-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 immunoglobutin- 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
Brmhﬁééﬁus 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
andPHiéZHJS@ ank e eifestiversenithe shpAratedE@rmisoectEd USE oF

Inin lications such as a column resin for antibody
purl c%‘ﬁ%’%@ﬁi@é’%ﬁ %\%dg Fétdfdhcdto Related Application  All the
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summary of Japanese
[D001]

Technical Field

The present invention relates to a process for
producing a protein A-like protein having immunoglobulin-
bipding 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 technigue, to the separation &n&

collection of the axpressed protein A-like protein at
high purity WLthout undergoing degradatxon.by protease
and the like, and te the effective use of the separated
and collected protein A-like protein in applications such
as a column resin for antibody purification.
[oc0z2]
Cross Reference to Related Application

All the dlsclosed contents 1nclud1ng the
specification, claims, drawings, and summary of.Japaneée
Patent Application No. 2004-198831 (applied on Jul. 6,
2004) are incorporated to the present application by‘

reference in thelr entirety.
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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
eraiful to organisms. Progress in genetic engineering techniques and cell
fusion technjques in recent years made it possible to produce monoclonal
Baibdaresiafale more homogeneous and have high 10 antigenicity by

moleguiarly deslaniagaatibgdishateaghwith their spepils atjgens and
expressing the antibodies in'animal celis. These antibody proteins are
Psedreteddntozcell duitare sdluficnsdnd assuelearche separatedigs since

purified, and collected wijth relative ease. 15[0004]  In general, antibody
lgr%?ei% ﬁti#z%%‘%ﬁ%% 0RREAP 8 IMRUhBBIGEARRYSE BRSBTS

catistfficientidelds engauuity, fromenatural biglogical.samples.sych ase 4,

serum, ascites, or cell culture solutions 20 by using a method utilized in
965 Proteitopuieation, tharknamaasmenidnrsulfatd pescipitatienhnigues

i@%%%ﬁ%“'%é%%” fadoma t(]);%ggg%laendt%o 8?:'(:189185 monoclonal
antibodies that are more homogeneous and have high
antigenicity by molecularly designing antibodies ﬁhat
react with thelr 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.
[0004]

In general, antibody proteins utilized in
immunoassay or immunoblot analysis can be obtained at
sufficient yields and purity from mnatural biological
samples such as serum, ascites, or cell culture solutions
by'using a method uvtilized in usual'protein.purification,
that is, an ammonium sulfate precipitation method, ion-
exchange chromatography, and so on.

[0005]

On the other hand, éeparatioﬁ and purification using

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
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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, irvalve contemplating various
separation/extraction conditions and using a large number of other
chromatography techniques together therewith and -3 also involve
Dptimizing plvification eanditionsfer eachantibedy-protein ; sultingin @ ch
argéeat deal of time and labor. Thus, in the purification of antibody proteins

HUPEG Yo BE Ri§H pufes Sl thrdmato &S5 ¢apablelof time and
1spssificallyadsorbing the.a Mﬂ&ﬂ%&is&ﬁ%ﬁ'%&‘}? S§£o in
conveniently separating and purifying them from other impurities. [%(e)06]S
rehrohRdgiaphyausiigra hyediumeconapiising. ag 10apprepriate 1e3in
Ciglnm llilizin% thereonjprote'gs such as protein A, protein G, and protein L
iSRifilizéd Mosthregaénts™ gffﬁﬂ?%ﬁ%ﬂﬁo&%@ﬁﬁﬁ?%ﬂy broteins
iantthedy-Rindipgability. Among theseiRigteins, Rasticular,theprgtein A is

often utilized as a ligand on a medium for 15 purification. The protein A is

- Py kiRt celsvaligiomin Withm repipwedtasiecular weight of

E@%nga(imately 42,000 produced by a Gram-positive bacterium
Staphylococcus aureus. Its structure is composed of seven functional

domaifis-thnant dige-aptino tesmirpss Sigp@l um comprising an
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. Amoﬁg these proteins, particularly the
protein A is often utilized as a ligand on a medium for
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
Staphyiococcus aureus. Its structure is composed of
seven functional domains (from the amino terminus, signal
sequence §, immunoglobulin-binding domain E,'
immunoglobulin-binding domain D, immunoglcbulin-binding
domain A, immunoglobulin-binding dbmainuB,
immunoglobulin-binding domain C, and Staphylococcus
aureus cell wall-binding domain X} (see Non-Patent
Documents 1, 2, and 3). These five immunoglobulin-
binding domains (domains E, D, A, B, and C) of the
protein A can respectively bind to immunoglcbulin through

its Fc region (see Non-Patent Document 3).



10

15

20

25

20 sequence S, immunoglobulin-binding domain E,
immunoglobulin-binding domain D, immunoglobulin-binding domain A,
immunoglobulin-binding domain B,-im#nunoglobulin-binding domain C,
and Staphylococcus aureus cell wall-binding domain X) (see Non-Patent
25 Documents 1, 2, and 3). These five immunoglobulinbinding domains
{@efHins E, D, A, B, and C) of the protein A can respectively bind to
immu lobuljn through jts Fc.region (see Non-Patent Document 3). - 4 -
[0007 B fﬁg?&éﬁ\% %#i%h%%%ﬁ? roBihSARRAhein A for the

immneeglebulin:hindingderyaisihas-heanknaonwe 1o depeRd 07 Mayenq
factors such as pH, the types of Staphylococcus 5 aureus strains
OrEkEtny, A et ar Sinfats matuiny 198 7 155: 1843284 7)F afd amiuhoglobalis
g IgA, 1gD, and IgE) and subcla Gl, 1gG2, I1gG3, 19G4,
a%%%?agndgl%%\){l?g%dc il %%rt?“c% ra'r;fsr#c%ﬁ ‘str%%“% dinkFto the
5Ec region of humamlgGlag@2e anetgG4n1Q and nquse:lgGRav 190G,

and 1gG3 among immunoglobulin class. The protein A having these
TBlopethiss cEFhinde ir%ﬁ%iﬁ%?o‘buﬁﬁ@ﬁﬂmuiiﬁﬁaairiﬁg%tigéﬂ%diﬁ@m,
aABility Rffinity ; apd pronerties as immunoglobulia, agsuch, has been

use(?%videly a% aligand on a mediuml#gr %%%%%%%ggfn oﬁgw Sr%:mng
bimmiineglobulibiepdtticulady ¢tgG auSdtuimaariogs tjagnpses, and IgG4,

a ﬁga&né%%eutﬁgegg@gsia%d basic r§$ear8hes. 0008] Alternatively, interest
as recently bear directsd 20 toOWArd e ApFitatign 15eHBPE: lin

clherapy trakserutblogkingractorsy(composed ofispecific antigeNSying to
. antibodies, anti-globulins, and immune complexes), which inhibit the

LEROEARPEr S st e pheRE biuceRly piphbEfieshs nehogcellsi did v,
afsare ,toaa{at;ﬁ}%g?élﬂk%%@eé%b& %‘63%}1%8%‘{‘% setum of 2 hatight

. with tumor (see Patent Documents 1 to 3). Furthermore, proféln Aha ;N
hagl ditieanto ug@dinditg lactiwity, 4hd agtoniof-activatiad polyclomal antibody
pY e A S e ST B YRR B A2 PR IO Y s 4
various diagnoses, pharmaceutical drugs, and basic
regearches.

fooos]

Alternatively, interest has recently been directed
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
thereby removed from the serum of a patient with tumor
(see Patent Documents 1 to 3). Furthermore, proteiﬁ 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
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-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

ieortaminatiop bydmprsities.sthg prosess;is aewshifting tawardade nut
producing process that uses a recombinant DNA technique using

2R SCheffehie i (et BdcRRetd 1 tB13)'or alGamgnshivelsteterium
[%@%igljs subtilis (Patent Documents 4 to 5). However, the recombinant
protein A productivity of Escherichia coil is extremely low, and 15 proteins
expressedare nat-aasy torseparate fnd goHlectkecaysproostiof themits

form inclusion bodies or are intracellularly degraded (Non-Patent

SBBRUMEAPE). VIR GRhEFFard ProleV & Jreditiorrisrg Baciisectly
rauhtilisna Grame-positive hacterm, as %%@%\488%??8&%83% 20

has adopted a method wherein protein A is secreted and expressed into a
siedlium by Hddiny e signal seyuenee pf alBawsillusrsulititis secreted

tein to the N-terminus.of protein ‘A, This method, when compared with
p%‘gl Sr%%%ﬁ:&r? ¥ysci’emtlv$v]'| %gﬁgr?cﬁél@olﬁ’ﬁag%%eﬁ%Pé%?f%ﬁjtf)’n by

inovide easy, sepasationand purification andirave-hiohwadctivity
(approximately 47 to 100 mg/L) (Fahnestock, S, R. et al., J. Bacteriol,
PHO8H LAY 706C888F HoldvelShe profearAprédactd PBadiisubiie

ugarsraegs degiagafiondy,eiacelldag proleaseoiinsicaly samied by
Bacillus subtilis. Therefore, attempts have been made {0 use several Kinds
GobextracellularproteasexdetivieBaBddillusssubiitis strans((NareRatent

Document 5) as hosts. However, the 5 inhibition of degradation of protein

PANEERGDeen Sehidved Yot tPaEnt BBEUMETPITHpAREsR & A
pAPRlicationiNg. OF WdOA8richia coli is extremely low, and

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 aufeus,
has adopted a method wherein protein A is secreted and
expreséed 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
féported to provide easy separation and purification and
have high produc@ivity (approximately 47 to 100 mg/L)
(Fahnestock, 8, R. et al., J. Bacteriol. 198&6. 165: 796-
804} . However, the protein A produced in Bacillus

subtilis undergoes degradation by extracellular protease
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[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] Eurppean 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.,

16epenkI8% 58, 283:295- JNQp-Ratent;Document:3] Uhlen, M, et ak 1.,

Bio. Chem. 1984, 259: 1695-1702. [Non-Patent Document 4] Nilsson

aB tetrab L PréteineE g 201987 1 tH0 72843 s fNor=Ratdnt Dbeunient 5)
iron. Microbiol. 1987. 53: 379-384.

Fahnestock, S. R et al., App],. En ,
RO PRt oo ST M3 G WEarile 9PBE4L WHErdtiblagy 001
58331 34n o0 NepatentDasinentsil SlastretBed -E ghalevkr, the

bacteriol. 1975. 123: 905-915. [Non-Patent Document 8] Bjorck, L. et al.,

inbalpIChAMuAS. 183796510791 Of protein A has not been
achieved vyet.

[Patent Document 1] Japanese Patent Application No. 07-
187019

[Patent Document 2] U.S. Patent No. US5151350

[Patent Document 3] European Patent No. EP0107509
[Patent Document 4] U.S. Patent No. US4617266

[Patent Document 5] Européan Patent No. EP0124374
[Non-Patent Document 1] Lofdahl, S et al., Proc. Natl.
Acad. Sci. USA. 1983. 80: 697-701.

[Non-~Patent Document 2] Shuttleworth, H. L et al., CGene.
1987. 58: 283-295.

[Non-Patent Document 3] Uhlen, M. et al., J. Bio. Chem.
1884. 259: 1695-1702, |
[Non-Patent Document 4] Nilsson, B et al., Protein Eng.
1987. 1: 107-113.

