NOVEL SHUTTLE VECTOR TECHNICAL FIELD [0001] The present invention relates to a shuttle
vector for a microorganism of the genus Bifidobacterium and Escherichia coli; an expression vector
capable of expressing a desired gene in a microorganism of the genus Bifidobacterium by use of the
shuttle vector; a microorganism of theNgewes Bifilopacteriveareosformed with the expression vector;
and an antitumor agent comprising the microorganism of the genus Bifidobacterium as an active
ingredient. BACKGROUND ART [0002] Bifitiegaictedwn famgumn is a Gram-positive anaerobic
bacterium and which has a genome with a high GC content (see e.g., Non-Patent Document 1). This

Bifidobaq@id Kigpiesianianpativagenie andaconstituestthdonashioasb afandsimal thickeiaka in the
large intestines of humans and other animals (see e.g., Non-Patent Document 2). This

microorgBifisiobisc saidtodnd es piepetitiesodi, proemptisgi b sis the alipabliichfas @rbdngandesitaf
immunoreaction (see e.g., Non-Patent Document 3), inhibitory effect on the onset of cancer (see e.g.,
Non-Patgeh®ncuméanbdigproiaciiancodnstB dghibst teiiahirtbgatiero(ske shatleNeotdratent Documents
5 and 6), and possibility of producing antibacterial substance (see e.g., Non-Patent Document 7).
Some micrioosganisizie of the geny BHikidbbeetewiumardovioalywithatddrthewardvisctie pidparation of
fermented dairy products. [0003] Furthermore, plasmids of Bifidobacterium are expected to be applied
to probioticstirectargancharptivagcihe mégiarsagamsifitie gitous BiselabaclReoeniveparslave
revealed that Bifidobacterium longum is accumulated in hypoxic solid tumor after systemic
administiagiordi¢aee e.g., Non-Patent Documents 8 and 9), and that a recombinant plasmid
pBLES100-S-eCD that bears Escherichia coli codA fused with a Bifidobacterium longum hup
promoter expresses cytosine deaminase BAUKOGRQGaANIMARSee e.g., Patent Document 1 and
Non-Patent

[0002] Bifidobacterium longum is a Gram-positive anaerobic bacterium and which has a

genome with a high GC content (see e.g., Non-Patent Document 1). This Bifidobacterium

longum is nonpathogenic and constitutes the most part of normal microflora in the large

intestines of humans and other animals (see e.g., Non-Patent Document 2). This

microorganism is said to have properties of promoting host’s health such as enhancement of

immunoreaction (see e.g., Non-Patent Document 3), inhibitory effect on the onset of cancer

(see e.g., Non-Patent Document 4), protection of hosts against viral infection (see e.g.,

Non-Patent Documents 5 and 6), and possibility of producing antibacterial substance (see e.g.,

Non-Patent Document 7). Some microorganisms of the genus Bifidobacterium are widely

used in the world in the preparation of fermented dairy products.

[0003] Furthermore, plasmids of Bifidobacterium are expected to be applied to probiotics

vectors and oral vaccine vectors against infectious disease. Recent reports have revealed that

Bifidobacterium longum is accumulated in hypoxic solid tumor after systemic administration

(see e.g., Non-Patent Documents 8 and 9), and that a recombinant plasmid pBLES100-S-eCD

that bears Escherichia coli codA fused with a Bifidobacterium longum hup promoter expresses

cytosine deaminase in microorganisms (see e.g., Patent Document 1 and Non-Patent

Documents 10 and 11). This confirmed the theory that recombinant Bifidobacterium longum
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Documents 10 and 11). This confirmed the theory that recombinant Bifidobacterium longum 1 is
effective for enzyme-prodrug therapy. However, while these plasmids are getting attention in the fields
of foods, pharmaceutical drugs, and industry, their genetic properties are little known due to the lack

of an effigjefifxeplicablerggnr trassies aysten. [A90¢LpE]EBI1OMwhishswadsuseddritheatrenssuction
of the recombinant plasmid pBLES100-S-eCD, is a shuttle vector constructed from the plasmid pTB6

of a BifidpbdheteidLin ofofogds) fhikhiaaedtihie pragmich® BREAZyOtHEschatichipepefsececditiNon-Patent
Document 12). This shuttle vector pBLES 100 transformed Bifidobacterium longum at an efficiency of

2.2 X 104&tensfoisantséd 0N and itlakstabjeidablegeal smteems atsiructure and segregation of
phenotypes (see e.g., Non-Patent Document 13). However, as the plasmid having unmodified DNA
can be cl@80afl WBL& $es0jctibitienzye:thithh¢ricreaigaiois af duy irtg drabisfaatisiasndldning of a foreign
gene requires higher transformation efficiency. [0005] Patent Document 1: Japanese Laid-Open
Patent ApBlidesiny0Noee@D0 29 shddlNaotblatenstReotifent thSphraord pBBgey's Bladubhatrium
Systematic Bacteriology vol 2, eds. Sneath et al., pp. 1418-1434 (1986) Non-Patent Document 2:
MitsuokapkiseniBKApDpietiGcienae; ppBI03 214 { EF36RYridldn-ddi¢nicRRocy NemPatenasi einadntIl Dairy
Sci., 74, 1187-1195 (1991) Non-Patent Document 4: Reddy et al., Cancer Res., 53, 3914-3918 (1993)
Non-Patériti DadaittieerdcbopiEyESt1 4D, tRediatin REBifidbh6&0rH8b (88 dlan-dPatemdyadiinient 6:
Saaverdra et al., Lancet., 344, 1046-1049 (1994) Non-Patent Document 7: Ibrahim et al., J. Food
Prot., 56,1 318aAt R (AR98) N ONAatedhiRR b RNinGthY azAw efrals GancenEened Kogregdtian 9274

(2000) Non-Patent Document 9: Yazawa et al., Breast Cancer Res. Treat., 66, 165-170 (2001)
Non-PatentRAgpeseriel p NakaIratare T3 cuBieseil BioterhneleBigchRpladfid having unmodified
DNA can be cleaved with a restriction enzyme in the microorganism during transfection,
cloning of a foreign gene requires higher transformation efficiency.
[0005] Patent Document 1: Japanese Laid-Open Patent Application No. 2002-97144
Non-Patent Document 1: Scardovi, Bergey’s Manual of Systematic Bacteriology vol 2,
eds. Sneath et al., pp. 1418-1434 (1986)
Non-Patent Document 2: Mitsuoka, Elsevier Applied Science, pp 69-114 (1992)
Non-Patent Document 3: Yasui et al., J. Dairy Sci., 74, 1187-1195 (1991)
Non-Patent Document 4: Reddy et al., Cancer Res., 53, 3914-3918 (1993)
Non-Patent Document 5: Duffy et al., Pediatr. Res., 35, 690-695 (1994)
Non-Patent Document 6: Saaverdra et al., Lancet., 344, 1046-1049 (1994)
Non-Patent Document 7: Ibrahim et al., J. Food Prot., 56, 713-715 (1993)
Non-Patent Document 8: Yazawa et al., Cancer Gene Ther., 7, 269-274 (2000)
Non-Patent Document 9: Yazawa et al., Breast Cancer Res. Treat., 66, 165-170 (2001)
Non-Patent Document 10: Nakamura et al., Biosci. Biotechnol. Biochem., 66,
2362-2366 (2002)
Non-Patent Document 11: Fujimori et al., Curr. Opin. Drug Discov. Devel., 5, 200-203

(2002)



2362-2366 (2002) Non-Patent Document 11: Fujimori et al., Curr. Opin. Drug Discov. Devel., 5,
200-203 (2002) 2 Non-Patent Document 12: Matsumura et al., Biosci. Biotechnol. Biochem., 61,
1211-1212 (1997) Non-Patent Document 13: Matsumura et al., Biosci. Biotechnol. Biochem., 61,
1211-1212 (199 N e PateIhdRIm Mt THENMIDNFI Qi [A3adieinBio feehsolvasi dahéhe, lovention] [0006]

As described above, a shuttle vector pBLES100 for a microorganism of the genus Bifidobacterium
and Escherig¢hia toliitwansformed Bifidobacterium longum at an efficiency of 2.2 x 104 transformants/g
DNA and was stable in the cells in terms of structure and segregation of phenotypes. However, as the
plasmid having uNpieHitest DiNAsaNDES Cidavwehwitltare BlistiorBesteyhne inBle eiaro@rganism during
transfection, cloning of a foreign gene requires higher transformation efficiency. The object of the
present ingéntian s togrpvide a shuttle vector for a microorganism of the genus Bifidobacterium and
Escherichia coli having a wide host range and a large copy number in microorganisms of the genus
Bifidobacterium and capable of highlg €kessREyCGFIBSIFiNMBITONa microorganism of the genus
Bifidobacterium when used as an expression vector; an expression vector capable of expressing a
desired geéneblomatonbereargarbsnhefitvergam]s Bifidobacterium by use of the shuttle vector; a
microorganism of the genus Bifidobacterium transformed with the expression vector; and an antitumor
agent cqogiéding shizsuitdredrdanism ditle gertos iafiididiadtdntmnasranrgaisaingtadiganiugMeans to
solve the problems] [0007] The present inventors determined the complete sequence (3624 bp; SEQ
ID NO: 1Bdidobacterium and Escherichia coli transformed Bifidobacterium longum at an efficiency of

2.2 x 10" transformants/pg DNA and was stable in the cells in terms of structure and

segregation of phenotypes. However, as the plasmid having unmodified DNA can be cleaved

with a restriction enzyme in the microorganism during transfection, cloning of a foreign gene

requires higher transformation efficiency. The object of the present invention is to provide a

shuttle vector for a microorganism of the genus Bifidobacterium and Escherichia coli having a

wide host range and a large copy number in microorganisms of the genus Bifidobacterium and

capable of highly expressing a desired protein in a microorganism of the genus Bifidobacterium

when used as an expression vector; an expression vector capable of expressing a desired gene

in a microorganism of the genus Bifidobacterium by use of the shuttle vector; a microorganism

of the genus Bifidobacterium transformed with the expression vector; and an antitumor agent

comprising the microorganism of the genus Bifidobacterium as an active ingredient.

