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- 1 - Description PROCESS FOR PRODUCI NG PROTEI N A- LI KE
PROTEI N WTH USE OF BREVI BACI LLUS GENUS BACTERI UM 5
[0001] Technical Field The present invention relates
to a process for producing a protein A-like protein
havi ng i munogl obul i n- 10 binding ability with use of
a Brevibacillus genus bacterium Specifically, the
pessenptiomention relates to the hyper expression and
secretion of a protein A-like protein by a

Brevi baci |l us genus bacterium by using a genetic

%%?3?@?% B ofe I B et I S BB B g, o

SRR By ) MERSGEGRD s,y protaso

separated and collected protein A-like proteinin
applications such as a colum resin for antibody
pOB0i]l cation. 20 [0002] Cross Reference to Rel ated
ication t he di scl osed contents |nclud|ng t he
ﬁ%g%m%¢%%¢E%%l dclains, drawi ngs, and sunmary

2P S SRR 0 Mo 2%4903?§§%s?e§§ﬁ' o

hEat [ [ t -
OOO% > aggéyooutn%ﬁ{m%%% igy-deheiy HeRinge 1)flmu%ogj.obul in

binding ability with use of a Brevibacillus genus
bacterium. Specifically, the present invention relates
to the hyper expression and secretion of a protein A-like
protein by a Brevibacillus genus bacterium by using a
genetic recombination technique, to the separation and
collection of the expressed protein Anlike protein at
hlgh purity w1thout undergoing degradatlon by protease
and the like, and to the effective use of the separated
and collected protein A-like protein in applications such
as a column resin for antibody purification.
[0002]
Cross Reference to Related Application

All Ehe disciosed contents including the
specification, claims, drawings, and suﬁmary of.Japaneée
Patent Application No. 2004-198831 (applied on Jul. 6,
2004) are incorporated to the present application.by'

reference in their entirety.
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Anti body (i mmunoglobulin, or also called Ig) proteins
have been utilized as pharmaceutical drugs since 5

| ong ago because of having the function of capturing
and eliminating antigens Rafnful to organisns.
Progress in genetic engineering techniques and cel
fusion techniques 1in recent years nmade it possible to
praaduice nonocl onal antibodies that are nore
honogeneous and have high 10 antigenicity by
Besikargivad Wrdlesi gni ng ant i bodi es that react with

e R TR S A e LY
AR 0 S e

1H%g[%%QA%ebﬁug%n%Eahaviﬁ? Eﬁ@yfﬁﬁgtgbﬂsoﬂtéé%gﬁﬂlﬁﬁ and
| mrunéassay or i mmunob anal ysi's can be obtai ned at

sliffimaitdmly pnelidenantdapnfiafy tbr orpaat smal [Hrdogssalin
sanpl es such as serun1 ascites, or cell culture
%ﬁﬂﬁmﬁcoﬁ§92@e@¥lﬁgl @ChnﬁﬁﬂﬁédanﬂlPﬁ%édfﬂﬁl%%u5$0hnlques
protein purificati.on ni um-sul f
e R R

0 h dy t and
BETEPRIEE, clicite st felbuBhe Rl nd AT A0
aptotenisittd biyz@elegubhalrageyt yhahg dingsbedics that
di agnostic drugs or the Iike, which require high
reactt yithnibkie epacéfprasinhggensi aud expressing the
separation/extraction conditions and using a large . .
HGGERL o1 15: ABLTEhr SRadBqr APEER GRS HEsA e are

s%E?%E@hFEn ﬁdcéllah§9tﬁ9¥oé¥fu998hg‘éﬁﬁgaguéﬁéﬁcaééﬁ”be

conditions
separated purified, and collected with relative ease.

[0004]
Tn general, antibody proteins utilized in
immunoassay or immunoblot analysis can be obtained at

sufficient yields and purity from natural biological

samples such as serum, ascites, or cell culture solutions

by using a method utilized in usual protein purification,
that is, an ammonium sulfate precipitation method, ion-
exchange chromatography, and so on. '
[0005] .

On the other hand, éepaxatioﬁ and purification using
these methods for aﬁﬁibody 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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anti body protein, resulting in a great deal of tine

and |abor. Thus, in the purification of antibody
proteins required to be hiqgly pure, affinity

chr omat ogr aphy 5 capabl e of specifically adsorbing the
anti body proteins is generally used for conveniently
separating and purifying themfromother inpurities.

§ D90 6invadhre mgttoigriaping gsimd i@ ate dinumoadifiiogisnfoaned 8h
appropriate resin i nmobilizing thereon proteins such
- 1B STPIR 1pr st tEn%mdd gr greph depd @fi tiwggdand

t f tl ffinit h t hy havi ng.
LR troay EoB ndPnEROPRF £ CARDITY. ©heQBt PPOLE EoTeins
: DA e of i
o b b R P T APy, il EBEa0e?,
dapaie: KMGpdcicalda gl ladRroleign thWet Bng ibeBYr bedteins
nol ecul ar wei ght of approxi mately 42,000 produced by

i Qamapeddivt nsed dotre danvienSeapiyl sepecasiagrend. |Its
structure i s conposed of seven functional domains

- QYL i tARTh S T8 AtREE, 18PYKAL126-sequence S,

t&ﬂﬂﬁoglobulin-binding domai n E,

i mmunogl obul i n- bi ndi ng domain D

| mueagbeBYbERaBhPdL89ngdQREA dn comprising an

i mmunogl obul "'n-Dbi ndi ng gonaln B, :
dppaapaglatleu resibi ddmaidexdng CheasdnShaphylinsosads as
aureus cell wall-binding domain X) (see-Non-'Patent 25

- IBSdGHnts Profeigng . 3pndrpssseinvé iLAnuhbgiepdl nast

i ndi-ng.domai ns .(donmains E, D, A B, and,C). of the

SRS X Fn SEEACY: FBFSTBE RETEBEY migoGPoBaF oMY -
Hi@l{dg}(r)%g]ab'itlﬁt@ QLAY £RE6e PRl en! LOCWENMar)y the
protein A is often utilized as a ligand on a medium for
purification. The protein A.is one.kind of éell wall
protein with a reported molecﬁlar weight of approximately

42,000 produced by a Gram-positive bacterium

- Staphylococcus aureus. Its structure is composed of

seven functional domains (from the amino terminus, signal
sequence S, immunoglobulin-binding domain E,' |
immunoglobulin-binding domain D, immunoglobulin—bindihg
domain A, immunoglobulin-binding d@maian,
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 immunoglobulin through

‘its Fc region (see Non-Patent Document 3).
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The relative affinity of this protein A for the

i mmunogl obul i n- bi ndi ng domai ns has been known to

depend on nmany factors sch as pH, the types of

St aphyl ococcus 5 aureus strains (Cheung, A et al.

Infec. Immun. 1987. 55: 843-847), and inmunogl obulin

class (1gG 1gM I1gA 1gD and IgE) and subcl ass

@3l 1g&, 1gG3, 1g&4, IgAl, and |gA2), and these

domaj pns particularly, show s{ron bi ndi ng to_the Fc
HeoFeh & EoRar

regi & Braiiel §ELinT 0 F IO dhof Hodde

. I I, g i n byl |

AR o AR, 204 LGS coR00 o REIUNBOLEOID € 8Spena

drim4RR0 ekl wihodk bﬁpathén9y§€E'8?”39&ﬁ§*@8eo¢cus

abilitfy, affinity, and properties as immunogl obulin,

aneuas ssuelins Hahebhagn Asedtwadel yIagea. | Igamd. ono&7.

medi um for 15 purification of inmmunogl obulin,

55ar Bideultdly Bgd, imsugophobydinodsads afheSesIgM, Iga,

phar maceuti cal drugs, .and Si researches. [0008]

v e ﬁ@gﬁy?n%n?gégéﬁsﬁag%gggenFQ 2be£$§ irgﬁgﬁd 1L -
hts pli [ u : e

g S S e

banthibedices thanti- ¢kghghi BS, haRgni MHENE THOP| €xe$)1gG4,

which inhibit the cytotoxicity of sensitized

apdr npheeallgbReodIglEghphangt E9GR oanomyr iroehheylebelin

adsorbed to protein A and 25 thereby renpved fromthe
C<8FEm of e PERFRRR Avltav ey ¥ PardresDsainding o

. Eur.tk ' has, . i i t] s
it iy e PR Ry EhEntafhe  Bir iRy HBuvsey,
apehyekonaknanki-Bpdy syat £§Si§m@ﬂ3%£§§%1ﬂ§! ed @ Gadefich,

. expected to be used for not only
has been used widely as a ligand on a medium for

purification of immunoglobulin, particularly IgG, used in
various diagnoses, pharmaceutical drugs, and basic
researches.

[o008]

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 2 and

'thereby removed from the serum of a patient with tumor

(see Patent Documents 1 to 3). Furthermore, protein A
has, in addition to IgG-binding activity, the action of
activating polyclonal antibody synthesis and has

therefore been expected to be used for not only the
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protéin

initial application as a purification resin |igand but
al so various applications in biotechnology fields.
[0009] In an initial process for producing protein A
its 5 separation and purrfﬁcétion have been perforned
directly fromthe culture solution of Staphyl ococcus
aureus strains. However, due to the problemon the
jpatthicge mippltiycadfichhies bapuetfimaar ohheesbdnt angmadi out
by inpurities, the process is now shifting toward a
3l P VERICTUTg Sprddeas iongt s 83 oserchnekbiaht ¢ DA
ﬁgﬁgﬁique usi ng Escherichia coli (Patent Docunents 1
or a Gampositive bacteriumBacillus subtilis
(Pat ent ; S ) [ops i nant
2R TR pLobOe) ol EURL LIS TRl AN
garemalon e g@&dfléae&@hehaseezs@éﬁ8§@9f@f@e@oaiﬁaéwy
to separate and collect because nost of themform
fimol ddicowuldadives soluaien bifit Saephidbavtyudegunded
(Non- Patent Docunent 4). On the other hand, protein A
SHEGAEE-i oBCURY Y. BdeT | FRsEREBRTIRLEm @n dihdm posi ti ve

b [ . i . hyl . has,
PRI SEERR R R Rb AR, BRACROLE: e AthS danr Sulaien o
iGpRre2ed, i Rhe BrBRALYM BYL3QdLAYrE Ry StORatg Sgquence

0 a Bacillus Subtilis secreted protein to the
phicdeciinguprotbespr ahat nudesTAI 8ebtBinbodan WENA codqlat gue

“with the production systemw th Escherichia coli, has

usdeg Zschiegdchdd rolpr dPptientaBycuwpatatl ok ahd or a
purification and_ have high._productiVvit

ARG PBRLRAVE §oa7°F o M0 aF L1 PRARRELE BEERRER et
D%lcumeﬂtsBQCESr '59'. . e11,656hggx6é Z5)1'1&11’1?.‘0 eid B
protein A produced in Bacillus subtilis undergoes
pileguadaiteny by exthaeethtihaboplolgagftremely low, and
proteins expressed are not easy to separate and collect

because most of them form inclusion bodies or are

intracellularly dégraded (Non~Patent Document 4). On the

‘other harid, protein A production using Bacillus subtilis,

a Gram-positive bacterium, as with Staphylococcus aureus,
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
réported to provide easy separation and purification and
have high produc;ivity {approximately 47 to 100 mg/L)‘
(Fahnestock, S8, R. et al., J. Bacteriol. 1986. 165: 796-
804) . However, the protein A produced in Bacillus

subtilis undergoes degradation by extracellular protease
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6 intrinsically carried by Bacillus subtilis.
Therefore, attenpts have been nade to use severa

ki nds of extracellul ar protease-deficient Bacillus
subtilis strains (Non-Pateft "Docunent 5) as hosts.
However, the 5 inhibition of degradation of protein A
has not been achieved yet. [Patent Docunent 11
ilapainesie-aRatye iia rAfpld ©3t PeriNdus0éubt87039 [Raiwiiore,
Docunent 2] U.S. Patent No. US5151350 10 [ Patent

. Toamahin ElveElhespe awRatentsko SeFPOab75093S| Pht ent

Document U.S. Patent US461726 Pat .
B N BT e RS e R e F L RBE B84 47 4CUPRBAL Bat ent

TR R KRR, 267ufka?] R nhafaat e podinin ety The
iShuticawsl Ur, ddgrhagk i3k of%@@te1ﬁ9ﬁ7ha§8no@8§e8195

[ Non- Pat ent Docunent 3] Unlen, M et al., J.
afdmvedl 9@4.. 259: 1695-1702. [Non Patent Docunent 4]
Nil sson, Bet al., Protein Eng. 20 1987. 1. 107-113.
3@9@n¢ap@ﬁpm96@uﬁénﬁasﬁnﬁéﬁn8étgék Agplicetian. NoagpT-
1%§§|ron M crobiol. 1987. 53: 379-384. [ Non-Patent
dfent 6] Brigido, Met al., J. Basic M crobiology.

tierstoogiingy) ol \ueplo Tpsaglad,

[2REeRt5SDobbhenPatenEubepaaRnbaB8ent W6 ckepbioesoal .
1984. J. Inmmunol. 133, 969-974.

