirety.  -2
[0003] Background Art       Antibody (immunoglobulin, or also called Ig)
proteins have been utilized as pharmaceutical drugs since 5 long ago
because of having the function of capturing and eliminating antigens
harmful to organisms. Progress in genetic engineering techniques and cell
fusion techniques in recent years made it possible to produce monoclonal
antibodies that are more homogeneous and have high 10 antigenicity by
molecularly designing antibodies that react with their specific antigens and
expressing the antibodies in animal cells. These antibody proteins are
secreted into cell culture solutions and as such, can be separated,
purified, and collected with relative ease. 15[0004]      In general, antibody
proteins utilized in immunoassay or immunoblot analysis can be obtained
at sufficient yields and purity from natural biological samples such as
serum, ascites, or cell culture solutions 20 by using a method utilized in
usual protein purification, that is, an ammonium sulfate precipitation
method, ion-exchange chromatography, and so on. [0005] 



On the other hand, separation and purification using 25 these methods for
antibody proteins utilized in pharmaceutical drugs or diagnostic drugs or
the like, which require high purity, involve contemplating various
separation/extraction conditions and using a large number of other
chromatography techniques together therewith and  -3 also involve
optimizing purification conditions for each antibody protein, resulting in a
great deal of time and labor. Thus, in the purification of antibody proteins
required to be highly pure, affinity chromatography 5 capable of
specifically adsorbing the antibody proteins is generally used for
conveniently separating and purifying them from other impurities. [0006]
Chromatography using a medium comprising an 10 appropriate resin
immobilizing thereon proteins such as protein A, protein G, and protein L
is utilized most frequently as affinity chromatography having
antibody-binding ability. Among these proteins, particularly the protein A is
often utilized as a ligand on a medium for 15 purification. The protein A is
one kind of cell wall protein with a reported molecular weight of
approximately 42,000 produced by a Gram-positive bacterium
Staphylococcus aureus. Its structure is composed of seven functional
domains (from the amino terminus, signal 



20 sequence S, immunoglobulin-binding domain E,
immunoglobulin-binding domain D, immunoglobulin-binding domain A,
immunoglobulin-binding domain B, immunoglobulin-binding domain C,
and Staphylococcus aureus cell wall-binding domain X) (see Non-Patent
25 Documents 1, 2, and 3). These five immunoglobulinbinding domains
(domains E, D, A, B, and C) of the protein A can respectively bind to
immunoglobulin through its Fc region (see Non-Patent Document 3).  - 4 -
[0007]       The relative affinity of this protein A for the
immunoglobulin-binding domains has been known to depend on many
factors such as pH, the types of Staphylococcus 5 aureus strains
(Cheung, A. et al., Infec. Immun, 1987. 55: 843-847), and immunoglobulin
class (IgG, IgM, IgA, IgD, and IgE) and subclass (IgGl, IgG2, IgG3, IgG4,
IgAl, and IgA2), and these domains particularly show strong binding to the
Fc region of human IgGl, IgG2, and IgG4, 10 and mouse IgG2a, IgG2b,
and IgG3 among immunoglobulin class. The protein A having these
properties can bind to immunoglobulin without impairing antigen-binding
ability, affinity, and properties as immunoglobulin, and as such, has been
used widely as a ligand on a medium for 15 purification of
immunoglobulin, particularly IgG, used in various diagnoses,
pharmaceutical drugs, and basic researches. [0008] Alternatively, interest
has recently been directed 20 toward its application to such cancer
therapy that serum blocking factors (composed of specific antigens,
antibodies, anti-globulins, and immune complexes), which inhibit the
cytotoxicity of sensitized peripheral blood lymphocytes to tumor cells, are
adsorbed to protein A and 25 thereby removed from the serum of a patient
with tumor (see Patent Documents 1 to 3). Furthermore, protein A has, in
addition to IgG-binding activity, the action of activating polyclonal antibody
synthesis and has therefore been expected to be used for not only the  



-5 initial application as a purification resin ligand but also various
applications in biotechnology fields_ [00091 In an initial process for
producing protein A, its 5 separation and purification have been performed
directly from the culture solution of Staphylococcus aureus strains.
However, due to the problem on the pathogenicity of this bacterium or the
contamination by impurities, the process is now shifting toward a 10
producing process that uses a recombinant DNA technique using
Escherichia coil (Patent Documents 1 to 3) or a Gram-positive bacterium
Bacillus subtilis (Patent Documents 4 to 5). However, the recombinant
protein A productivity of Escherichia coil is extremely low, and 15 proteins
expressed are not easy to separate and collect because most of them
form inclusion bodies or are intracellularly degraded (Non-Patent
Document 4). On the other hand, protein A production using Bacillus
subtilis, a Gram-positive bacterium, as with Staphylococcus aureus, 20
has adopted a method wherein protein A is secreted and expressed into a
medium by adding the signal sequence of a Bacillus subtilis secreted
protein to the N-terminus of protein A. This method, when compared with
the production system with Escherichia coli, has been 25 reported to
provide easy separation and purification and have high productivity
(approximately 47 to 100 mg/L) (Fahnestock, S, R. et al., J. Bacteriol,
1986. 165: 796- 804). However, the protein A produced in Bacillus subtilis
undergoes degradation by extracellular protease  intrinsically carried by
Bacillus subtilis. Therefore, attempts have been made to use several kinds
of extracellular protease-deficient Bacillus subtilis strains (Non-Patent
Document 5) as hosts. However, the 5 inhibition of degradation of protein
A has not been achieved yet. [Patent Document 1] Japanese Patent
Application No. 07- 187019 



[Patent Document 21 U.S. Patent No. US5151350 10[Patent Document 3]
European Patent No. EP0107509 [Patent Document 4] U.S. Patent No.
US4517266  [Patent Document 5] European Patent No. EP0124374
[Non-Patent Document 1] Lofdahl, S et al., Proc. Natl. Acad. Sci. USA,
1983. 80: 697-701. 15[Non-Patent Document 2] Shuttleworth, H. L et al.,
Gene. 1987. 58: 283-295.  [Non-Patent Document 3] Uhlen, M. et al., J.
Bio. Chem. 1984, 259: 1695-1702.        [Non-Patent Document 4] Nilsson
B et al., Protein Eng. 201987. 1: 107-113.  [Non-Patent Document 5]
Fahnestock, S. R et al., App],. Environ. Microbiol. 1987. 53: 379-384.
[Non-Patent Document 6] Brigido, M et al., J. Basic Microbiology. 1991.
31: 337-345. 25[Non-Patent Document 7] Sjostrom, J, -E et al., J.
bacteriol. 1975. 123: 905-915.  [Non-Patent Document 8] Bjorck, L. et al.,
1984 J. Immunol. 133, 969-974.  