[Means to solve the problems]

[0007] The present inventors determined the complete sequence (3624 bp; SEQ ID NO: 1) of

a plasmid pTB6 derived from Bifidobacterium longum BKS51 and identified some gene

sequences of this microorganism of the genus Bifidobacterium including the plasmid

replication origin OriV. The present inventors found out that OriV is a 358 bp sequence

containing dso and sso, and that a pTB6-derived fragment of approximately 1900 bp in full

length containing a replication protein (RepB, 693 bp) is available as a "replication unit of a
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a plasmid pTB6 derived from Bifidobacterium longum BK51 and identified some gene sequences of
this microorganism of the genus Bifidobacterium including the plasmid replication origin OriV. The
present inventors found out that OriV is a 358 bp sequence containing dso and sso, and that a

pTB6-denvethHiggmantdIfthp xRl 8206 himin full cjgfativacibiaininga xeplicatiandaraein (RepB,
693 bp) is available as a "replication unit of a 3 microorganism of the genus Bifidobacterium."
Replicationi eduiliyiiniag 0ot ¢ enbirmestfioh a fREp Bontaing v ianendopocbaip i RiefhB pldserresent
inventors completed the present invention by finding out that the expression of an expression product
of an ampicilitide digtandm eornealte ik gxpscastaiantive sxpidsioppridularbf theamiiceissioasafidhec
N-terminal region thereof, is unfavorable in terms of expansion of a host range in microorganisms of
the genugeRifidoliagteyivsel{O0OSHN&mEyaitheupiegent sxpeadidonrefatesNodin mshitieneaiaofor a
microorganism of the genus Bifidobacterium and Escherichia coli characterized by comprising a
pTB6-deiivetfaregibie poridomconeapsingoa ofpalicadiananyddinracidprepisnegidnhef gghB6 but not
comprising MembB, MobA, Orfi, and oriT regions of pTB6 and an Escherichia coli-derived plasmid
portion cBifijglidageain@plication origin (oriC) region of Escherichia coli; (2) the shuttle vector for a
microorganism of the genus Bifidobacterium and Escherichia coli according to (1), wherein the

pTB6-de[d@a8edNampigrithn pensistmoé@iph Blaterived yagiot thovitotocten prising oaghA 6oy the
nucleotide sequence consisting of a nucleotide sequence represented by nucleotides 305 to 1564 in
SEQ ID Néwui B3)dbleasteuitie wadtBrdbedchiicrobrganisneias ¢ d geomprBifid absiCBerideni aedl
Escherichia coli according to (1) or (2), wherein the Escherichia coli-derived plasmid portion
comprisinegangphicatiocoorpginifriGepigoivnbEgoheritViarepB isgioplas pildpdiiiaronodepnipnging an

ampicillin resistance gene (ampR) or having deleted DNA encoding an N-terminal region of an

ampicilliiMesisEyNdegenOrf@nap R peXpressicnofroBetand an Escherichia coli-derived plasmid
portion comprising a replication origin (oriC) region of Escherichia coli; (2) the shuttle vector
for a microorganism of the genus Bifidobacterium and Escherichia coli according to (1),
wherein the pTB6-derived region portion consists of a pTB6-derived region portion comprising
a 1260 bp nucleotide sequence consisting of a nucleotide sequence represented by nucleotides
305 to 1564 in SEQ ID NO: 1; (3) the shuttle vector for a microorganism of the genus
Bifidobacterium and Escherichia coli according to (1) or (2), wherein the Escherichia
coli-derived plasmid portion comprising a replication origin (oriC) region of Escherichia coli is
a plasmid portion not comprising an ampicillin resistance gene (ampR) or having deleted DNA
encoding an N-terminal region of an ampicillin resistance gene (ampR) expression product
B-lactamase; (4) the shuttle vector for a microorganism of the genus Bifidobacterium and
Escherichia coli according to any one of (1) to (3), wherein the microorganism of the genus
Bifidobacterium is Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium animalis,
Bifidobacterium bifidum, or Bifidobacterium adolescentis; (5) the shuttle vector for a
microorganism of the genus Bifidobacterium and Escherichia coli according to any one of (1)

to (4), wherein the shuttle vector has an average copy number of 6 to 30; (6) the shuttle vector

for a microorganism of the genus Bifidobacterium and Escherichia coli according to any one of
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O-lactamase; (4) the shuttle vector for a microorganism of the genus Bifidobacterium and Escherichia
coli according to any one of (1) to (3), wherein the microorganism of the genus Bifidobacterium is
Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium animalis, Bifidobacterium bifidum, or
Bifidobagtgriuns adeieseiantis; s{hjttirevebuitls pactonin @) mniekpregabisntabihe g s Bifipesaierium
and Escherichia coli according to any one of (1) to (4), wherein the shuttle vector has an average
copy nuralkiesieé®dend@h (EintleeosheitiBvastdic iasra NBerobigrRMsinefdhegeing Bifidahdetesisor and
Escherichia coli according to any one of 4 (1) to (5), wherein the shuttle vector is pAV001; (7) an
expressidor vaaioraapadiarod LtRrgssind id desiteeganend Bsohefehiganisara@rthegg@niiss one of
Bifidobacterium, comprising the shuttle vector for a microorganism of the genus Bifidobacterium and
Escherictia toalé paaordinighamayppasioh (hjttof(theidegivedigbrani@xpe asitama babite desivathgene
ligated in-frame between a promoter and a terminator involved in the expression of a Bifidobacterium
longum-dadvedgenetentoding dihigiorepiksesIoN Af hildiidy paotaiufiHldngiate dyrisddseried; (8) the
expression vector according to (7), wherein the desired gene is a cytosine deaminase gene; (9) a
microorgamisdinf dldsgaruEBifioAssiediumpiraesiqiiie graitinihe expredsi(®) tectepassarnding to (7)
or (8); (10) an antitumor agent comprising the microorganism of the genus Bifidobacterium according
to (9) as art@ctivedndjredie it ( Whcacl B 6-disinedd:phesmice yeplicateaminitsofganaj¢pyarganism of the
genus Bifidobacterium comprising a replication origin (oriV)-repB region of pTB6 but not comprising
MembB, iviotwdr garfisiand dréTgragioBsfidb mERGiuan d {AXpthe ¢ Wah- dersgaqslasmid cep licatiadingnit of a
microorganism of the genus Bifidobacterium according to claim 11, comprising a 1260 bp nucleotide
sequenceda@nsistig (0h)eanuakéotice seouercemegrestirteddiyongabeotiddsiz0getmd 564 in SEQ ID NO:
1. BRIEF DESCRIPTION OF DRAWINGS [0009]

Bifidobacterium according to (9) as an active ingredient; (11) a pTB6-derived plasmid

replication unit of a microorganism of the genus Bifidobacterium comprising a replication
origin (oriV)-repB region of pTB6 but not comprising MembB, MobA, Orfl, and oriT regions
of pTB6; and (12) the pTB6-derived plasmid replication unit of a microorganism of the genus
Bifidobacterium according to claim 11, comprising a 1260 bp nucleotide sequence consisting
of a nucleotide sequence represented by nucleotides 305 to 1564 in SEQ ID NO: 1.

BRIEF DESCRIPTION OF DRAWINGS
[0009]
[Fig. 1] Figure 1 is a diagram showing a linear map of a plasmid pTB6 (3624 bp) and the
structure of oriV. Figure 1(a) represents putative RepB, MembB, MobA, and a putative
protein Orfl. The arrows denote the direction of translation, and the numerals denote
nucleotide position. Figure 1(b) schematically represents 2 sets of IR (305 to 417) in sso and
1 set of IR (481 to 504) and 4 repeat units (indicated by the triangles) (577 to 664) in dso
located in oriV. The diagram is indicated without reference to scale.
[Fig. 2] Figure 2 is a diagram showing sequences in RepB and oriT. The amino acid
sequences (a) of region 1 and region 2 in RepB and the nucleotide sequences of DR (b) and IR

(c) in oriV are arranged in the diagram. The numerals above the sequence denote amino acid
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[Fig. 1] Figure 1 is a diagram showing a linear map of a plasmid pTB6 (3624 bp) and the structure of
oriV. Figure 1(a) represents putative RepB, MembB, MobA, and a putative protein Orfi. The arrows
denote the direction of translation, and the numerals denote nucleotide position. Figure 1(b)

schematisailyi 68 praseaist@dsetp BIofH (385 tadHhe) hrssenRnibol s ticod dRe(HBictadpod) Machdnibpeat
units (indicated by the triangles) (577 to 664) in dso located in oriV. The diagram is indicated without
reference tamoalecidigin2hbigigiond is Tigiagiassbowing peqisrncestiyirepB adenottt. thiigaamino
acid sequences (a) of region 1 and region 2 in RepB and the nucleotide sequences of DR (b) and IR
(c) in oriVoare aff@aRgeddnhhaudisgtain sddiemuenef ais alypve ihrssaguencgabenobaniciednid 5
position in predicted RepB of pTB6, and the numerals above the dotted line denote the number of
amino agisiscinpdtiggiarkgikewalentide (nugpoptondnIRigate i) sepeiesdhecgenmgatus of DR,
and the nucleotide sequences of the repeat units are arranged. The nucleotide (nuc) position in Figure
2(c) dendtkes iheagghs Deutnf WRihadhddshairsequaroamase adraspgath of e raniaoglddsovetiiaid with
dots represent the conserved regions of the amino acids or the nucleotides. [Fig. 3] Figure 3 is a
diagram shdwnigesn amino acid sequence in MobA and a nucleotide sequence in oriV. In Figure 3(a),
the partial amino acid sequences (amino acids 1 to 27 and 121 to 145) of MobA of pTB6 and the
partial arfiing atidigeagt@ncesi{aminoshoiing ia 2n@mochcld8etmdidl) iaf A Bod meplrsnid RSF1010
(Deposition No. M28829) are arranged. The symbol * denotes an active Tyr associated with DNA
nicking-ciegireg@ctivityi Vh Mbiifigune Fki), nhotifaniMatifilb doifigune by, (theimueteddidestfuadce of
nucleotides 3454 to 3510 of putative oriV of pTB6 and the nucleotide sequence at position 3169 to
3132 of daT af IRSFNIOkenériBged.d the paroaisaénoie idharpciartsti@iRn@ncidbe arrdwvihehd
denotes a nicking (nic) site by MobA of RSF1010. The numerals above and below the sequences

108 to 131) of a MOBo-line plasmid RSF1010 (Deposition No. M28829) are arranged. The

symbol * denotes an active Tyr associated with DNA nicking-closing activity in Motif I and 3H
motif in Motif III.  In Figure 3(b), the nucleotide sequence of nucleotides 3454 to 3510 of
putative oriV of pTB6 and the nucleotide sequence at position 3169 to 3132 of oriT of
RSF1010 are arranged. The arrows denote characteristic IR, and the arrowhead denotes a
nicking (nic) site by MobA of RSF1010. The numerals above and below the sequences
denote the amino acid position of MobA or the nucleotide position of pTB6. The regions
indicated by the rectangles overlaid with dots denote nucleotide sequences homologous with
matched amino acids.