[Patent Document 4] U.S. Patent No. US4617266

[Patent Document 5] Européan Patent No. EPQ0124374
[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., Gene.
1887, 58: 28B3-295.

[Non-Patent Document 3] Uhlen, M. et al., J. Bioc. Chemn.
1984. 259: 1695-1702. i
[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. 31: 337-345.

[Non-Patent Document 7] Sjostrom, J, -E et al., J.

bacteriol. 1975. 123: 905-915.

[Non-Patent Document 8] Bjorck, L. et al., 1984. J.

Immunol. 133, 969-974.
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7 [ Non-Patent Docunent 9] Kastern, W et al., J Bio

Chem 1992. 267: 12820-12825 [ Non-Patent Docunent 10]

Udaka, S. et al., Method Enzynol. 1993. 217: 23-33. 5

[0010] Disclosure of thelnvention Problens to be

Sol ved by the Invention Against this backdrop, it has

been demanded strongly 10 to establish a nore

Bfdn -charantprivieinend rlodacttieom, Weckni glie,t DaBibheChen.
roduciqg process using Escherichia coli or Bacillus

Ut i 1467 [IRPRIO-12&%50bj ect of the present invention

RN e SR R I -

Esgherdchi 3 £old or Bacillus subtilis. [0012] Means
%or Sé%ving the Problens 20 To establish a stable,

‘| arge-scal e production technique for functiona

proteins such as protein A the present inventors
Hedied lconduct ed diligent studies with a Brevibacillus
enus bacterium as a host and consequently found that
lasyre ofh the d8veBtéanand expressed 25 efficiently

N I L ution, Il d
Rt B 502 BRoPS: AL e PR od and

y accuimul ate

col | Rghedseasht ¥ BACRABHp PUIL!Mas AN At Bld Idirongly
to establish a more efficient protein A production
technique than the produciﬁg process using Escherichia
coli or Bacillus subtilis.
[0011] |

An object of the present invention is to provide a
more efficlent protein A production technique than the
producing process using Escherichia coli or Bacillus
subtilis.
{0012]
Means for Solving the Problems

To establish a stable, large-scale prodﬁctiqn
technigue for functional proteins such as protein A, the
present inveﬁtors 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,

éllowed to stably accumulate therein, and separated and
collected easily at high purity.

Advantages of the Invention
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bBCeGrBHE RFus §eftis PREteanuhe porigje

8 - LO 0131 According to the present invention,

protein A can be produced and secreted, into a

culture solution, with drastically exceedlng yi el ds

t han those reported on 5 1t &r Gorgani sns such as
Escherichia coli and Bacillus subtilis used as hosts,
by using a Brevibacillus genus bacteriumas a host,
grodizdan be purified easily at high purity wthout

i mpairing its imunogl obulin-bindin function. Thus,
the pesseAingnienthenproters 1oVen0ler odereatiadin Wy aed. be

licated purification steps for protein A which
R SRR CRCEE: hELBFC’c%sFu Bursr Solpbeani e

dyEE%Tyélﬁgzgg%Egﬁiégn§§Eiﬁg Eﬂgnfg 8@”9 P@é@r

sever al e presen |nve ion prov i des
2. 2O e84 BRGEe sueANBE Bkblesi PNALSeBYENSRq eALOM NEs @
protein A-like protein or partial sequence thereof,
smmildlgrasaﬂeaswhbshslsbppesahgvalBrbvmbedllluérgEnus

sequence and is capabl e of functlonlng in gbgeﬁﬁ bich
h@a gt 1ig

pELIR T LS R Bt R A v
fﬁh%‘éh@ﬁc' | TiSs JeS oprlk@s%(ﬂ;g A AR GaRPr | s1ng

he expressi on vect e present 1 nvention

pmbaucdeelaypaﬁaeaSmf;mc@ﬁe@rpdrlsf Dga B Hh Ok bl Aed+t ke
protein or protein having a partial sequence thereof,
psefipinshngwbithuhang been arcmsserofinbighdest |srtian.
tein A-like protein or a protein having a
[885# sequence t hereof produced and

The present invention comprises the following one or

several aspects:

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

is operatively linked to the sequence and is capable of

- functioning in a Brevibacillus genus bacterium.

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

(4) The present invention provides a Brevibaciilus genus
bacterium transformant comprising the expression vector.
(6) The present invention provides a process for
producing a prgtein 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 sequence thereof produced and

secréted by the transformant.
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secreted by the transformant. 9 (7) The present

i nvention provides a process for producing an

i mrunogl obul i n-adsor bi ng nmedi um conprising producing
a protein A-like protein or ‘protein having a partial
sequence thereof by the produci ng process and 5

i mmobi | izing the protein-like protein or protein

fiavi Mfpea prpaentalinvegbénneprheidef anpooeasappropri at e
base matrix. Brief Description of the Drawi ngs [0015]
PP Ghite of [lqngngigdglahisheReRgoing MEElus: | gemprising
S ence and _am no aci.d.sequence _of the protejn A of_a
T e S TR e [C8RaR P ESEaPH PRORBIY) 8aVing a
SR £3C Mo B0 (e A3 IUBNUIBANS) ngThOUEES2 Lia®
di agram show ng- t he gene SequenCe an 5 amno ac
isewience ioly the preteim-Aiek protaphybecpeetsinabielsy a
strain (nunerals represent amno acid residue

Daniser]s )seqrieqree tBereod éndgr am shpwopyiptet base Anatrix.
(SPA) expression vector (Spa-pNH301); 20 Figure 4 is

a di agram show ng the nucl eotide sequence and am no

[ from.a,pro g guence to a protein A
' 2 EIS%) ?’Ze%?g‘gﬁﬁé"%eg? oﬁpllengg-égfglaégt ein A (SPA
@pansgssi on vector (Spa-pNH301); Figure 5 is a diagram

showing a result of SDS-PAGE 25 analysis of protein A
( SPAFigunduteils by d&biayiimacihdwisng ciios munelesdtsi dHPD31- OK

~strains; Figure 6 is a diagramshowing a result of an

S&AICHE8y 2BPnamhgot astdofegReneenof tspPApPrpEetiuck by
Staphylococcus aureus Cowan I strain (numerals represent
amino acid residue numbers) ; |

Figure 2 is a diagram showing the gene sequence and

~amino acid sequence of the protein A of a Staphylococcus

aureus strain (numerals represent amino acid residue
numbers) ;

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

Figure 4 is a diagram showing the nucleotide
sequence and amino acid sequence from a promoter seguence
to a protein A kSPA)-encoding region in the protein A

(SPA) expression vector (Spa-pNH301);

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

~analysis of protein A (SPA) produced by Brevibacillus

choshinensigs HPD31-0K strains;
Figure 6 is a diagram showing a result of an
antibody binding test of protein A (SPA) produced by

Brevibacillus choshinensis HPD31-0OK straiﬁs;
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Brevi baci | l us choshi nensis HPD31- OK strains; 10
.Figure 7 is a diagramshowi ng a protein A (SPA")
expression vector (Spa'-pNK3260); Figure 8 is a

di agram showi ng a pronoter $8quence, Shi ne- Dalgarno
sequence, signal peptide-encoding DNA 5 sequence, and
protein A (SPA')-encoding DNA sequence in the protein
A ( SRA gQurexpr a$Sia0mi%eeker shepangPAKg2602rin AndsEagure
9 is a diagramshowing a result of SDS-PAGE analysis
efptaes behaxwe dromnBGmrcpiiEdaig anount of 10 protein
A (SPA") in a culture solution produced b

Br evili&ing §s 16hdsRilAgnss SHPE3RIOK BYPEPRST BRIHenBRle
or rying Qut the Inventio 001 15 The pr nt

SRS SR oSl ha e e SoraCer AhoRIeaY BOX

SXpr&seed %[Hj SLEG '@ﬂAagg%rﬁgﬁﬂﬂ S pivAl QefBuence in
cufture solution by using a G am positive

Hievphaadid us (Ferus Hhatlerydivn JRigrbashari-gnkazeb) ¢h
a reconbi nant DNA techni que can be applied, and as a

amgult, the problemof 20 | ow productivity of

Escherichia coli and Bacillus subtilis as well as the
pr ob FeFUGE aeéﬁaéaﬁﬁéﬁrém EPBWéPﬁ aAF%ﬁB%Es%EdS?%‘PAGE

i 11 tili,s.is .effectivel i roved.
R o Prle (ol Ot Sl SRl TREMME  ampune of

Pasts] WN @A 9asi ¥ $RAYNE A B1OLebR Are¥RLesshHon

| evel 25 equal to that obtained in Bacillus subtilis
Rrey Thadiidus atmahilratres it HPOBA -akmediradnsHer ei naf t er,
the present invention will be described in detail on

the basis of its enbodi ments.

Best Mode for Carrying Out the Invention

‘100161

The present inventors have found that active protein
A can be expressed and secreted in large amounts into a

culture solution by using a Gram-positive Brevibacillus

genus bacterium among bacteria to which a recowmbinant DNA

technigue can be applied, and as a result, the problem of

. low productivity of Escherichia coli and Bacillus

subtilis as well as the problem of degradation of protein

A expressed in Bacillus subtilis is effectively improved.

‘Specifically, the use of the Brevibacillus genus

bacterium can easily secure a protein A expreSsioh level
equal to that obtained in Bacillus subtilis and further
éccumulate it into a medium. Hereinafter, the present
invention will be described in detail on the basis of its

embodiments.
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- 11 - [0017] 1. Protein A Protein A, as described
above, is one kind of cell wall protein produced by a
Gram positive bacteriumb5 Staphyl ococcus aureus and
refers to, for exanple, onellconsisting of the ami no
aci d sequence represented by Figure 1 (SEQ ID NO 2)
and derived froma Staphyl ococcus aureus Cowan |
goorfn (JCWMR179) (Non-Patent Docunent 2), one
consisting of the am no acid sequence represented by
10 Fngled2A(SEQ I D NO 4) (Non-Patent Docunent 6; and
Flnck Bar hancon, V._ et al FEMS M crobiol, Lett,

1992. rQ@flnlAB)asoﬁ§s&€ﬂpﬁédaPPBﬁva19b88§ kéndi ok g1l

AL %obetﬁeﬁﬂ?%ﬁiﬁj%%'sﬁ%%%%%‘gﬁsgﬁﬁﬁauct .
ﬂgﬂ%ﬁ Deald %ﬁﬁyeﬁé £lPneGhlasy d fBlilAegx'a p§ﬁ_’é

etc., (Non-Patent Docunent 7)).
cpnsrmtmmﬂg Idfketny Glneiinn drsey |squ1emet li%pﬁtl'ee&ﬁﬁéd by
i nvention includes proteln A or a protein
Bibsraarit | @EQ 20 Nde)i ¢aid derpveteifmom aTWéaphpleraccus
Avllkeég{oteln al sq |ncludes a rotein that has an

SHSHS SRS dqTed i 1730 1(DR8r TB66 R PRFERaEFy?)
TR NS S Tk Mt 2ol aFipente e&%%%%%???é% by

Midhird P2 @@onamasicd Slgql{%@’leP@.EeﬁEObébﬂmén%56V\'h§ﬁdt he
sequence is aligned with the am no acid sequence of
Hﬁnﬂhﬁﬂanbam@bnbh@'be&taﬂatcﬁEM§iM@csebdeﬁceLebnpalﬁsbn
al gorithm general ly known by thgose skilled in the art,
%%mjlﬁﬁgflﬁﬁﬁn&@réﬂﬁ@ ﬁI@Wné|W80§§tﬁ§lﬁ§raFﬁ {Hpa-Patent

ﬂ%ﬁﬂﬁ%ﬁf 3}, one derived from a 8325-4 strain {(Non-Patent

- Document 3), and spa gene products encoded by already

¢loned plasmid DNA (i.e., pSPl, pSP3, etec., (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 amino acid sequence having

at least 60%, preferably 80%, more preferably 90 to 95%,
most preferably at least 99% amino acid rgsidue 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 the best match using sequence comparison
algorithm generally known by those skilled in the art;

and has immunoglobulin-binding activity. In this context,

the amino acid sequence having identity is preferably 50
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the am no acid sequence having identity is preferably
50 12 or nore residues, nore preferably 100 or nore
resi dues, even nore preferably 150 or nore residues
in length, and in the nostlpreferable enbodi nent, the
full-length am no acid sequence has identity thereto.
5 [0019] An exanple of algorithmsuitable for