7 [Non-Patent Document 9] Kastern, W. et al., J Biol Chem. 1992. 267:
12820-12825 [Non-Patent Document 10] Udaka, S. et al., Method
Enzymol. 1993. 217: 23-33. [0010] Disclosure of the Invention Problems
to be Solved by the Invention Against this backdrop, it has been
demanded strongly to establish a more efficient protein A production
technique than the producing process using Escherichia coli or Bacillus
subtilis. [0011] An object of the present invention is to provide a more
efficient protein A production technique than the producing process using
Escherichia coli or Bacillus subtilis. Summary 



[0011a] In a first aspect, there is provided a DNA sequence comprising a
DNA sequence encoding a protein A or a variant protein thereof having at
least 80% amino acid identity in 50 or more contiguous residues with said
protein A, wherein said variant has immunoglobulin-binding activity, and a
promoter which is operatively linked to the sequence, wherein said
promoter is a promoter of a gene encoding a middle wall protein (MWP) or
an outer wall protein (OWP) of a Brevibacillus genus bacterium, or a cell
wall protein (HWP) of Brevibacillus choshinensis HPD31. [0011b] In a
second aspect, there is provided an expression vector comprising a DNA
sequence as defined above. [0011c]  7a       In a third aspect, there is
provided a Brevibacillus genus bacterium transformant comprising an
expression vector as defined above. [0011d]       In a fourth aspect, there
is provided a process for producing a protein A or a variant protein thereof
having at least 80% amino acid identity in 50 or more contiguous residues
with said protein A, wherein said variant protein has
immunoglobulin-binding activity, comprising culturing the transformant as
defined above and collecting the protein A or a variant protein thereof
produced and secreted by the transformant. [0011e]       In a fifth aspect,
there is provided a process for producing an immunoglobulin-adsorbing
medium, comprising producing a protein A or a variant protein thereof
having at least 80% amino acid identity in 50 or more contiguous residues
with said protein A, wherein said variant protein has
immunoglobulin-binding activity by the producing process as defined
above and immobilizing the protein A or the variant protein thereof onto an
appropriate base matrix. [0012] 



Means for Solving the Problems       To establish a stable, large-scale
production technique for functional proteins such as protein A, the present
inventors have conducted diligent studies with a Brevibacillus genus
bacterium as a host and consequently found that protein A can be
secreted and expressed efficiently in large amounts into a culture solution,
allowed to stably accumulate therein, and separated and collected easily
at high purity. Advantages of the Invention  [0013] According to the
present invention, protein A can be produced and secreted, into a culture
solution, with drastically exceeding yields than those reported on 5
microorganisms such as Escherichia coil and Bacillus subtilis used as
hosts, by using a Brevibacillus genus bacterium as a host, and can be
purified easily at high purity without impairing its immunoglobulin-binding
function. Thus, the present invention solves low 10 productivity and
complicated purification steps for protein A, which have been a cause of
high cost so far. [0014]      The present invention comprises the following
one or several aspects: 15 (1) The present invention provides a DNA
sequence comprising a DNA sequence encoding a protein A-like protein
or partial sequence thereof, and a promoter which is operatively linked to
the sequence and is capable of functioning in a Brevibacillus genus
bacterium. 20 (3) The present invention provides an expression vector
comprising the DNA sequence.  (4) The present invention provides a
Brevibacillus genus bacterium transfoimant comprising the expression
vector. (6) The present invention provides a process for 25 producing a
protein A-like protein or protein having a partial sequence thereof,
comprising culturing the transfoLmant and collecting a protein A-like
protein or a protein having a partial sequence thereof produced and
secreted by the transformant. 



-9  (7) The present invention provides a process for producing an
immunoglobulin-adsorbing medium, comprising producing a protein A-like
protein or protein having a partial sequence thereof by the producing
process and 5 immobilizing the protein-like protein or protein having a
partial sequence thereof onto an appropriate base matrix. Brief
Description of the Drawings [0015] 10Figure 1 is a diagram showing the
nucleotide sequence and amino acid sequence of the protein A of a
Staphylococcus aureus Cowan I strain (numerals represent amino acid
residue numbers); Figure 2 is a diagram showing the gene sequence and
15 amino acid sequence of the protein A of a Staphylococcus aureus
strain (numerals represent amino acid residue numbers);       Figure 3 is a
diagram showing protein A (SPA) expression vector (Spa-pNB301);
20Figure 4 is a diagram showing the nucleotide sequence and amino acid
sequence from a promoter sequence to a protein A (SPA)-encoding
region in the protein A (SPA) expression vector (Spa-pNH301); 



Figure 5 is a diagram showing a result of SDS-PAGE 25 analysis of
protein A (SPA) produced by Brevibacillus choshinensis HPD31-0K
strains; Figure 6 is a diagram showing a result of an antibody binding test
of protein A (SPA) produced by Brevdbacillus choshinensis HPD31-0K
strains;  - 10 -       Figure 7 is a diagram showing a protein A (SPA')
expression vector (Spa'-pNK3260); Figure 8 is a diagram showing a
promoter sequence, Shine-Dalgarno sequence, signal peptide-encoding
DNA 5 sequence, and protein A (SPA')-encoding DNA sequence in the
protein A (SPA') expression vector (Spa'-pNK3260); and Figure 9 is a
diagram showing a result of SDS-PAGE analysis of the behavior and
accumulating amount of 10 protein A (SPA') in a culture solution produced
by Brevibacillus choshinensis HPD31-0K strains. Best Mode for Carrying
Out the Invention [0016] 



15The present inventors have found that active protein A can be
expressed and secreted in large amounts into a culture solution by using a
Gram-positive Brevibacillus genus bacterium among bacteria to which a
recombinant DNA technique can be applied, and as a result, the problem
of 20 low productivity of Escherichia coli and Bacillus subtilis as well as
the problem of degradation of protein A expressed in Bacillus subtilis is
effectively improved. Specifically, the use of the Brevibacillus genus
bacterium can easily secure a protein A expression level 25 equal to that
obtained in Bacillus subtilis and further accumulate it into a medium.
Hereinafter, the present invention will be described in detail on the basis
of its embodiments.  [0017] 1. Protein A       Protein A, as described
above, is one kind of cell wall protein produced by a Gram-positive
bacterium 5 Staphylococcus aureus and refers to, for example, one
consisting of the amino acid sequence represented by Figure 1 (SEQ ID
NO: 2) and derived from a Staphylococcus aureus Cowan I strain
(JCM2179) (Non-Patent Document 2), one consisting of the amino acid
sequence represented by 10 Figure 2 (SEQ ID NO: 4) (Non-Patent
Document 6i and Finck-Barbancon, V. et al., FEMS Microbiol, Lett. 1992.
91: 1-8), one derived from a Woods 46 strain (Non-Patent Document 3),
one derived from a 8325-4 strain (Non-Patent Document 3), and spa gene
products encoded by already 15 cloned plasmid DNA (i.e., pSP1, pSP3,
etc., (Non-Patent Document 7)). (0018] 



A protein A-like protein described in the present invention includes protein
A or a protein substantially 20 identical to protein A. The protein A-like
protein also includes a protein that has an amino acid sequence having at
least 60%, preferably 80%, more preferably 90 to 95%, most preferably at
least 99% amino acid residue identity in comparison with the amino acid
sequence of protein A 25 when the sequence is aligned with the amino
acid sequence of protein A for the best match using sequence comparison
algorithm generally known by those skilled in the art, and has
immunoglobulin-binding activity. In this context, the amino acid sequence
having identity is preferably 50  - 12 - or more residues, more preferably
100 or more residues, even more preferably 150 or more residues in
length, and in the most preferable embodiment, the full-length amino acid
sequence has identity thereto, 5[0019]       An example of algorithm
suitable for determining 96 sequence identity is BLAST algorithm, and this
algorithm has been described in Altschul et al., J. Mol. Biol. 215: 403-410
(1990). Software for implementing BLAST analysis 10 is publicly available
through National Center for Biotechnology Information
(http://www.ncbi.nlm.nih.gov/). [0020]       The protein A-like protein may
be, for example, a protein consisting of an amino acid sequence encoded
by 15 DNA hybridizing under stringent conditions to DNA having a
sequence complementary to the DNA sequence represented by SEQ ID
NO: 1 or 3. An example of hybridization conditions under the stringent
conditions is: preferably, hybridization at approximately 50C in
approximately 7% 20 sodium dodecyl sulfate (SDS), approximately 0.5 M
NaPO4, and 1 mM EDTA, and washing at 50C in approximately 2xSSC
and approximately 0.1% SDS; more desirably, hybridization at 50C in
approximately 7% sodium dodecyl sulfate (SDS), approximately 0,5 M
NaPO4, and approximately 1 mM EDTA, 25 and washing at approximately
50C in approximately 1xSSC and approximately 0.1% SDS; more
desirably, hybridization at approximately 50C in approximately 7% sodium
dodecyl sulfate (SDS), approximately 0.5 M NaPO4, and approximately 1
mM EDTA, and washing at approximately 