[Fig. 4] Figure 4 is a diagram showing linear maps of reconstituted plasmids. The Pstl-Fspl
fragment of pTB6 (nucleotides 1 to 1872) was inserted into the PstI-FsplI site of pUC18 to
obtain a composite plasmid. The 1.6 kbp-HinclI-HindIII fragment containing spc of
pBLES100 was ligated with the HindIII-Sspl fragment (4.0 kbp) and the HindIII-Fspl fragment
(3.4 kbp) of the composite plasmid to obtain pPBRASTA100 (5.6 kbp) and pPBRASTA101 (5.0
kbp), respectively. The 0.6 kbp-Sspl-Fspl fragment (indicated by the rectangle with a short
underline and a shading line) of pUC18 was inserted into the BamHI site and the BamHI and

HindIII sites of pP BRASTA101 to obtain pPBRASTA102 (5.6 kbp) and pPBRASTA103 (6.2 kbp),
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denote the amino acid position of MobA or the nucleotide position of pTB6. The regions indicated by
the rectangles overlaid with dots denote nucleotide sequences homologous with matched amino
acids. [Fig. 4] Figure 4 is a diagram showing linear maps of reconstituted plasmids. The Pstl-Fspl
fragmentedetB@nucleqiidasid S IBTEIp(EstiRbpytedsintnthadtsiltyspl sinoprldédldetas abthin a
composite plasmid. The 1.6 kbp-Hincll-Hindlll fragment containing spc of pBLES 100 was ligated with

the HindlbbsphfragnoepiE ASP) ekt tHladihdBpllfragme A (&4kkidp) afibe aateposite plasmid to
obtain pBRASTA100 (5.6 kbp) and pBRASTA101 (5.0 kbp), respectively. The 0.6 kbp-Sspl-Fspl
fragment3@ndicated By thedettanglePailiFaps MOKAURga e @udlacsidreingoling) ) fwddthi&tedmiaserted
into the BamHI site and the BamHI and Hindlll sites of pPBRASTA101 to obtain pBRASTA102 (5.6
kbp) andth8RASTAENI (6.3, 1 & reshectivelyE & R ImichikS 58305 pi . 4pchp) asp ponstructed by

the same procedure as in the construction of pPBRASTA100 except that the Pstl-Fspl DNA fragment
(nucleotigB$.E8 TG0t ava3drdyaf plBGdostbadafitntcPslt-Bapll INA fragmeant((ndkleptictles thiccB72)
was inserted into the Pstl-Hincll site of pUC18. The Aatll-EcoRV fragment containing spc (1.3 kbp) of
pBLES109 wasrtigated 0N dcaomiinaniniedecieledAatid-F8 PR fradpTasd {dtd tkbp) atinHtiudiedteyf
inserting the DNA fragment (nucleotides 472 to 1872) of pTB6 into the Aatll-Hincll site of pUC18, to
construcpl Qlessmid @3 5044 a1 kP ORS pedtarkdies withersttadgieslingh deshatémsbnend dso. The
diagram is indicated without reference to scale. [Fig. 5] Figure 5 is a diagram showing the production
processekob B ifidodat taiumT lendjapgrapAY Bdlchith eGhoan deBifidmbactsralkn
longum::pBLES100-S-eCD. [Fig. 6] Figure 6 is a diagram showing the comparison result of the
expressiphievé| Bigare jtosindi geamistase pgatei priodBdicdobaciersses ddijlicobbhediagram shows that
the cytosine deaminase protein is expressed 2 to 8-fold by Bifidobacterium longum::pAV001-HU-eCD

longum::pAV001-HU-eCD and Bifidobacterium longum::pBLES100-S-eCD.

[Fig. 6] Figure 6 is a diagram showing the comparison result of the expression level of a

cytosine deaminase protein in Bifidobacterium longum. The diagram shows that the cytosine

deaminase protein is expressed 2 to 8-fold by Bifidobacterium longum::pAV001-HU-eCD

compared to that expressed by Bifidobacterium longum::pBLES100-S-eCD.

[Fig. 7] Figure 7 is a diagram showing a temporal shift in bacterial counts obtained by a result

of comparison of enzyme activity of the cytosine deaminase protein (comparison of activity of

converting SFC to 5FU) in Bifidobacterium longum.

[Fig. 8] Figure 8 is a diagram showing a 5-FU concentration obtained by a result of

comparison of enzyme activity of the cytosine deaminase protein (comparison of activity of

converting SFC to 5FU) in Bifidobacterium longum.

[Fig. 9] Figure 9A is a diagram showing a result of Southern analysis, after culturing

Bifidobacterium longum::pAV001-HU-eCD and Bifidobacterium longum::pBLES100-S-eCD,

digesting DNAs extracted from the respective bacterial cells with a restriction enzyme, and

separating nucleic acids by agarose gel electrophoresis to subject to Southern analysis using

AlkPhos Direct Labelling Reagents (Amersham Bioscience). Figure 9B is a diagram showing



compared to that expressed by Bifidobacterium longum::pBLES100-S-eCD. [Fig. 7] Figure 7 is a
diagram showing a temporal shift in bacterial counts obtained by a result of comparison of enzyme
activity of the cytosine deaminase protein (comparison of activity of converting 5FC to 5FU) in
Bifidobagteritompangonmeluiy o8pkiguie Soisyandiabeand SBofdoBaatbrinkh tenaantriaobEues by a
result of comparison of enzyme activity of the cytosine deaminase protein (comparison of activity of
converting®BdidobidbrindB dgbactpBumI ongseBignIh & igisie diisnaldiaghiany showing a result of
Southern analysis, after culturing Bifidobacterium longum::pAV001-HU-eCD and Bifidobacterium

longum::pBLES100-S-eCDBESgest®D IDNAS AR INGOmTtHE $pediNg asterial cells with a
restriction enzyme, and separating nucleic acids by agarose gel electrophoresis to subject to

Southerr@oidlysis ykinge Abdeirad DinadtloahellingnREage pts (A Bigidhiam dloscieniCE}c kdgigreaOB is a
diagram showing 7 the comparison result of plasmid copy numbers of Bifidobacterium
longum::pAVOOhd-Hue stDinaoat Bifi tkobagieriivnl doRdumteBdsH&ION: B-sGRIanttbe dasis of signal
intensity. BEST MODE OF CARRYING OUT THE INVENTION [0010] A shuttle vector for a
microorgesigni Kh ghe pgaersl Bifrd o begieri portandcbsphiigh arapolcad she ppgs €otiMyeatioatidasot
particularly limited as long as it is a shuttle vector comprising a pTB6-derived region portion
comprisiagsatoaficaiiamar]gini forsvguucie atitle serd6d g SEQ iMaNUCIPoitigd faqeientddaepiesented by
SEQ ID NO: 1)-repB (nucleotides 872 to 1564 in the nucleotide sequence represented by SEQ ID NO:
1) regionléhp TiBthbuticlebtabnspaiséngeMemisBnfad dhe S 311 HA3: tb) 285briro fhd Béddeotide sequence
represented by SEQ ID NO: 1), MobA (nucleotides 2212 to 3300 in the nucleotide sequence
representechpyisSsMEN NBO(nby €orflnuidedtid @S IoBvthe bildldntiie segalenitdesesgratdy§i@sented
by SEQ ID NO: 1), and oriT (nucleotides 3454 to 3510 in the nucleotide sequence represented by
SEQ ID N®ONO: 1), MobA (nucleotides 2212 to 3300 in the nucleotide sequence represented by SEQ ID

NO: 1), OrfI (nucleotides 3587 to 517 in the nucleotide sequence represented by SEQ ID NO:

1), and oriT (nucleotides 3454 to 3510 in the nucleotide sequence represented by SEQ ID NO:

1) regions of pTB6 and an Escherichia coli-derived plasmid portion comprising a replication

origin (oriC) region of Escherichia coli. However, a replication unit comprising a 1260 bp

nucleotide sequence consisting of a nucleotide sequence represented by nucleotides 305 to

1564 in SEQ ID NO: 1, for example, a 1260 bp minimum replication unit consisting of a

nucleotide sequence represented by nucleotides 305 to 1564 in SEQ ID NO: 1, a 1900 bp

replication unit consisting of a nucleotide sequence represented by nucleotides 1 to 1900 in

SEQ ID NO: 1, and a 2355 bp maximum replication unit consisting of a nucleotide sequence

represented by nucleotides 1 to 2355 in SEQ ID NO: 1, are preferable. Thus, by using a

smaller replication unit without the MembB, MobA, Orfl, and OriT regions, the copy number

in host cells can be increased. It is preferred that the shuttle vector has a copy number larger

than that of a shuttle vector pPBLES100 for Bifidobacterium longum and Escherichia coli that

can be constructed by the method described in Biosci. Biotech. Biochem., 61, 1211 (1997), and

has an average copy number increased of, for example, 3 to 30, particularly preferably 6 to 30.



1) regions of pTB6 and an Escherichia coli-derived plasmid portion comprising a replication origin
(oriC) region of Escherichia coli. However, a replication unit comprising a 1260 bp nucleotide
sequence consisting of a nucleotide sequence represented by nucleotides 305 to 1564 in SEQ ID NO:
1, for exq0uale] ald 26O Ipatnisan ¢LHicptiesnimivearisistings pirafentéd eatidResEStIRARBEPresented
by nucleotides 305 to 1564 in SEQ ID NO: 1, a 1900 bp replication unit consisting of a nucleotide
sequencediekesast ethbyidysiedsiclesrpios 08 iep IRE@IDMGY lord0Yragl3d o fapschaxichtinadgrplication
unit consisting of a nucleotide sequence represented by nucleotides 1 to 2355 in SEQ ID NO: 1, are
preferabléockhids, doynpsisigaa ssnpadierinepbicaiionr yaicwitkpt) the WeambBpdabAnBetiamoNXiT regions,
the copy number in host cells can be increased. It is preferred that the shuttle vector has a copy

number laigeditharetNatpminshdtioonestas pRlERidNplenBiftlohasteriem lonetemiapekesbrrichia
coli that can be constructed by the method described in Biosci. Biotech. Biochem., 61, 1211 (1997),

and hasgp a¥prageoraRYKa H@N%Eﬁﬁﬁ@ﬁr@éiéﬁro?@m&'ﬁn%%ﬁ@w@%ﬂﬁ%@@%p@E%f%fﬁ%é ‘15169t 30. 8
[0011] In the shuttle vector of the present invention, it is preferred that the Escherichia coli-derived

plasmid pation GRS NG R FRRIICANGR LY £QBGa:EEGIRR. of Escherichia coli does not comprise an

ampicillin resistance gene (ampR) or, It any, a portion wherein DNA encoding the N-terminal region of

its expregsin Pradust Gilaamers br aRlgiRAdR RIS ERIE tmd he G¥BIESSINN Bakingdhig N-terminal

region of O-lactamase allows for the expansion of a host range in microorganisms of the genus

BifidobagiefiiBalfdhah lath EoBHIE MEC LRI IRE G %ﬁm%ﬁfﬂ%%@,%ﬁﬂm%mﬁ genus

Bifidobacterium can concretely be exemplified by Bifidobacterium longum, Bifidobacterium

adolescepfite BUiDaIRIBINRISYS: BidoRAGIRIBANANIMalEnANd, BHIFBRAGEHMUERRIHBIRu.

contrast, the replication of the shuttle vector pBLES 100 in microorganisms of the genus
Bifidobagie bl efdhan BitidaRaciermd nessmR i BRI M&Hicroorganisms of the genus

Bifidobacterium other than Bifidobacterium longum is not confirmed.

[0013] The shuttle vector of the present invention can preferably be exemplified by the shuttle
vector pAVO001 described in Example 2.