SetrRiid Nidh Jhe S5 € HIRRC § riedRRLIHIY, IlﬁoBéaéSaoﬁleg%biaﬁés,

and this algorithm has been described in Altschul et
eaten wbréMpreBirelbly2150 40340 ret280¢s Daf teagehf oind
impl ementing BLAST analysis 10 is publicly avail able
itrh rfduag ot isiedieredree embod iBieptec hnel YY1t hebgRRat fBENO
(htip://ww. ncbi.nl.mnih.gov/) [0020] The protein
A Iﬁ??ﬁ§HQ§ aﬁaﬁdﬁgtlFEkt@§§ﬁﬁPe a protein
@ﬁﬁsﬂStlng of an am no acid sequence encoded by 15
ybridi zi ng under stringent conditions to DNA
havi pg axseguense £9 EﬂﬁrﬁtéﬁYt&S’lé hgo N SEAMaNGe;
represented by SEQ 1 or 3. An exanple of
d@@meﬂmanndemtltqoﬁdlBLQBT adderitha, shtndngehe algorithm
condltlons is: preferably, hybridization at

I}rﬂe@cfl@@é iR ApprekiAacel $17% 20 Medi ukiol. 215:

3 AR 4T PR B W

1%x§§£11%r1 aRRn 9Xi Bt ‘éh¥oﬁ ﬂf’/ﬁ%@n %@féfrfl@i»y'

ridization at 50C 1n a prOX|nat sodi um
Bd@d@@ﬂhd$dg@aﬂﬁfbﬁﬁ§&lonamnteplﬁﬁﬁﬁ%yn@bﬁ.ﬂiﬁbﬁfﬂugéﬂvm.
approximately 1 nM EDTA, 25 and washi ng at
[89BPdxi mat el y 50C in approxi mately 1xSSC and

appr oxi mat el 1% SDS; npre. desirably, h brldlzatlon
D R AR A b P b T 15, i

péeﬁéeﬂ consisting of an amino acid sequence encoded by
DNA hybridizing under stringent conditions to DNA having
a sequence complementary to the DNA sequence represented
by SEQ ID NO: 1 or 3. An example of hybridization
conditions under the stringent conditions is: preferably,
hybridization at approximately 50°C in approximately 7%

sodium 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 desgirably, hybridization
ét approximately 50°C in approximately 7% sodium dodecyl
sulfate (SDS), approximately 0.5 M NaPQ,, and

approximately 1 mM EDTA, and washing at approximately
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sulfate (SDS), approximately 0.5 M NaPO4, and
approximately 1 nM EDTA, and washi ng at approxi mately
13 50C in approxi mately 0.5xSSC and approxi nately
0.1% SDS; nore preferably,lhybridi zation at
approximately 50C in approximately 7% sodi um dodecyl
sulfate (SDS), approximately 0.5 M NaPO4, and

r [ i o .
R o ey B o S s O e g 1y oo

e @deTeirely ). Hehdizandoaver ﬁ'@%@ox@ﬁ@f@lﬁbfkm C aln
apprOX|nater 50C in approximtely 7% sodi um dodecyl

FATCRIBCSDY) 7 %agerdandrdrpyd. BUMEREPO4SDS And

aé:%%r oxi mat ﬁ&lon'é{ﬂg{l/l nggéime%,%“ ng at argagr oxi mat el )é
an%swasﬁaﬁﬁé%?:?'a‘gb%?»%gwa%ixg%ﬁgc S e due gpai ng

on a ‘
ithkerenhq sgﬁkagaﬂse@g paia bgfsané\ é@é&gefﬁoéeequenc
specifically “hybridizes at a |gher tenperature. A
pdetfarbedygubde abpiokdmadel ¢i s08Ti Th i aaldedy i7%
found in, for exanple, Tlissen (1993) Laboratory
SPEEHA aeégcvf# Biuééﬁém $6P§) anaPprBréBataty B & dhyWNaPrO,,

A APEF o5 ey Bl BB P F BLRT 2y BPEEr S S

S RGN iR ARt o eoses

Thlei bbadithohbe aEtcoﬁrsgenﬁ&yCdﬁﬂgeﬁe@ép@@dﬁﬁﬁcﬁﬁ&i|y
recogni ze the presence of the "protein A-like

nypéﬁ@thdeaﬁaran@ Eﬁmggbqu@h%eSQQuencﬁduamﬂudlﬁ@erent

e ﬁ Q protein A—encodléég1 ﬁggﬁaﬁgges and

Ve R oA S REE B PSR quendet i, specitically
hybridizes at a higher temperature. A detailed guide for
nucleic acid hybridization is found in, for example,
Tijssen (1993) Laboratory Technigues 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.

~[oo21]

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

sequences and 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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by Figure 1 (SEQ ID NGs: 1 and 2) and Figure 2 (SEQ ID
NOs: 3 and 4). 14 - [0022] The "protein A-like
protein" also includes, for exanple, those conprising
protein A-constituting inmméfogl obulin-binding domains
(E, Db A B, and c) 5 rearranged in an arbitrary
order. [0023] Furthernore, "the protein A-like
ps@tej n" also includes, for exanple, proteins having
i mrunogl obul i n- bi ndi ng function anal ogous to that of
prot &he ApsothiasAiQipeopebhehtanlse@dibylgdesp fmand
G Streptococcal bacteria (Non-Patent Docunent 8) or
FrFiRlG [thasemeomastiedne procedsusd - AaBRGS tERGRIPat ent
Docunent .9).., [00Q24], 2. Partial seguepnce_of profein
%@WW%&§¥99ﬁ¥ﬁnﬁ%T§%kngbg?WP&PSsé&ueﬂceﬂ'oP'tﬁgdp&gtein
sl t:ej I 1 tein that is conposed
%%déﬁgﬁﬁ%fﬁgh%? %ﬁﬁ%ﬁ%ﬁgb%r?%g'anino aci d sequence
asilituting the protein A-like protein and has
i mmunogl obul i n-binding activity. Specifically, the
" par Fuzkhergorace*thé phetednphol Hie pedtidenprat= n

corresponds to, for exanple, each ,of an ami no acjd
FOfr 6XBRPE  bPTOkE D4 RAAI BRI ahgmupRglobUlIn-

u uence-,in SEQ.| D 8-(correspondjing to
R ST e 28R asgetE s sbs SrSROIR SR &
MSeit ARArS)edBiCh S0kt ahned §¥ré§ﬁ@¥b89a1h§acteria
signal sequence 25 S and a portion of the cel
(Weoknl -Haitediitn Jodomank X) f panmprpteiri h Aroand an am no

aci d sequence represented by the

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 compﬁsed of an arbitrary
portion of the amino acid sequénce constituting the
protein A-like protein and has immunoglobulin-bindiﬁg
activity. Specifically, the “partial sequence” of the
protein A-like protein corresponds to, for example, each
of an amino acid seguence represented by the 24th Ala and
the.subsequent sequence in SEQ ID NO: 8 (corresponding to
“SPA” of Example 1; see Figures 3 and 4 and SEQ ID NOs: 7
and 8), which is obtained by removing the signal sequence
S and a portion of the cell wall-bindihg dbmain X from
protein A, and an amino acid sequence represented by the
31st Ala and the subsequent sequence in SEQ ID NO: 19
(corresponding to “SPA'" of Example 5; see Figures 7'and

8 and SEQ ID NOg: 18 and 19), which is obtained by
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31st Ala and the subsequent sequence in SEQ ID NO 19
(corresponding to "SPA' " of Exanple 5; see Figures 7
and 8 and SEQ ID NGs: 18 and 19), which is obtained
by 15 renoving the signat ¥equence S and the whol e
cell wall- binding domain X fromprotein A [0025]
Further exanples of the "partial sequence" can 5
M HERy ARG RpId $RgUMeRees sCamst ithdt WR8le cell wall-
i mmunogl obul i n-~ bi ndi ng domai ns possessed by the
piratieion demanich (3 diremn protdeéacki.bed above. [0026] The
i mmunogl obul i n- bi ndi ng domai ns of protein A 10

li bed herein refer to, for exanple, a region from
an amno acid residue_at the 37th position to an
ani nEuﬁEFlSr Fé?ﬂaiésa?ftﬁ%eszﬁ%ﬁtb% | FF S domdTHS E
‘ [ Lgur.e. .1 gi I am ' .
e Sl e R L O L T i BG Sot
windihg R ROPdeieBsta LYORBENSrErbon(l hAGFPEYESIR. L
[0027] 3. DNA sequence encoding protein A-like protein
di sbiA beeqadrcoe .encodi ng a protein A-l'ike protein used
in the present invention may be any DNA sequence 20
bA93§é transl ated anino acid sequence constitutes the

tein Alik tein.. Such . b
Ot af T BY 0P FPOP s TR T TRUA Y o e St Rrfbun
deBcrliBesatlerehiar rR¥anpts, 9090195%%%1@6 £haldi s8R an
(hereinafter, abbreviated to PCR) t hod.

afliher aetidveleyidde bt thy BetRypbbesizadtdyam abendcatid

synt hesi s net hod .
residue at the 327th position (domains E to C) in Figure

1 and a region from an aminco acid residue at the 37th

-position to an amino acid residue at the 355th position

{domains E to C) in Figﬁre 2.

[0027]

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 sequernce
whose-translated amino acid sequence conétitutes the

protein A-like protein. Such a DNA sequence can be

. obtained by utilizing a method usually used and known in

the art, for example, a polymerase chain reaction
(hereinafter, abbreviated to PCR) method. Alternatively,
it may be synthesized by a chemical synthesis method

known in the art (Nucleic acids Res. 1984. 12: 4359) and

- can further be cbtained from DNA libraries. The DNA

sequenée may have codon substitution by a degenerate

codon and does not have to be identical to the original
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known in the art (Nucleic acids Res. 1984. 12: 4359)
and can further be obtained fromDNA |ibraries. The
DNA sequence may have codon substitution by a
degenerate codon and does It- have to be identical to
the original - 16 DNA sequence-as long as it encodes
an identical amno acid when translated in a

z@Véé%féddeugsg?L%&ﬁ bacter leHEbde[sOQESJLdéntEéé’I eSRd AN

vect or expressi on vector” t he present
adﬂfﬁ&k@ﬂtréﬁﬁnét%651ﬁ @Nér%QﬁEQBQQIQBCQQhGQ 15a ¢ O BRI
A-like protein or partial sequence thereof, and a
Mﬂbhﬁter which is operatively linked to the sequence
and_i s capable of functioning in a Brevibacillus
4gen§§PB§§?é9$UH¢CW%€ 10 pronDter may be any of those

capable,of functionin eV|baC|IIus

bact BP VRFBFEES SR ETEr bl (5 Y GARas™t rpv ot ton
i Med of HOBNES %E%ﬁbﬁ@éaeﬁ%amga&' biYgeiguRliiis,

Br évi baci |l us genus, Staphyl ocoCcus™ genus,

pIlotefnoeac pElStg&EIUSeqﬁéheat enyeest geand, a aptondter which
.Corynebact eri um genus bacteria and is operative in a

igr oPepatcively génkedbhet bheuspauenee parfetabfapable of
gronnter of a gene encoding a mddle wall protein

AR OTGRECAT] & BRCYEPRCRAL FSpgoRes oaftgriun.  The
p?é%%:@? méguﬁegﬁﬂ So?aEESHe“ Waﬁlﬁiz‘%ogf e{fu%@@{i?ﬂrf’g} & 5

h s afso a ce protein

. BBEevRRAGTh LiySgeeNYSHRAEE LN i M AAoNs RetenbralbDE Wrent

10), or a Brevibacillus choshinensis HPD31 cell wall
ppropcen EMRE (Ebi Sarisedt fabm, EdchB8attkiaotol 19MWurcillus
172:, .1312-1320Q) In_Exanples, the P5 pronoter region
SupGplps) BEeBlRRGHLLUSITARES 4 SFRP FRFRKE 98 UHhd 8)

S%Eeptococcus genus, Streptomyces genus, and
Corynebacterium genus bacteria and is operative in a
Brevibacillus genus bacterium, more preferably a promoter
of a gene enceoding a middle wall protein (MWP), which is
a cell wall protein of a Brevibacillus genus bacterium,
an outer wall protein (OWP), which 1s also a cell wall
protein of a Brevibacillus genus bacterium (Non-Patent
Document - 10), or a Brevibacillus choshinensis HPD31 cell

wall protein HWP (Ebisu. S et al., J. Bacteriol. 1990.