- 13 - 50C in approximately 0.5xS8C and approximately 0.1% SDS; more
preferably, hybridization at approximately 50C in approximately 7%
sodium dodecyl sulfate (SDS), approximately 0.5 M NaPO4, and
approximately 1 mM EDTA, 5 and washing at approximately 50C in
approximately 0.1xSSC and approximately 0.1% SDS; and even more
preferably, at approximately 50C in approximately 7% sodium dodecyl
sulfate (SDS), approximately 0.5 M NaPO4, and approximately 1 mM
EDTA, washing at approximately 10 65C in approximately 0.1xSSC and
approximately 0.1% SDS. The conditions, of course, may differ depending
on a nucleotide strand length, the sequence, and different environmental
parameters. A longer sequence specifically hybridizes at a higher
temperature. A detailed guide for 15 nucleic acid hybridization is found in,
for example, Tijssen (1993) Laboratory Techniques in Biochemistry and
Molecular Biology -Hybridization with Nucleic Acid Probes part I chapter 2
"Overview of principles of       hybridization and the strategy of nucleic acid
probe 20 assay" Elsevier, New York. [0021]      As described above, those
skilled in the art of genetic engineering can easily recognize the presence
of the "protein A-like protein" and the DNA sequence 25 encoding it by
knowing the protein A-encoding DNA sequences and protein A amino acid
sequences represented by Figure 1 (SEQ ID NO; 1 and 2) and Figure 2
(SEQ ID NOs: 3 and 4).  - 14 - 



[0022]       The "protein A-like protein" also includes, for example, those
comprising protein A-constituting immunoglobulin-binding domains (E, D,
A, B, and C) 5 rearranged in an arbitrary order. [0023]       Furthermore,
"the protein A-like protein" also includes, for example, proteins having
immunoglobulinbinding function analogous to that of protein A such as 10
protein G carried by group C and G Streptococcal bacteria (Non-Patent
Document 8) or protein L from Peptostreptococcus magmus (Non-Patent
Document 9). [0024] 2. Partial sequence of protein A-like protein 15A
"partial sequence" of the protein A-like protein refers to a protein that is
composed of an arbitrary portion of the amino acid sequence constituting
the protein A-like protein and has immunoglobulin-binding activity.
Specifically, the "partial sequence" of the 20 protein A-like protein
corresponds to, for example, each of an amino acid sequence
represented by the 24th Ala and the subsequent sequence in SEQ ID NO:
8 (corresponding to "SPA" of Example 1; see Figures 3 and 4 and SEQ ID
NOs: 7 and 8), which is obtained by removing the signal sequence 25 S
and a portion of the cell wall-binding domain X from protein A, and an
amino acid sequence represented by the 31st Ala and the subsequent
sequence in SEQ ID NO: 19 (corresponding to "SPA'" of Example 5; see
Figures 7 and 8 and SEQ ID NOs: 18 and 19), which is obtained by 



- 15 - removing the signal sequence S and the whole cell wall-binding
domain X from protein A, [0025] Further examples of the "partial
sequence" can 5 include amino acid sequences constituting
immunoglobulinbinding domains possessed by the protein G and protein L
described above. [0026] The immunoglobulin-binding domains of protein
A 10 described herein refer to, for example, a region from an amino acid
residue at the 37th position to an amino acid residue at the 327th position
(domains E to C) in Figure 1 and a region from an amino acid residue at
the 37th position to an amino acid residue at the 355th position
15(domains E to C) in Figure 2. [0027] 3. DNA sequence encoding protein
A-like protein      A DNA sequence encoding a protein A-like protein used
in the present invention may be any DNA sequence 



20 whose translated amino acid sequence constitutes the protein A-like
protein. Such a DNA sequence can be obtained by utilizing a method
usually used and known in the art, for example, a polymerase chain
reaction (hereinafter, abbreviated to PCR) method. Alternatively, 25 it may
be synthesized by a chemical synthesis method known in the art (Nucleic
acids Res. 1984. 12: 4359) and can further be obtained from DNA
libraries. The DNA sequence may have codon substitution by a
degenerate codon and does not have to be identical to the original  - 16 -
DNA sequence as long as it encodes an identical amino acid when
translated in a Brevibacillus genus bacterium. [0028] 4. Expression vector
5An "expression vector" of the present invention comprises a DNA
sequence encoding a protein A-like protein or partial sequence thereof,
and a promoter which is operatively linked to the sequence and is capable
of functioning in a Brevibacillus genus bacterium. The 10 promoter may be
any of those capable of functioning in a Brevibacillus genus bacterium and
is preferably a promoter that is derived from Escherichia coil, Bacillus
subtilis, Brevibacillus genus, Staphylococcus genus, Streptococcus
genus, Streptomyces genus, and 15 Corynebacterium genus bacteria and
is operative in a Brevibacillus genus bacterium, more preferably a
promoter of a gene encoding a middle wall protein (MWP), which is a cell
wall protein of a Brevibacillus genus bacterium, an outer wall protein
(OWP), which is also a cell wall 20 protein of a Brevibacillus genus
bacterium (Non-Patent Document 10), or a Brevibacillus choshinensis
HPD31 cell 



wall protein HWP (Ebisu. S et al., J. Bacteriol. 1990. 172: 1312-1320). In
Examples, the P5 promoter region "MWP-P5" (see Figures 3 and 4 and
SEQ ID NOs: 7 and 8) of 25 a Brevibacillus brevis cell wall protein MWP
shown in Example 1 and the P2 promoter region "MWP-P2" (see 'Figures
7 and 8 and SEQ ID NOs: 18 and 19) of a Brevibacillus brevis cell wall
protein MWP shown in Example 5 respectively correspond to the
"promoter which  - 17 - is capable of functioning a Brevibacillus genus
bacterium". [0029] Moreover, it is preferred that the "expression 5 vector"
should further comprise downstream of the promoter, Shine-Dalgarno and
signal sequences which are capable of functioning in a Brevibacillus
genus bacterium. The expression vector may comprise a marker
sequence, if desired. 10[0030]       The "Shine-Dalgarno sequence"
following the promoter is preferably a Shine-Dalgarno sequence that is
derived from Escherichia coli, Bacillus subtilis, Brevibacillus genus,
Staphylococcus genus, Streptococcus genus, 15 Streptomyces genus,
and Corynebacterium genus bacteria and is operative in a Brevibacillus
genus bacterium, more preferably a Shine-Dalgarno sequence located
upstream of a gene encoding a middle wall protein (MWP), which is a cell
wall protein of a Brevibacillus genus bacterium, an 20 outer wall protein
(OWP), which is also a cell wall protein of a Brevibacillus genus
bacterium, or a Brevibacillus choshinensis HPD31 cell wall protein HWP.
[0031] The secretion signal peptide-encoding DNA sequence 25 following
the Shine-Dalgarno sequence is not particularly limited as long as it is any
of DNA sequences encoding secretion signal peptides described below.
The DNA sequence does not have to be identical to the original DNA
sequence as long as it encodes an identical amino 