[0014] A pTB6-derived plasmid replication unit of a microorganism of the genus
Bifidobacterium of the present invention is not particularly limited as long as it is a
pTB6-derived region portion comprising a replication origin (oriV; nucleotides 305 to 664 in
the nucleotide sequence represented by SEQ ID NO: 1)-repB (nucleotides 872 to 1564 in the
nucleotide sequence represented by SEQ ID NO: 1) region of pTB6 but not comprising
MembB (nucleotides 1543 to 2355 in the nucleotide sequence represented by SEQ ID NO: 1),
MobA (nucleotides 2212 to 3300 in the nucleotide sequence represented by SEQ ID NO: 1),
Orfl (nucleotides 3587 to 517 in the nucleotide sequence represented by SEQ ID NO: 1), and
oriT (nucleotides 3454 to 3510 in the nucleotide sequence represented by SEQ ID NO: 1)
regions of pTB6. The plasmid replication unit can preferably be exemplified by a replication
unit comprising a 1260 bp nucleotide sequence consisting of a nucleotide sequence represented
by nucleotides 305 to 1564 in SEQ ID NO: 1, for example, a 1260 bp minimum replication unit

consisting of a nucleotide sequence represented by nucleotides 305 to 1564 in SEQ ID NO: 1, a
9



[0013] The shuttle vector of the present invention can preferably be exemplified by the shuttle vector
pPAV001 described in Example 2. [0014] A pTB6-derived plasmid replication unit of a microorganism of
the genus Bifidobacterium of the present invention is not particularly limited as long as itis a
pTB6-dernived 5pgipiRatdonco0RINEIfigeeorPlicalion & igigu@itV ropreleaticte 53 toctiadsin tbe
nucleotide sequence represented by SEQ ID NO: 1)-repB (nucleotides 872 to 1564 in the nucleotide
sequencegepiaSHerDoy GEIQahA N O3 319 bpgiar @iyt B& huithat comgsisignlembiidristigotides
1543 to 2355 in the nucleotide sequence represented by SEQ ID NO: 1), MobA (nucleotides 2212 to

3300 in thejneialeotife segtEbealeRmRERRteddB3SEQ FEQNO NOQrfi (nucleotides 3587 to 517 in the
nucleotide sequence represented by SEQ ID NO: 1), and oriT (nucleotides 3454 to 3510 in the

nucleotid@GEsjuentexppresenied oy SR Debtnr by ssiionspditdd Bbexpiespiagmidtsaplgatieriniait can
preferably be exemplified by a replication unit comprising a 1260 bp nucleotide sequence consisting
of a nucledtict®geaiencf eppesen®didopauctaotides @G tachholy inHiEQ DI dk,itds exaaipte, a
1260 bp minimum replication unit consisting of a nucleotide sequence represented by nucleotides 305
to 1564 inoSipQsibeNIR: shuatl OvESfD hp saplicabogauitihcohdisiegueiBifidcteotidaiseguence
represented by nucleotides 1 to 1900 in SEQ ID NO: 1, and a 2355 bp maximum replication unit
consistingsoherichtiantivef sequenae iepresentiacbyhicicleotidas skitm 28350l IEdQsiEzdNg2nd . [0015] An
expression vector of the present invention capable of expressing a desired gene in a microorganism
of the gehgs&ifildhantebittmeimnoproanticitany dineiteinatangdsdd i aheeoctpressionprising the shuttle
vector for a microorganism of the genus Bifidobacterium and Escherichia coli of the present invention
into whicBiéid éxertessian anytof-tee dekgad ganediigatddsiosfeaike Déiweandngromater &id a
terminator involved in the expression of Bifidobacterium longum-derived gene encoding a histone-like
DNA-bindiogeproteinsgdidd. The desired gene is not particularly limited and can preferably be

exemplified by a gene encoding a cytokine or angiogenic inhibitor having antitumor activity

and a gene encoding an enzyme capable of converting a low toxic antitumor substance

precursor to an antitumor substance (hereinafter, abbreviated to as a converting enzyme).

[0016] The promoter and the terminator in the expression unit can preferably be exemplified

by a DNA represented by nucleotides 1 to 192 and DNA represented by nucleotides 472 to 600,

respectively, in the nucleotide sequence that can be represented by SEQ ID NO: 2. The

expression vector having the promoter and the terminator involved in the expression of a HU

gene can be prepared by cleaving a HU gene with a restriction enzyme from the DNA of

Bifidobacterium longum, then incorporating the HU gene into a cloning vector, and further

incorporating the desired gene to the downstream of the promoter involved in the expression of

the HU gene. The desired gene can be expressed efficiently by using the promoter and the

terminator involved in the expression of the HU gene. Examples of a method for isolating the

HU gene include a method digesting the chromosomal DNA of Bifidobacterium longum with

the restriction enzyme HindIII. To be more specific, the chromosomal DNA of

Bifidobacterium longum is first digested with a restriction enzyme HindIII and then purified by

phenol treatment and ethanol precipitation. On the other hand, pPBR322 (TAKARA SHUZO)

10



protein) is inserted. The desired gene is not particularly limited and can preferably be exemplified by a
gene encoding a cytokine or angiogenic inhibitor having antitumor activity and a gene encoding an
enzyme capable of converting a low toxic antitumor substance precursor to an antitumor substance

(hereinafies) ebobieiated 10 aEraiN0Ava ity 2y o)k poLprdriheiprafeateianddhevedninator in the
expression unit can preferably be exemplified by a DNA represented by nucleotides 1 to 192 and DNA
represengaé fiyarivalaotidesimhéngy 60T heaspeatival D MAbarsuieridde sbaie e theinaanbs A .
represented by SEQ ID NO: 2. The expression vector having the promoter and the terminator involved
in the expleasibn ffcariiin gemeNanshs qaf epatad foyrt|Essthivg ¢hid dofienel 8v{l3 ca¢e$iiGtian $wyme
from the DNA of Bifidobacterium longum, then incorporating the HU gene into a cloning vector, and
further incospdiratiitgatbendesniienh anehiadttrecbavitn stremantahihe proibidap invpheithnnréhstexpression of
the HU gene. The desired gene can be expressed efficiently by using the promoter and the terminator
involved andhetexpressicansftinieyH URjenei dxamdlesxofatadefifond ttar ibedatbtibes fbithgene include a
method digesting the chromosomal DNA of Bifidobacterium longum with the restriction enzyme
Hindlll. Taededingy eospeaifientive shiianosamal N wet BifidabaEteti it hin golinY & ikt ldgasied with a
restriction enzyme Hindlll and then purified by phenol treatment and ethanol precipitation. On the
other han@ep8R38223(TAKAR PaStd ki) tcld) dsalsnt g stedhwithoHindd foandisubje ciadl tarain.
dephosphorylation treatment, followed by purification in the same way. The respective DNAs are
ligated tdlhbtik 2 2¢bmbiimant idiAa dNéki athiel FHE oimto gratib DhbAti ausedl denkradsfernd, Esbitétichia coli
mH3 (Gene, 45, 37 (1986)) according to a conventional method to obtain a transformant exhibiting
ampicillicobsistasitei tanahtetrabyiblin propasiyivity ti2tasonmabDiNAsid @t biepl drory dineoaintained
transformant according to a conventional method and introduced into an Escherichia coli YK2741
strain (GenecB88n 133 GHiNQ))@raatdingitand cahveniicnalethahedijassinrnththednafianahsarin.

the YK2741 strain thus obtained is further cultured, and plasmid retained in the strain is
extracted according to a conventional method and introduced into Escherichia coli YK1340 (J.
Mol. Biol., 204, 581 (1988)) according to a conventional method to transform the bacterial
strain. The obtained transformant is subjected to an infection test with Mu phage according to
a conventional method. The YK1340 strain is a HU genes-deleted strain, and as the
proliferation of the Mu phage requires HU proteins, a transformant that is lysed by Mu phage
infection and proliferation can be a potent candidate of a strain bearing the Bifidobacterium
longum-derived HU gene. Thus, the plasmid pPBLHU15 having the promoter and the
terminator involved in the expression of the Bifidobacterium longum-derived HU gene can be
obtained by selecting a plasmid retained in the strain exhibiting ampicillin resistance and is
lysed by Mu phage infection and proliferation. Moreover, a site developed by using NsvV
and Hpal is preferable as an introduction site of the desired gene.

[0017] For the gene encoding a cytokine having antitumor activity, examples include
interferon (IFN)-a, IFN-B, IFN-y, granulocyte-macrophage colony stimulating factor
(GM-CSF), interleukin (IL)-1a, IL-18, IL-2, IL-3, IL-4, IL-6, IL-7, IL-10, IL-12, IL-13, IL-15,

IL-18, IL-27, tumor necrosis factor (TNF)-a, lymphotoxin (LT)-3, granulocyte colony
11



The YK2741 strain, which has HU and IHF (integration host factor) genes deleted, exhibits cold
sensitivity, and with this property the transformant is selected by plating onto an ampicillin-containing
agar medium and culturing at 27C. Subsequently, the transformant of the YK2741 strain thus obtained
is furtherseiuiulegihoadiptasitb aiaeebishiize stlaiiyistigxiratigdRecoMngSB)amanghtigaal method
and introduced into Escherichia coli YK1340 (J. Mol. Biol., 204, 581 (1988)) according to a
conventigfighariethiad it than&feisn (Mg Hatiekiahistiaiibiide eltingdmassionmanitissahjectag7o an
infection test with Mu phage according to a conventional method. The YK1340 strain is a HU
genes-delenRh ptadB a2 @®in praferntion eliibe, M hhag dadwinesskitioroteifaractiangformant
that is lysed by Mu phage infection and proliferation can be a potent candidate of a strain bearing the
Bifidobadtesuigptefegatitede Al et genehcbbustdhim ¢ asagid Bt thld hving dhe pramotanarnd the
terminator involved in the expression of the Bifidobacterium longum-derived HU gene can be obtained
by selectyighrmlasmidoietainesl & tHrecsirim xbniing -srmpikilliNFesiSENce, apN I8, hisEdNby, Me phage
infection and proliferation. Moreover, a site developed by using NsvV and Hpal is preferable as an

introductiopsig.abtherdesired WrREF 0911 & alcthEHSRSRNCOIRY - F LIGKINERRY NG ARIIMEKS.

activity, examples include interferon (IFN)-a, IFN-0, IFN-y, granulocyte-macrophage colony

stimulati i ihink ’S- I, i Healet a'-2 - ,e| “4eiks L i » Kt e| -13,
IL-15, |LO-Q11§? l%%%f@;‘%%ﬁfé&%&é%&ﬁ%kz%ﬁ%gg I%/%% %6%%?%%%3%%%&%& reé?é%n‘i%f’

stimulating; fagtoy. (EEE). masarhage cole sIRHatng fasies (M RhdnaaspRRagey migation
inhibitory factor (MIF), leukemia inhibitory factor (LIF), co-stimulatory factors B7 (CD80) and B7-2

(CD86) farfi-grllgesivation, Kit ligand, and oncostatin M. Particularly, IL-2 is preferable. Alternatively,
these cytokines may be used in combination of two or more of them, and, for example, the

combinafigy 8f ILEQ IS NFiRe Pelb@ntfoliPs QcliNavtifldenzyme include: a combination of

5-fluorocytosine (5-FC) as a tumor substance precursor, 5-fluorouracil (5-FU) as an antitumor
substance, and cytosine deaminase as a converting enzyme; a combination of
5-aziridino-2,4-dinitrobenzamide (CB1954) as an antitumor substance precursor, an alkylating
agent known to cause bridge bond in double-stranded DNA as an antitumor substance, and
nitroreductase as a converting enzyme; and a combination of ganciclovir as an antitumor
substance precursor, a metabolite thereof as an antitumor substance, and herpes simplex virus
type 1 thymidine kinase (HSV1-TK) as a converting enzyme. In addition, by converting an
antitumor substance into a precursor (including an inactivated product) low toxic to human
bodies by modification such as glucuronide conjugation, glycine conjugation, or lysine
conjugation, and the enzyme that demodifies the precursor can be used as a converting enzyme.
Any of known per se in the art may be used as enzyme that demodifies the precursor. For
example, the combination of a glucuronide-conjugated antitumor substance precursor with
B-glucuronidase as a converting enzyme can be exemplified.