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

“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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25 a Brevibacillus brevis cell wall protein MAP shown
in Exanple 1 and the P2 pronoter region "MAP-P2" (see
Figures 7 and 8 and SEQ ID NGs: 18 and 19) of a

Brevi bacillus brevis cell-vidl |- protein MAP shown in
Exanple 5 respectively correspond to the "pronoter
which 17 is capable of functioning a Brevibacillus

ge ct@r ieliqghs2 ] r1 it ferred
Rl e R e S R
baerptise”downst ream of the pronoter, Shine-Dal garno
and signal sequences which are capable of functioning
[PR241Br evi baci | | us genus bacterium The expression
vector may conprise a nmarker_sequence, if desired. 10
[ 00FBPTIREST St th - DR TR HT 2B dilistic &0 SEFERERE 1ORe

ter,. 1.$preferabl y _a ShineszDal garno s nce that

VEQTBr | GBALAT by ESTheT PART A Lot T M Bat T (& SR 111 s,
pBEAYEBACI Eh¥fe - 821YSrn St 2RAYE PERSL U ARMS s which are
Strept ococcus genus, 15 Streptomyces genus, and
cE&paphebatt Enhubi geihwg bAacs eBravibadi 1 RuoHpetais adier@ um.
Brevi baci || us genus bacterium nore preferably a .
ThAi AEPDAF §hPROVESkrie midy | cempetse ps Magkinniseqgsite 1f
dencoding a mddle wall protein (MAP), which is a cel
Watf=Protei-n of a Brevibacillus genus bacterium an 20
[8446] wall protein (OAP), which is also a cell wall
protein of a Brevibacillus genus bacterium or a
E(Agmt?giosﬁjimm@mrmmsieﬁdd% elliowahl Phe! @rBmoter
is preferably a Shine-Dalgarno sequence that is derived

from Escherichia coli, Bacillus subtilis, Brevibacillus
genus, Staphylococcus genus, Streptococcus genus,
Streptomyces genus, and Corynebacterium genus bacteria
and is operative in a Brevibacillus genus bacterium, more
preferably é Shine—Dalgérno sequence located upstream of
a gene encoding a middle wall protein (MWP), which is a
cell wall protein of a Brevibacillus genus bactefium, an
outer wall protein (OWP), which is also a ceil wall
protein of a Brevibacillus genus bacterium, or é

Brevibacillus choshinensis HPD31 cell wall protein HWP.

[0031]

The secretion signal peptide-encoding DNA segquence

following the Shine-Dalgarno sequence is not particularly

- limited as long as it is any of DNA sequences encoding

secretion signal peptides described below. The DNA
sequence does not have to be identical to the original

DNA sequence as long as it encodes an identical amino
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~ (pwpt | dehbéhthe aiddl @ corl lwdrDistscd MWBE havi ng t he

The secretion signal peptide-encoding DNA sequence 25
foll ow ng the Shine-Dal garno sequence i s not
particularly limted as long as it is any of DNA

.sequences encoding secretilh signal peptides

descri bed bel ow. The DNA sequence does not have to be
identical to the original DNA sequence as long as it
eﬁﬂ&?@%@nﬁ%rb%%ﬂ%k%@!iﬁ”@@%v&gacﬂﬁﬂgs“§§@v3§?n%kﬂted In
Brevi bacillus brevis. For exanple, the secretion
sigmdle  pepel decretpjoaf eighby pepseaeei bopref@nably a
peptide that is derived from Escherichia coli

Fatigs sabnpli epBidei bhat| Lasdgehusd Srom Escherichia

St.aphyl ocqQccus genus,, Streptococcus genus,
e &%}ggéls GERGL 1 igndBEBY §RBBALL BFI GRT@RNUS

[ [ erative.in_a BrevibacilLus genus
PRI oPo, FenlBCt BrEBrbBoBelh vrRiE o Sher s o
g, Mheld! ecvghlbaprak-ein fyéﬂ@,«  LMOEER 4 Sa@q CRl | wal

protein of a 10 BrevibacilTus genus bacterium an
opetretival LnpaoBeieni baENP) s Wietls | Saatspian caldranal |

protein of a Brevibacillus genus bacterium or a
PEEdGrRRLY| fusecERbiANNEAgNE] HPeBide| ¢f vl midstlst evanll

o5 AL RO Bk 150 SEFSIAPT Siopal, nepty ce Y
BFedh bhed; agk ”Qeﬂﬁdeaéf?Qi‘ﬁﬁ}E,e-aép@%E%# ggnéit% g_ofott By be

a secretion signa peptide deriv si gna

sequence Met-Lys-Lys-Val - :
Bygrvipaal bbys \aenue ubadbeSum Al er LeuBAbalbawt IMus Val - Al

20 . Pro-Met-Ala-Phe-Ala (SEQ ID NO__11) nmodified. b
BRERLERE 17 GHPRTL deREt | B bIP YRR R Ty Aatarnacivily,
theSs88ES 1 o VLI GREPDI G AIBE WP 1Sk £ A e A1 D

secretion signal peptide having a modified amino acid

sequence. Specifically, it may be a secretion signal

peptide derived from the signal peptide of the middle
wall protein (MWP) having the sequence Met-Lys-Lys-Val-
Val-Asn-Ser-Val-Leu-Ala-Ser-Ala-Leu-Ala-Leu-Thr-Val-Ala-
Pro-Met-Ala-Phe-Ala (SEQ ID NO: 11) modified by the
addition or deletion of basic amino acid residues,
hydrophobic amino acid residues, and the like, as
iliustrated by the underlines of the sequencé Met-Lys-

Lys-Arg-Arg-Val-Val-Asn-Asn-Ser-Val-Leu-Leu-Leu-Leu-Leu-

Leu-Ala-Ser—Ala-Leu—Ala-Leu-Thr—Val~A1a—ProQMet~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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illustrated by the underlines of the sequence Met-Lys-
Lys- Arg- Arg- Val - Val - Asn- Asn- Ser - Val - Leu- Leu- Leu- Leu- Le
u 25
Leu- Al a- Ser - Al a- Leu- Al a- Leul¥ht-Val - Al a- Pro- Met - Al a- Ph
e- Ala (SEQID NO 12). Alternatively, it may be a
secretion signal peptide conventionally used for
ﬁ@ﬁ%ﬁéé“&ﬂﬂf&hé¥%§¥i§“ﬁ&ﬁ%ﬂé&“ﬁ%€%h%tﬁgoﬁéghehﬂﬁFlgures 1
Furthernore, the secCretion signal peptide may be a
aSidrml, hatpap,i ded-Ityd-18iscdlylsy Aear Lled Thy -Ehe-Ile-Arg-
protein A (Figures 1 and 2), that is, Met-Lys -Lys
LxgﬁLeqxﬁiy1W§lﬁ@iya§l3ﬂA;amﬁ§r—Val -Thr-Leu-Gly-Thr-Leu-
iéysﬁégy- val - & a-Ser-Val -Thr-Leu-d y-Thr-Le

bR eGP P o- A APR AR A 8. 5

] The pronoter sequence, the Shine-Dal garno

sequence, and the secretion signal peptide-encoding
DNA @ﬁaugeeﬁote@nsegueﬁ&aln@ﬁefsﬁﬂﬁeiﬁ&1§ X2HP| Seqience,
Brevi baci |l us genus™ bacterium Preferab t hey” can
el diitenismexteliy capedighiad pepadpker-thcatiing bMAasEﬁﬁénce
met hod known in the art with the chronosomal DNA of
C—'@F@h%é&‘i'ﬁlall@@dblfé@ms zﬁar( $ERBPES) fsBrevikpaAddus genus

T Sty e, bl rela.
éﬁﬂTﬂﬁ%%HH bﬂSb rﬁvﬁggﬁEeéhgﬁEﬁyéﬁg 1 Gégﬁlﬁﬁt18é5§ the

BreV|baC|IIus I nensi s
chsemokanane sEAPaFe Bireviidiad< eB MNoev4s248093rM6285) (see
Brevi baci |l us choshi nensis HPD31-S ( FERM BP-6623), or

JBbeviclsac iPetestchasAr-Apasi Yo. HPD)S&S oRA { FERNEB@basm;us

J P Lai d 6- 296485
BRTe A JBERIOSE] 220P)  HECNpRaBaFBALvEREBRaRE ofo)

B&@%i@%%%ﬂﬁhs‘%%@@&'oﬁv 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.

[0033]

For the “expression vector” of the present invention,
it is preferred that any of the promoters, any of the
Shine-Dalgarno sequences, any of the signal peptide
sequences, and the DNA sequence encoding the protein A-
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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it is preferred that any of the pronoters, any of the
Shi ne- Dal garno sequences, any of the signal peptide
sequences, and the DNA sequence encoding the protein A
25 like protein or the partal ~-sequence of the protein
A- like protein should be |inked operatively within a
Brevi baci |l l us genus bacterium 20 - [0034] A plasmd
M$9§ r is preferable as the vector. Specific exanples
of an avail able plasm d vector useful for gene

expr aspileRmi &eBreyi b@gﬁkéﬂérﬁgmﬁaBa@ﬁ@Wé@&&r.

i nclude, but not limted to, pUB110 known in the art
Sree@l fiBacxdmgsl esultfi lans avedflebler piH¥bA8 {(dapanesseful
Patent Laid- Open No. 2-31682), pNY700 (Japanese
ot FRne. fxRgRsi Mo 1n 3- Breodbpcighivesgenpg, bacterium

Bacteriol. 1987. .1239-1245), 0. (Shi gezo,_Udaka

RO NS Rak Ao aRUETI0. KGPBBRGH SEFyact as o
1. : - O, 1 I, LQl -

o B R s bR YER ety taia

kRO Nol12:- 24882491 bnypblo2 1 TRRkhecdapanese r.Eagetben No.

Lai d- Open No. 7-170984), pNH301 (Shiga. Y. et al.

A8 09BNV PEY48MIlcr(hi Bhecte992] .58985251833) 124MH326,

15 pNH400 (Ishihara. T et al., 1995. J. Bacteriol,
2007 46higegp Udaksq oNiBRARnNogepkpgaky Kr s then® e,

- ) R2L5 ( | cr gbj ' chnol .
rbrieidberg 3763, By BRUEe ERRRESC!
vEzeleriioahi aietkichand.a 1Bgevi Baci hkugpge Pact gfi um
(Japanese Patent Laid-Open 20 No. 2002-238569).
BAlocéemat, i uélog, alget heE-48Y) al ptiURe1REsEd (JTabandse
conprises directly incorporating an expression vector
PeGRE RRAG-RPEPoNt o7 - ARASBA) nePNH301 (Bhiga. ¥. ot al.,

Appl. Environ. Microbiol. 1992. 58: 525-531), pNH326,
pPNH400 (Ishihara. T et al., 1995. J. Bacteriol, 177: 745-
749), pHT210 (Japanese Patent Laid-Open No. 6-133782),
PHT110R2L5 (Appl. Microbiol. Biotechnol., 1994, 42: 358-
363), or a shuttle vector pNCO2 of Escherichia coli and a
Brevibacillus genus bacterium (Japanese Patent Laid-Open
No. 2002-238569). Alternatively, a method may also be

used, which comprises directly incorporating an

‘expression vector containing a promoter and Shine-

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

1325693} . Such a method is a methed known in the. art,
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Dal garno sequence functioning in a Brevibacillus genus
bact eri um and a DNA sequence encoding a protein of 25
interest, or a gene fragnment containing these
sequences into the chronpsdhe-and causing the
expression of the protein of interest (Japanese

Pat ent Lai d- Qpen No. 9- 135693). Such a nethod is a

Wit 010 Chad QWi daliyt R AT tusedl Fovhipgl 1has sakleady 1 begry
used for Bacillus subtilis and yeast. [0035] 1In the

ygaEsent invention, a protein A-like protein 5 or
B&ytein consisting of a partial sequence thereof may
Yrloduced in either a secreted or non-secreted form
and %rekerablg, is,groduced in aformsecreted into a
cul t dPe R SoPHEFBATI AVERHECR RARECTT R edatHiF diF Wt
g : . c - oduci )
s P (SRR o8 7 DasliRL: PR3UshUE BRRHALF may
e cdheneat thart Be ssee¢kek8dorf PRV shbrkfed form and
preferred that the signal peptide-encoding DNA
HFuaietradinng isnpaocBoeeidbdai bl isrgenasrbaetieintion s howlthire
be added or |igated upstream of DNA encoding the 15
EINESPoRBI RETPE| PhepBrgeot PODBYRLLONTABASPSY WehEa THen .
@ﬁ@ﬁﬁnt i nvention also provides a Brevibacillus genus
acteriumtransformant, which has been transforned 20

o A TYAER o Ol DO AL roned
consisting of a partial sequence therecf 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. ,
[0037]
5. Transformant