- 18 - acid when translated in Brevibacillus brevis. For example, the
secretion signal peptide is preferably a secretion signal peptide that is
derived from Escherichia coil, Bacillus subtilis, Brevibacillus genus, 5
Staphylococcus genus, Streptococcus genus, Streptomyces genus, and
Corynebacterium genus bacteria and is operative in a Brevibacillus genus
bacterium, more preferably a secretion signal peptide of a middle wall
protein (MWP), which is a cell wall protein of a 10 Brevibacillus genus
bacterium, an outer wall protein (OWP), which is also a cell wall protein of
a Brevibacillus genus bacterium, or a Brevibacillus choshinensis HPD31
cell wall protein HWP. Alternatively, the secretion signal peptide may be a
conventional 15 secretion signal peptide having a modified amino acid
sequence. Specifically, it may be a secretion signal peptide derived from
the signal peptide of the middle wall protein (MWP) having the sequence
Met-Lys-Lys-Val-Val-Asn-Ser-Val-Leu-Ala-Ser-Ala-Leu-Ala-Leu-Thr-Val-Al
a- 20 Pro-Met-Ala-Phe-Ala (SEQ ID NO: 11) modified by the addition or
deletion of basic amino acid residues, hydrophobic amino acid residues,
and the like, as illustrated by the underlines of the sequence
Met-Lys-Lys-Arg-Arg-Val-Val-Asn-Asn-Ser-Val-Leu-Leu-Leu-Leu-Leu- 25
Leu-Ala-Ser-Ala-Leu-Ala-Leu-Thr-Val-Ala-Pro-Met-Ala-PheAla (SEQ ID
NO: 12). Alternatively, it may be a secretion signal peptide conventionally
used for Brevibacillus genus bacterium secreted proteins. Furthermore,
the secretion signal peptide may be a signal  - 19 -  peptide intrinsically
carried by the protein A (Figures 1 and 2), that is,
Met-Lys-Lys-Lys-Asn-Ile-Tyr-Ser-Ile-Arg-Lys-Leu-Cly-Val-Gly-Ile-Ala-Ser-
Val-Thr-Leu-Gly-Thr-Leu-Leu-Ile-Ser-Gly-Gly-Val-Thr-Pro-Ala-Ala-Asn-Ala
. 5[0032]       The promoter sequence, the Shine-Dalgarno sequence, and
the secretion signal peptide-encoding DNA sequence can be obtained
from, for example, a Brevibacillus genus bacterium. Preferably, they can
be obtained by specific 



10 amplification by a PCR method known in the art with the chromosomal
DNA of Brevibacillus brevis 47 (JCM6285) (see Japanese Patent
Laid-Open No. 60-58074), Brevibacillus brevis 47K (FERN BP-2308) (see
Non-Patent Document 10), Brevibacillus brevis 47-5 (FERN BP-1664),
Brevibacillus 15 choshinensis HPD31 (FERN BP-1087) (see Japanese
Patent 'Laid-Open No. 4-278091), Brevibacillus choshinensis HPD31-S
(FERN BP-6623), or Brevibacillus choshinensis HPD31-0K (FERN
BP-4573) (see Japanese Patent Laid-Open No. 6-295485) as a template.
20[0033] For the "expression vector" of the present invention, it is
preferred that any of the promoters, any of the Shine-Dalgarno
sequences, any of the signal peptide sequences, and the DNA sequence
encoding the protein A- 25 like protein or the partial sequence of the
protein Alike protein should be linked operatively within a Brevibacillus
genus bacterium.  - 20 - [0034]      A plasmid vector is preferable as the
vector. Specific examples of an available plasmid vector useful for gene
expression in a Brevibacillus genus bacterium 5 include, but not limited to,
pUB110 known in the art as a Bacillus subtilis vector or pHY500
(Japanese Patent Laid-Open No. 2-31682), pNY700 (Japanese Patent
Laid-Open No. 4-278091), pHY4831 (J. Bacteriol. 1987. 1239-1245),
pNU200 (Shigezo Udaka, Nippon Nogeikagaku Kaishi, and 



10 Agrochemistry, 1987. 61: 669-676), pNU100 (Appl. Microbiol.
Biotechnol., 1989, 30: 75-80), pNU211 (J. Biochem., 1992, 112: 488-491),
pNU211R2L5 (Japanese Patent Laid-Open No. 7-170984), pNH301
(Shiga. Y. et al., Appl. Environ. Microbiol. 1992. 58: 525-531), pNE326, 15
pNH400 (Ishihara. T et al., 1995. J. Bacteriol, 177: 745- 749), pHT210
(Japanese Patent Laid-Open No. 6-133782), pHT110R2L5 (Appl.
Microbiol. Biotechnol., 1994, 42: 358- 363), or a shuttle vector pNCO2 of
Escherichia coli and a Brevibacillus genus bacterium (Japanese Patent
Laid-Open 20 No. 2002-238569). Alternatively, a method may also be
used, which comprises directly incorporating an expression vector
containing a promoter and ShineDalgarno sequence functioning in a
Brevibacillus genus bacterium and a DNA sequence encoding a protein of
25 interest, or a gene fragment containing these sequences into the
chromosome and causing the expression of the protein of interest
(Japanese Patent Laid-Open No. 9- 135693). Such a method is a method
known in the art,  - 21 - which has already been used for Bacillus subtilis
and yeast. [0035] In the present invention, a protein A-like protein 5 or
protein consisting of a partial sequence thereof may be produced in either
a secreted or non-secreted form and preferably, is produced in a form
secreted into a culture solution in terms of ease of separation and
purification. [0036] 



10For producing the protein A-like protein or protein consisting of a partial
sequence thereof in the secreted form, it is preferred that the signal
peptide-encoding DNA functioning in a Brevibacillus genus bacterium
should be added or ligated upstream of DNA encoding the 15
corresponding polypeptide. [0037] 5. Transformant         The present
invention also provides a Brevibacillus genus bacterium transformant,
which has been transformed 20 with the expression vector. [0038]       An
arbitrary Brevibacillus genus bacterium is available as a host cell. The
Brevibacillus genus bacterium includes, but not limited to, Brevibacillus 25
agri, B. borstelensis, B. brevis, B. centrosporus, B. choshinensis, B.
formosus, B. invocatus, B. laterosporus, B. limnophilus, B. parabrevis, B.
reuszeri, and B. thermoruber. Preferably, the Brevibacillus genus
bacterium is selected from the group consisting of a  - 22 - Brevibacillus
brevis 47 strain (J0M6285), Brevibacillus brevis 47K strain (FERM
BP-2308), Brevibacillus brevis 47-5Q strain (JCM8970), Brevibacillus
choshinensis HPD31 strain (FERM BP-1087), and Brevibacillus
choshinensis 5 HPD31-0K strain (FERN BP-4573). Especially, the
Brevibacillus brevis 47, Brevibacillus brevis 47-5Q, or Brevibacillus
choshinensis HPD31 strain, or a Brevibacillus choshinensis HPD31-S
strain is suitable. [0039] 



10Mutant strains such as protease-deficient strains or high-expression
strains of the Brevibacillus genus bacterium may be used according to
purposes such as improvement in yields. Specifically, a protease mutant
strain Brevibacillus choshinensis HPD31-0K derived from 15 Brevibacillus
choshinensis HPD31 (Japanese Patent Laid-Open No. 6-296485) and
Brevibacillus brevis 47K obtained as a human salivary
amylase-hyperproducing strain (Konishi, H. et al., Appl Microbiol.
Biotechnol, 1990. 34: 297-302) can be used. Alternatively, a mutant of any
20 strain included in the Brevibacillus genus bacterium group described
above may be used. [0040]       Of the microorganisms described above,
the Brevibacillus brevis 47K (FERN BP-2308), Brevibacillus 25 brevis 47-5
(FERN BP-1664), Brevibacillus choshinensis HPD31 (FERN BP-1087),
Brevibacillus choshinensis HPD31-5 (FERN BP-6623), and Brevibacillus
choshinensis HPD31-0K  (FERN BP-4573) strains have been deposited
as their respective accession numbers with International Patent  - 23 -
Organism Depositary, National Institute of Advanced Industrial Science
and Technology (IPOD; Tsukuba Central 6, 1-1-1 Higashi, Tsukuba,
Ibaraki, 305-8566, Japan). The Brevibacillus brevis 47 (JCM6285) and
Brevibacillus brevis 47-5Q (JCM8970) strains can be obtained from Japan
Collection of Microorganisms , RIKEN BioResource Center (JCM; 2-1,
Hirosawa, Wako, Saitama, 351-0198, Japan). [0041] 