[Non-Patent Document 5] Fahnestock, S. R et al., Appl.
Environ. Microbiol. 1987. 53: 379-384.

[Non-~Patent Document 6} Brigido, M et al., J. Basic
Microbiology. 1991. 31i: 337-345.

[Non-Patent Document 7] Sijostrom, 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 producging process using Escherichia coli ill
LNO%"&ﬁiE.ef@bl?fﬂhﬁb%j’étct %IP thg%?%seé:n ’in?/!ghtiéaneis %?bfo%;.%grﬁ\gre@%em“
1 o oefficesit protefre A-predaction technique than the producing process using

[No§§9é'¥%¥aE%%B%Q%%m%%?“@ﬂ§k§9”@ﬁﬂ¥t 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 technigque
than the producing process using Escherichia coli or
Bacilius 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
[G01lia]

In a first aspect, there is provided a DNA seguence
comprising a DNA seguence encoding a protein A or a varlant
protein therecof 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 seguence,
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.

[C011ik]

in a second aspect, there is provided an expression

vector comnprising a DNA sequence as defined above.

[¢c01lic]



[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 40 the sequence, wherein said
promoter is a promoter of a gene encoding a middle wall protein (MWP) or
annutex wall proteins(@WP) of-aBrevibacillisgeristhaetefumy dPacdelt vs
genW@ll protein (HWE) of Brevibacillus, hoshingpsis41BE31.4001 ] & s ion

secon as(ggcj[, there is provided an expression vector comprising a DNA
vecdghuehteds defifedabde. [0011c] 7a  In a third aspect, there is

[ ocaroyided a Brevibacillus genus bacterium transformant comprising an
ex%ression vector as (;%
. n four a

. ?@gg,abgﬁgr@o%%d] pro@i@é@“rtg aﬁ[@%_@eg@raﬁor
is provided & process

s for producing a protein A or a variant protein thereof
prvaving at least 8O dimifo &did el iA 50 dtifibfe BontighibEs Tesidiesd
a2+ With.said prateip wheressaidivarantproteinshiasor more contiguous

immunoglabulin-binding activity, comprising culturing the transformant.as, ;
L& etined a"BjovLﬂé a%%llcgbll é"tclan%get]h%a pgrbte‘fr? Aora vagr?ant protein thereBOJc o
na sproduced antosecrétedby the ansformant 00 19eP & fiftcaspett 1 19
ndhere.is provided a.progess for praducingianimmuneglobuin-adsarbing the

medium, comprising produ%%? a pro;elél A or at‘ﬁaé'raé‘éPrOte'r”o@Sé% and
P ety afleaSt80% anfind Htid ideRtif 750 or more contiguous residues
seqvitrsaidiprotein A; welteréimrseaid variant protein has

[O{.ﬁ {@L}noglobulin-binding activity by the producing process as defined
a

ove and immobilizing the protein A or the variant gr%tein thereofeosr)go an
appropriateBese’ mafk b2 there is providea & proc

producing an immuncglobulin-adsorbing medium, comprising
producing & 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 wvariant protein thereof onto an appropriate base
matrix.
ronplzi
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 congsegquently
found that protein A can be secreted and axpressad
efficiently in large amounts into a culture sclution,
allowed to stably accumulate therein, and separated and
collected easily at high purity.

Advantages of the Invention
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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
DH1'§I31 purity. Advantages of the Invention [0013] According to the
preseqtinyention, protein A gap bejroduced and secreted,dnto a culitiene
solution, with drastically exceeding yields than those reported on 5
pmictoorghrastds sachrasdEscherithiascoiliahduBaciius. sidtis usettas

hosts, b ing a Brevihacillus, s bacterium as a host, and can be
IparH 5;;]59 arHigir o Wﬂ%ﬁ%m%%ﬁ’fﬁg?@%nemﬁﬁgéﬁggﬁ in-Bihding
mielorLRYSHBe present invention selves Jowd.0iprosectivty;and:s
complicated purification steps for protein A, which have been a cause of
SHighicost sbdad [@F14]08 tPhe pieseni entidH 6arhpRiSad e fEIRWITY
nglE oL seyeral aspects: 16 (1) e preseninvenionpiovidss AN o,
Sequénce comprising a DNA sequence encoding a protein A-like protein
pOF pattial sequenceithessofi agd apromaterwhjthlis:operdhivealyiinked to
the sequence and is capable of functigning in a Brevibacillus genus

Tyaefetidth. 2@7@5Whetﬁt%s%ﬁ?ﬁ%ﬁtidﬁlb’r‘?‘}?ﬁiije‘%?aﬁ@%&%%s?oﬂ"%ctor

pFORRHSING;the DINA segusnse., (AT he Rreserbinyention pravidesa
Brevibacillus genus bactefium transfoimant comprising the expression

pwetwin(6) Thelpreberitaneeitiorpravides asprofess ot 25ogrodueinga -
(Sgrote'n A-like protein or protein having a partial sequence thereof,

LS ising culturing the transfoLmant and collecting a protein A-like

proteimer gsateit havite-pastiaksaguenee harrefl peacsed@ndone or
secreted by the transformant.
several agpects:

(1) The present invention provides a DNA seguence
comprising a DNA seguence encoding a protein A-like
protein or partial sequence thereof, and a promoter which

is operatively linked to the seguence and is capable of

- functioning in a Brevibacillus genus bacterium.

{(3) The present invention provides an expression vector
comprising the DNA seguence.

(4) The present invention provides a Brevibacillus genus
bacterium transformant compriging the expression vector.
(6) The present invention provides a process for
producing a protein A-like protein or protein having a
partial sequence thereof, comprising culturing the
transformant and collecting a protein A-like protein or a
protein having a partial segquence thereof produced and

secreted by the transformant.
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-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 profeiﬁ-lil’(e 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
icledtitfe SERTEE ahdSRinbatiB ey hence 8f IeProfin 206 a

2iBRYegaccUs %%SH%&%W}S}@ 0 daumstals represent aming,2qid; g

residue numbers); Figure™2 is a diagram showing the gene sequence and
o dminiongeid sequerdeiofitheipreteim #-efia Staphytodoetus havdus) a

strain (numerals represent amino.acid residue numbers); Figure 3&3 a
P&t SREFHRFTOET REPA) B B6oiBi YEEior (S LPREEST) 2
12QFigure:4 is-a diagram shewing the-aucleetids seqienceAnd aMing,agld a

sequence from a promoter sequence to a protein A (SPA)-encoding
pryioreih the preteireA (BRAF eXprassiomveapD(SHzrpRE80RRse matrix.

Brief Description of the Drawings
f0015]

Figure 1 is a diagram showing the nuclectide
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 seguence and
amino acid segquence of the protein A of a Staphylococcus
aureus strain (numerals represent amino acid residue

numbers) ;

Figure 3 is a diagram showing protein A (SPA)
expréssion vector (Spa-pNH301);

Figure 4 is a diagram showing the nucleotide
sequence and amino acid sequence from a promoter sequence
to a proiein A fSPA}~encoding region in the protein A
(8PA} expression wvector (Spa-pNH30L);

Figure 5 is a diagram showing a result of SDS-PAGE

~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

Brevibacillus choshinensis HPD31-0K strains;



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 showingb@ 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")

exprepsionector{(3pa-pNKEZ60) Elgure 85 2 diadriem shawipga,
promoter sequence, Shine-Dalgarno sequente, signal pepﬁl e-encoding
eBitAcl sequence; and piatein AiSRAY)sancoding DNA sequence in the
protein A (SPA') expression vector (Spa'-pNK3260); and Figure 9 is a
diagram®Hofify ATe8ulfdPSBITP AR sis BERBHeHavi Erence .

saseHmyating, amount.of L9, proteiny @%g}am fagw&%%ﬁti%gmgced
by Brevibacillus choshinensis HPD31-0K strains. Best Mode torCarrying
seuttheckhventioh [00BEin A (SPA’) -encoding DNA seguence 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

protein A (SPA’) in a culture solution produced by

Brevibacillus choshinensis HPD31-0FK strains.

Best Mode for Carrying Out the Invention
'[0016]

The present inventors have found that active protein
A can be expreséed 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, aﬁd as a result, the problem of
low productivity of Escherichia coli and Bacillus
subtilig 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.expreSSioﬁ level
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.



10

15

20

25

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 bagtgrium 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
theyproblem of degradation of protein A expressed in Bacillus subtilis is
effectively improved. Specifically, the use of the Brevibacillus genus
bactétiighschan asily secure a protein A expression level 25 equal to that
obtainlgd in Bacillus subtilis and further accumulate it into a medium.

Hereinafter the preséit imvertion witl ba 18seribed irfdétall thdhe bask! 1
wi its embediments:J@0LZHL RroteinAun - JI0tIN A= a5 described,

above, is one kind of cell wall protein produced by a Gram-positive
PRI SOSaPRYIBEs@ES ardus afigrefeisto, fovexarmpielene one

st the.-amino acid sequence represented by Figure 1 (SEQ ID
Cic\l%?gg)égrg{ e%%e rom%n taphy olggcgﬁpg%ﬁ%le%% 56%}35%??95%5%3’
RIem2170) (Npo-PatentRocimeni®)dere ceasistingofihe aming askbccus
sequence represented by 10 I?i'%ure 2 (SEQ ID NO: 4) (Non-Patent

o Ciitent8idhd FiREEBAFhahcoM2 Y7 81 al (EEMBATervbidlocemersoz) |

Sk L-8honedsriyed from.a \/Xf&@%49&@%@5;1!@%@5%@3&%@5@%@& by
one derived from a 8325-4 strain (Non-Patent Document 3),"and spa gene
Fir@auetsiencddied By aieady 115 domed>plasmid DbAufkentpIR1,GP3,
FeNODAARALROCYMeNt DL 0018h e 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
cloned plasmid DNA (i.e., pSP1l, pSP3, etc., (Non-Patent
Document 7)) .