The present invention also provides a Brevibacillus
genus bacterium transformant, which has been transformed
with the expression vector.
00381 o

An arbitrary Brevibaciilus genus bacterium is
avaiiable as a host cell. The Brevibacillus genus
bacterium includes, but not limited to, Brevibacillus
agri, B.'borstelensis, B. brevis, B. centrosporus, B:
choshinensis, B. formosus, B. invbcatus, B. laterosporus,
B. limnophilus, B. parabrevis, B. reuszeri, and B.

thermoruber. Preferably, the Brevibacillus genus

bacterium is selected from the group consisting of a
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avai l abl e as a host cell. The Brevibacillus genus
bacteriumincludes, but not |limted to, Brevibacillus
25 agri, B. borstelensis, B. brevis, B. centrosporus,
B. choshinensis, B. formespg, -B. invocatus, B

| at erosporus, B. |imophilus, B. parabrevis, B
reuszeri, and-B. thernoruber. Preferably, the

' j ! i i ted from.th
SRIPASLIE R il SRRl bpash B T 1us
Bidwi H {HEARR)  (BEewi Bacilloes | BrevisadiKisl! BkByis
(FERN BP-2308), Brevibacillus brevis 47-5Q strain
{T-CONB E0) 3, 1 1Br (@dMsadiol) |, u Brehadlaicidisiss cHPBBineakti @i APD3 1
(FERN BP-1087), and Brevibacillus choshinensis 5
HPEn GEER it 10BERN BRAUBrRvibassdégl phoshligensis

St i R ET SR OGS PP m, B8 o

- B 1'01%5 p2losh a%nsig%eklp%%%-ﬁlaggskgvggfgg}éﬁ?l Sr

[(0039 ant ‘Strains Ssuch as profease-

Byt B 101 ushictibs@X PeesSicORppthakisadh, LB a ,
Brevi bacil |l us genus bacterium my be used according

- Breviidepuisidsiss gblvsas nengpgiso@mBat Si atyakhdss suitable.

Specifically, a protease nutant strain Brevibacillus
[OR39Ri nensi's HPD31- OK derived from 15 Brevibacillus

choshi [ apese_Pat ent i.d-. Open_No..

o 2ouiBEE S RE RIS o TR A S e T, o
hhYRRR PRl vAbY 38YL8A8- B¥PEHBN BPUGE BPC-$1 § BL Ngenus .
(Konishi, H et al., Appl Mcrobiol. Biotechnhol. 1990.

b3¢te29mm302) banubedusedoralihgrbatpuepysesd suthAnis of

.any 20 strain included in the Brevibacillus genus
TBREPEFIGRT gRoVipSHeSer i TRAFHheRl Wby d@upfanse mutant

strain Brevibacillus choshinensis HPD31-OK derived from
Brevibacillus choshinensis HPD21 (Japanese Patent Laid-
Open No. 6-296485) 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; Alternatively, 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 brevis 47K (FERM BP-2308), Brevibacillus
brevig 47-5 (FERM BP-1664), Brevibacillug choshinensis
HPD31 (FERM BP-1087), Brevibacillus choshinensis HPD31-S
(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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[0040] O the mcroorgani sns described above, the
Brevi bacillus brevis 47K (FERN BP-2308), Brevibacillus
25 brevis 47-5 (FERN BP-1664), Brevibacillus

choshi nensis HPD31 ( FERN BR 1087), Brevibacill us
choshi nensis HPD31-S (FERN BP-6623), and.

Brevi baci | | us choshi nensis HPD31- OK (FERN BP-4573)

CilgadiiRg DayeshearyderngsibBgl asnkheinter 88PAFANEA
accessi on nunbers with international Patent 23

Iodyanirs mLDBpasncar gndNatchnal ogpstirob e DEulAdearnmattral
I ndustrial Science and Technol ogy (1POD;, Tsukuba
bCedrtal Hegaghi.1Teplubai , TTeuRkiba, 30bab2ki, BUBE566,

T%Fp rr) The rev baci revis 47 (JCM6285). and
PbuibrfiaThey 59%844775%?%@;&/@@»0@%#@%@%%

f ,
AT pROTunREsTg) BLafs el nll SLOSHAAN TR, gapan
cGailkatbon35%- ﬁi@ﬁooﬂ%@@@éms [Q@ﬁﬂiN681£§EBBé¥dé”téHter

protein expression 1 en a heterol ogous protein is

(HCYh| 9-expréseedwan Waker ofa beaxis ns3 § el 188 n@glagpan) .

Brevtba0|llus genus. bacterium . an incorrectly
inactive protein is often forned.

Par iy aprotein wth many disulfide bonds, when

ohi g %@ﬂe%préehsse% Eﬁ]% i ezﬁpgeéﬁ%&noften i nsol ubi | i zed

15 iwHdraa Q@E%!&?ﬁié ik 8hph '

has been known th togtxpregg a pr te?ﬁ o? ?%gggégﬁ,
miheoorgemol sthé | izalidingfa tAwepiioiel N10d derfey esictaidum,

reduction in secretion efficiency thereof can be

a@ub%?%%%tla&y fpkdedctimirvivea rivirines miden rfoo:rmed
bond i SONEr as 20 and/&gségéi %)ISOHET

P FEr A bl 3 ST B ondls,” 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 6n 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 aétivity into a host organism and
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met hod conprising allow ng protein(s) having disulfide
oxi dati on-reduction activity such as PDI (protein

di sul fide isomerase) and/or DsbA to act on a protein
of interest (Japanese Patent Lai d- Qpen Nos. 63-294796
and 5- 25 336986). [0042] Furthernore, a nethod is

-al so known, which conprises introducing a gene

ENeoth NG 1 Wﬁ)ﬁﬁﬁvcjrpgﬂdiasﬂrfoitggnh of interest and the

oxi dation-re on activity irnto a host organism and

2éot €ou g rid €1 1GREXTIIRS $:0/8a0H on -Realein odf akhteiestto

and the protein having disulfide oxidation-reduction

Heatathyt ywrasludeher ghyotEriod bee iagpcoteeathaiicnd féder eothds
i sul fide bonds (Japanese Patent Laid-Qpen No.

LS G2 URAt diaicd HrmibNce aPP8R -8B 67 Rt eNAGEPBALI
éﬁ?fﬁgaﬁﬁﬁﬁ!cgﬁ&' @?ﬁééﬁﬁgﬁ% ;ﬁg é%gg%pgﬁg%thggfﬁé. 5681

€ expressi
Pt N Lonsi sting of a partial sequence thereof 10
according to the present invention, several kinds of
foadladiing- pronoti ng enzynmes such as chaperone proteins,
di sul fi de bond oxi doreductases, and/or disulfide
i sonEpastbenaypueesion ebekbe epveteburd niikéeoprintisl or

expression i.n. grder to reduce_burdens on a host cel
ET%REE&E&&nﬁﬁsgiEQSQFVQ BRSteRh S§RYRBSPstRRYSSRDOt NIy

agoe{qr%ggggtgt %‘h@i @%ggggﬁitgggvé%%{ai Cegl%lra%sg}ﬂgaé chj a

t hat I'nv I'm - protern disul Ti"de”bonds
fandingaproeenihbodalimee Bach REOtRhPedbibl bkd€eins,
i sonerase analog (Bardwell, J.C A et al., Cell
d@g@ﬂfi@g;bsag-sggdoreductases, 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
achieve protein secretion. Specifically, Escherichia

coli DsbA that is involved in protein disulfide bonds and

has been thought to be a protein disulfide isomerase

-analog (Bardwell, J.C.A. et al., Cell. 1991. 67: 582-589;

and Kamitani. S et al., EMBO. J. 1992. 1l1l: 57-62) and/or
chaperone proteins such as DnakK, DnaJd, and GrpE (Japanese
Patent Laid-Open No. 9-180558) can be coexpressed during
the protein ekpression in a Brevibaciilus genus bacterium.
In addition, folding-promoting enzyme(s) such as an
enzyme PDI involved in correct polypeptide disulfide
bonds (Japanese Patent Application No. 2001-567367),
disulfide oxidoreductase (Japanese Patent Laid-Open No.
2003-169675) (kontinen, v, P..et al., Molecular

Microbiology. 1993. 8: 727-737), and/or disulfide
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20 and Kamtani. S et al., EMBO J. 1992. 11: 57-62)
and/ or chaperone proteins such as DnaK, DnaJ, and

G pE (Japanese Patent Lai d-Open No. 9-180558) can be
coexpressed during the prat®if expression in a

Brevi baci |l us genus bacterium |In addition,

fol di ng- pronoting enzyne(s) such as an 25 enzyne PD

et oo ek sk ineRt e i i oy e

pdictein de exedeneddct-aser( dapanesesRat-entokadr Peincy .
No. 2003-169675) (Kontinen, V, P. et al., Modlecular

[MI0d4dbi ol ogy. 1993. 8: 727-737), and/or disulfide 25
I sonmerase can be expressed sinultaneously wth the
Tor ot €PRSEBTIRREeby further inprove secretion

effigiency. .[00441 7. Transfornmant 5 The
o evTBE PP b RS 0T ot R UE Wbt %95
e t | : NngLoO

atned oreTREShany Py Cap o PARTBLOEREe el By che
mBahber b@l Tak883sh156t 32130TdR3kkshi hewnet hgd. of 7 Takagi
et al (Takagi. H et al., 1989. Agric. Biol. Chem
Bggteg(9d - 1098300 560r 11 he-hbBabd OheCkennrd &f Takagi et
écgangto” A._ et al., 1997. Biosci._Biotechnol.

agj oCAERFL61H-265-263) kRABAn PFTiEheBaPt: FiRMS153 3 3099~
3786) UMLUSedloT AL U SF 8a 4080 ORE AL Redodanbdgnsioramny
I's hot partrcularlTy TTrmted as I'ong as can “pr oduce
1bbe. peobetn . Ark bkechhet o1 Bi OEnSROt €1 N 260080 $f I1Rthwl #h

partial sequence thereof at high efficiency and high
theebds. Specifically, carbon and
[0045]

A medium used forrculturing the obtained
transformant is not particularly limited as long as it
can produce the protein A-like protein or protein
consisting of a partial sequence thereof at high
efficiency and high yields. Specifically, carbon and
nitrogen sources such as glucose; sucrose, glycerol,
polypeptone, meat extracts, yeast‘extracts, and casamino
acid can be employed. In addition, the medium is
supplemented, as required, with inorganic salts such as
potassium salts, sodium salts, phosphate, magnesium salts,
manganese salts, zinc salts, and iron salts. When an

auxotrophic host cell is used, nutritional substances

necessary for its growth may be added thereto. Moreover,

~antibiotics such as penicillin, erythromycin,

chloramphenicol, and neomycin may also be added, if

necessary. Furthermore, a variety of protease inhibitors
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ni trogen sources such as gl ucose, sucrose, glycerol,
20 pol ypeptone, meat extracts, yeast extracts, and
casam no acid can be enployed In addition, the
mediumis supplenmented, as2¢equired, with inorganic
salts such as potassiumsalts, sodiumsalts,
phosphat e, magnesium salts, manganese salts, zinc

&S irAnthd YR S@les: ﬂéhe@h@ﬁ aaeEHéagreﬁhfgnyﬁst

cell i's used, nutritional substances necessary fo
ﬁiubnydsMﬂPMmay Jbecadded dther, ette.(2Mamenyethyl) -
anti biotics such as penicillin, erythronycin,

ke zsrE syl Eenys! fl@@ald@oﬁﬁBBﬁFhayaatspabe,aGUmmpstatln,
necessary Further nore, a variet pr ot ease