6. Regulation of protein expression 10When a heterologous protein is
highly expressed in microorganisms including a Brevibacillus genus
bacterium, an incorrectly folded, inactive protein is often formed.
Particularly a protein with many disulfide bonds, when highly expressed
therein, is also often insolubilized 15 intra- and extracellularly. On the
other hand, it has been known that to express a protein of interest, the
insolubilization of the protein of interest and reduction in secretion
efficiency thereof can be suppressed by the action of a chaperone protein
or disulfide bond isomerase 20 and/or proline isomerase. A method widely
attempted is a method comprising allowing protein(s) having disulfide
oxidation-reduction activity such as PDI (protein disulfide isomerase)
and/or DsbA to act on a protein of interest (Japanese Patent Laid-Open
Nos. 63-294796 and 5- 25336986). [0042]      Furthermore, a method is
also known, which comprises introducing a gene encoding a protein
having disulfide oxidation-reduction activity into a host organism and  - 24
- causing the coexpression of a protein of interest and the protein having
disulfide oxidation-reduction activity to thereby produce a protein having
correct disulfide bonds (Japanese Patent Laid-Open No, 2000-83670,
National 5 Publication of International Patent Application No. 2001-
514490, etc). 



[0043]       For the expression of the protein A-like protein or protein
consisting of a partial sequence thereof 10 according to the present
invention, several kinds of  folding-promoting enzymes such as chaperone
proteins, disulfide bond oxidoreductases, and/or disulfide isomerases may
also be coexpressed during the protein expression in order to reduce
burdens on a host cell 15 caused by excessive protein synthesis and
smoothly achieve protein secretion. Specifically, Escherichia coli DsbA
that is involved in protein disulfide bonds and has been thought to be a
protein disulfide isomerase analog (Bardwell, J.C.A. et al., Cell. 1991. 67:
582-589; 20 and Kamitani. S et al., EMBO. J. 1992. 11: 57-62) and/or
chaperone proteins such as DnaK, DnaJ, and GrpE (Japanese Patent
Laid-Open No. 9-180558) can be coexpressed during the protein
expression in a Brevibacillus genus bacterium. In addition,
folding-promoting enzyme(s) such as an 25 enzyme PDI involved in
correct polypeptide disulfide bonds (Japanese Patent Application No.
2001-567367), disulfide oxidoreductase (Japanese Patent Laid-Open No.
2003-169675) (Kontinen, V, P. et al., Molecular Microbiology. 1993. 8:
727-737), and/or disulfide  - 25 - isomerase can be expressed
simultaneously with the protein to thereby further improve secretion
efficiency. [0044] 7. Transformant 5The Brevibacillus genus bacterium
used as a host 



cell in the present invention can be transformed by the method of
Takahashi et al (Takahashi. W et al., J. Bacteriol, 1983. 156: 1130-1134),
the method of Takagi et al (Takagi. H. et al., 1989. Agric. Biol, Chem, 53:
3099- 10 3100), or the method of Okamoto et al (Okamoto. A. et al., 1997.
Biosci. Biotechnol. Biochem. 61: 202-203) known in the art. [0045] A
medium used for culturing the obtained 15 transformant is not particularly
limited as long as it can produce the protein A-like protein or protein
consisting of a partial sequence thereof at high efficiency and high yields.
Specifically, carbon and nitrogen sources such as glucose, sucrose,
glycerol, 20 polypeptone, meat extracts, yeast extracts, and casamino
acid can be employed. In addition, the medium is supplemented, as
required, with inorganic salts such as potassium salts, sodium salts,
phosphate, magnesium salts, manganese salts, zinc salts, and iron salts.
When an 25 auxotrophic host cell is used, nutritional substances
necessary for its growth may be added thereto. Moreover, antibiotics such
as penicillin, erythromycin, chloramphenicol, and neomycin may also be
added, if necessary. Furthermore, a variety of protease inhibitors  - 26 -
known in the art, that is, phenylmethane sulfonyl fluoride (PMSF),
benzamidine, 4-(2-aminoethyl)- benzenesulfonyl fluoride (AEBSF),
antipain, chymostatin, leupeptin, pepstatin A, phosphoramidon, aprotinin,
and 5 ethylenediaminetetra acetic acid (EDTA), and/or other commercially
available protease inhibitors may be added at appropriate concentrations
in order to suppress the degradation and low-molecularization of the
protein of interest by host-derived protease present within and 



10 without the bacterial cell. [0046] A culture temperature is approximately
15 to 42C, preferably approximately 28 to 37C. It is desirable that the
culture should be performed aerobically under 15 aeration-stirring
conditions. However, the transformant may be cultured anaerobically with
aeration blocked, if necessary. [0047] 8. Acquisition of protein A-like
protein 20According to the embodiments of the present invention, a large
amount of the protein A-like protein or protein consisting of a partial
sequence thereof is allowed to accumulate outside of the bacterial cell,
that is, in the culture supernatant, by culturing the 25 transfoimed
Brevibacillus genus bacterium. Therefore, the protein can be collected and
purified in an active form from the culture supernatant. The protein
remaining within the bacterial cell and on the bacterial surface can also be
extracted by disrupting the bacterium by a  - 27 - method known in the art,
for example, a method utilizing ultrasonic waves, French press, or alkaline
or SDS treatment. The obtained protein can be purified effectively with
use of a protein purification method known in the art, for example,
salting-out using ammonium sulfate, sodium sulfate, or the like,
concentration with ethanol, acetone, or the like, and a variety of
chromatography techniques such as gel filtration, ion exchange,
hydroxyapatite, and chromatography techniques 



10 utilizing the antibody-binding activity of the protein, and/or the affinity of
the protein. [0048]       The Brevibacillus genus bacterium transformant,
which has been transformed with the -expression vector" 15 of the present
invention, can stably express the protein and secrete and accumulate the
protein in large amounts into the culture supernatant. Specifically, the
transfoLmant is cultured in an appropriate medium and can thereby
secrete and accumulate into the culture 20 supernatant, a large amount of
active protein A that appears around a molecular weight of 40,000 to
50,000 in SDS-PAGE. The process for producing the protein according to
the embodiments can achieve a yield of at least approximately 150 mg/L
of culture solution, 25 preferably approximately 200 mg/L of culture
solution, more preferably approximately 500 mg/L of culture solution, most
preferably approximately 1000 or more mg/L of culture solution. The yield,
of course, may differ depending on culture conditions, and so on.  - 28 -
[0049] 9. Immobilization of protein-like protein onto base matrix In the
present invention, representative examples of 5 a "base matrix" for
immobilizing thereon the protein-like protein or protein consisting of a
partial sequence thereof include: but not limited to, inorganic base matrix
such as active carbon, glass beads, and silica gel; synthetic polymers or
resins such as crosslinked 