[0018]

A protein A-like protein described in the present
invention includes protein A or a protein substantially
identical to protein A. The protein A-like protein also
includes a protein that has an amind 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’
when the sequence is aligned with the amino acid sequence
of protein A for thé 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
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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 hgs,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
oseqience of ProfeinA %?o\yge{%g@f%% e, @ligneq with the. aming.
acid sequence of protein A for'the best match using sequence comparison
egigorittor geperaflg kabwn sthose skitled irthe drigandibasiength, and
iimmﬁnogzleobulin-bind’[ifgg activity. In this context, the amino acid sequence
having id&titity R 5referably 50"t 19 G hbre relfiued ol preférabiy 1o
200 o maresesidugs, evgndnoke preferably 150 or more residues in
length, and in the most preferable embodiment, the full-length amino acid
[88dddnce has identity thereto, 5[0019]  An example of algorithm

suitahle for determining 96 sequence identity, is BLAST algorithm, and thjs
algor%ﬁm%xa%ngée% Sgg,c‘”’%%%‘a%% %ﬁ%lcﬁﬁijé‘gt%lﬁ?i Vééf‘f B%(%Fffg%’z@&fm
s€1804) cBoftwatecfot implementisg BLARE analysissHistuplcly ayailalign
through National Center for Biotechnology Information
P PRIV RS Rk gHh §BvAoagb ] etheproteid A-Nelprotsin nay 15 -
. X a protei isti f \mij id se encoded.,
T Ay Eizing et Snbant LT A Hay Qe Ly eis
1 sequéicecdomplemidrahietotthe B seiqucroefepresentad By SEQ ID
B:{\Io%: 1 or 31An exam le of hy,bridizqation congitions under the stringent
CORGITORS 1s” Breferbly bHaRatiB 5P apprEkimateR 56t i nik - gov/) .
[ @pproximately 7% 20 sodium dodecyl sulfate (SDS), approximately 0.5 M
NaPO4, and 1 mM EDTA, and washing at 50C in approximately 2xSSC
and aptoRMReR . 200 SBS; Ricrs desirasly, hybridizitionsasplen
' 9 ju C fat S), approximately 0
i U OO R T e
DR Crivtapprdydinate lyid S8 Gand agproximatety 0 16n SDS; nNe  having
desirably, hybridization at approximately 50C in approximately 7% sodium
& goddcyt s%?faFeO{@gw%% mfenF0's WNasO4 sREappreRintaeR-£a
byMMHCDTA, aod washingzat apploxiRaielye of hybridization

conditions under the stringent conditions is: preferably,
hybridization at approximately 50°C in approximately 7%

godium dodecyl sulfate (SDS), approximately 0.5 M NaPO,,

and 1 mM EDTA, and washing at 50°C in approximately 2xSSC

and approximately 0.1% SDS; more desirably, hybridization
at 50°C in approximately 7% sodium dodecyl sulfate (SDS),
approximately 0.5 M NaPO,, and approximately 1 mM EDTA,
and washing at approximately 50°C in approximately 1xSSC
and approximately 0.1% SDS; more desirably, hybridization
a:t approximately 50°C in approximately 7% sodium dodecyl
sulfate (SDS), approximately 0.5 M NakO,, and

approximately 1 mM EDTA, and washing at approximately
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- 13 - 50C in approximately 0.5xS8C and approximately 0.1% SDS; more
preferably, hybridization at approximately 50C in approximately 7%
sodium dodecyl sulfate (SDS), app_roﬁ:qtely 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

rably, at approximately 50C in approximately 7% sodium dodecyl
R e R s OA, APAr XAt Py 508
nERE Apweshing-atapprgximately 40:65C in-appreximately: Q. 1¥S86-and
aapﬁ)proxi_mately 0.1% SDS. The conditions, of course, may differ depending

& BRSO strah dIeRgT HE SstiEhcB UdAd BRfeféRtBrwironmental
ARslgLs: & longer:s Sspegificall i jgh
aI%rfnperatu re. A%etail%d% ﬁdég% r 1%5(%%05 a%; c% %@%ﬁggg{g}n @oﬁﬁg ;i\"n’ ,
afoll exanipledTissen 1093) 1 mboearerys bechniguag in-Biechgmistyy and
OMolecular Biology -Hybridization with Nucleic Acid Probes part | chapter 2
"OvEiei Bf pAREREE b tefiybiitiZdticPshd #edstfatsgy BPAeCleic acid

obeohe 20 assad ElapietoNens oty (02 5 Asdesciigd phove. fiose

skilled in the art of genetic engineering can easily recognize the

SBRtHE™ HoRATElikE proeie ahthht DRAEcouEned 25 entoding iNaypo,
ow] . in A-encqgi A seguences and protein A aming acid
A e ST R S A, AL

sequences represente igure
6 6SEQID NPs:ckaArthiek1vl4 - 1x3SC and approximately 0.1% SDS.

‘The conditions, of course, may differ depending on a

nucleoctide strand length, the sequence, and different
environmental parameters. A longer sequence specifically
hybridizes at a higher temperature. A detailed guide fof
nuclelc 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
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
encoding it by knowing the protein A-encoding DNA
seguences aﬁd protein A amino acid sequences represented

by Figure 1 (SEQ ID NOs: 1 and 2) and Figure 2 (SEQ ID

- NOs: 3 and 4).
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[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 arbitrgyy 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
[B®tein G carried by group C and G Streptococcal bacteria (Non-Patent
Document 8) or protein L from Peptostreptococcus magmus (Non-Patent
Docuftiznt 91{0024]2 APartidlesepuenee of padiein Aslika pdetein Faok
"partial sequence" of the protein A-like protein refers to a protein that is

el e b SrETER SGT B oP i B A aBb A b BShstituting

i iRupretein halikenioteln and hasdrpunqglobyin-hinding agtivity:)
Specifically, the "partial sequence” of the 20 protein A-like protein
TEGFESHITRIS thnforexamipld; each obtdeamino acid sequence
[gq.ggjented by the 24th Ala and the subsequent sequence in SEQ ID NO:
(corresponding to "SPA" of Example 1; see Figures 3 and 4 and SEQ ID

NOs Fl:anthEpmutieh is eblaineddneramaving the sigbaksaguentez5 S
. and a portion of the cell wall-binding domain X from protein A, and an

1BMNG'E8Id SeRitieRiaTEreseMER HYithe J1aY M aRd e QUbeaaéAn -
-SSP PSS e 0 P Sl r
protein G carried by group C and G Streptococcal bacteria
{(Non-Patent Document 8) or protein L from
Peptostreptococcus magnus {(Non-Patent Document 9).
[0024]
2. Partial sequence of protein A-like protein

A “partial sequence” of the protein A-like protein
refers to a protein that is compbsed of an arbitrary
portion of the amino acid sequence constituting the
protein A-like protein and has immunoglobulin—bindihg
activity. Specifically, the “partial sequence” of the
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; seé Figures 3 and 4 and SEQ ID NOs: 7
and 8), which is obtained by removing the signal sequéncé
S and a portion of the cell wall-bindihg domain X from
protein A, and an amino acid sequence represented by the
3ist Ala and the subsequent sequence in SEQ ID NO: 19
(corresponding to “SPA’" of Example 5; see Figures 7rand

8 and SEQ ID NOs: 18 and 19), which is obtained by
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- 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 uences constituting
immunoglobulinbinding domains possessed by the protein G and protein L
described above. [0026] The immunoglobulin-binding domains of protein

ihed herein refer to, for example, a.region from an amino aci ]
L e S S e A 2e e,

Kdomaing Bd4m€)in Kigired anc-a ggion from an amino acid residue at
the 37th position to an amino acid residue at the 355th position
H5{d6rhains E to C) in Figure 2. [0027] 3. DNA sequence encoding protein

Adlikepioteir ADNMseguence encading & protein Adlike protein ised
in the present invention may be any DNA sequence
include amino acid sequences constituting immunoglobulin-
binding domains possessed by the protein G and protein I
described above.
[CD26]

The immunoglobulin-binding domains of protein A
described herein refer to, for example, a regicn 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

{domains E to ¢) in Figﬁfe 2.

{00271
3. DNA sequence encoding protein A-like prétein

| A DNA sequence encoding a protein A-like protein
used in the present invention may be any DNA sequence
whose.translated amino acid sequence constitutes the
protein A-like protein. Such a DNA sequence can be
cbtained by utilizing a method usually used and known in
the art, for example, a polymerase chain reaction
(hereinafter, abbreviated to PCR) method. Alternativeiy,
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
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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,jo; xample, 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
ids Res, 1984. 12: 4359) and can further be gbtained fram DNA |,
. i ra%ggufﬁlé: 65I\iaASse}”(ﬁ:’dn(-:‘(%lC%Smé%f;:fl have %%&gn Slbstitd lilo{nl 3"}% aminoe

adegengtaie codonsand dees nothavestohesidentical tothawariginal:  26um .
DNA sequence as long as it encodes an identical amino acid when
t#8R&Ated in a Brevibacillus genus bacterium. [0028] 4. Expression vector

45Arﬁ;g§p&%s§£%v%cégrg Hf the present invention comprises a DNA
seqguence encoding a protein A-like protein or partial sequence thereof,

and a:provecterehichcia opecatively linketie the-seguancerandhisicapable

of functioningcin a Brevibacillus genus bacterium. The 10 promoter may be
CGHy ot Htsecdpib S SFIRBTRShirG iPE Bi8viBadifd- it BdctEfum and
pioRielerably ypramater hatis.derved from &scherighig coll Raeilys ynicn
_subtilis, Brevibacillus genus, Staphylococcus genus, Streptococcus
1 YeRiis rSHkdpionycés ghads, tandts: Conmebacteriamtigénus:bpetetie and

[ erative in a Brevibacillus genus.bacterium, more preferably
N S e a8 SRt O it B Whion 1% cel
prafiqireteimef-aiBsevhacitiss gepssbacipibNean puRmWAlkprRIeI in a

(OWP), which is also a cell wall 20 protein of a Brevibacillus genus

BLGEiERRm ANOTE P D RIATSHE 1) GHrBrcvileatReHoskinensis

prHiR3kCellnatr is derived from Escherichia coli, Bacillus
subtilis, Brevibacillus genus, Staphylococcus genus,
Streptococcus genus, Streptomyces genué, and
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
protein of a Brevibacillus genus bacterium (Non-Patent
Document - 10), or a Brevibacillus chosghinensis HPD31 cell

wall protein HWP (Ebisu. 3 et al., J. Bacteriol. 1920.

172: 1312-1320). In Examples, the P5 promoter region

“MWP-P5” (see Figures 3 and 4 and SEQ ID NOs: 7 and 8) of
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
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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 Brevibagillus 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 P shown in Example 5 respectively correspond to the
e D R g oenus
bbactetdmmn{0029] Moreover, it is preferred that the "expression 5 vector"
should further comprise downstream of the promoter, Shine-Dalgarno and
(8igR&¢sequences which are capable of functioning in a Brevibacillus
genugBacierum. The oxpression yeder may copprise.a marker o,
sequence, if desired. 10[0030] The "Shine-Dalgarno sequence”
viotbwiry thequromoferrisipreferaily aiShinexPalgarnesequénceathat is
derived from Escherichia coli, Bacillus subtilis, Brevibacillus genus,
PEARHyococtls §enus: ‘Stepteéieds %éﬂ{}&il?%%‘ﬁﬂﬁﬁﬁcégﬁé%s?m
capdenry Qﬁbaﬁfﬁ{&m &@i‘ﬂf@ bagtes aﬁf@ﬁ@&@@&’@é”@e%@'@?&&@érinm .
genus bacterium, more preferably a Shine-Dalgarno sequence located
Thpstream of algahevardotinga ynidernid Egroteind W R), setdsieisra cell £
d%vgilll\}%%tein of a Brevibacillus genus bacterium, an 20 outer wall protein

which is also a cell wall protein of a Brevibacillus genus
[pasterium, or a Brevibacillus choshinensis HPD31 cell wall protein HWP.
[0031] The secretion signal peptide-encoding DNA sequence 25 following

the Shitfe-DalyHrfo S8dderais TREPEHIE ary it 89 orgtasit Rughe T
1 9f DAéysequenses encodingsecielion sighalpeplides descritedheloy,

The DNA sequence does not have to be identical to the original DNA
I sequdiseimribalas itendoddnar iltutica@ntindis, Brevibacillus
genus, Staphylococcus genus, Streptococcus genus,
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 proteiﬁ of a Brevibacillus genus bactefium, an
outer wall protein (OWP), which is also a ceil wall
protein of a Brevibacillus genus bacﬁerium, or a
Brevibacillus choshinensis HPD31 cell wall protein HWP.
[0031] |

The secretion gignal peptide-encoding DNA sequence

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 1t encodes an identical amino
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- 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, Bacilluszsubtilis, Brevibacillus genus, 5