S ion  P28= gty nORREDAPESTEfAR | Sprotinin, and

E?[ﬂ?( g@%%@?ﬁy%%%&%enggﬁégﬂ %%;eu (EBYEF) . obey nzargg%ne

RireRRi1R1 16N %St abl B, prbeHRSEt L Ani BEPSEAt hdly Ave added
phosphor am don, aprotinin, and 5 ethyl enedi am netetra

adc epppeogeid tEEBSArenandtdonst har ordermes céappyess the
avai | abl e protease inhibitors nmay be added at
d@a&#@aﬁ#aﬂeaﬁané@wrmaﬂ-ﬁsnéarm@w@m o5 Bhpmprsteimeot
radatjon. an ow-nol.ecul ari zati on of the prote of

iPEREREE, bRy nABEr BEI PR B HPEr ads b PFadan wor HI eitha
wi@nethedt hhecbagheriahicell. [0046] A culture
tenperature Is approxinately 15 to 42C, preferably
[appedxi mately 28 to 37C. it is desirable that the
culture should be perforned aerobically under 15

aer ak i onltsire riengeemadite des .agdoweviastalye 15 to 42°C,
transformant may be cultured anaerobically with
PLEfSERBAY bRBRKRUINRFelYie2Rskard7°C. It is desirable

that the culture should be performed aercbically under
aeration-stirring conditions. However, the transformant
may be cultured anaerocbically with aeration blocked, if
nécessary.
[0047]
8. Acqguisition of prbtein 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
is, 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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[0047] 8. Acquisition of protein A-like protein 20
According to the enbodi nents of the present
invention, a large anount of the protein A-like
protein or protein consistidmng of a partial sequence
thereof is allowed to accunul.ate outside of the

bacterial cell, that 1is, in the culture supernatant,
I h 5 S .
oRIEA MELRO " ep %ok 2S00 e PLEY BRI, GoDUS g

uangapuhiti Gdvis, a@réﬁ&hV§re£9r MbEr OMd hen & ubt Udies
super nat ant . The protein remaining wthin the

tbeeternal. cEid cbidhiored herdaeirerdaal supfiadeiegan al so
~be extracted by disrupting the bacteriumby a 27
ehEER6dVRABWILER vhe afta Pretej@npielficawtdwdrethod

utilizin uItras ni c mavei? French press, or alkaline
n

KBPWBDEN FPEaTEnt FOTHEXUBPAS neth pi A% FHod# 19 ammoni tm
SBERELEdooRILRCLIYELYe Wi Uh 08 PIia BBk rarton sith

puri I Cation met wn In exa

eSRhHbONY- QUb L H5E NGoANMFRA| Uke SWARLEL, vS0dH M sl f ate,
or the like, concentration with ethanol, "acetone, or

chhemétkeraphy teskmiguys ofuck o ngloghidptna it entiniigmes
such as gel filtration, ion_ exchange, hydroxyapatite,

Gl on%Y@g’g‘P%iﬁ?Bﬁ’% Eedini m@sch@%ﬁqurﬂn@ thfehniques

oSPLLERSY DI Sl R IR,

afig/ys @ﬁ@ta%ffmwaé@fﬂam@teMI ch has been
transfornmed with the "expriession vector" 15 of the

(@oes8knt invention, can stably express the protein and
secrete and accunul ate the protein in |arge anmounts
The Brevibacillus genus bacterium transformant,
which has been transformed Wlth the “expression vector”
of the present inventibn, can stably expregs 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
SDS-PAGE. The process for producing the protein |
according to the embodiments can achieve a yield of at
least approximately 150 mg/L of culture solution, ‘

preferably approximately 200 mg/L of culture solution,

more preferably approximately 500 mg/L of culture

- solution, most preferably approximately 1000 or more mg/L

of culture solution. The yield, of course, may differ

depending on culture conditions, and so on.
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into the culture supernatant. Specifically, the
transformant is cultured in an appropriate nmedi um and
can thereby secrete and accunulate into the culture
20 supernatant, a |arge ano2#t-of active protein A
that appears around a nol ecul ar wei ght of 40,000 to
50,000 in SDS-PAGE. The process for producing the
predegi n according to the enbodi ments can achi eve a
yield of at |east approximately 150 ng/L of culture
%0l Otnnobil25apieheodbbyoappn oxlbat etete0 oridd afse
culture solution, nore preferably approxi mately 500
“ﬁ@ﬂ@xbf culture solution, nost preferably

appr tel¥ 1000 or nmore ng/L - of culture solution.

The eE‘SBFsénV‘ﬁ%’irl‘a’ilf f BFPTeRGRIRS eGP SraEmias of
Cm@@é%'%ﬁ%rl df%% Hmo%§1 %Eg§4ghege?ﬂngﬁ$h$¥%aéi§nlxke

of protel n-Tike pro el n-on

pcReght oirNyediiean, cbaBk88enALabEve BXARPAESsOfueicd
"base matrix" for imobilizing thereon the

thereeifnihickadepr buei nobdr Lpmbtedntopnsnstdgagi ofbase
partial sequence thereof include: but not linmted to,
maﬁ6ﬂ§aﬁP€hb&§eacﬁ&V?|Qa§b@ﬁra§1a§$|b%a@%rb@¢d i bken
synt hetic yners or resin

o2 eynt Bt biTendSh’ gl Ber e aRoniaY Srfielfs
pBQbﬁﬂﬁﬁilQﬁ@ohgiosékbggfgnkgﬁlg f%ase é%é E%EEssllnked

crosslinked polys$tyrene; organic matri X
podgstsyllagidé, pahysacchal i flesd spehyesyesyst digdieic base
cell ul ose, crosslinked cellulose, crosslinked agarose,

mahygiEr 6§§5Fﬁké§9d@§t p@hysamh@rg@w csmlgaarﬁ cxystalline
ic_ 15 inorg Cc.Co S te base rlx,&hat nqg be
cg%?g?ﬁga,mFFﬂss nked ce ose, Cross ked agarose,
and crosslinked dextrin; and organic-organic or organic-
inorganic composite base matrix that may be obtained with

cellulose, polyvinyl alcohol, a saponified ethylene-vinyl

~acetate copolymer, polyécrylamide, polyacrylic acid,
. polymethdcerylic acid, poly (methyl methacrylate),
‘polyacrylic acid-grafted polyethylene, polvyacrylamide-

grafted polyethylene, glass, and combinations thereof.
Preferably, the baée 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({trifluoroethylene), poly (chlorotrifluoroethylene),
poly(ethylene ‘terephthalate), polypropylene, poly(methyl
acrylate), polyacrylic ester, poly (methyl methacrylate),
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cel I ul ose, pol yvinyl alcohol, a saponified

et hyl ene-vinyl acetate copol yner, pol yacryl am de,

pol yacrylic acid, polynmethacrylic acid, poly(nethyl
net hacryl ate), polyacryltc2act+d-grafted pol yet hyl ene,
pol yacryl am de 20 grafted pol yet hyl ene, glass, and
conbi nations thereof. Preferably, the base matrix is
§5ﬂyﬂaga55fymméIgga&QUme%@aah%%angoq aM@l gL andang
synt heti ¢ pol ymer conpounds suc s nyloh 6, nylon
d;d s Inien Thlyeelite. hyheneof gphytytayl skene,
chloride), poly(vinyl chloride), 25 poly(vinyl
HEatliad)ed shlapst,yidag, nembrpnenshagievi fijbbenzeakape,

copol yner, styrene-divinyl benzene,
qﬁ; 5% @@ﬁﬂeenéﬁﬁ the like can be used

rotrifluoroethyl en oly(ethyl en
%ﬁgégﬁ%%%%ygﬁe Fhbe36P8p€ eﬁé? Bgﬁﬁ(ﬁ%%ﬁ¥F° g@?@late),
MM it @3kl aReky 6ABRbBY L sMBERACKHYL8t BrerdPably in
pol ynet hacrylic ester, crosslinked polyacrylate, and
teross lkfnkedopeityan gerfArnaatesphatidt athes hapesr -
granul ated shape, flat nmenbrane shape, fibrous shape,
RGOl pesgyssHapseriahdishephekécaanobegusedlsted in

ffecti,yely as the shape_of the base trix, The
BoRSr| Cif BV C3PIRUPAT BUCLRaPa?rs AsBHE RBFROLY ef of abl y

' d [ . { ter-
 apRestIhrEegk, SLER BbPPaP T HREY Peaf P Er N et e

abBroshaBRee1it Soayer 8ge gﬁ[tM§£€ §féfef§bp%e£§§f$&&mé%ély
approximately 5 mto 1000 m nore preferably
3@pprogilmapely 20 to 800 m nost preferably
[%ﬁsrgxinately 30 to 600 m [0050] In the present

PHv & tion, the protein A-like protein

In the present -invention, the protein A-like protein
or 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 moleéular
modification such as the addition, substitution, and/or
deletion of amino acid resgidue(s) by means well known by
those skilled in the art. The protein A-like protein can
be immobilized easily onto the base matrix by introducing,
for example, a cysteine residue, into the protein A-like
protein molecule.

[0051]
The immunoglobulin-adsorbing medium obtained by the

broducing process of the present invention is preferably
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15 or protein consisting of a partial sequence thereof
may be imobilized onto the base matrix thorough

coval ent or noncoval ent bond; for exanple, affinity,
associ ation, antigen-anttrbddy-reaction, hydrogen
bond, or conjugation. Mreover, the inmmobilization
onto the base matrix can be 20 sinplified by

S BTG d Ne Dbl 0 v §/MaY o g;n]f bgation such
as the addition, substitution, and/or el etion of

amuneogiiish ies) dua(ts)cularisamyare] Mokeewsr pyit twgealso
skilled in the art. The protein A-like protein can be
hemann }iedk ¢ e abigapsentte eaimards sucht visx thg removal of
introducing, 25 for exanple, a cysteine residue, into
19t Tordt S14PR IRY8E™MBpr ot ei n nol ecul e. [0051]  The

i mmunogl obul i n- adsor bi ng nedi um obt ai ned by the
produci ng process of the present invention is
miaferaply 30 available as a mediumfor the
purification of immunoglobulin, particularly IgG
NoYssddver, it may also be applied to disease treatnent
such_as the renoval of 119G from blood plasma. 5
Exanpr&Esinphbsy} thereragentrinveetpersehtl vy «drsonibed

Sl Ao dsserties speciti oo Ly n e besisiol e
ol HSLLPL o0 Ol Lokl SN Bl ion 1o
nice:C dnftienidiat BNALRr epak 8bioRoaRHemPr OLE bk R5 MR & he
performed according to the follow ng
Present 1nventlon, 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.
[0053]
(Example 1) Cloning of DNA sequence encoding protein A
derived from Staphyiododcus aureus ATCC 6538P stréin
Staphylococcus aureus ATCC 6538P strains were shake-
cultured overnight at 37°C in a T2 liquid medium (1%
polypeptone, 0.2% yeast extract, 1% glucose, 0.5% fisﬁ
éxtract, PH 7.0). Bacterial cells were collected from
the obtained cultuie sclution by centrifugation and then -

washed twice with 10 mM Tris-HCl buffer solution (pH 8.0).

The bacterial cells were suspended in the same buffer
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experi ment books, unless otherw se stated: (1) T. 15
Mani atis, E. F. Fritsch, J. Sanbrook, "Ml ecul ar

G oni ng/ A Laboratory Manual" Vol. 2 (1989), Cold
Spring Harbor Laboratory-(&5); and (2) ed. M

Mur amat su, "Laboratory Manual for Genetic

Engi neering" Vol. 3 (1996), Maruzen. 20 [0053]

1l d gni f, . [ i A
R s T Jeddbad SheLetAThebsdanPeEb T et
3% apin 1RGOC Gl 1aweeU H A TSR a0538Romt FabRA WREBashake by
cultured overnight at "37Cin a T2 liquid nmedium (1%

SmpEng eptthiogs @u2% weasheexlr agtrad®ighuandeetRabhsd
fish extract, pH 7.0). Bacterial cells were collected

HhesHPitteé 188t-ai ned cul ture sol ution by centrifugation
@%% Hhen washed twice with 10 nmM Tri s-HC1 buff-er

ion (pH 8.0). The bacterial cells were suspended
in the.sa u - t. lysed with 1%
SDS, aﬁg' Eggtgeéig{:w%’ééi?%?%goﬁ ]?nﬂtrll%%é;ggl fol | oned by

TrocEiccgaTerce TPNACestEaahicarchYcastendar d (g8 hodsys ucd)
as phenol extraction and ethanol ©precipitation. 5

angi0 54]- CRELAT CCABAARAFANRCIECTAOECATEABRTGGSTT-3 (SEQ ID
TTGCTCCCATGGCTTTCGCTGCGCAACACGATGAAGCT- 3" (SEQ I D NO:
Ng):  banyese. PEERATEECTAABAT ACASTY GYACHEATRINA TRESITR a2

. . 6 d bas] f_th
SRS R L0500 o I o
P@NOQSEﬁbeﬁheggcﬁﬂgnbl@bonu8§565§&ggpfﬂﬁ§§sEM?%éperformed

ol i gonucl eotide priners was perforned wt

wgehoirhe PhAcmscaDNRnpkatetémpaapti fy amNAEy 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).

.[0055]

The obtained DNA fragment was digested with
resfriction enzymes Ncol and BamHTI and then separated and
collected with an agarose gel.

[0056] ‘
On the other hand, a Brevibacillus expresgsion vector

PNH301 (Shiga. Y. et al., 2ppl. Environ. Microbiol. 19%2.