10 polyvinyl alcohol, crosslinked polyacrylate, crosslinked polyacrylamide,
and crosslinked polystyrene; organic base matrix consisting of
polysaccharides such as crystalline cellulose, crosslinked cellulose,
crosslinked agarose, and crosslinked dextrin; and organic-organic or
organic- 15 inorganic composite base matrix that may be obtained with
cellulose, polyvinyl alcohol, a saponified ethylene-vinyl acetate copolymer,
polyacrylamide, polyacrylic acid, polymethacrylic acid, poly(methyl
methacrylate), polyacrylic acid-grafted polyethylene, polyacrylamide- 20
grafted polyethylene, glass, and combinations thereof. Preferably, the
base matrix is selected from the group consisting of water and synthetic
polymer compounds such as nylon 6, nylon 6,6, nylon 11, polyethylene,
poly(vinylidene chloride), poly(vinyl chloride), 25 poly(vinyl acetate),
polystyrene, a styrenedivinylbenzene copolymer, styrene-divinylbenzene,
poly(trifluoroethylene), poly(chlorotrifluoroethylene), poly(ethylene
terephthalate), polypropylene, poly(methyl acrylate), polyacrylic ester,
poly(methyl methacrylate),  - 29 - polymethacrylic ester, crosslinked
polyacrylate, and crosslinked polyamide. Any of spherical shape,
granulated shape, flat membrane shape, fibrous shape, hollow-fibrous
shape, and the like can be used effectively as the shape of the base
matrix. The spherical or granulated shape is used more preferably in
terms of adsorption performance. When the water-insoluble porous
material is spherical or granulated in shape, its average particle size is
preferably 10 approximately 5 gm to 1000 gm, more preferably
approximately 20 to 800 gm, most preferably approximately 30 to 600 pg.
[0050] In the present invention, the protein A-like protein 15 or protein
consisting of a partial sequence thereof may be immobilized onto the base
matrix thorough covalent or noncovalent bond, for example, affinity,
association, antigen-antibody reaction, hydrogen bond, or conjugation.
Moreover, the immobilization onto the base matrix can be 



20 simplified by subjecting the protein to molecular modification such as
the addition, substitution, and/or deletion of amino acid residue(s) by
means well known by those skilled in the art. The protein A-like protein
can be immobilized easily onto the base matrix by introducing, 25 for
example, a cysteine residue, into the protein A-like protein molecule.
[0051]       The immunoglobulin-adsorbing medium obtained by the
producing process of the present invention is preferably  - 30 - available
as a medium for the purification of immunoglobulin, particularly IgG.
Moreover, it may also be applied to disease treatment such as the
removal of IgG from blood plasma. 5 Examples [0052]      Hereinafter, the
present invention will be described specifically on the basis of Reference
Examples and 10 Examples. However, the scope of the present invention
is not intended to be limited to them. To practice the present invention,
recombinant DNA preparation and procedures were performed according
to the following experiment books, unless otherwise stated: (1) T. 15
Maniatis, E. F. Fritsch, J. Sambrook, "Molecular Cloning/A Laboratory
Manual" Vol. 2 (1989), Cold Spring Harbor Laboratory (US); and (2) ed. M.
Muramatsu,  "Laboratory Manual for Genetic Engineering" Vol. 3 (1996),
Maruzen. 



20[0053]  (Example 1) Cloning of DNA sequence encoding protein A
derived from Staphylococcus aureus ATCC 6538P strain
Staphylococcus aureus ATCC 6538P strains were shake-cultured
overnight at 37C in a T2 liquid medium (1% 25 polypeptone, 0.2% yeast
extract, 1% glucose, 0.5% fish extract, pH 7.0). Bacterial cells were
collected from the obtained culture solution by centrifugation and then
washed twice with 10 mM Tris-HC1 buffer solution (pH 8.0). The bacterial
cells were suspended in the same buffer  - 31 - solution, then lysed with
1% SDS, and heated at 60C for 30 minutes, followed by total genomic
DNA extraction by standard methods such as phenol extraction and
ethanol precipitation. 5[0054] Next, two oligonucleotide primers 5'-
3' (SEQ ID NO: 5) and
5'-CGGGATCCCTAAAATACAGTTGTACCGATGAATGGATT-3' (SEQ ID
NO: 6) were prepared on the basis of the DNA sequence 10 information of
the protein A gene (Non-Patent Document 6). PCR using these two
oligonucleotide primers was performed with the genomic DNA as a
template to amplify a DNA fragment (approximately 1.2 kbp (kilobase
pair)) encoding 



a site (hereinafter, referred to as SPA) of protein A 15 except for the signal
sequence (S domain) and a portion of the cell wall-binding domain (X
domain). [0055]          The obtained DNA frayment was digested with
restriction enzymes NcoI and BamHI and then separated and 20 collected
with an agarose gel. [0056]       On the other hand, a Brevibacillus
expression vector pNH301 (Shiga. Y. et al., Appl. Environ. Microbiol.
1992. 58: 525-531) was also digested with restriction enzymes 25 NcoI
and BamHI and then purified and collected, followed by dephosphorylation
treatment by alkaline phosphatase treatment.  - 32 - [0057]       The
SPA-encoding DNA fragment and the expression vector pNH301 treated
with the restriction enzymes were ligated with use of T4 DNA ligase to
construct a SPA 5 expression plasmid Spa-pNH301 (Figures 3 and 4;
SEQ ID NOs: 7 and 8). In Figures 3 and 4, "MWP-P5" denotes the P5
promoter region of a Brevibacillus brevis cell wall protein MWP, "SDM"
denotes the SD sequence of the Brevibacillus brevis cell wall protein
MWP, "SP" denotes 10 the signal peptide sequence of the Brevibacillus
brevis 



cell wall protein MWP, "spa" denotes the DNA sequence encoding "SPA",
"Nm" denotes the coding region of a neomycin resistance gene, and
"Rep/pUB110" denotes the replication origin of the vector pNH301. In
Figure 4, 15 flP5-35" and "P5-10" denote the -35 and -10 regions of the
P5 promoter of the Brevibacillus brevis cell wall protein MWP,
respectively. This Spa-pNH301 was used to transform Brevibacillus brevis
47K or Brevibacillus choshinensis HPD31-0K strains by a method known
in the art. 20[0058]  (Example 2) Protein A expression test with
Brevibacillus genus bacterium      The transfoimant obtained in Example 1
and a Brevibacillus choshinensis HPD31-0K strain used as a 25 control,
which had only the vector pNH301, were separately cultured at 30C for 3
days under aerobic conditions in a 3YC production medium (3%
polypeptone S, 0.5% yeast extract, 3% glucose, 0.01% Mg50e7H20,
0.01% CaC12-7H20, 0.001% MnS04H20, 0.001% FeSO4-7H20, 0.0001%
- 33 -  ZnSO4-7H20, pH 7.0) supplemented with 60 mg/L neomycin. The
culture solutions were centrifuged (10,000 rpm, 4C, 5 min.) to thereby
remove the bacterial cells, and the resulting solutions were then subjected
to SDS-PAGE by a 5 standard method under reduction conditions using
10 to 2096- gradient gel. After electrophoresis, the gel was stained with
CBS to thereby detect a SPA band (Figure 5). As a result of SDS-PAGE
analysis, a large amount of SPA could be confirmed in the culture
supernatant thereof. 10[0059] 