- Staphylococcus genus, Streptococcus genus, Streptomyces genus, and

Corynebacterium genus bacteria and is operative in a Brevibacillus genus
abaeteriym, morg pieferably asesretion.signal peptide of amidgle, wall
protein (MWP), which is a cell wall protein of a 10 Brevibacillus genus
epageHam, dicowtecwalt protemi@WP) pahith.dealse acelfwallipigtein of
Schrgf\:/ibgrgillu§ enus bac erigm, ra Br,evibfzcillus choshinensis HPD31 = .
cell wa pro?elréhﬁyPPEi?erln ﬁ'lvé%,atiﬁejs%c fibh Sighal PRptibE HhsF e dia
ceoryentional 15 seeretion signal peptide having aimgdified amino acid
sequence. Specifically, it may be a secretion signal peptide derived from
S §RPBgharpsstiee R middieneall protsia VR having thiesquortes
-Lys-L ys-Mal-Val-Asn-Ser-Val-Leu-Ala-Ser-Ala-Leu-Ala-Leu-Thr-Val-Al
T br et A PEb RS SN 1) foett vy e Additon or
opletetiohvef biasicaminewacid casidues, dydrophohictaminaaciggesidues,
and the like, as illustrated by the underlines of the sequence
PSR Ys-ArG ATE-Val- QA1 ASAIRIn-BER VAR e RE ed-IRtHFdE: L e 135
prhStAlR-Sptrdla LeniMNasleu-ThrMal Alg:P1e-MatAlahefla (SEQ ID
NO: 12). Alternatively, it may be a secretion signal peptide conventionally
Brgedier Bidvisadifisge iustianténum secretedproteias 1 Furtheriore,
ecretion, signal tide may.he a signal - 19 -, peptide intrinsically
e B B peoteit A (gL afd o} AR B o
BMetibysel yI-iys-dendle-Tu-Set-Hed\rgdys4 en:Ghy-ValGlysllesAla-Ser-
Val-Thr-Leu-Gly-Thr-Leu-Leu-lle-Ser-Gly-Gly-Val-Thr-Pro-Ala-Ala-Asn-Ala
ChagbgEs s S HERR8m ot Sedtehée Phe thine-BiRjarmb$@iremea vaky
cHbe sesration:sional genideencodinanyAsequencs,can be.gotained
from, for example, a Brevibacillus genus bacterium. Preferably, they can
sefgx pbtamedbyspdcificptide having a modified amino acid

seqguence. 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-Ala-
Pro-Met-Ala-Phe-Ala (SEQ ID NO: 11) modified by the
addition or deletion of basic amino acid regidues,
hydrophobic amino acid residues, and the like, as

illustrated by the underlines of the sequence Met ~Lysg -~

Lys-Arg-Arg-Val-Val-Asn-Asn-Ser-Val-Leu-Leu-Leu-Leu-Leu-
Leu-Ala-Ser-Ala-Leu-Ala~Leu-Thr-Val-Ala-Pro-Met-Ala-Phe-
Ala (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
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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), Brevibacill @b[evis 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
choshinensis HPD31-S

tent;Laid- No. 4-278091), Breyi ill
ﬂ%&%ﬁu@%ﬁ%&%ﬁ%ﬁp P acﬁﬁj%s'rcjf:egc\s{lh?)ﬁgnﬁelﬂBB@E%W(FAEFéﬁlgHreS .

- aBR-45773) (seetJapanese Patent-L@jd-Open-Ner6-29e486)as:a templat@ o -

20[0033] For the "expression vector" of the present invention, it is

Lyrerdrrabr{ihy alg of therprorfonérseafy of Welshine-Dagafmby - Thr -Leu-
RRgLpnees, Anyalng lana. pepdde saquences,and fhe DNA sequence

encoding the protein A-25 like protein or the partial sequence of the
[protsin Alike protein should be linked operatively within a Brevibacillus
genu% acterium. - 20 -[0034 A plasmid vector is preferable as the

vector SpetiitStamplEs B GRSV aildBIE prishRE VeR T BRI Fsrese
agxpression in:adirevibagitius, genys.bactepumy. glude, Bﬁhn%tégng%@go,

pUB110 known in the art as a Bacillus subtilis vector or pHY50
Celaphfies& Paler Lafd-Open Nu: 2233682)epNY 7680 ¢Japzmesé Rategtnus

ARSI S I G e O 2
amplification by a PCR method known in the art with the
chromosomal DNA of Brevibacillus brevig 47 (JCMGQSS) (seea
Japanese Patent Laid-Open No. 60-58074), Brevibacillus
brevis 47K (FERM BP~2308) {see Non-Patent Document 10} .
Brevibacillus brevis 47-5 (FERM BP-1664), Brevibacillus

choshinensis HPD31 (FERM BP-1087) (see Japanese Patent

‘Laid-Open No. 4-278091), Brevibacillus choshinensis

HPD31-S (FERM BP-6623), Or Brevibacillus choshinensis
HPD31-OK (FERM BP-4573) (see Japanese Patent Laid-Open No.
6-296485) as a template.

(00337}

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-
like protein or the partial sequence of the protein A~
like protein should be linked operatively within a

Brevibacillus genus bacterium.
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10 Agrochemistry, 1987. 61: 669-676), pNU100 (Appl. Microbiol.
Biotechnol., 1989, 30: 75-80), pNU211 (J. Biochem., 1992, 112: 488-491),
pNU211R2L5 (Japanese Patent Lgid-cg)pgn 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
ese Patent Laid-Open No. 6-133782), pHT110R2L5 (Appl.
Microbiol. Biotechnol., 1994, 42: 358- 363), or a shuttle vector pNCO2 of

Escharighia ali and-aBreyvibagcilys geoushacterium.(Japapese Patent
Laid-Open 20 No. 2002-238569). Alternatively, a method may also be

Sused fMicl comprisss difeetly incorbbrating anlexpredsivrvectoruseful
ntajini romater and.ShineDalgarno sequence functioning in a |
f%%e\ﬁ %é%ﬂ u%s}%)grn%gssbla%rtlerfﬁlm%n%ragﬁ asce}qgjglﬁée %%%ggir:&éaacﬁl%ﬁiﬁ%f
126 lInteesstorta gene fragmest cofainngthese seauances infathert as =
chromosome and causing the expression of the protein of interest

BRfeiphtidSe Pakint LAft-OperHNo 0 FIE698). ShibhReARFod RIS HetRed.d -
oBBANRIN the-aten3t - WilNeh hias aigadnbeen Bsed fr Bagllis syl

and yeast. [0035] In the present invention, a protein e protein
4 prdteirdonsistiiy 4% alpafiial segueace tHeredfanay begweducersin, either

ecreted.or non-secreted form and preferably, is produced in a form
P thé%rog#ed? lgh o & cuftu edgci%ﬁ‘t’lor]?I fnp@?n’r?s%‘?g§ gPedphrifioind and

Aprofeaion:10836] 1987. 61: 669-676), pPNU100 (Appl.
Microbiol. Biotechnol., 1989, 30: 75-80), PNUZ11 (J.
Biochem., 1992, 112: 488-491), PNU211R2L5 (Japanese
Patent Laid-Open No. 7-170984), pNH301 (Shiga. Y. et al.,
Appl. Environ. Microbiol. 1992. 858: 525-531), pNH326,
PNH400 (Ishihara. T et al., 1995. J. Bacteriol, 177: 745~
749), pHT210 (Japanese Patent Laid-Open No. 6-133782),
PHT1I10R2LS5 (Appl. Microbiol. Biotechnol., 1994, 42: 358~
363), or a shuttle vector pNCO2 of Escherichia coli and a
Brevibacillus genus bacterium (Japanese Patent Laid-Open
No. 2002-238569). Altermatively, a method may alsoc be

used, which comprises directly incorporating an

expresgion vector containing a promoter and Shine-

Dalgarno sequence functioning in a Brevibacillus genus
bacterium and a DNA sequence encoding a protein of
interest, or a gene fragment containing-these seguences
into the chromosome and causing the expression of the
protein of interest (Japanese Patent Laid-Open No. 9-

135693) . Such a method ig a method kXnown in the. art,
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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 2 Brevibacillus genus bacterium
should be added or ligated upstream oi'LDNA encoding the 15

corresponding polypeptide. [0037] 5. Transformant The present
ium transformant,

Invention_also provides a Brevibacillus.genus bacier o
V}vghl(c::%l %%%e%frl)ﬁ?gr%&ormee%él \?Vﬁ#ltﬁg’ expragdi i%c%ﬁ%ééf angy
varbifrary Brevibacillus genus bacterium is available as a host cell. The
Brevibacillus genus bacterium includes, but not limited to, Brevibacillus 25
[46t B. borstelensis, B. brevis, B. centrosporus, B. choshinensis, B.

formosyus [ wBd rus, B. limngphilus,.B..parabrevis, B.
reusggﬁ , gﬁg : %k%ggh%ﬁblégr?é?g%)r%%fyﬁhg ﬁ?gé\)/%%ilﬁjélgl}n%sp 2oteln

cragtedimiis setected:frtdmdhe graupeansistingei@ue 22« Brevibasitlugay

bbrevis 47 strain,(JOM6285), Brevibacillus brevis 47K strain (FERM
BPEFSUBICBrevIBhcRE BTéviE 47953 Sirath QEMBYT0 SBrevibailferm and

pelashingnsjs HPD st ERY BPA08() and Brevibacllus 5 «y1cure
choshinensis 5 HPD31-0K strain (FERN BP-4573). Especially, the

S Biavidasi | usbresisy , BfevibacillubrsisaA6Qo0r Brevipacilifs cation.
inensis HPD31 strain, or a Brevibacillus choshinensis HPD31-S

strain’is suitable. [0039]
For 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 bacteriﬁm should
be added or ligated upstream of DNA encoding the
corresponding polypeptide. '
{00371
5. Transformant

The present Iinvention also provides a Brevibacillus
genus bacterium transformant, which has been transformed
with the expression vector.
{00281 |

An arbitrary Brevibaciilus genus bacterium is
avallable as a host cell. The Brevibacillus genus
bacterium includes, but not limited to, Brevibacillus
agri, B.Kborstelensis, 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



10

15

20

25

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 HPB31-0K derived from 15 Brevibacillus
choshinensis HPD31 (Japanese Patent Laid-Open No. 6-296485) and
Brevibacillus brevis 47K obtained as a human salivary

By L8y peisotincig Stiain (oristt, HIEXH2 Bplpl Micrepibbaci 1lus
pBloechnpl1990-34:29%:302) ean be wsed. Alternatively, a mutant of agy

20 strain included in the Brevibacillus genus bacterium group described
4abb%e maybeuset:fBG40]) , B thel inicrodryanismiodésionibad BhaVED3 1
he Brevihacillus hreyis 47K (FERN BP-2308), Brevibacillus 25 brevis 47-5
“IFERN B(%Q-EE%L&E ‘rxe%ién|u§“%ﬁ{zs§ﬁr‘?é’n‘g?égﬁbb§is(@w%&f@§f)?
HBravibaglus-shoshinensisHBD31 5, (HERNRBR6623).13nd Brgyibacillus
choshinensis HPD31-0K (FERN BP-4573) strains have been deposited
Bre Méirfeshbbtive 4638s3ich/ nurifisrs e iidmationeg Patertt7- 38 - or
ISM.: i ] ti Advanced Industrial Science
B%ﬁ%%%%?ﬁ%%%%ﬂ%%%%ﬁ%%?%eﬁr%%r‘ja%)se, ;ngf:_aLﬁgaé:Hi Tsuku ba,
Bieardkiz 303-B266 ¢ dajzdn)nEhe: Brevibacilussbrevis:4 - (ICME285) ahte .
Brevigacillus brevis 47-5Q (JCM8970) strains can’be obtained from Japan
{%?03“% tion of Microorganisms , RIKEN BioResource Center (JCM; 2-1,

Hirosayyan Wake, =aitama,391-0198,J8paR): 00} cient strains or

high-expression strains of the Brevibacillus genus

bacterium may be used according to purposes such. as
improvement in yields. Specifical&yﬁ a protease mutant
strain Brevibacillus choshinensis HPD31-0OK derived from
Brevibacillus choshinensis HPD31 (Japanese Patent Laid-
Open No. 6f296485) and Brevibacillus brévis 47K obtained
as a human salivary amylase-hyperproducing strain
(anishi, H. et al., Appl Microbiol. Biotechnol. 1990.
34: 297-302) can be used. BAlternatively, a mutant of any
strain included in the Brevibacillus genus bacterium
group described above may be used..