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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fragment (approximately 1.2 kbp (kil obase pair))
encoding a site (hereinafter, referred to -as SPA) of
protein A 15 except for the signal sequence (S donain)
and a portion of the celt ®»&alt-binding domain (X
domai n). .[00551 The obtai ned DNA fragnment was
digested with restriction enzynes Ncol and BanH and

¢y separated and 20 collected with an agarose gel.
FOOS&] On the other hand, a Brevibacillus expression

vect ghe pNHBBACOSMhgaDNX. FRAgRént £BR! chEWEBsion

M crobiol. 1992. 58: 525-531) was al so digested with

eaxtar eNESH letzpaed2 WiNbokhandeBamthtdod &heymes were

purified and collected, followed by dephosphoryl ation
Wty ugiek 2ifi Aé piBsphaRESetot FERERERET R2SPA

B PEbE P T Aey SERABYE et SAURFE h: ABSr 51 55Q( Fon
NURZY FRRnWeRs | 19ak e ML s Uses of TaniNAd fed the

construct a SPA 5 expression plash pa-pN
FeFipgumesed aididén SEQal BreddBaciiand BrethsFedUr s Bl
and 4, "MAP-P5" denotes the P5 pronoter region of a
PEoselbatiPlL us SBMEviienceeE Wagl SDpsegeenceMP tIBDM'
denQE%g,the SD seguence of the Brevibacillus brevis
BreMLogar L lHeoPEPRIfvPe L Spa L 4 epbpee1in 11WR he" 8P riignotes

cHEP 85T ePUEREReboblenBL ot 06U LUBERN, 1y Bl
celeodny paBfein” Wb, degphesqdher £OURY HiRY|

neonyci n resi stance gene, and "Rep/pUB110" dendtes the
encoding “SPA”, “Nm” denotes the coding region of a
neomycin resistance gene, and “Rep/pUBl10” denotes the
replication 6rigin of the vector pNH30l. In Figure 4,
"P5-35" and “P5-10” denote the -35 and -10 regions of the
P5 promoter of the Brevibacillus brevis cell wall protein
MWP, respectively. This Spa-pNH301 was used to transform
Brevibacillus brevis 47K or Brevibacillus choshinensis
HPD31-0K strainsg by a method known in the art.

[o058]

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

The transformant obtained in Example 1 and a

Brevibacillus choshinensis HPD31-OK strain used as a
control, which had only the vector pNH301l, 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%

CaClz7H20, 0.001% MnSO0,-4H,0, 0.001% FeS0.,7H,0, 0.0001%




10

15

20

25

replication origin of the vector pNH301. In Figure 4,
15 "P5-35" and "P5-10" denote the -35 and -10 regions
of the P5 pronoter of the Brevibacillus brevis cel
wal | protein MAP, respectiBély. This Spa-pNH301 was
used to transform Brevibacillus brevis 47K or
Brevi baci | l us choshinensis HPD31-OK strains by a

0 0 i styh t 0 ( I in
R e R Er s s oo fteRkd i
Tike dubhsforsBnic aiaiwvad idedami@dl @udodo rpm, 4°C,
Brevi baci | | us choshi nensis HPD31- strain used as a
25nkpnt riop | thenadty eethooid hehdarserdrlpNEl0s, apdethe

separately cultured at 30C for 3 days under aerobic
S 10 T TREL ORRC Wsitsd GO P SRR 30 580y BREORE 2

0 t %.gl ucose,..0..01% MySO4. O,
Forh o S s et G0y e (670
FESHra0 2t GD0014EB3r NS rEpRArePth /- Qe gel was
suppl enented with 60 ng/L neonycin. The culture _
Hol intad sl ke rBECc et theugby (EGQ@0ar ppPR B&€nd FFiGGre 5) .
to thereby renove the bacterial cells, and the
A SuIMaY ts 1L ESDENSAREr anpRes isubpedrodet ansDet PAGES By

a andar d..net hod under reduction condjtions. usin
Bt S Tl i n B0E" g8 Slpienakral! Endiedt.
@Rsopas stained with CBB to thereby detect a SPA band

(Figure 5). As a result of SDS-PACE analysis, a |arge

anoumb ekpBPds £all dlbegERndirovBin i 41w Ciddtd #ring the
supernatant thereof. 10 [0059] To express full-length

CﬁﬁétM@l%ﬁbémﬁéngodpﬂﬁﬁhnéxtHemaéeDlOﬁﬂpt@béhdihg the
. . i A h
f%%q%%Qn%xn%%g%hn%agfbgrgagﬁgedﬁ %hg genomic DNA prepared

from Staphylococcus aureus described in Example 1 is used
as a template to amplify a DNA fragment by PCR using two
oligonucleotide primers 5'-
TTGCTCCCATGGCTTTCECTGCGCAACACGATGAAGCT-3' (SEQ ID NO: 5)
and 5'-CGCGGATCCTTATAGTTCGCGACGACG-3"' (SEQ ID NO: 9) or
5'-CGCGGATCCTCAACGTATATAAGTTAAAAT-3' (SEQ ID NO: 1Q).

The obtained DNA fragment encoding protein A is ligated
between the NcoI and BamHI sites of pNH301 by the method

described in Example 1. Brevibacillue brevis 47K or

- Brevibacillus choshinensis HPD31-OK strains are

transformed with the obtained 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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foll ow ng nmethod can be adopted: the genom c DNA
prepared from Staphyl ococcus aureus described in
Exanple 1 is used 15 as a tenplate to anplify a DNA
fragnment by PCR using two- 3#igonucl eotide priners 5'-
TTGCTCCCATGGCTTTCGCTGCGCAACACGATGAAGCT- 3" (SEQ I D NO:
5) and 5' - CGCGGATCCTTATAGITCGCGACGACG 3' (SEQ I D NO
90067 51- CGCGGATCCTCAACGTATATAAGITAAAAT- 3" (SEQ I D
NO 10). 20 The obtai ned DNA fragnent encoding protein
Aeismpigad jedMedaivaemt RE Nedli s, -Bamdhingi bBs 10ty of
pNH301 by the nmethod described in Exanple 1.

Breis adh [dusivresy by Buewiba Bridvishgeniisubacterium
choshji nensi s HPD31-OK strains are _transfornmed with
the dbt &REATHI ¥EREESE0SBBt BFRIECES PY akle o ramgfonmant

ant.. s cul tured by t.he . cul.ture nethod

PRI =t &5 Shronea by PHARoCaRe 11 Fkt | BRuse
Dt DNARRED WS AET8IRM 13! ankihg 154k ke héebgatg&-% -
[ 0060] (Exanple 3) Measurenent of antlgody- I ndi ng
Hhdlddy mefbbipr eredin méupkeoduGednhy bBaeesbaeirel Wsagenys
bacterium To confirm whet her SPA produced by the
TGhsToemindingkesitned in Exanple 1 had
gﬂhhgody-binding ability, nmouse anti-human |IgG

ntibodi es and al kal i ne phosphat ase- | abel ed rabbit

b narhg PeetI5e Bl 10 BOTHER G LIS mbh 1 S Wil the
rehdshy reRBies HB@3Sp§KpEHBehnﬁbtaﬂﬁéﬂgiﬁiEﬁﬁﬁgi@el or the

Spa- pNH301 obtained in Exanple 1 or the p 01 used
PAEI3H 1c wwedobswer eoubirblr werencthtusadeinayhassame 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. 2An antibody binding test was
éonducted 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 was

observed for the transformant having only the vector

- PNH301 used as a comparative control. 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 CBB 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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in Exanple 2, and their respective culture
supernatants were subjected to SDS-PAGE and t hen
transferred to a PVDF 15 nenbrane by a standard
met hod. The nmenbrane was bl ggked with 396 ski mmed
m |l k. An antibody binding test was conducted
according to the nethod of Fahnestock et a

R el S Rl rERE WP v BB a0

Seyedwprdiioddd dHmnufRctdy edi bk RharEad) 1agcording to

the i'nstruction manual. As a result, no band was
ohseh e 4 by HEDS 1403 sftorananthakdwvign g henlSyat kepresknon
pNH301 used as a co arative control. On the other
‘r%ﬁﬁpr %ﬁ%mi‘ﬁim -or Taegel @pﬁ’éhts\/\ﬁ@m@@s@r%@dathmh@

ilit as that of is, around 42
% Egnapﬁﬁ%waﬁﬁé@ By 8w

%%‘%%Es%?? e 5}% pw Ut pRB R sox,
stfa idenatene tiel eell akprepisdbh KRaekek, Sbgmpﬂﬁl‘i@ﬁ.eﬁas

the | ane of the BreV|baC|IIus 35 -

agliosiidyersinstibBDatAKistyr.ai n havi ng the vector pNH301,
and. Spa denotes the | ane of the Brevibacillus
i nensis HPD31-CK strain having t he SPA expression

PR, RO e lRRY R R eI G Pifeb Tl °

el2a Pk eed by the BrevibaC|IIus choshi nensi s

HPD31- strain having the SPA expression vector

Spa-phEB@i1haellankiéﬂﬁyebsﬂdﬁn@eamdfV@Nm32$@0ﬁ§§ 10
Exanpl e 4) Construction of Brevibacillus expression

aPBEtaMGyRKR3ggodescribed below by changing a MWP PS5

promoter contained in pNH326 (Ishihara. T et al., 1995. J.

Bacteriol, 177: 745-749) to a MWP P2 promoter.

[0063]

At first, PCR using two oligonucleotide primers 5'-
GGAATTCTGATTTCACTTTTTGCATTCTACA-3' (SEQ ID NO: 13) and
5'-AGTGCACTCGCACTTACTGT-3' (SEQ ID NO: 14) was performed
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 enzymés
ECoRI and HindITI. Next, a double-stranded DNA fragment

containing a MWP P2 promoter 5'-

GGTACCAATTGGCGCCGCAACTTTTGATTCGCTCAGGCETT TAATAGCATCTAATTG

TGAGCGGATAACAATTATTCTGCATGGCTTTCCTGCGAAAGGAGGTGCACCGCGCTT
GCAGGATTCGGGCTTTAAAAAGAAAGATAGATTAACAACAAATATTCCCCAAGAACA
ATTTGTTTATACTGGAGGAGGAGAACACAAGGTCATCAAAAAAAGAAGGGTCGTTAA
CAGTGTATTGCTTCTGCTACTGCTAGCTAGTGCACTCGCACTTACTGTTG&TCCCAT
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A Brevibacillus expression vector pNK3260 was
constructed as descri bed bel ow by changing a MAP P5
pronoter contained in pNH326 (lshihara. T et al.
1995. J. 15 Bacteriol, 177:3d45-749) to a MA\P P2
pronoter. [0063] At first, PCR using two

ol i gonucl eoti de priners 5'-

| : .

O T OO IR G SR T e g detedtine
GrexATuerErh A2 M e -3 2@ Egs 18 tenphatewhe pEebhiyga
part of pNH326 except for the MAP PS pronoter. The
ey Mg He carmilarfdsed meadwdnt andr ¢hei gastetheirehf were

estriction enzymes EcoRl and Hindlll. Next, a
%’cﬁﬂﬂ@%ﬂ%é@%@ﬁé’@w@ﬁ?%én“&pﬁi AgdaHMMPI P -

R R o T AR AR TP ER T S AR TR AR TABRT P

1iHase to construct pNK3260.
TGAGCGGATAACAATTATTCTGCATGECTTTCCT GCGAAAGGAGGT GCACCGECG

O0k4]
GCAGGATTCGGGCTTTAAAAAGAAAGATAGATTAACAACAAATATTCCCCAACGA
(Begmple 5) Cloning of DNA gequence encoding protein A

TTTGLT TACTCI¥§§¥KX¥K¥VKJ¥JV¥33TCATC¥¢VVVVVK3VM333TCGT
K&ved rom Staphylococcus aureus Cowan I strain

&ﬁﬁﬁ@?@}TGﬁTTCTGCTACTGCTAECTAEWGiﬁﬁ?CEiﬁCTTACTGWTGCTCC
CAT 36 -

CCCTTIEELTEEAGK AN COITH G TETAGNT LA T

TTC GAAATCGATAACCTTCTGT-3' (SEQ ID NGO 15) "was
aprepar €dwancGoeliragneo (aC¥eandar innehbodamamney hes etwls
-therigf were digested with restrjction enzynes Minl
EXRBPLPNdi | 1 NeBE ThiedR P Iuc ke AgiAs R RS |5 'gat ed

Aoty etttk OMEn 0, FORRSCIE, BNCE PO e o

Nproteh naAd geci ved from St aphyl ococcus aureus Cowan |

strain 10 (JCMR179) _
CGGGATCCCTATTTTGGTGCTTGAGCATCGTTTAGCTTTITAGCTTCTGCTAAAATT

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 two oligonucleotide
primers was performed with the genomic DNA as a template

to amplify a DNA fragment (approximately 0.9 kbp)