[0019] The microorganism of the genus Bifidobacterium of the present invention is not
particularly limited as long as it is a microorganism of the genus Bifidobacterium transformed

with the expression vector of the present invention. Concrete examples thereof include
12



combination of TNF-a with IFN-y, and the combination of anti-Fas with IFN-y are preferable.
Angiogenic inhibitors such as endostatin, angiostatin, kringle 1, kringle 2, kringle 3, kringle 4, kringle
5, and NK4 can be used advantageously as substances having antitumor activity other than the
cytokine HOdHakosaimpl ésnghitheR) edetenaedingad slesu@itis) Bemdyvactértlioeifrigambination of
5-fluorocytosine (5-FC) as a tumor substance precursor, 5-fluorouracil (5-FU) as an antitumor
substandgifaiub RytetinepieadoidagaasBi GosyeidngnenhymepheompoBiadobaeterium breve,
5-aziridino-2,4-dinitrobenzamide (CB1954) as an antitumor substance precursor, an alkylating agent
known toBiéidsbdetidgarbomshimn daubitetided i Andsialis antiitivog sulsi@Bicelodacteriirareductase
as a converting enzyme; and a combination of ganciclovir as an antitumor substance precursor, a
metabolitertherie ds idil ebuegetitium ad Slebsians.el At beyieis i ifiéxnv) visBiyide b thymidingfddnase
(HSV1-TK) as a converting enzyme. In addition, by converting an antitumor substance into a
precursokiftneludinghabitriactivateckfinesl o€ huauioxigdaluimnaindeodie pferubdifiaation such as
glucuronide conjugation, glycine conjugation, or lysine conjugation, and the enzyme that demodifies
the precB#idctaotbawséongaa,donvertipg:nayine. Mhyfahknobatioen secindhenart imlay baildsdd as
enzyme that demodifies the precursor. For example, the combination of a glucuronide-conjugated
antitumooscistande pnedwsaywithmQigpositoon das a1 s . CoORve tiaghphez \Bifddodacheiexefopgiied.
[0019] The microorganism of the genus Bifidobacterium of the present invention is not particularly
limited a\[BaF-dS 03, Bifidsbarganisnbididing garUS-BifkddhanteRifid dhangfonmead fauiik the expression
vector of the present invention. Concrete examples thereof include 12 Bifidobacterium longum,
Bifidobacidiiih ladolesarbtisysBifidobacterium bifidum, Bifidobacterium pseudolongum,
Bifidobacterium thermophirum, Bifidobacterium breve, Bifidobacterium infantis, and Bifidobacterium
animalis [@020hg The e dRifid odydctatiormunit, the shuttle vector, the expression vector, and the

transformed microorganism of the genus Bifidobacterium of the present invention can be
prepared according to the methods described in commercially available experiment manuals,
for example, Gene Manual (Kodansha), Methods for Experiments in Gene Manipulation (ed.,
Yasutaka Takagi, Kodansha), Molecular Cloning (Cold Spring Harbor Laboratory (1982)),
Molecular Cloning, 2nd ed. (Cold Spring Harbor Laboratory (1989)), Methods in Enzymology,
194 (1991), and Gene Experiments Using Yeasts, Experimental Medicine Suppl. (Yodosha
(1994)).

[0021] The transformed microorganism of the genus Bifidobacterium can proliferate only in
tumor tissues under anaerobic environment and express substances having antitumor activity,
converting enzymes and the like, in the tumor tissues. Thus, the transformed microorganism
of the genus Bifidobacterium is used as a medicine effective for treating tumor having
anaerobic environment, preferably solid tumor. The antitumor agent of the present invention
is not particularly limited as long as it comprises the microorganism of the genus
Bifidobacterium of the present invention as an active ingredient. The administration of the
antitumor agent of the present invention is not particularly limited and include oral

administration and parenteral administration, while parenteral administration is particularly

13



longum, Bifidobacterium adolescentis, Bifidobacterium bifidum, or Bifidobacterium infantis known to
inhabit in the intestines of humans regardless of age, are preferable, and Bifidobacterium longum, is
more preferable. All of these bacteria are commercially available or can be obtained easily from
depositoprdRetiBlionE xaaTpixonplecBifico basteristratlongamintLEEa kS 297 iBifickelacterium bifidum
ATCC-11863, and Bifidobacterium infantis ATCC-15697 can be used. [0020] The plasmid replication

unit, the shisdtieventorithesxqaidasjandattavcandsthémiransiooned Prgigoegaisrepatdtiengenus
Bifidobacterium of the present invention can be prepared according to the methods described in

commergialiybiy ilabiel edpsirimesi snanclalds thol@xamplaleadie Manuris(ipodales)ayristhods for
Experiments in Gene Manipulation (ed., Yasutaka Takagi, Kodansha), Molecular Cloning (Cold Spring
Harbor LefiotiosycebS8RY), aMicdespdasichoningx &ngledo (palpaSpiong Hidtdide Eabnnaianr((1989)),
Methods in Enzymology, 194 (1991), and Gene Experiments Using Yeasts, Experimental Medicine
Suppl. (VodosharaflQ9t OO 2k dihentranafsionedihitiaogavisiiaatithe:ppoie Biidabaaterim can
proliferate only in tumor tissues under anaerobic environment and express substances having
antitumoslaetivityts aadvertisiguenzyimbsoainchthie likethiniredunmordistinest ikhusfdhedithasfoemed
microorganism of the genus Bifidobacterium is used as a medicine effective for treating tumor having
anaerobiprepuisiannsent, weterablje ook fparciculirdyantituwaonagejicabtise present invention is not
particularly limited as long as it comprises the microorganism of the genus Bifidobacterium of the
present i@ R]oriTas anmabiivacihgradiengahsenaditiinigtratsoBi tfitha centitonnoryagent pof ibd tpreSent
invention is not particularly limited and include oral administration and parenteral administration, while
parenteraleadneinidtnationpis paricthladyt. 1 SHunede palyie , e piesitt pasantardlcgebnfimistedtign can
include airway, intrarectal,

centrifugation. Moreover, after partial purification, the microorganism may then be dissolved

or suspended, in a solvent conventionally used in the art such as saline, PBS

(phosphate-buffered saline), or lactated Ringer's solution, if desired. Further, lypholization or

spray drying can be performed to make powdered or granulated product, if desired.

[0023] The solution or suspension of the transformed microorganism of the genus

Bifidobacterium or the dried powdered or granulated product of the transformed

microorganism may be administered directly as the antitumor agent of the present invention.

However, it is generally desirable that the antitumor agent is administered in the form of a

pharmaceutical composition comprising the above substances serving as an active ingredient

and one or more pharmaceutical additives. Such pharmaceutical compositions can be

produced according to a method well known or commonly used per se in the pharmaceutical

field.

[0024] Examples of pharmaceutical additives that can be used in the production of the liquid

preparations suitable for oral administration include: water; saccharides such as sugar cane,

sorbit, and fruit sugar; glycols such as polyethylene glycol and propylene glycol; oils such as

sesame oil, olive oil, and soybean oil; and preservatives such as p-hydroxybenzoic acid esters.

For the production of the solid preparations such as capsules, tablets, powders, and granules
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subcutaneous, intramuscular, and intravenous administration. Examples of preparations suitable for
oral administration include tablets, granules, fine granules, powders, syrups, solutions, capsules, and
suspensions. Examples of preparations suitable for parenteral administration include injections,

infusionsinisloatarisiprene latksaSluppBsitglirsstansdevnal, ansarhetits; ahddranamucasakabsorbents.
In the present invention, it is preferred that the preparations are used as injections, particularly
intravenagiys ¢hjeaticodiR0Ag]nbine tidfsiarmesticronkgrReism atihsgenttaBifidadastencimmay be
supplied to after treatment known per se in the art. For example, partial purification can be performed
by centrifjugatioyi. Moiedveydadigmpapiialdulibieatad, dbiatniciadiganissuchaysthery beidissetyedd or
suspended, in a solvent conventionally used in the art such as saline, PBS (phosphate-buffered
saline), grlirdtateds Rirgerebaletioncdhdesiked. Further, lypholization or spray drying can be
performed to make powdered or granulated product, if desired. [0023] The solution or suspension of
the transfoo&dd miCrborgpripamadibitdesgienils Bifjdobaetaliadmatithatibiegrepudeoad furgranulated
product of the transformed microorganism may be administered directly as the antitumor agent of the
present imtenticoulddadievestib i geneiallyitestiaa tdanhtioei antitamprefigebly dagdropisiétsad in the
form of a pharmaceutical composition comprising the above substances serving as an active
ingredientsiapcioaguebmeane dihar ivaoaiti eatlabditive bl @uch pbamxaapliidajccoimpositidnrs can be
produced according to a method well known or commonly used per se in the pharmaceutical field.
[0024] Exaeppied af pbalutiasesitipehadditivedithatsoam tbeetisadaititha pppduyatiae eftiétguid
preparations suitable for oral administration include: water; saccharides such as sugar cane, sorbit,

and fruit sugadiglylcolscenctnaspd iyetthylébg giycg bard yropyteed glyselcaidd fuoh adt sdsame oil,
olive oil, and soybean oil; and preservatives such as p-hydroxybenzoic acid esters. For the production

of the solithpoepashtitns stehmasteapsiited, taloldts, pavglecssasdwgianuleSuppositories for

intestinal administration can be prepared by using a carrier, for example, cocoa butter,
hydrogenated fat, or hydrogenated carboxylic acid. Propellants can be prepared by using a
carrier that gives no stimulation to human oral cavity and airway mucosa and that can promote
absorption of the microorganism of the genus Bifidobacterium of the present invention serving
as an active ingredient by dispersing the microorganism as fine particles. For example,
lactose or glycerin can be used as a carrier. In addition, it can be prepared as preparations in
forms of aerosols and dry powders. For example, one or two or more pharmaceutical
additives selected from diluents, flavors, preservatives, excipients, disintegrants, lubricants,
binders, surfactants, and plasticizers can be used in the production of preparations for
parenteral administration. The form and production method of the antitumor agent of the
present invention are not limited to the specific examples mentioned above.