To express full-length protein A also containing the cell wall-binding
domain (X domain) of protein A, the following method can be adopted: the
genomic DNA prepared from Staphylococcus aureus described in
Example 1 is used 15 as a template to amplify a DNA fragment by PCR
using two oligonucleotide primers 5'-
TTGCTCCCATGGCTTTCGCTGCGCAACACGATGAAGCT-3' (SEQ ID
NO: 5) and 5-CGCGGATCCTTATAGTTCGCGACGACG-3' (SEQ ID NO:
9) or 5'-CGCGGATCCTCAACGTATATAAGTTAAAAT-3' (SEQ ID NO:
10). 20 The obtained DNA fragment encoding protein A is ligated between
the NcoI and BamHI sites of pNH301 by the method described in Example
1. Brevibacillus brevis 47K or Brevibacillus choshinensis HPD31-0K
strains are transformed with the obtained plasmid to obtain a 25
transfoimant. This transformant is cultured by the culture method
described in Example 2, followed by the confirmation of protein A secreted
into the culture solution.  - 34 - [0060] (Example 3) Measurement of
antibody-binding ability of protein A produced by Brevibacillus genus
bacterium To confirm whether SPA produced by the transformant 5
obtained in Example 1 had antibody-binding ability, mouse 



anti-human IgG antibodies and alkaline phosphataselabeled rabbit
anti-mouse IgG antibodies were used to conduct a binding test. [0061]
10The Brevibacillus choshinensis HPD31-0K strains  having either the
Spa-pNH301 obtained in Example 1 or the pN11301 used as a control
were cultured in the same way as in Example 2, and their respective
culture supernatants were subjected to SDS-PAGE and then transferred
to a PVDF 15 membrane by a standard method. The membrane was
blocked with 3% skimmed milk. An antibody binding test was conducted
according to the method of Fahnestock et al (Fahnestock. S. R et al., J.
Bacteriol. 1986. 165: 796- 804). Detection was performed with an AP color
20 development kit (manufactured by Bio-Rad) according to the instruction
manual. As a result, no band was observed for the transformant having
only the vector pNB301 used as a comparative control. On the other hand,
strong color development was observed at the same 25 mobility as that of
SPA, that is, around 42 kDa that had exhibited a dark band on SDS-PAGE
by CBB staining, for the transformant having the SPA expression vector
SpapNB301 (Figure 6). In Figure 6, "M" denotes a molecular weight
marker, "C" denotes the lane of the Brevibacillus  - 35 -
choshinensis-HPD31-0K strain having the vector pNH301, and Spa
denotes the lane of the Brevibacillus 



choshinensis HPD31-0K strain having the SPA expression vector
Spa-pNH301. These results demonstrated that a 5 protein with a
molecular weight of approximately 42 kDa produced by the Brevibacillus
choshinensis HPD31-0K strain having the SPA expression vector
Spa-pNH301 has antibody-binding activity. [0062] 10 (Example 4)
Construction of Brevibacillus expression vector pNK3260       A
Brevibacillus expression vector pNK3260 was constructed as described
below by changing a MWP P5 promoter contained in pNE326 (Ishihara. T
et al., 1995. J. 15 Bacteriol, 177: 745-749) to a MWP P2 promoter. [0063]
At first, PCR using two oligonucleotide primers 5'-
GGAATTCTGATTTCACTTTTTGCATTCTACA-3' (SEQ ID NO: 13) and
5'-AGTGCACTCGCACTTACTGT-3 (SEQ ID NO: 14) was performed 20
with pNH326 as a template to amplify a part of pNH326 except for the
MWP P5 promoter. The ends of the amplified fragment were digested with
restriction enzymes EcoRI and HindIII. Next, a double-stranded DNA
fragment containing a MWP P2 promoter 5'- 25
GGTACCAATTGGCGCCGCAACTTTTGATTCGCTCAGGCGTTTAATAG
GATGTAATTG
TGAGCGGATAACAATTATTCTGCATGGCTTTCCTGCGAAAGGAGGTG
CACCGCGCTT
GCAGGATTCGGGCTTTAAAAAGAAAGATAGATTAACAACAAATATTCC
CCAAGAACA
ATTTGTTTATACTGGAGGAGGAGAACACAAGGTCATGAAAAAAAGAA
GGGTCGTTAA
CAGTGTATTGCTTCTGCTACTGCTAGCTAGTGCACTCGCACTTACTGT
TGCTCCCAT  



- 36 -
GGCTITCGCTOCAGGATCCGTCGACTOTAGACTCGAGGAATTCGOTA
CCCCOGGITC GAAATCGATAAGCTTCTOT-3 (SEQ ID NO: 15) was
prepared according to a standard method, and the ends thereof were
digested with restriction enzymes Muni and HindIII. 5 These two DNA
fragments were ligated with use of T4 DNA ligase to construct pNK3260.
[0064] (Example 5) Cloning of DNA sequence encoding protein A derived
from Staphylococcus aureus Cowan I strain 10(JCM2179)       Total
genomic DNA was extracted from Staphylococcus aureus Cowan I strains
(JCM2179) in the same way as in Example 1. Next, two oligonucleotide
primers 5'-
TTGCTCCCATGGCTTTCGCTGCGCAACACGATGAAGCTCAACAA-3
(SEQ ID 15 NO: 16) and 5'-
CGGGATCCCTATTTTGGTGCTTGAGCATCGTTTAGCTTTTTAGCTTCT
GCTAAAATT TTC-3' (SEQ ID NO: 17) were prepared on the basis of the
DNA sequence infoLmation of the protein A gene (Non-Patent Document
2). PCR using these two oligonucleotide 20 primers was perfolmed with
the genomic DNA as a template to amplify a DNA fragment
(approximately 0.9 kbp) encoding a part (hereinafter, referred to as SPA')
of protein A except for the signal sequence (S domain) and the cell
wall-binding domain (X domain). The obtained 



25 DNA fragment was digested with restriction enzymes NcoI and EamHI
and then separated and collected with an agarose gel.  - 37 - [0065] On
the other hand, the Brevibacillus expression vector pNK3260 constructed
in Example 4 was also digested with restriction enzymes NcoI and BamHI
and then purified 5 and collected, followed by dephosphorylation
treatment by alkaline phosphatase treatment. [0066] The SPA'-encoding
DNA fragment and the expression vector pNK3260 after the restriction
enzyme treatment 10 were ligated with use of T4 DNA ligase to construct
a SPA' expression plasmid Spa'-pNK3260 (Figures 7 and 8;  SEQ ID
NOs: 18 and 19). In Figures 7 and 8, "MWP-P2" denotes the P2 promoter
region of the Brevibacillus brevis cell wall protein MWP, "SDM" denotes
the SD 15 sequence of the Brevibacillus brevis cell wall protein MWP,
"SP'" denotes a modified signal peptide sequence partially modified from
the signal peptide sequence of the Brevibacillus brevis cell wall protein
MW?, "spa'" denotes the DNA sequence encoding SPA', "Nm" denotes
the 



20 coding region of a neomycin resistance gene, and "Rep/pUB110"
denotes the replication origin of the vector pNK3260. In Figure 8, "P2-35"
and "P2-10" denote the -35 and -10 regions of the P2 promoter of the
Brevibacillus brevis cell wall protein MWP, respectively. 25[0067] This
Spa'-pNK3260 was used to transform Brevibacillus choshinensis
HPD31-0K strains by a method known in the art.  - 38 - [0068]  (Example
6) Behavior of protein A in culture solution expressed and secreted by
Brevibacillus genus bacterium The transformant obtained in Example 5
was cultured 5 at 30C under aerobic conditions in a 37C production
medium (3% polypeptone S. 0.5% yeast extract, 3% glucose, 0.01%
MgS0e7H20, 0.01% CaC12-7H20, 0.001% MnS0e4H20, 0.001%
FeS0e7H20, 0.0001% ZnS07H20, pH 7.0) supplemented with 60 mg/L
neomycin. The culture solution was sampled 10 after 24, 48, 72, and 78
hours from the initiation of the culture and centrifuged (10,000 Lpm, 4C, 5
min.) to thereby remove the bacterial cells, and the resulting solutions
were then subjected to SDS-PAGE by a standard method under reduction
conditions using 10 to 20% 