[0040]

Of the microorganisms described above, the

- Brevibacillus brevig 47K (FERM BP-2308), Brevibacillus

brevigs 47-5 (FERM BP-1664), Brevibacillus choshinensis
HPD31 (FERM BP-1087), Brevibacillus choshinensis HPD31-8
(FERM BP-6623), and Brevibacillus choshinensis HPD31-OK
(FERM BP-4573) strains have been deposited as their

respective accession numbers with International Patent
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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 bgen known that to_express a %rotein of interest, the

Chdstibiiatioh BF the protein of intefest ARF feduifisn i sBeretipR=d

Tefficiencydhereef sanbe suppiessed by dhe-actionof. achapsionequatein
or disulfide bond isomerase 20 and/or proline isomerase. A method widely

Sattémpted 3@ ieiHod dtprising allbwirgprotedi(B) Ravifig disubfide .

aXidgtion: i tiyity such as P ejn disulfide isomerase
D Db A o8 & baVAR o I drea oS bate A T Skt

bNesi63284796 andvis 25386986k {0042} an Rusthesmoie.amethed Sapan
alsp known, which comprises introducing a gene encoding a protein

CRAVIRGiSHdE ST FeRitiSRActiviR ik 'a BbSRERHAIIR aRant ey

(geausingine goeNgasion Rl ApIoleln sLiplerest and, fieproleig haying
disulfide oxidation-reduction activity to thereby produce a protein-having

[ @BAreet disulfide bonds (Japanese Patent Laid-Open No, 2000-83670,

Na 'onal? Publicati%n of Interpational Patent Application No. 2001-

514 eﬁ:;on O protein expression

When a heterologous protein is highly expressed in

6

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
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
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-
336986) . |
[0042]

Furthermbre, a method is also known, which comprises
introducing a gene encoding a protein having disulfide

oxidation-reduction activity into a host organism and
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[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-prgmoting enzymes such as chaperone
- proteins, disulfide bond oxidoreductases, and/or disulfide isomerases may
also be coexpressed during the protein expression in order to reduce
h d X [ve.protein synthesis.and
cgr%{ggﬁlﬁ yogg%iegg%r tgé%%s%qu%?tio%bgs%g%eﬁ%gﬁ;%s%:ﬁeﬁc%grc% |%s I;&i the
pihat ésiinvbbretlriy pidteinldisdiidehodds and hasdeenibaughtioberdg to

rotein disulfide isomerase analog (Bardwell, J.C.A. et al,, Cell. 1991. 67:
t@%%%@; BEUN RamitAio8 Tt Al PENIBY. FOIg9C 1195782) aAg/oponds

(ghansrene pﬁsa@é‘@&%%@@@%@ﬁ, kRBaJd cang, Ginfe (apanese Satent

Laid-Open No. 9-180558) can'be coexpressed during the protein
Peakdressiohdn aoBreviiaeitius igenus baBtariemt. |Apotitionrion No. 2001-
5504(1igg-propc ting enzyme(s) such as an 25 enzyme PDI involved in

correct’poﬁy‘p ptide disulfide bonds (Japanese Patent Application No.
[80@3-p67367), disulfide oxidoreductase (Japanese Patent Laid-Open No.

2003-169675) (Kontinen, V, P. et al., Molecular Microbiology. 1993. 8:

727-F97), hha/craisigriel ons Qisdherdeeianibe axpréssedprotein or

pRlpigneoysly; with I Brft%i” %ﬂﬁ%@é’ L‘g%l?é Improve secrgtion
efficiency. [0044%/7. ansformant 5The Brevibacillus genus Bacterium
acsed@saghost 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
caused by excessive protein synthesis and smoothly
achileve 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;

and Kamitani. 8 et al., EMBO. J. 1992. 11: 57-62) and/or
chapercone proteins such as DnaK, DnaJ, and GrpE (Japanese
Patent Laild-Open No. 9-180558) can be”coexpressed during
the protein ekpxession in a Brevibacillus genus bacterium.
In addition, folding-promoting enzyme (s) such as an
ehzyme 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
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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

L fiited 38 Ford is R Tamr Proates theproteih e Brofeif dr brofs
peeRsisting-of a patial sequencedhersal at-highefficiency.and high-yields,,

Specifically, carbon and nitrogen sources such as glucose, sucrose,
[8R/eédol, 20 polypeptone, meat extracts, yeast extracts, and casamino
7acidl,can b% en;rplo ed. In addition, the medium is supplemented, as

. Tans TINATY . . .

requwecjﬂl With Inorganic salts such as potassium salts, sodium salts,

phosphatezmagnesitiiny $alts, Feanganesersaitsaina salis .andirepsalts.
When an 25 auxotrophic host cell is used, nutritional substances

Chéleddary st RGBT mdsEadaEd BiftelosMoraardOERftlofits Silich
m@ssaicinenytixamyein, chloramphenical, gad ngomyciny may also be

added, if necessary. Furthermore, a variety of protease inhibitors - 26 -
Bknowniwihe aggthat iss phenylmetharst sylfariybflueridex(PM8FLakagi et

genzamidine, 4-(2-aminqethyl)- benzenesulfonyl flugride (AEBSF)

2D nfi P& Elymastafiir, Bdpeptin pepstBh A pHosBHoramiasn, Sorotinii®®

3 8605 ethylepgdianipgieiaaceiearit (FRTAL ANdMEathecommersially, .,
available protease inhibitors may be added at appropriate concentrations

1 9% drd et 1o 8tpprelsehe dbgeatatiBi antdow-falecal@fizafion ofthewn in

uQéOt&i&Qf interest by host-derived protease present within and

[0045]

A medium used for-culturing the obtained
transformant is not particularly limited as iong 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 gludose; sucrose, glycerocl,
pelypeptone, 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
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'aléo be added, if

necessgary. Furthermore, a variety of protease inhibitors
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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
kpeotein 20Accerding to @@a@fﬂg%qiniﬁf%%ﬁﬁk@t@ﬁﬁ%”@ﬂ\{%}gﬂl a large
amount of the protein A-like protein or protein consisting of a partial

tduquerite thBMYF Is alivwethipiaticumulate(Gutsiderut eidpacterial cell,
is, In the.culture ernatant, ring the.25 transfoimed .
bgﬁggﬁésl¥%o%i£ Efﬁorlg%TﬁgﬁﬁggH %un: ch Eﬁf&ﬁh

1l =]
Brevibacillus ge bacterium. Therefore, the pro%é?ln can be coifed

1pugigd van petivedarm-ram theeulbiresupematantafhe protein  and
remaining within the bacterial cell and on the bacterial surface can also be

e bRirdcea birdidrpting te BaGsdemasia -(EPTRethduw&Wn #fterart,
; ilizi [ s,.ar alkalin
o A A oaane MREes LD RSy S
& ysemp aqurotein pukfication tmethdd:knowm inthe art: tor example,s the
salting-out using ammonium sulfate, sodium sulfate, or the like,

AR IhEERA W ethaR o AEEINEbr- A ik alll aRicRFaFein of
ighearaatographydeehrigues,sechas ek filration dan exchangg and

hydroxyapatite, and chromatography techniques
without the bacterial cell.
[0046]
A culture temperature is approximately 15 to 42°C,
preferably approximately 28 to 37°C. It is desirable
that the culture should be performed aerobically under

aeration-stirring conditions. However, the transformant

may be cultured anaerobically with aeration blocked, if

ecessary.

[0047]
8. Acqguisition of protein A-like protein-

According 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
ig, in the culture supernatant, by culturing the
transformed 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
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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 sexpression vector” 15 of the present
invention, can stably express the prot2e|n and secrete and accumulate the
protein in large amounts into the culture supernatant. Specifically, the

g%@lsf Lmant is cultured in_an appropriate medium and can thereby_ | |
msecrg'% gnrj({:f)gélcujfﬁlulg &info the E% %reeﬁa@a Erna"far[ﬂ?yfﬁ%e%%&&ﬁtl&g

uactivedgaratein Adhakappears aroyneea goleculan weight of 49,08040
50,000 in SDS-PAGE. The process for producing the protein according to
L rdmBodiments @ afichiovech WERIGHat |62t dpproximafelyeds0 mg/L

e« pheylture selytion, 25 preferaply a imately 200.mg/L of cultur

esolution, mo:% pre?é?ably approﬁ’n?é)tl[e% 500 rﬁlél/]ﬁlo%lc% Lﬁ%eoélolﬂlt%r?or%ost
kpreferably approxinmatel§d008:armpare, Mgl eficidtuse: soldtiamaT hewield um
So1)f Eourse, may, differ depending on culture conditions, and so on. - 28 -

R} 6. InirdBiiZatoh SFjBteirtiké Brotéinnto HRRETRAHR It With

e PFRSEBL INveption,fepresentative expmples,of 5 a;hase matrix' for
immobilizing thereon the protein-like protein or protein consisting of a

Cafied sequariethe fedfiiricites betnbt kmited o, fidrganic base matrix

< 2UERAS ACUIYE 600D, dlaps Peads, A BICRIELSYUDEL PEMIISELs

utilizing the antibody-binding activity of the protein,

and/or the affiﬁity of the protein.