[0026] The dosage and administration frequency of the antitumor agent of the present
invention are not particularly limited and can appropriately be selected according to various
conditions such as the type of gene retained in the microorganism of the genus Bifidobacterium,
the type of a morbid condition to be treated, administration routes, age and body weight of the

patient, symptoms, and the severity of disease. For example, when the antitumor agent is
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14 include: excipients such as lactose, glucose, sugar cane, and mannite; disintegrants such as
starch and sodium alginate; lubricants such as magnesium stearate and talc; binders such as
polyvinyl alcohol, hydroxypropylcellulose, and gelatin; surfactants such as fatty acid ester; and
plasticizess suciaABL ayeehisicead eihsade10020]&Qtihe prepaiatidnia guiteidaltds pastniers
administration, preparations for intravascular administration such as injections and infusions can
preferablypbeoptepaigtby 108ig an 1ad uesorgadisim isedgnic Witbrhilimaniblaast. Soenexdoaliey
injections can be prepared as a solution, suspension, or dispersion together with an appropriate
auxiliary adadaisisngdomconventibnabragthepyfausing apagueaudyniediuo’ selectegdaditmssalnor.
solution, glucose solution, or a mixture of salt solution and glucose solution. Suppositories for
intestinalaeolneivdsttat doLae Benprépaited fythisispgeai fiareennigle example, cocoa butter, hydrogenated
fat, or hydrogenated carboxylic acid. Propellants can be prepared by using a carrier that gives no
stimulati¢@0@y huMianadréuesot tyganthatovain grecbssp adnhiatyeatiqaronndie appHedpiianabitaving
microorganism of the genus Bifidobacterium of the present invention serving as an active ingredient
by dispetsingéb& micicargenisprestibby partdlag. dfep Bdanplas. ladiesesieglyteriid candeesused as a
carrier. In addition, it can be prepared as preparations in forms of aerosols and dry powders. For
examplejmhedoringe bowireapbatrvade tiicol, hdddives selkcied drohrcdbduenisef|dungs;qpeservatives,
excipients, disintegrants, lubricants, binders, surfactants, and plasticizers can be used in the
productiasaphppeparatienseictriparaniat depdtirisicatiop | Ibhalfane amcdrpboldubtior amethod of the
antitumor agent of the present invention are not limited to the specific examples mentioned above.
[0026] Themosaigecanceadsienistthtioréreguaneyacfitihenantilionor cgent, ot biaé qeiésaninimvention are
not particularly limited and can appropriately be selected according to various conditions such as the
type of gedenetabrédahctirednibleddganiscenftthede rus Bifidlobattaranaer, testicular tumor,

ovarian cancer, uterine cancer, choriocarcinoma, thyroid cancer, malignant carcinoid tumor,
skin cancer, malignant melanoma, osteosarcoma, soft tissue sarcoma, neuroblastoma, Wilms
tumor, retinoblastoma, melanoma, and squamous cell carcinoma.

[0028] The medicine of the present invention may be used with other medicines and the like.
Particularly, when the microorganism of the genus Bifidobacterium incorporating therein the
gene encoding a converting enzyme is administered, the administration of an antitumor
substance precursor is essential. However, the antitumor substance precursor may form a
single preparation together with the microorganism of the genus Bifidobacterium incorporating
therein the gene encoding a converting enzyme; or otherwise, it may be separate preparations to
be administered simultaneously or at time intervals. Moreover, it is preferred to be used with
Lactulose. Lactulose is a nutrition source for the microorganism of the genus Bifidobacterium
and is not metabolized by humans, mice, and pigs. Therefore, by administrating Lactulose,
the number of the microorganism of the genus Bifidobacterium in tumor tissue increases in a
specific manner. The daily dosage thereof in adult is preferably approximately 24 to 48
g/body, and the administration frequency is not limited. Moreover, the medicine of the

present invention can be used in combination with other antitumor agents and the like.
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the type of a morbid condition to be treated, administration routes, age and body weight of the patient,
symptoms, and the severity of disease. For example, when the antitumor agent is 15 systemically
administered by intravenous injection, the daily dosage in adult is preferably approximately 2 x 106 to
2 x 107 rjooey}rganisnistoodyani¥hesttihe aatitismBoiagantdslacaltyhagroisiatarechtiva tumor, the
dosage is preferably approximately 5 x 108 microorganisms/tumor. However, the dosage is not limited
to this spetifiaiexasdatea [PAZAt The wkiledwasige by accaidbigtio. thelhkesaeniponentitn eandoe applied
to tumor having anaerobic environment, preferably a variety of solid cancers. Examples of solid
cancers dnkindéen arie sadsmebcancgenbraandfenorstbepstendingal danpescatdasteancer, lung cancer,
esophagus cancer, gastric cancer, hepatic cancer, gallbladder cancer, bile duct cancer, pancreatic
cancer, ifi830%! ErncakfRptiRgatsInaTacR0lonWwitlancasscabat eetlredtdinanh, refdremnal rortical
cancer, bladder cancer, testicle cancer, prostate cancer, testicular tumor, ovarian cancer, uterine
cancer, dhanngkcindhoactiyroit caheecaldalipnanticapessord invantioskiniaanebto thalignant
melanoma, osteosarcoma, soft tissue sarcoma, neuroblastoma, Wilms tumor, retinoblastoma,
melanom#usinatisgsilamous cell carcinoma. [0028] The medicine of the present invention may be used
with other medicines and the like. Particularly, when the microorganism of the genus Bifidobacterium
incorpordtizanilerein the gene encoding a converting enzyme is administered, the administration of an
antitumor substance precursor is essential. However, the antitumor substance precursor may form a
single pr§egatioStagetinel anitty theofipaemigarli®a)of the genus Bifidobacterium incorporating therein
the gene encoding a converting enzyme; or otherwise, it may be separate preparations to be
administ¢Ma siaisliadeduglydir at time intervals. Moreover, it is preferred to be used with Lactulose.
Lactulose is a nutrition source for the microorganism of the genus Bifidobacterium and is not
metabolizeBaycniatrransnmidesant$,pigd. nldwbaefore, by administrating Lactulose,

Bacterial strains and plasmids used in the present invention are listed in Table 1.
Escherichia coli was aerobically cultured at 37°C in LB broth (10 g of Bacto-tryptone, 5 g of
yeast extract, 5 g of NaCl, and 0.1% glucose per liter), and colonies were allowed to form in
LB broth containing 1.5% agar. Bifidobacterium longum 105-A (see Non-Patent Document
12) was anaerobically cultured at 37°C in MRS broth (Difco Laboratories, USA) supplemented
with 50 mM sucrose, 0.34% cysteine, and 0.02% sodium ascorbate. An antibiotic (50 png/ml
ampicillin (Ap) and/or 75 pg/ml spectinomycin (Sp)) was added according to need. Colonies
were allowed to form on broth containing 1.5% agar by using Gas-Pak anaerobic system (BL,
USA) according to the method described in Non-Patent Document 12.

[0032] [Table 1]
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the number of the microorganism of the genus Bifidobacterium in tumor tissue increases in a specific
manner. The daily dosage thereof in adult is preferably approximately 24 to 48 g/body, and the
administration frequency is not limited. Moreover, the medicine of the present invention can be used
in combination with other antitumor agents and the like. 16 [0029] The microorganism of the genus
Bifidobactefitini'of thé” préstiit iP8Htioh *Admikisterdd to a patient can be killed easily by an antibiotic.
This is important for more enhancing the safety of the gene transfer system according to the present
invention. [0O30} Herdiatter, the BroSEREIHR ibed Wb Al With reference to
Examples. Pi6iiEver &' technical scope of the present invention is limited to these illustrations.
Example 1 Ejﬁ‘gif'@t%ctural affdly&iéiof/ Hlasmid pTB6) [Materials aHA'MEtHod| 1. Bacterial strains,
plasmids, afid#i&8id"Bacterial®strains and plasmids used in the pre¥&tifivettionare listed in Table 1.
Escherichia coli was aerobically cultured at 37C in LB broth (10 g of Bacto-tryptone, 5 g of yeast
extract, 5 g'0f W4, and 0.1% lucose per liter), and colonies were allowed to form in LB broth
containing 1'5% agar. Bifidob%tgféi’iifﬁﬁ?l@ﬁﬂuf‘f’t”lOS-A (see Non-PateftDeument 12) was
anaerobically ciftired at 37Cn MRS! broth- (Biféd Pabétatories, USK) Stipipléfiénted with 50 mM
sucrose, 0.349%'c}/Steine, and’0}029% Saditht BSctrbate’’ A atitibiotic’ (50 B&/ml ampicillin (Ap) and/or
75 pa/ml spettinortycin (Sp)) WA added’acebiditig t6°Heéd: Coloniés switd allowed to form on broth
containing 1 '%”dggr by usiné‘&%—t‘lﬁg‘k 4flarBbic’Systén¥(BL, USAY aétdiding to the method
described if°NoR-Patent Docdrﬁgﬂt(ﬂi][dOBQjBtTHbfé’iTB' 5Pe This study

pDS044S5p 4. 3kbp;ColEl" ori,pTBG oriV-repB, Asso,spc  This study

pSS030Sp 5. 4kbp;ColEl ori, pTB6 mobA, spe, amp This study

- C I

%) Sambrook, I.E., Fritsch,F., and Maniatis,T., In” Molecular cloning: a laboralory
manual” 2nd, eds. Cold Spring Harbor Lahoratory, New York, (1989).

t¥)Matsumura,H., Takeuchi,A., ando Kano,Y., Construction of FEscherichia
coli-Bifidobacterium longum shuttle veclor transforming B longum 105-A and 108-A.
Biosci. Biotechnol. Biochenm.,61,1211-1212(1997),

[0033] 2. Plasmid DNA isolation and molecular manipulation

Qiagen Plasmid Kit (QIAGEN, USA) was used according to procedures described in
the accompanying manual to extract plasmid DNA by a modified alkali lysis method. The
Bifidobacterium longum was washed with 0.9% NaCl and treated at 37°C for 30 minutes with
lysozyme (1 mg/ml) before alkali lysis and at 37°C for 15 minutes with proteinase K (0.1
mg/ml) before phenol treatment.
[0034] Competent cells of Bifidobacterium longum were prepared according to the method
described in Non-Patent Document 12. The cells harvested at late log phase were washed
three times with 50 mM buffered sucrose solution and were resuspended in ice-cold glycerin
(10% v/v) of approximately one hundredth of the volume of the original cultured product.
Moreover, competent cells of the Escherichia coli were prepared according to the method
described previously (Takeuchi et al., Biosci. Biotechnol. Biochem., 66, 598-603 (2002)).
GenePulser apparatus (Bio-Rad Labs., USA) was used under the conditions of 200 Q parallel

resistance, 2.5 kV/cm, and 25 pF according to the method described in Non-Patent Document
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17ifa.')33 .~ ~~:r:3v33ri& :: 33} i f3t:vr, ~~~3viQLIwfi"EeliFt.ave..:3r. E, ;VMIS3
o', AL@...... (e oy arvi E3N LIFOf Lo xr3't .1, Vii-r 12 - A Laiir, .a~v.. ..o fWoL _t,... [0033] 2.
Plasmid DNA isolation and molecular manipulation Qiagen Plasmid Kit (QIAGEN, USA) was used

accordingzegpseaRanrer desssiaaeiusthe AesampamdndasiaauaNa exdaot nlasmmisdfabiériay a modified
alkali lysis method. The Bifidobacterium longum was washed with 0.9% NaCl and treated at 37C for