15 gradient gel. After electrophoresis, the gel was stained with CBS to
thereby detect a SPA' band (Figure 9). In Figure 9, "Lane No. 1" denotes a
molecular weight marker, "Lane No. 2" denotes a lane showing the
migration of 0.52 jig of protein A (rPA-50; manufactured by Repligen) used
20 as a control, "Lane No. 3" denotes a lane showing the migration of 1 l
of the culture supernatant of the Brevibacillus choshinensis HPD31-0K
strain having the SPA' expression vector Spa'-pNK3260 after a lapse of
24 hours from the initiation of the culture, "Lane No. 4" 25 denotes a lane
showing the migration of 1 IA of the culture supernatant thereof after a
lapse of 48 hours from the initiation of the culture, "Lane No. 5" denotes a
lane showing the migration of 1 121 of the culture supernatant thereof
after a lapse of 72 hours from the  - 39 - initiation of the culture, and "Lane
No. 6" denotes a lane showing the migration of 1 1 of the culture
supernatant thereof after a lapse of 78 hours from the initiation of the
culture. 5[0069] As a result of SDS-PAGE analysis, SPA' of interest was
expressed in large amounts on 48 hours after the initiation of the culture
(Lane No. 4) and showed increase in concentration from then on. Finally,
it 



10 accumulated at a concentration of approximately 2 g/L in the culture
supernatant. The concentration of SPA' in the culture supernatant was
measured with a ChemiDoc XRS system (Bio-Rad) by using the band of
0.52 tg of protein A (rPA-50; manufactured by Repligen) migrating in Lane
No. 15 2 as a control. [0070]  (Example 7) Confirmation of N-teiminal
amino acid sequence of protein A produced by transformant The SPA'
band seen around a molecular weight of 33 20 kDa in Lane No. 5 in the
SDS-PAGE gel shown in Figure 9 was analyzed for its N-terminal
10-residue amino acid sequence according to a standard method. As a
result, this sequence was consistent with the 37th Ala and the subsequent
sequence in the amino acid sequence of protein 25 A represented by SEQ
ID NO: 2, demonstrating that the secretion signal sequence was
accurately removed. [0071] (Example 8) Antibody-binding activity of
protein A produced by transformant  - 40 -       One-L of the supernatant of
a culture solution obtained from 78-hour culture performed in the same
way as in Example 6 was subjected to cation-exchange chromatography
(CM-Sepharose; Amersham Biosciences) and 5 separated by 0 to 1 M
sodium chloride concentration gradient at pH 7.0. Next, a SPA' fraction
was collected, then subjected to hydrophobic chromatography
(PhenylSepharose; Amersham Biosciences), and separated by 1 to 0 M
ammonium sulfate concentration gradient at pH 7.0. The 



10 SPA' fraction was further collected and subjected to gel filtration
chromatography (HiLoad 16/60 Superdex 75 pg; Amersham Biosciences),
followed by the collection of the SPA' fraction. Approximately 100 mg of
SPA', which exhibited a single band in SDS-PAGE, was prepared by 15
these purification procedures. [0072]       The SPA' thus prepared was
evaluated for its human IgG-binding activity as described below. At first,
the SPA' was diluted to 5 mg/mL with a PBS buffer solution 20(Takara Bio
Inc), and 100-mL aliquots thereof were dispensed to a 96-well
immunoplate (NUNC). After reaction at 37C for 1 hour, the plate was
washed twice with a PBS buffer solution (250 mL) and blocked overnight
at 4C by the addition of 250 mL of 3% bovine serum 25 albumin/PBS
solution. Subsequently, 100 ml of 25 mg/mL human IgG (Sigma) solution
prepared with a PBS buffer solution containing 0.1% BSA was added
thereto. After reaction at 37C for 1.5 hours, the plate was washed with a
PBS buffer solution containing 0.01% Tween 20. To this  - 41 - plate, 100 i
of a solution of HRP-labeled protein L (0.3 mg/ml; Sigma) diluted
2000-fold with a PBS buffer solution was added. After reaction at 37C for
1.5 hours, the plate was washed with a PBS buffer solution 



5 containing 0.0196- Tween 20. The plate was further supplemented with
100 jl of a chromogenic substrate
[2,2'-azinodi(3-ethylbenzothiazoline-6-sulfonic acid) ammonium salt]
solution (SIGMA) and reacted for 20 minutes in the dark, followed by the
measurement of 10 absorbance at 405 nm. At this time, the same
procedures were conducted on protein A (rPA-50; manufactured by
Repligen) as a control to compare their measurement values. As a result,
the human IgG-binding activity of the thus-prepared SPA' per unit mass
was approximately 15 97.% of that of the protein A manufactured by
Repligen, demonstrating that they have almost equivalent activity. [0073]
These results show that the process for producing protein A according to
Examples can achieve productivity 20 exceeding the previously reported
expression levels of recombinant protein A in Escherichia coil and Bacillus
subtilis and can solve the problem of low productivity conventionally
presented.  - 42 - CLAIMS 1.A DNA sequence comprising a DNA
sequence encoding a protein A or a variant protein thereof having at least
80 % amino acid identity in 50 or more contiguous residues with said
protein A, wherein said variant has immunoglobulinbinding activity,      and
a promoter which is operatively linked to the sequence, wherein said
promoter is a promoter of a gene encoding a middle wall protein (MWP) or
an outer wall protein ( OWP) of a Brevibacillus genus bacterium, or a cell
wall protein (HWP) of Brevibacillus choshinensis HPD31. 2,The DNA
sequence according to claim 1, wherein the DNA sequence further
comprises downstream of the promoter, a Shine-Dalgarno sequence, and
a secretion signal peptide-encoding DNA sequence, wherein said
Shine-Dalgarno sequence and said secretion signal peptide-encoding
DNA sequence are derived from a gene encoding a middle wall protein.
(MWP) or an outer wall protein (OWP) of a Brevibacillus genus bacterium,
or a cell wall protein (HWP) of Brevibacillus choshinensis. 



3. An expression vector comprising a DNA sequence according to claim 1
or 2.  4. A Brevibacillus genus bacterium transformant comprising an
expression vector according to claim 3.  - 42a -  5. The transformant
according to claim 4, wherein the Brevibacillus genus bacterium is
selected from the group consisting of a Brevibacillus brevis 47 strain
(JCM6285), Brevibacillus brevis 47K strain (FERN BP-2308), Brevibacillus
brevis 47-5Q strain (J0M8970), Brevibacillus choshinensis HPD31 strain
(FERN BP-1087), and Brevibacillus choshinensis HPD31-0K strain (FERN
BR-4573), and mutants derived from these strains.  6. A process for
producing a protein A or a variant protein thereof having at least 80 %
amino acid identity in 50 or more contiguous residues with said protein A,
wherein said variant protein has immunoglobulin-binding activity,
comprising  - 43 - culturing the transformant according to claim 4 or 5 and
collecting the protein A or a variant protein thereof produced and secreted
by the transformant. 7.A process for producing an
immunoglobulin-adsorbing medium, comprising producing a protein A or a
variant protein thereof having at least 80 % amino acid identity in 50 or
more contiguous residues with said protein A, wherein said variant protein
has immunoglobulin-binding activity by the producing process according
to claim 6 and immobilizing the protein A or the variant protein thereof
onto an appropriate base matrix.  - 44 - 



ABSTRACT The present invention relates to an efficient and economical
process for producing a protein A-like protein. 5 Hosts such as
Escherichia coil and Bacillus subtilis have been used in the production of
a protein A-like protein using a genetic recombination technique and
however, their low productivity has been a big cause of high cost. Thus, it
has been desired strongly to immediately 10 establish a technique
enabling the inexpensive, large-scale production of a protein A-like protein
using recombinant DNA techniques other than Escherichia coil and
Bacillus subtilis. The present invention provides a process for producing a
protein A-like protein in large 15 amounts, for example, a process
comprising allowing a recombinant Brevihacillus genus bacterium to
express and secrete the protein in large amounts into a culture solution
and separating and collecting the accumulated protein A-like protein from
the culture solution. 