~encoding a part (hereinafter, referved to as SPA’) of

protein A except for-the signal sequence (8 domain) and
the cell wall—biﬁding domain (X domain). ‘The obtained
DNA fragment was digeéted with restriction enzymes Ncol
and BamHI and then separated and collected with én

agarose gel.
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Total genomi c DNA was extracted from Staphyl ococcus
‘aureus Cowan | strains (JCM2179) in the sane way as in
Exanple 1. Next, two oligonucleotide priners 5'-
TTGCTCCCATGGECTTTCGCTGCGCAACALZGATGAAGCTCAACAA- 3" ( SEQ

ID 15 NO 16) and 5

CGGGATCCCTATTTTGGTGCTTGAGCATCGT TTAGCTTTTTAGCTTCTGCTAAA
ﬁJES TTC-3" (SEQ ID NO 17) were prepared on the basis
of thHe DNA sequence information of the protein A gene
(NonorPatenbrRasURRAS ZﬁhePgEE9§b£Ehif@§ee§¢55551on

ol i gonuci'eotide 20 primers was performed w

vgeroy ENHYRes cankeapeatd ihoEaEmbiléy4awhblAal saoftfésted
(approximately 0.9 kbp) encoding a part (hereinafter,
widthe rneeai nigtdeonspazymets Nopdt and PasREepndf thenhpurif ied

sign u nc%H§§ donal and the cell wall-binding

at?(??ré% E&e‘i\m Oﬁ*ﬁ@ 8 QFHEBSEGOWELH%@E?&%%“ by
d [ ymes Ncol and BanH and

% %%Lg%p o‘ggggﬁé . E gévvlth an agarose gel. 37

[00[@Q65] Cn t he other hand, t he Brevibacillus

expression vector pNK3260 constructed in Exanple 4

was ThsoSHA(esheoding tDINA eftadudn to rereh zyne sexdieed s santh

BanH and then purified 5 and collected, followed by
VBEHRES @W%ﬁat p6Re¥r EhE nﬁﬁﬁtﬁycta@m P AP heEphEele

The . SPA DNA f d
wEE BHBREEa SACAVBET op pRkaDED. LIYETe (Te FRRTTTE dh
SPAZYERp %%@E%nﬁlégmwr%%% OBtRS2 ¥ t bﬂ%&@é 7 4tV

[ gase to construct a expressi on asmd

 $BRaTDPNKB2608( Fhquies. 7 BN &ures 7 and 8, “MWP-P2”

denotes the P2 promoter region of the Brevibacillus

brevis cell wall protein MWP, “SDM” denotes the SD

.sequence of the Brevibacillus brevis cell wall protein

MWP, “SP’” denotes a modified signal peptide sequence
partially modified from the signal peptide sequence of
the Brevibacillus brevis cell wall protein MWP, “spa’”
denotes the DNA seguence encoding SPA’, “Nm” denoﬁes the
coding region of a neomycin resisgtance gene, and
“Rep/pUB110” denotes the replication origin of the vector
PNK3260. In Figure 8, “P2-35” and “P2-10” denote the -35
and -10 regions of the P2 promoter of the Brevibacillus
brevis cell wall protein MWP, respectively.
[0067]

This Spa’-pNK3260 was used to transform
Brevibacillus choshinensis HPD31-OK strains by a method

known in the art.
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SEQ ID NOs: 18 and 19). In Figures 7 and 8, "MAP-P2"
denotes the P2 pronoter region of the Brevibacillus
brevis cell wall protein MAP, "SDM' denotes the SD 15
sequence of the Brevibacitlys brevis cell wall protein
MAP, "SPI" denotes a nodified signal peptide sequence
partially nodified fromthe signal peptide sequence of
Egﬁ%éqrevibacillus brevis cell wall protein MAP, "spa"'
denot'es the DNA sequence encoding SPA', "Nni denotes
(g0 C &di MHEHRMIRN oFf pRoReQRY @i Anr esl 8L A8CE-UEAEon
and "Rep/pUBl10" denotes the replication origin of
dxperasectiornd NK326d edl byFBgene b&ci'I1P2s35énan dod e #Him
denote the -35 and -10 regions of the P2 pronoter of
t he BRevibasrEpysanprebtained| inaFrappbt & rvaanzgultured
respectively. 25 [0067] This Spa)-pNK3260 was used to
3y SHof ORRRCEr BGTBAEF| FURILRURRD nbhe? o TPIFDIOE ki ns

; ad LR-the arke | Ex
e e e S R S S I Rt
cﬂfmci%sﬁ%l’s@'gﬁ%@lé B ev4 b@&@iEJx-mzcg,erw.Somctn@lrsw% dhe
transf ormant obtained in anple 5 was cultured 5 at
B@ClendeSOadiHadi cO conallt | 2S04 THA 3YE r.oduetip@lemented
ne%Lun1&F@6polypeptone S, 0.5% yeast extract, 3%
Withc 689/ b BEOIWESDM. TR0, WL B10s it ipp a sy sgorpked

O PR eACa= T BULRG) T RBoRyeI R TAT R 2F cPhe

C%Qkﬁkéoanﬂaéeﬁegﬁkﬁged;Qléf?@5 gﬁm,4§%L7%ﬁmQQQ)7%o
ours fromthe initiation of the culture an

themebyf ugmdvEe10h80Pacparidl, c&1lhEn. anfiothe 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 9). In
Figure 9, “Lane No. 1" denotes a molecular weight marker,
“Lane No. 2" denotes a lane showing the migration of 0.52
ug of protein A (rPA-50; manufactured by Repligen) used
as a control, “Lane No. 3” denotes a lane showing the
migration of 1 pl of the culture supernatant of the

Brevibacillus choshinensisg HPD31-OK strain having the

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

‘hours from the initiation of the culture, “Lane No. 47

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

supernatant thereof after a lapse of 72 hours from the
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t hereby renove the bacterial cells, and the resulting
sol utions were then subjected to SDS- PAGE by a
standard nethod under reduction conditions using 10
to 20% 15 gradient gel. Aft®y -l ectrophoresis, the ge
was stained with CBB to thereby detect a SPA" band
(Figure 9). In Figure 9, "Lane No. 1" denotes a

.l : i "lLane * deno e
e, 88 e BT KRR 203" nie o5 (8T MBIt G,
IRk Mhgd DY Rept-besnh Hged 2 38 @nLophi{flye " Lane
No. 3" denotes a | ane showing the mgration of 1 | of
stupercwltemte thapecfiabfnerob fLhpseBoevidaeohtasEirom the
.choshi nensis HPD31-OK strain having the SPA
UELESIPENCFeBhBr CBPRUTBNK3260 after a | apse of 24
[gg%rz fromthe initiation of the culture, "Lane No. 4"
dénotes a | ane showing the mgration of 1 | of the

cultyress tantthe % | apse I
fromt h% #ﬁﬁiﬁgtﬂ?ﬁons% %‘ﬁgé cﬁ%l‘}{%%’" Lane gbf %%t%%ﬁ
wedenekpsesdelian® BH0YENgMENAL S §f add Gbofs laftof dHhe
culture supernatant thereof after a.lapse of 72 hours
1hpgapthen39f thétfaltoneofLahe Mol t4r egndnshdvwsthe No.

.6" denotes a |ane showing the mgration of 1 | of the
1BGFEEFE 1BupRRrEREREC AR EBPm R QP apd@adilyzsikour s

<bL0 iEpaL AL b0 AL AR UL M S S ARERYy % B an
tBYPERSEREe | BupSF QL AP UNIT OB ROWLS 13 &F &R in
initiation of the culture (Lane No. 4) and showed
thacceasere nsgosncesnt suat | was fmersdtwh woirth F meldmiDdd XRE
accunul ated at a concentration of approximtely 2 g/L
sygtem (Bio-Rad) by using the band of 0.52 pug of protein
A (rPA-50; manufactured by Repligen) migrating in Lane No.
2 as a control.

[0070]

(Example 7) Confirmation of N-terminal amino acid
sequence of protein A produced by transformant

The SPA’ band seen aroﬁnd a melecular 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
subsequent sequence 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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the culture supernatant. The concentration of SPA" in

the cul ture supernatant was neasured with a Chem Doc

XRS system (Bi o-Rad) by using the band of 0.52 Rg of

protein A (rPA-50; manufactzored by Repligen)

mgrating in Lane No. 15 2 as a control. [0070]

(Exanple 7) Confirmation of N-termnal amno acid

sequ e 10f, Prelei ed b T

S B e ShreBeRSHEC Rt KaRERr oo FBThe

dedanel Norod 1 Hdig %Qﬁtﬁﬁ@zﬁlfo?ﬂ@ﬂn ikn tﬁ'eg'éé%egway A

was anal yzed for its N-term nal 10-residue am no acid

e querramgrioordiveg tsulyg estradd aiod cetibod exéhaageesul t,

t hi s sequence was consistent with the 37th Ala and the
axﬁéqu@%@anhatrm%mﬁmrmam Bagesenences) and

St ding | te ® Fh55%: i BRte JeRg Raficentahiemas
71
g‘Antl bo J’e%t ﬁgl ng act | %g?y %fé%rﬁg?glf%cﬁiopro e H e

’dHeﬁﬁf‘s‘lﬂzfjr&rﬂed‘lQ:o Meropdoplike chupaERaL2RHNOT @h@ﬁﬂur e
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SPA’ fraction. Approximately 100 mg of SPA’, 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 solution
(Takara Bio'Inc), and 100-pL aliquots thereof were
dispensed to a 96-well immunoplate (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 pl of 25 pg/mL
human IgG (Sigma)} solution prepared 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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to gel filtration chromatography (H Load 16/ 60
Superdex 75 pg; Anersham Bi osci ences), followed by
the collection of the SPA 4firaction. Approxi mately
100 ng of SPA', which exhibited a single band in
SDS- PAGE, was prepared by 15 these purification
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96-wel | immunoplate (NUNC). After reaction at 37C for
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Reygiisitgeatle as a control to compare their measurement
-azi nodi ( 3- et hyl benzot hi azol i ne- 6-sul foni ¢ aci d)

2,2 : g C |
Jé‘n%ﬁ’r?rﬁ -unf8apt FegBLht i Bhe (brnpp) Ighobiedire pebotvity 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]

The_Se 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.
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mnutes in the dark, followed by the nmeasurenent of 10

absorbance at 405 nm At this tine, the sane

procedures were conducted on protein A (rPA-50;

manufactured by Repligen) @3 a control to conpare

t heir measurement values. As a result, the human

I gG bi nding activity of the thus-prepared SPA" per
Niftydrass was approximtely 15 97% of that of the
proteln A manufactured by Repligen, denonstrating

that they have al nbst equivalent activity. [0073]
These results show that the process for producing

Ipr ot 2i DNA aseqoedtagecdmpEkaimies LR @ehieuwe: encoding a
producti vit 20 exceeding the previously reported
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equence encoding a~ prote € protein or
bBatkralimsequence thereof, and a 5 pronoter which is
operatively linked to t he sequence and is capable of
2f.uncThendiy seqeeBre\ddanrding gemnisiwmd,emheneir? the
The DNA sequence according to claim1, wherein the
PEPERE?Er1?saaP5P6ﬁE?§r°5faaC@éﬂlW%bllP{ﬁ?ﬁ%ﬁrP%faa 10

rev aC|IIus enus, bacter. a %§§§A uence
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Brevi baci | T us genus bacterium and a secretion signal
Dpépgairde- saquehog hcls e easpakbbé cbf | But@padt en®fa
Brevibacillus genus bacterium and a secretion signal
peptide-encoding DNA sequence which is capable of
functioning in a Brevibacillus genus bacterium.
3. An expreséion 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.
5. The transformant according to claim 4, wherein the

Brevibacillus dgenus bacterium is selected from the group

consisting of a Brevibacillus brevis 47 strain (JCM6285),

' Brevibacillus brevis 47K strain (FERM BP-2308),

Brevibacillus brevis 47-5Q strain (JCM8970),
Brevibacillus choshinensis HPD31rstrain (FERM BP-1087},
and Brevibacillus choshinensis HPD31-OK strain (FERM BP-
4573), and mutants derived from these strains.

6. A process for pfoducing a protein A-like protein or

protein having a partial sequence thereof, comprising



15 functioning in a Brevibacillus genus bacterium 3.
An expressi on vector conprising a DNA sequence
according to claim1 or 2. 4. A Brevibacillus genus
bacterium transformant cenpgi sing an expression
vector according to claim3. 20 5. The transformant
according to claim4, mherein the Brevibacillus genus
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