30 minutgsywithslysozyme (1 mg/ml) before alkali lysis and at 37C for 15 minutes with proteinase K
(0.1 mg/ml) before phenol treatment. [0034] Competent cells of Bifidobacterium longum were

prepared @essy ding 0 ¥he mesheidddeacsibrdJA N PERISHBACHIERAd 2.ATNR, $eJIshanested at late

log phase were washed three times with 50 mM buffered sucrose solution and were resuspended in

ice-cold glygeTAR AV S RRRY pxiaiely QoA Rundrediih alihe voluwreroef Ao driginaruibered

product. Moreover, competent cells of the Escherichia coli were prepared according to the method

describegsprovipusty: (T pkeushcet et dRiassir BioteshneiTBioeheam T A6 BRBAGR (3¢ DT 1GeRePulser

apparatus (Bio-Rad Labs., USA) was used under the conditions of 200 Q parallel resistance, 2.5

kViem, arwk@bib arsosgjngete thedethingldestsipechin iNaR-Ratery Boporenidd, 12 tespertarsn
electroporation using 100 ng of the plasmid DNA and 50 pl of the bacterial solutions.

primers [5-GCGGCGGATCCATTGAAAAAGGAAGAGTAT-3' (SEQ ID NO: 5) and
5'-CGGCCGGATCCTGCGCAACGTTGTTGCCAT-3' (SEQ ID NO: 6)] for constructing
pBRASTA102 and two primers [5'-GCGGCAAGCTTATTGAAAAAGGAAGAGTAT-3'
(SEQ ID NO: 7) and 5'-CGGCCAAGCTTTGCGCAACGTTGTTGCCAT-3' (SEQ ID NO: 8)]
for constructing pPBRASTA103, a half amp region proximal to the promoter was amplified
from pUC18. Other DNA manipulations were all performed according to the method
described previously (Sambrook et al., Molecular cloning: a laboratory manual 2nd eds. Cold
Spring Harbor Laboratory (1989)).
[0036] 3. DNA sequencing and sequence analysis

pBLES100 was cleaved with Pstl to prepare the full-length DNA (3.6 kbp) of pTB6.
After digestion with Sau3Al or Alul, the DNA was subcloned in the multi-cloning site of
pUCI18. ALF express II DNA sequencer and Thermo Sequenase Cycle Sequencing Kit or
Thermo Sequenase CyTM 5 Dye Terminator Cycle Sequencing Kit (Amersham Pharmacia
Biotech) were used to perform sequencing. DNASIS-Mac v2.2 and GENETYX-MAC
software were used to practise sequence assembly and sequence analysis using computer.
FASTA and BLAST servers were used for homology search.
[0037] [Results]
1. Plasmid structure

The complete nucleotide sequence (3,624 bp) of pTB6 of Bifidobacterium longum

BKS51 serving as a component of the shuttle vector pPBLES100 was determined. pTB6 (Figure
19



[0035] DNA was amplified using GeneAmp PCR System 9600 and LATaqg Polymerase (TAKARA).
Two primers [5-GGCCGGAATTCTGAGCAAAAGGCCAGCAAAAGGCC-3' (SEQ ID NO: 3) and
5-GGCCGGAATTCAGTACTCATATATACTTTAGATTGATTTA-3' (SEQ ID NO: 4)] were used to
amplify Qo) eadimelieid EhydRabhsbledrdytoisingdine gitnesading frames (Orf), that is, RepB
[5-GCGGCGGATCCATTGAAAAAGGAAGAGTAT-3' (SEQ ID NO: 5) and
5'-CGGQGRRGATIHN ) MembAAGEITTDGETTHNSAI DR 122 N )] fohganbbtieiingoRBRASITA102
and two primers [5'-GCGGCAAGCTTATTGAAAAAGGAAGAGTAT-3' (SEQ ID NO: 7) and
5'-CGGORMAGCT o536 CAACEEIE o TEBB AVRS, §SEQOID Bifd: 18)] faewansiiuitlingRBRATTAL03,
a half amp region proximal to the promoter was amplified from pUC18. Other DNA manipulations
were all gerfarnoad aDoordingd fdhai hbkiac tRHidited tereviolslyi@ambrook et al., Molecular cloning:
a laboratory manual 2nd eds. Cold Spring Harbor Laboratory (1989)). [0036] 3. DNA sequencing and
sequencf0and]ysihp Bt aOnwels atida\se qusiite B$th TBprefiatatdded iull-lemgdlioRNé (3.6 kbp) of pTB6.
After digestion with Sau3Al or Alul, the DNA was subcloned in the multi-cloning site of pUC18. ALF
express BibN#bsaqgtienckngnoh pharmidspgienase ywlakigsBeh chog 4<ipybelhesing tSeheienase
CyTM 5 Dye Terminator Cycle Sequencing Kit (Amersham Pharmacia Biotech) were used to perform
sequencinglifiNASKkSrdpEicarid2-apd RERE pMxtAEmsigfiyveup Wer2dtdechtdqyacli p&N AEIET6EE
assembly and sequence analysis using computer. FASTA and BLAST servers were used for
homologpeand8JO0RIhResulish AL Olaginitb dipyctudambi gprpled aubZktvessdgudeaeetéd, 624 bp)
of pTB6 of Bifidobacterium longum BK51 serving as a component of the shuttle vector pPBLES100 was
determingg@laiBé (PQUiH 0195308 to 8999 in 10073 bp) of the group 1 (Table 2).

[0039] [Table 2]
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1(a)) was predicted from database search to contain 4 open reading frames (Orf), that is, RepB (872
to 1564), MembB (1543 to 2355), MobA (3300 to 2212), and a hypothetical protein Orfl (3587 to 1 to
517). GC content of pTB6 was 65.1 mol% and had a level usually observed in the genomic DNA and
plasmid DNA of Bifidobacterium longum. [0038] The complete nucleotide sequence of pTB6 exhibited
95% homology to Bifidobacterium longum plasmids pKJ36 (3625 bp) and pB44 (3624 bp) belonging
to the rolliPeleatidepraagiomtypd tRERY! lf?ésmld family group 1, 92% homology to pNAC2 (3684
bp), and 89% homology to pBLO1 (3626 bp). Homology as high as 92% was also detected to a
plasmid pDOJt#10t (5308 10-8999irm 10073 bp) of the group I (Tabie 2) - T0039] {Table 2] 20
Nucleotide haspgiagy apg-asiderdsy aa identity (%) _ S
----------------------------------------------------------------------------------------- Plasmid nuc homology as identity
(%) (%) X (-/“-)f------::::::::—-:::::::::::'RE'DB**MUbA'MGTTTb'B'OTﬂ***
''''''''''''''''''''''''''''''''''''''' FrazsErkes _"“T;"Ib-ku;&f_"“nwlcfﬂ'bgpKJ%ﬁ'Qﬁ‘932 8588 - p1344 9591
85-31 pNAC292 8958 - 31 pDOJHIé))L 92 90 46 57 30 pBLO1 898157 -31
----------------------------------------------------------------------------------------- Nomerafsttows percent of nuc
homology ancig@%iglentity toggTB6. *; §zomplete ngg sequencgg were compared to that of pTB6 (3,624
bp)

pB44 95 91 85 - 31
pNAC2 92 89 58 - 31
pDOJHIOL 92 90 46 57 30
pBLO1 89 81 57 - 31

Numeral shows percent of nuc homology and aa identity to pTB6.

*. Complete nuc sequences were compared to that of pTB6 (3,624 bp)
except pDOJH10L where nuc position 5308 to 8999 was compared to
complete nuc sequence of pTB6. **; Amino acid sequence of RepB from
aa position 1 to 230 (pKJ36), from 54 to 283 (pB44), and from 54 to 281
(pPNAC2, pDOJH10L and pBLO1) was compared with the complete RepB
aa sequence (230 aa) of pTB6. Number of aa in complete RepB was 230,
299, 297, 297, 297 for pKJ36, pB44, pNAC2, pDOJH10L and pBLO1,
respectively. ***; Orf of pB44, Orf III of pNAC2, Orf IT of pDOJH10L,
and Orf I of pPBLO1 were compared with Orf I. -; Orf homologous to Orf I
have not been reported. The GenBank accession numbers for plasmid
DNA sequences and plasmid nuc size are AF139129 for pKJ36 (3,625 bp),
AY066026 for pB44 (3,624 bp), AY 112723 for pNAC2 (3,684 bp), |
AF538868 for pDOJH10L (10,073 bp) and AF540971 for pBLO1 (3,626

bp).

[0040] 2. RepB and oriV
The amino acid identity of predicted Orf of pTB6 is shown in Table 2. RepB (230
amino acids (aa)) exhibited 92%, 91%, 90%, 89%, and 81% identity with the complete RepB

amino acid sequence (230 aa) of pKJ36, the Rep B aa region of amino acids 54 to 283 of pB44,
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except pDOJHIOL where nuc position 5308 to 8999 was compared to complete nuc sequence of
pTB6. **; Amino acid sequence of RepB from as position 1 to 230 (pKJ36), from 54 to 283 (pB44),
and from 54 to 281 (pNAC2, pDOJH10L and pBLOI) was compared with the complete RepB as

sequencen@ 8 ®apof MlBGioNwNHaief asds SomPetecoRePBIWADL PN 289, 287 pBI.O BI7 for pKJI36,
pB44, pNAC2, pDOJH10L and pBLO1, respectively. ***; Orf of pB44, Orf Il of pNAC2, Orf Il of

pDOJH1spernict<Brf | OhaBlotal sitese regropareth with ©Qefall 38 Qiidhespeiegqus 18X hahidsy,not been
reported. The GenBank accession numbers for plasmid DNA sequences and plasmid nuc size are

AF139129¢fermoK d36s(3y6a5 by sAMBGARRG Far pBah(R,624 bp), AY 112723 for pNAC2 (3,684 bp),
AF538868 for pDOJH10L (10,073 hp) and AF540971 for pBLO1 (3,626 bp). [0040] 2. RepB and oriV

The amifjocadip id@stitphEpiedictrdnQif Of hEictiSosliew (duuBlabiga dReigth (230 samisiagleisisatan))
exhibited 92%, 91%, 90%, 89%, and 81% identity with the complete RepB amino acid sequence (230
aa) of pkal3ginhaRBmEc s aegion tht aniiiac acielsr &9l i 263 «fphiidg aidangbihg KepBsa®eegion of
amino acids 54 to 281 of pDOJH10L, pNAC2, and pBLO1, respectively. Two local sites, region 1 (aa
117 to asSaB8)anld, Mitesbid (as(dBBiol aR h88)2, Wadedodt(¢Onsprvedliis thpsieplasmids Fgure 2(a)).
[0041] The replication origin oriV consists of dso (double strand origin) and sso (single strand origin)
and is nquedsaed iardheioiiationcoh replicatides Glreading dnd pEaRING guentdb{Pel TSalarwte IR
Microbiol. Mol. Biol. Rev., 62, 434-494 (1998)). This replication origin was predicted in a region
between(B06lentdiesvdas detdbedtiofspd,Bah{FidRretd (). StwoadtBRI(ER 7 to 644) were detected in

dso (Figure 1(b)). DR consisted of four identical 22-mer sequences

(5'-AACCTACACCAAAAGGGGAGCG-3"; SEQ ID NO: 9) except that the last one sequence

had T at the 3' terminus. Their 11 nucleotides (5'-CAAAA-3" and 5'-GGAGCG-3") were

conserved in the DR of pKJ36, pB44, pNAC2, pDOJH10L, and pBLO1 (Figure 2(b)). The

nucleotide sequence of IR in dso was also conserved in these plasmids except for 2 nucleotides

in the loop region (22 of 24 nucleotides) (Figure 2(c)).