[0cag]

The Brevibacillus genus bacterium transformant,
which has been transformed with the “expression vector”
of the present invention, can stably express the protein
and secrete and accumulate the protein in large amounts
into the culture supernatant. Specifically, the
transformant is cultured in an appropriate medium and can
thereby secrete and accumulate into the culture
supernatant, a large amount of active protein A that
appears around a molecular weight of 40,000 to 50,000 in
SDS5~-PAGE. The process for producing the proﬁein
according to the embodiments can achieve a yield of at
least approximately 150 mg/L of culture solution,. ‘
preferably approximately 200 mg/L of culture solution,
more preferably approximately 500 wmg/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.
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10 polyvinyl alcohol, crosslinked polyacrylate, crosslinked polyacrylamide,
and crosslinked polystyrene; organic base matrix consisting of
polysaccharides such as crystalline cgfjulose, crosslinked cellulose,
crosslinked agarose, and crosslinked dextrin; and organic-organic or
organic- 15 inorganic composite base matrix that may be obtained with
[eeldgse, polyvinyl alcohol, a saponified ethylene-vinyl acetate copolymer,
polyacrylamide, polyacrylic acid, polymethacrylic acid, poly(methyl
“methagtaid)i pelyactylio ciergradted pbiyethylend giolyaorylanide<20
o r%agqtle}g; polyethylene, glass, and combinations thereof. Preferably, the
ase matrix is selected from the group consisting of water and synthetic
polymef comepqindsstieh asvaien 8nnYIoR 6.6 smiantlpolyethylenes of
poly(vinylidene chloride), poly(vinyl chloride), 25 poly(vinyl acetate),
apé‘%@@?eﬁ!@}%@gfr’énéemwﬁbhé%b@@lyﬁ@;f@@%rﬁz@imm&@né,ike
B o Y S0 RO (S0 e
terephthalate), polypropylene, poly(methyl acrylate), polyacrylic ester,
thelyéméthihmbthberylaie), n29 -lpolymethacty)ic astergaross|inese
olyacrylate, and crosslinked polyamide. Any of spherical shape, _
m%:: 81 SapE %?Héfrﬁb%ﬁé%%pe?ﬁﬁr%%s%ﬁ%: h&fv-Ribrotsa
g&hapeanddbe Jike can hrused gffeclivelyasthershape ofthe basg . o
matrix. The spherical or granulated shape is used more preferably in
Peerisistvad sokstiorPerforaeed Inted the Wwaerinsatuble pomeslinked
rial | heyical or granulated in shape, its average particle size is
p%?r%%‘gel#a%@ %81 %ip%r’ox?rﬁgte?yrg Sg"?r’r?%(%1 %8%8 i, %?otrglp%relfgefakﬂgfganlc base
mapploxinaiedi 2@ im800 gnpangsiprefesalinappeximataly 3046680 Pone
c%0050 In the present invention, the protein A-like protein 15 or protein

OHELRTS of §PARRE LB FehCrthttedt FRay K& Rfifbbhsed GHEs R Iase
ariatix hoseugh cavalent:arinpncovalegtband forexample. atfinty.gani c-

_association, antigen-antibody reaction, hydrogen bond, or conjugation.
LGIEBVELS teomirsiilizatiorsentoalie base hadtrimeanlbe cobtained with

cellulose, polyvinyl alcohol, a saponified ethylene-vinyl
acetate copolymer, polyvacrylamide, polyacrylic acid,

polymethacrylic acid, poly(methyl methacrylate},

-polyacrylic acid-grafted polyethylene, polyacrylamide-

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),
poly(vinyl acetate), polystyrene, a styrene-
divinylbenzene copolymer, styrene-~divinylbenzene,

poly (trifluorocethylene), poly{chlorotrifluorcethylene),
poly(ethylene -terephthalate), polypropylene, poly (methyl
acrylate), polyacrylic ester, ?oly(methyl methacrylate),
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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 inhe 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.

951k + hadhe immunoglobulin-adsorbing mediu obtaineg the

ﬂgogﬁ%ﬁng &E)%?eﬁggof%%%%ése%¥ ?nsvsé%ﬁ g% ilas%p r%%r%%ﬁ/ry 6%a’vaﬁ§61e

caza mediimdoptheypurifitationzafymeunsglebulinapartisdlady 19G.
Moreaver, it ma})?/ also be applied to disease treatment such as the

SERABVER R G RERbl06d Pladhta il BREmBIRRTE05 £]1 DT Hdfei AfEEthe
h@r@ggﬁigg%w@%@gsc&@gdtﬁggcqigﬂlg/ o the basis of Reference

Examples and 10 Examples. However, the scope of the present invention
et intgrded tosbe limitetdpsheni. Taprastice the.preisent imygntion,

o com.binaint DNA preparation and procedures were performed according.
%%%E%Sﬁ‘owiﬁ’gf &58%1%?850@} fest b dSated (Ef Fraply in

tManiatiseEaBsbiitseh oh SamkronksrdalecularLloring/A, L aboratory
~Manual" Vol. 2 (1989), Cold Spring Harbor Laboratory (US); and (2) ed. M.

1RRPaMELSH, PPEBrRaSIYIRaRad fésGepbrEngiheonng ol 341886)i n
sﬂggg%e%ts average particle size is preferably
approximately 5 pm to 1000 pm, more preferably
approximately 20 to 800 um, most preferably approximately
30 to 600 pm.
[0050]

In the present invention, the protein A-like protein
Oor protein consisting of a partial sequence thereof may
be immobilized onto the base matrix thorough cdvalent or
noncovalent bond, for example, affinity, association,
antigen-antibody reaction;” hydrogen bond, or conjugation.
Moreover, the immobilization onto the base matrix can be
simplified by subjecting the protein to molecular
modification such asg the addition, substitution, and/oxr
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 bage matrix by introducing,
for example, a cysteine residue, into the protein A-like
protein molecule.
f0051]

The immunoglobulin-adsorbing medium obtained by the

producing process of the present invention is preferably
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20[0053] (Example 1) Cloning of DNA sequence encoding protein A
derived from Staphylococcus aureus ATCC 6538P strain
Staphylococcus aureus ATCC 653§P350tra_ins 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

agpél{leg%glfrom the obtained cgfture golution b{ﬁ:entrifugation and then
Washed wics With 10k Fris-pic 1 Bt Sohdtibre(ptP8 oY The bacterial

ieellsweresyspendedinthe same-huffar ¢ 31 1poldian. then lysgdwithy ¢4
1% SDS, and heated at 60C for 30 minutes, followed by total genomic
beNARsxdtiRdol Dy Sigfdtd nicthadssuch asphens exlactioneandl of

anql precipitation. 5[0054] Next, two oligonucleotide primers 5'-

RS R e o
5-CGGGATCCCTAAAATACAGTTGTACCGATGAATGGATT-3' (SEQ ID

NO: 6iwere prepared on the basis of the DNA sequence 10 information of
Eg@Widfein A gene (Non-Patent Document 6). PCR using these two
raligenycleotide primers was performed with the genomic DNA as a

template to amplify a DNA fragment (approximately 1.2 kbp (kilobase

pair))fecetlingf ter, the present invention will be described

specifically on the basis of Reference Examples and
Examples. However, the scope of the preseant 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.
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.
(00531}
(Example 1} Cloning of DNA sequence encoding protein A
derived from Staphylocoécus aureus ATCC 6538P stréin
Staphylococcus aureus ATCC 6538P strains were shake-
cultured overnight at 37°C in a T2 liquid wedium (1%
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-HCl buffer solution (pH B.0).

The bacterial cells were suspended in the same buffer
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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 DMA frayment was digested with
restriction enzymes Ncol and BamHI and then separated and 20 collected

with an agarose gel. [0056] On the other hand, a Brevibacillus
Appl..Environ. Microbiol,

pression vector pNH301 (Shiga. Y, et al., -
N g’é‘b 45%1?522%%) %I;éséea sd' digasted with res?ﬁ]&io]ﬁeéarﬁ?‘fjn@st2§ Nol £or
3andhBamtiandrihen pusifiets and selectedniohowedipy dephesphorviation
treatment by alkaline phosg::atase treatment. - 32 - [0057] The

SEPAGEO I BRASH SYTREnEdh Pk ESbreasisin vEcierpRPB oL themed
pwith 1he restriction enzymes were ligated with use of T4 DNA ligase to

construct a SPA 5 expression plasmid Spa-pNH301 (Figures 3 and 4;
[8EEXID NOs: 7 and 8). In Figures 3 and 4, "MWP-P5" denotes the P5
promgter region of a_Brevibacillus brevis cell wall protein MWP, "SDM"

denotes the ST Se{UeiFRBITHE Brévibadlifid 6reviscell wall protein
TR CBRdenotes 0 the signahpeRrtisierraauence of thesBipvibaGis )
aI?&eVEISS' ~CGGCATCCCTAAAATACAGTTCGTACCGATGAATGCGATT -3¢ (SEQ ID
NO: 6} were prepared on the basis of the DNA sequence
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

except for the signal sequence (S domain) and a portion

of the cell wall-binding domain (X domain) .

Jooss]

The obtained DNA fragment was digested with
resﬁriction enzymes Ncol and BamHI and then separated and
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

Ncol and BamHI and then purified and collected, followed
by dephosphorylation treatment by alkaline phosphatase

treatment .
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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 replica_tiogzorigin of the vector pNH301. In
Figure 4, 15 fIP5-35" and "P5-10" denote the -35 and -10 regions of the
P5 promoter of the Brevibacillus brevis cell wall protein MWP,

tively. This Spa-pNH301 was used to transform Brevibacillus brevis
47K or Brevibacillus choshinensis HPD31-0K strains by a method known
in therars. 20{0058]cXampler2) ProteimAraxpsessiaitesewifie ssion
Brevibacillus %enus bacterium The transfoimant obtained in Example 1

VG A BRbH U CRRERMe LB IHED S ORSStalT bi6H as B eBntreIr e
1 yhigh.had,only the vegtor pNH3OL, i"fg%é@p%@teé%ﬁ%&l‘{fsggt;%E?r 3

days under aerobic conditions in a 3YC production medium (3%
epplypeptome $,16.580 yeagt@xprEet; 8% dbtose;£:0100MgoQe7H2Q 1D
N:S)'O-l%? CaCl12- HZOI 0.001% MnS04H20, 0.001% FeSO4-7H20, 0.0001%

753 .7 7RBB487 120 BHIZ BPSGhldmBRE dwith B RigiE heSRTyeRE THghe
pruliwgraldionsayerecentrifioed £10,090 fam, 4CH2- 819 tadherehy s 1

remove the bacterial cells, and the resulting solutions were then subjected
PEeSHSPRGE by 0¥ tateiard- methidtutdersedustiopeconditidns using

= 3422000 SISO LI equenp e 0 S SR,
tranadybim allatgeramounieidtiRA couldhe senfismetin the culti¥e b revi s
cesggew;{%ntgggq:eg ihl%%%%g] “spa” denotes the DNA seguence
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,
“P5-35" and “P5-10" denote the -35 and -10 regions of the
P5 prowmoter of the Brevibacillus brevig cell wall protein
MWP, respectively. This Spa-pNH301 was used to transform
Brevibacillus brevis 47K or Brevibacillus choshinensis
HPD31-OK strains by a method known in the art.

f0058]

(Example 2) Protein A expression test with Brevibacillus
genus bacterium

The transformant obtained in Example 1 and a

Brevibacillus choshinensis HPD31-0OK strain used as a

. control, which had only the vector pNH301, were

separately cultured at 30°C for 3 days under aerobic
conditions in a 3YC production medium (3% polypeptone S,
0.5% yeast extract, 3% glucose, 0.01% MgSO,7H,0, 0.01%

CaCly-7H0, 0.001% MnSO0,4H,0, 0.001% FeS0,7Hz0, 0.0001%
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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 StaphyI%Cé)cgus aureus described in
Example 1 is used 15 as a template to amplify a DNA fragment by PCR

using two oligonucleotide primers 5'-
TTGC CATGGCTTTCGCTGCGCAACACGATGAAGCT-3' (SEQ ID
K :é')];z%ﬁ G L CEOATE TS PR CECRCEACE S (SEQTHND:

W Or&:CGEECATICETCAAGRTATATAGTIAAAT-3) (SRR IDNO: 4oc,
10)..20 The obtained DNA fragment encoding protein A is ligated between

thi Ntol ahtt BFSesTSTENIS30T By i rettictidestibed inEkafipie
o RIevibagillus, bravis, 42K o PéE\éB%‘}l"%%%'éoéme&‘S%HBﬁ’élé%x%g by a

strains are transformed with the obtained plasmid to obtain a 25
Sransfeirrannciiis tansfdemantidwottired myotheidtdtone metHady 10 to

escribed in Example 2, followed by the confirmation of protein A secreted
“hto l%léacuﬁﬁ%tsﬁgtllron }3‘% Qz[oﬁg:ﬁc(ﬁﬁ%%@)gﬂﬂﬁas&%?n&ﬁ]ofwas

saniihedy-hinding abiitt of pretaia Bypreduced:by Bspwbagiles qenlsire s5) .
bacterium To confirm whether SPA produced by the transformant
£6btained IR Exafpl &R haPéitibeay-birrding abilibanepusamount of SPA

could be confirmed in the culture supernatant thereof.
[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
as a template to ampiify a DNA fragment by PCR using two
cligonuclectide primers 5'-
TTGCTCCCATGGCTTTCGCTGCGCAACACGATGAAGCT -3 (SEQ ID NO: 5)
and 5'-CGCCEEATCCTTATAGTTCGCGACGACG-3"' (SEQ ID NO: 9) or
51 -CGCGGATCCTCAACGTATATAAGTTAARAT -3 (SEQ ID NG: 10).

The obtained DNA fragment encoding protein A is ligated
between the Ncol and BamHI sites of pNH301 by the method
described in Example 1. Brevibacillus brevis Q%K or
Brevibacillus choshinensis HPD31-OK strains are
transformed with the ocbtained plasmid to obtain.a
transformant. This transformant is cultured by the
culture method described in Example 2, followed by the
confirmation of protein A secreted into the culture

solution.
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anti-human IgG antibodies and alkaline phosphataselabeled rabbit
anti-mouse 1gG 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
{%H%jé supernatants were subjected to SDS-PAGE and then transferred
to a PVDF 15 membrane by a standard method. The membrane was

(mecked with 3%mskimmedailk. An antibogy binding.teshwasiconducteds
according to the method of Fahnestock et al (Fahnestock. S. R et al., J.
PEECRB]. A 9BE T85! 796D BOEY. Detbeth HS peaottiedWthani AR color

20 deyel £.Kit ( by Bio-Rad) according to the instructio
e, B et A Rt =

manual. As a result, no ban
obily the dedtor piBBp1aisediasia sampacativelcontohOmthelather, hartise
strong color development was observed at the same 25 mobility as that of

SBph WHAE ar8lind-45 KpRethaf had exhibitad Aark Bafre A iS5 S PAGE

1BBEREG stainipg Horthe;ransiaunaninaying;the ShA exRressipnyecty
SpapNB301 (Figure 6). In Figure 6, "M" denotes a molecular weight

Caidikert "e" Bénctésthe-kame .of the Brevibacillus - 35 -

[Bla%ir]inensis-HPDSLOK strain having the vector pNH301, and Spa
denotes the lane of the Brevibacillus

The Brevibacillus choshinensis HPD31-0OK strains
having either the Spa-pNH301 obtained in Example 1 or the
PNH301 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
membrane by a standard method. The membrane was blocked
with 3% skimmed milk. 2n antibedy 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
development kit (manufactured by Bio-Rad) according to
the instruction manual. As a result, no band wag
observed for the transformant having only the vector
PNH301 used as a comparative contrecl. On the other hand,
strong color development was observed at the same
mobility as that of SPA, that is, around 42 kDa that had
exhibited a dark band on SDS-PAGE by CBBE staining, for
the transformant having the SPA expression vector Spa-
PNH301 (Figure 6). In Figure 6, “M” denotes a molecular

weight marker, “C“ denotes the lane of the Brevibacillus
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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)

ng?én truction of Brevibacillus expression vector pNK3260

_ A
TS B praadio Bt RS2 65 i Eohfucted Se deiBed -
delowby changing.a MWPR5, promoter, confainedn PNE326 (Ishihara. T
et al., 1995. J. 15 Bacteriol, 177: 745-749) to a MWP P2 promoter. [0063]
Arcrirt POR L8iNgRRDIolgBnatisatide prmerg5the SPA expression

GAATTCTG C GCATTCTACA-3' (SEQ ID NO: 13) and
B O P AT AR S78E T RO 05 WAt rehor e 5
prith pitii326tas a templataittaamplify gnpard of BNHB24 axseptifor e kpa

MWP PB#Jromoter. The ends of the amplified fragment were digested with

DYeRHILEBH ey’ BRI BhadHindHis Neke shdassie-5¢aladd bk
fragmeni confaining.a MWE RZ gromarer o' 2 -

s e s R TTTTGATT(%%%%%E@%C@%{?P&A%%%

a@ATBIBADIGAing activity.
%ﬁEA:%CGGATAACAATTATTCTGCATGGCTTTCCTGCGAAAGGAGGTG

GCGCTT _

(Slete A éT&C' CEGGFHAMAGCAANATAGAT T AMCAREAAM AT TCC
CCAAGAACA

VATFPE TR ETGGAGGAGGAGAACACAAGGTCATGAAAAAAAGAA

GGG

CAGTg‘%‘%@é‘%&S%ﬁ’%lfééﬁ%ﬁé?%%ﬁmé‘&%c‘f‘FFACTGT

COGETMCECAd as described below by changing a MWP PS

promoter contained in pNH226 (Ishihara. T et al., 1995. J.
Bacteriol, 177: 745-749) to a MWP P2 promoter.
[0063]

At first, PCR using two oligonucleotide primers 5f-
GGAATTCTGATTTCACTTTTTGCATTCTACA—3‘ {SEQ ID NO: 13) and
5" -AGTGCACTCGCACTTACTGET-3' (SEQ ID NO: 14) was performed
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 enzymeé
EcoRI and HindIIT. Next, a double-stranded DNA fragment
containing a MWP P2 promoter 5'- |
GGTACCAATTGGCGCCGCAACTTTTGATTCGCTCAGGCGTTTAATAGGATGTAATTG'
TGAGCGGATAACAATTATTCTGCATGGCTTTCCTGCGAAAGGAGGTGCACCGCGCTT
GCAGGATTCGGGCTTTAAAAAGAAAGATAGAT TAACAACAAATATTCCCCAAGAACA
ATTTGTTTATACTGGAGGAGGAGAACACAAGGTCATGAAAAARAGAAGGETCGTTAA

CAGTGTATTGCTTCTGCTACTGCTAGCTAGTEGCACTCGCACT TACTGTTGCTCCCAT
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-36 -
GGCTITCGCTOCAGGATCCGTCGACTOTAGACTCGAGGAATTCGOTA
CCCCOGGITC GAAATCGATAAG“CE' CTOT-3 (SEQ ID NO: 15) was
prepared according to a standard method, and the ends thereof were
digested with restriction enzymes Muni and Hindlll. 5 These two DNA

: I | T4 DNA ligase to construct pNK3260.

B e A e

chamrStaphylosocaustaureys Cayvan ksirain 106JGM24729)+epkotaky
genomic DNA was extracted from Staphylococcus aureus Cowan | strains

améi?@) ihthé s&renvay gs it ERample RO Eets 8l Srveisstiflewere
a® Gé%gévéjﬁ%58%%&%&?&0%@5%@@&11&%5?8%%\%-3

T{SES 1D0tb N 16 agddirts were ligated with use of T4 DNA
CGGGATCCCTATTTTGGTGCTTGAGCATCGTTTAGCTTTTTAGCTTCT
L EEERARRTICPRE B SEGNB MG 17) were prepared on the basis of the
[ PNA pequence infoLmation of the protein A gene (Non-Patent Document
2). PCR using these two oligonucleotide 20 primers was perfolmed with
(Frageaemic DNAcasia eemiflaidifo ampliffrecPNévfraghient protein A

approximately 0.9 kbp) encoding a part (hereinafter, referred tq as SPA)
A Y SRR (B REre o GMA) A L
(sn@alizhinding domain (X domain). The obtained

Total genowmic DNA was extracted from Staphylococcus
aureus Cowan I strains (JCM2179} in the same way as in

Example 1. Next, two oligonucleotide primers 5'-

- TTGCTCCCATGGCTTTCGCTGCGCAACACGATCGAAGCTCAACAA-3 Y (SEQ ID

NO: 16) and 5'-
CGEGATCCCTATTTTGGTGCTTCGAGCATCCTTTAGCTTTTTAGCTTICTGCTAMAATT
TTC-3' (SEQ ID NO: 17) were prepared on the basis of the
DNA sequence information of the protein A gene (Non-
Patent Document 2). PCR using these twe cligonucleotide
primers was performed 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
DNA fragment was digested with restriction enzymes Ncol
and BamHI and then separated and collected with an

agarose dgel,
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25 DNA fragment was digested with restriction enzymes Ncol and EamHI
and then separated and collected with an agarose gel. - 37 - [0065] On

the other hand, the Brevibacillus e>5prer§sion vector pNK3260 constructed

in Example 4 was also digested with Festriction enzymes Ncol and BamHI
and then purified 5 and collected, followed by dephosphorylation

%egaé ent by alkaline phosphatase treatment. [0066] The SPA'-encoding

NA agment and the expression vector pNK3260 after the restriction

enzyrng treatment:L0-were, igated with,use; of T4 PNAligase to.construct
a SPA' expression plasmid Spa’-pNK3260 (Figures 7 and 8; SEQ ID
IRO5©18 BNEA OInarig Eites = ardi 8 1 TMArRIPRL ¢lefotesssthe Popdinster ed
Jegion of the Brevibacillus brevis cell wall protein MWP, "SDM" denotes .
e B e B e S e Shote A o0
aifiP"cdenetes eanodifiedsignal peptite.seayansenartialbynmediiedfan by
the signal peptide sequence of the Brevibacillus brevis cell wall protein

277, S paP HRABRRAE DA S8GIERe encoding SPA', "Nm" denotes

0856

The SPA'-encoding DNA fragment and the expression
vector pNK3260 after the restriction enzyme treatment
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, “MWB-P27
denotes the P2 promoter region of the Brevibacillus
brevis ceil wall protein MWR, “SDMY denotes the &D
sequence of the Brevibacillus brevis cell wall protein
MWP, “SP'” denotes a modified signal peptide sequence
partially modified from the signal peptide seguence of
the Brevibacillus brevis cell wall protein MWP, “spa’”
denotes the DNA sequence encoding SPA’, “Nm” denoﬁes the
coding region of a neomycin resistance gene, and
“Rep/pUB110” denctes 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.

[0067]

This Spa’-pNK3260 was used to transform

Brevibacillus choshinensis HPD31-0OK strains by a method

known in the art.
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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 M P, 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
{8) B&havior of protein A in culture solution expressed and secreted by

(Brevibacillus genusRacterium Thetransformant obtaipgddn Example,n

was cultured 5 at 30C under aerobic conditions in a 37C production
RIS poly pEstoRe Sl 005%east bxtraict 13% glavuse, 1ta01%r iumn

MgSQe7H20, 0.01% CaC12-7H20, 0.001% MnS0e4H20, 0.001%
oSO O R 0T a0 LBE f auiiiRARch Witk 60 M=
apeguwcinnEhecyire soltionywas-sampled 10.aftar24, 434,42+ ang, 78

hours from the initiation of the culture and centrifuged (10,000 Lpm, 4C, 5
A Yo théreby PeRTBTE B Badterifl-Ctls YaTd therestRMg sohftiohs ucose,

o viere tensubjeciod (9 SOSRAGE iy a stangayg metjod ynder geduction
conditions using“10 to 20%
0.001% FeS8047H,O0, 0.0001% ZnS0,7H,0, pH 7.0) supplemented
with 60 mg/L neomycin. The culture solution was sampled
after 24, 48, 72, and 78 hours from thé initiation of the
culture and centrifuged (10,000 rpm, 4°C, 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%
gradient gel. After electrophoresis, the gel was stained
with CBB to thereby detect a SPA’ band (Figure 2). In
Figure 9, “Lane No._l”:denotes a molecular weight marker,
"Lane No. 27 denotes a lane showing the migration of 0.52
ué of protein A (rPA-50; manufactured by Repligen) used
as a control, “Lane No. 3" denotes a lane showing the
migration of 1 ul of the culture supernatant of the

Brevibacillus choshinensis HPD31-OK strain having the

SPA’ expression vector Spa’ -pNK3260 after a lapse of 24

‘hours from the initiation of the culture, “Lane No. 4%

denotes a lane showing the migration of 1 pl 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 pl of the culture

supernatant thereof after a lapse of 72 hours from the
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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. % denotes a lane showing the
migration of 0.52 jig of protein A (rPA-go;_manufactured by Repligen) used
20 as a control, "Lane No. 3" denotes a lane showing the migration of 1 |

1 9f the culture supernatant of the Brevibacillus choshinensis HPD31-0K
Strain having the glﬁi gkb]?é:é?fﬁ'( vELtor SPARINK3266 afteFEP45se 6

14 boyrsframdheraitigtien-afthe,cultyre, "L, ane No. 4 25, denojes a lane
showing the migration of 1 IA of the culture supernatant thereof after a
S Wpge ot B8 Hors $iene thetifilfigfiort of tHesculife 78 aheNG: SPuienotéssa

i?ﬂ?ﬂ@%ﬁg g};:‘zgkil%ragag Q‘fl 1 121 of the culture supernatant thereof

after a lapse of ours from the - 39 - initiation of the culture, and "Lane
[ N6 87 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

cultufe® SF0GEY N a vds SHEP e brahiis, BPK o intéresehrst
weXpessed i lasge amounts.on 48 hours after;the jnitiation of the gylture

(Lane No. 4) and showed increase in concentration from then on. Finally,
igitiation of the culture (Lane No. 4) and showed

increase in concentration from then on. Finally, it
accumulated at a concentration of approximately 2 g/L in
the culture supernatant. The concentratién'of SPAY in
the culture supernatant was measured with a ChemiDoc XRS
system (Bio-Rad) by using the band of 0.52 ug of protein
A (rPA-50; manufactured by Repligen) migrating in Lane No.
2 as a control.
(00701
(Example 7) Confirmation of N-terminal amino acid
seqguence of protein A produced by transformant

The SPA" band seen around a molecular weight of 33
kDa in Lane No. 6 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
subseqﬁent seguence in the amino acid sequence'of protein
A represented by SEQ ID NO: 2, demonstrating that the
secretion signal seqﬁence was acéurately removed.
[0071]
(Example 8) Antibody-binding activity of protein A

produced by transformant
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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; manufactited 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 §E& &r&%d%ﬁngﬁé@ﬁ&ﬂﬁéﬁ@%f@s 20 KDETHILANENS B fifthe
opRRRAGEgelshownp FHowe Pavas.analyzed for ftsN-tesminal, o o
10-residue amino acid sequence according to a standard method. As a
aresub, thissseglenée was consisteritavthithe3¥7th Aa andithegabsequent
%Cﬁjence in the am{iro acid sequence of protein 25 A represented b}/ SE%
T RE 2OdEmBREraling e e ST etidNSgRarseqtirre pgees) an
sagoaratelyepipved: [007 1 (Bxmpie 8)kntbody-binding activtysof,
protein A produced by transformant - 40 - One-L of the supernatant of
9& *tfGresonitiontoltaihed Hemt78-BodRAltufepetformedasthecshhsted,

as.i mple 6 was subjected to cation-exchange chromatography
R e R e S e Ry S R
ssqdiamaciigrideneandesntraion geadieriad pH 404 Nexba-8PAdfragtion to o
was collected, then subjected to hydrophobic chromatography

M(ﬁ%%%ﬂéﬁﬁa%@e‘? HiflelSHBAPBIbSEEACES) JaAd 58paratéd B 1T @-M The
semManiumsplfate concapiratian-gradiant at phl ZLerTQSbj ected to gel

- filtration chromatography (HiLoad 16/60 Superdex 75 pg;

Awmersham Biosciences), followed by the collection of the-
SPA’ fraction. Approximately 100 mg of 8PA‘, which
exhibited a single band in SDS-PAGE, was prepared by
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 pg/mL with a PBS buffer soclution
(Takara Bio'Inc), and 100-ul. aliguots thereof were
dispensed to a 96-well immuno?late (NUNC) . After
reaction at 37°C for 1 hour, the plate was washed twice
with a PBS buffer solution (250 uL) and blocked overnight
at 4°C by the addition of 250 pL of 3% bovine serum |
albumin/PBS solution. Subsequently, 100 ul of 25 ug/mL
human IgG (Sigma) solution preparéd with a PBS buffer
solution containing 0.1% BSA was added thereto. After
reaction at 37°C for 1.5 hours, the plate was washed with

a PBS buffer solution containing 0.01% Tween 20. To this
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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 it $DS-PAGE, was prepared by 15

these purification procedures. [0072] The SPA' thus prepared was
evaluated for its human 1gG-binding activity as described below. At first,
RHE-SPA WAl dititédfta?s Ayl With 8 PR Bufébslasbrrrotmakard Biod - 2
#aGkmand 306nnly aliguets dheregbwere.dispgnsed 10 296-welk e
immunoplate (NUNC). After reaction at 37C for 1 hour, the plate was
vashedawiceawitlnadd®BS bufféi-solutien (250omL pand bRackedoversightours ,

4C he addition of 250 mL of 3% bovine serum 25 albumin/PBS
%?ut%%%%ﬁbggqgue%%ﬁ?lf%o mrﬂﬁjlﬁ%%[Z% n%/?nrl})ﬁﬁﬁﬁ I&@?@Fdrﬁg) solution
qrepared with @ PBS bufferesolution coptaining 0 % BSAwasradded

thereto. After reaction at 37C for 1.5 hours, the plate was washed with a
PBD bERErS610tian- onthfHingtd.0156 Twden@O:Jerthis subsiptates 100 |

asolu] f HRP-| i . m]; Si )diluted .
o o b A R a5,
amBdioirsy the plate sabsuiasired (SiteerDB Suhdfferesatiution for 20

minutes in the dark, followed by the measurement of

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

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
exceeding the previously reported expression levels of

recombinant protein A in Escherichia coli and Bacillus

subtilis and can solve the problem of low productivity

conventionally presented.



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 r%'gw_tes 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
CLAREpligen) 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
1. Repligsn, demonstratingothat theyrhave dlifost equivalent activity: [00 73]
These results show that the process far,producing pratein A according o
pmicaegfln p%esoganaagﬁg&g %%o&)urc?igi% qufékf%gee&%ggfﬁ% préviously ?éapsoL’rte%b ’
amipxpressionievels of recombifiantrprotein AcinrEscherichiarcoiliand:Bawiflus:
a1 Sullisand.can sojye he prablgm of low syodychivity ganvenfionaly’; -
presented. - 42 - CLAIMS 1.A DNA sequence comprising a DNA
bindageerceténtoding a protein A or a variant protein thereof having at least
80.%.aming,acid, identify.in 50 FLmare £9aNaoL resiyies with said
protein A, wherein said variant has immunoglobulinbinding activity,  and
sedgiremotefiftich is 6perativalyiinked té therségiistices whefein safhe
encBromater is,a pramoter of encoding-a middlewall, proteip MWE) Of o 5
an outer wall protein ( OWP) of a Brevibacillus genus bacterium, or a cell

U OWall grotein WP ot BidviBacilGs ehosHifiénsis HPDPL 2The PNAall

proSequenceaccosding ta slaimck, whereirtherDNA sequenee further
comprises downstream of the promoter, a Shine-Dalgarno sequence, and
2+ a JeGefibR sigRaFFEttIetecoding BN sédierite! whgiéirssid the DNA
seqohine:Dalgarne sequence: arg saishsescretionsignalpeptide-ancoding
. DNA sequence are derived from a gene encoding a middle wall protein.
SPARWR) 6P aN Gute? WAl Broteirt {OWP) S Brevibadihi gendbactefiam,
encotarcgllnvall pretein (HWP).ofBrevibacilus chpshinensisgarno 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.



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), Brevibacilus hrevis 47K strain (FERN: BR2308),Brevibacilluse
brevis 47-5Q strain (JOM8970), Brevibacillus choshinensis HPD31 strain
(FERNBP 087 Sarid Brévibacilius éhshirfensis A PD31 -0k 8train (FERN P
BRs973). ANd mytants derhied.fom these suains. 6, ARIACESs 5cussgs),
producing a protein A or a variant protein thereof having at least 80 %

amiao abkididentity ity 58-of marescarntiguous residieSwith said protein A,
wherein said variant protein has immunoglopulin-binding activity,
CORDFASIRYF L 434 %UlthRRg thé fransiofmant ccoftig %% Claim 4 or 5 and

cellectingthe protein-A.of & variant preteisthereof producediand seereted |
by the transformant. 7.A process for producing an

imNBgRibUliA absorFng Aredidme esmprising Prodicing aeproteid BRéT &P -
vatiant protein thereof,naving af least O 3 aming aciddentfy in S0 or
more contiguous residues with sal pr‘o%eln A, Wherein said variant protein

has immupaeglobulin-hinding-activity by theproducing pracess aceerding:
to claim 6 and immobilizing the protein A or the variant protein thereof

oﬂﬁ?aﬁ%%pﬁﬂﬁﬁﬁ@%agéﬁ%ﬂﬁxat4haaSt 80 % amino acid identity

in 50 or more contiguous residues with saild protein A,
wherein said variant protein has immunoglobulin-binding

activity, comprising



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 heen 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 techniqgues _other. erichia.cail

CBAEfhs SAbHRE ﬁﬁaﬁlrgégrﬁnllﬁ%e“nt%%cgéo%}k é%Ea%%]ro%gg?Fo%pr%qc?uginagng

Brotein:A-like pratein-ipdarge 15 amosnts; fdrexampleta procéssreot
comprising allowing a recombinant Brevihacillus genus bacterium to

peExpress Andrstorete th Protein ih1ErgeraMBaRETRtb a culture solution
-and separating and-collecting the agcumulated proteinAdike piately tromy

7O
the cliltdire solution. |
medium, comprising producing a protein A or a varlant

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.
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ABSTRACT

The present invention relates to an efficient and
economical process for producing a protein A-like protein.
Hosts such as Escherichia coli 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
establish a technique enabling the inexpensive, large-
scale production of a protein A-like protein using
recombinant DNA techniques other than Escherichia coli
and Bacillus subtilis. The present invention provides a
process for'producing a protein A-like protein in large
amounts, for example, a process comprising allowing a
recombinant Brevibacillus genug 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.