[0042] 3. MobA and oriT

MobA is a primary DNA processing protein for the conjugative mobilization of the

plasmid (Becker et al., J. Bacteriol., 185, 3538-3546 (2003)). The amino acid identity of

putative MobA of pTB6 was 85%, 85%, 58%, 57%, and 46% to putative MobA of pKJ36,

pB44, pNAC2, pBLOI1, and pDOJHI10L, respectively (Table 2). MobA of pTB6 also

exhibited remarkable similarity to MobA of a plasmid RSF1010 of MOBQ family (Francia et

al., FEMS Microbiol. Rev., 28, 79-100 (2004)). The tyrosine residue of motif I (Francia et al.,

FEMS Microbiol. Rev., 28, 79-100 (2004)) involved in DNA nicking-closing action and the 3H

motif of motif III helping the initiation of transfer by motif I are conserved in MobA of pTB6

(Figure 3(a)). InoriT of RSF1010, the 13-mer nucleotide sequence

5'-GTAAGTGCGCCCT-3' (SEQ ID NO: 10) adjacent to the inverted repeat is cleaved by

MobA (Figure 3(b)). The region of nucleotides 3454 to 3510 in oriT of pTB6 exhibited
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(305 to 417) were detected in sso, while IR (481 to 504) and DR (577 to 644) were detected in dso
(Figure 1(b)). DR consisted of four identical 22-mer sequences
(5'-AACCTACACCAAAAGGGGAGCG-3'; SEQ ID NO: 9) except that the last one sequence had T at
the 3' tergainetaralRaitilatinuelebéicdas o HdAAdesc @Rt d oS AGE &S3') ovorgraankesvel, INBMVSDR of
pKJ36, pB44, pNAC2, pDOJH10L, and pBLO1 (Figure 2(b)). The nucleotide sequence of IR in dso

was alsoMaisBlvER BV {hESe7plasmnideEiTeprionltheieleadidssthio trTloopTBgiovn{23tahadd to
nucleotides) (Figure 2(c)). [0042] 3. MobA and oriT MobA is a primary DNA processing protein for the

conjugatixedieabdization nictbize plasmis (Beckefieinak bl. BabieriabrdsSed 3383536 (2003)). The
amino acid identity of putative MobA of pTB6 was 85%, 85%, 58%, 57%, and 46% to putative MobA
of pKJI36[0EA4,4 NAGDREdI;fand pDOJH10L, respectively (Table 2). MobA of pTB6 also
exhibited remarkable similarity to MobA of a plasmid RSF1010 of MOBQ family (Francia et al., FEMS
Microbiol. Rev., 28¢m9H 00 {R084 hnd hD QIHShe ¢ebitliteddf8odiiid (Franciadehtty, FaspdGivibrofaiol.
Rev., 28, 79-100 (2004)) involved in DNA nicking-closing action and the 3H motif of motif 11l helping
the initiajamof ¢ dnsteBoyipOifo. arButense el off MBHcohgdiB 61 (Rigureasdfagxhibiardl of RSF1010,
the 13-mer nucleotide sequence 5-GTAAGTGCGCCCT-3' (SEQ ID NO: 10) adjacent to the inverted
repeat iscciesidechitly IMohA idagure (3(18)) td B gioDdlofipEidoided 13454 MATR @uflbuT of pTB6
exhibited 22 structural similarity to the nucleotide sequence seen in oriT of RSF1010 (Francia et al.,
FEMS MiDODbiDI OReand 28V 9f WK1 (Q0Q4xb1E DM thesdwnasidis, tfichostlpodeiBGanasnestimated to be
cleaved at the nic site of the 13-mer sequence by MobA expressed from pTB6. [0043] 4. MembB and
Orfl MembBxpi K86 and pDOJH10L exhibited 88% and 57% as identity, respectively, to

[0044] 5. Essential region to plasmid replication

For understanding the control of plasmid replication, it is important to know the DNA

region essential to plasmid replication. The present inventors constructed recombinant

plasmids consisting of pUC18, the oriV-repB region (nucleotides 1 to 1872) of pTB6, and spc

(1.1 kbp) of pBLES100 (Table 3, Figure 4). The resulting plasmids pPBRASTA100 and

pBRASTA101 were extracted from Escherichia coli HMS174 and transferred to

Bifidobacterium longum 105-A. As shown in Table 3, both of the plasmids efficiently

transformed Bifidobacterium longum. The plasmid pBRSTA100 was transformed to

Bifidobacterium longum 105-A efficiently (5.9 x 10* transformants/ug DNA). This efficiency

was as high as that obtained by pBLES100 (2.2 x 10* transformants/ug DNA) previously

reported. Transformation efficiency of 40 times better than that of pPBRASTA100 was

observed in pBRASTA101 (2.5 x 10° transformants/ug DNA). These plasmids were stable in

the transformants in terms of the structure and the segregation of phenotypes. An sso-deleted

plasmid pDSO44Sp (Table 3, Figure 4) consisting of pUC18, pTB6 dso-repB, and spc

transformed Bifidobacterium longum at an efficiency of 1.3 x 10° transformants/ug DNA

(Table 3). On the other hand, the recombinant plasmid pSSO30Sp bearing mobA and a

portion of membB (1873 b to 3624 b) but not bearing orfl, oriV, and repB could not transform
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putative MembB of pTB6. Putative Orfl of pTB6 consists of 184 as and exhibited considerably low as
identity (30% to 31 %) to Orf of pB44, Orflll of pNAC2, Orfil of pDOJH10L, and Orfi of pBLO1 (Table
2). The functions of these proteins remain unexplained. [0044] 5. Essential region to plasmid
replicatioBifresbirgeistaneiaihet cointmabyd pjasmictseplisatiocontisdstpoeaniiptkoPnetbacDbA region
essential to plasmid replication. The present inventors constructed recombinant plasmids consisting of
pUC18, tine ast/repBBdeoinis Quftlcetidfs thtord81cdriohpTBéBonte Hifdobdc kol aBubSiad (Table
3, Figure 4). The resulting plasmids pPBRASTA100 and pBRASTA101 were extracted from
Escherichiia eolirtfa1i7 A@ndskatisferred to Bifidobacterium longum 105-A. As shown in Table 3, both
of the plasmids efficiently transformed Bifidobacterium longum. The plasmid pBRSTA100 was
transfornjeo4s] Bifigibagterium longum 105-A efficiently (5.9 x 104 transformants/g DNA). This
efficiency was as high as that obtained by pBLES 100 (2.2 x 104 transformants/g DNA) previously
reported. Transformation efficiency of 40 times better than that of pPBRASTA100 was observed in
PBRASTAL01 % K08 trahardt ARty RIS ¥ hese plasmids were stable in the transformants in
terms of the structure-and-the-segregation.of phenotypes..An sso-deleted. plasmid pDS044Sp (Table
3, Figure 4) ??nsistf’ng of pUC]1_8, TB6 dso-}gepB‘, an transformed Bifidobacterium longum at an
efficiency of 1.3 %106 transforfante/f BONA HABTE 85 /Ol the JtAEP hand, the recombinant plasmid
pSSO30Sp bearing mobA-ane-a--portion-of-membB-(1873-b t6-3624-b) but not bearing orfi, oriV, and
repB could n%@@ifﬁr% 23 Bifidobacter_g; ! Iﬂ‘jugum at all (Table 3). These results concluded that
only the prespence of the dso-repB region is sufficient for the replication of pTB6 in Bifidobacterium

longum, andpPEHE sEbArEgion is not essenfidl x 10° 42.3
pDS044Sp 1.3 x 10° 22.0
pSSO30Sp N.D. ’
pBRASTA102 5% 1€ 1.3
pBRASTA103 7.3 x 107 0.012

Plasmids were prepared from E. coli HMS174, and transferred in B.
longum 105-A. Transformants were selected on agar plate in the presence

of Sp. N.D.; Transformants were not detected.

[0046] 6. High-efficiency transformation of Bifidobacterium longum

As described above, the plasmid pPBRASTA101 was shown to transform
Bifidobacterium longum at high efficiency exceeding 40 times higher than that of
pBRASTA100 and 100 times higher than that of pPBLES100. pBRASTA100 and pPBLES100
retained a normal amp site, and pPBRASTA101 had mutation with half of amp proximal to the
promoter deleted (deletion of 0.6 kbp-Sspl-Fspl DNA segment). For confirming that the
deletion in amp actually influences transformation, the 0.6 kbp fragment was inserted into the
BamHI site of pPBRASTA101, and the obtained pPBRASTA102 (Figure 4) was in turn extracted
from Escherichia coli HMS174 and transferred into Bifidobacterium longum 105-A. As
shown in Table 3, almost the same transformation efficiency as that of pPBRASTA100 was

obtained in pBRASTA102 (7.5 x 10* transformants/ug DNA). pBRASTA103 was
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[0045] [Table 3] 1 1 A'?ti5t10' 20 IM1a'l't>li>: x. 131) (1121 ;N ..?>; S.x_11C:1?SELrl 1,EY
3:2:txt: 14"ISF ?$, z13d I" askrre f;: B. xx +, t1t?. L.f* A 'twF> SQF ims wer,. oil : g,a ?.ft' x. in déw
pti.s,'Icl- of Sp. .N.D , w" r p of d4aw xtwi. [0046] 6. High-efficiency transformation of Bifidobacterium

longum Astieseikebyaineyiei s ehplesmisppRR ASTAA LM I8 ONVEto JfaBIRo(BT Bifidobaetesiuim
longum at high efficiency exceeding 40 times higher than that of pBRASTA100 and 100 times higher

than thatsab M Lt 100 pBRASTE R0baikd pBhsIifhértdirigdra AQmatampsiietimchpBRASIA101
had mutation with half of amp proximal to the promoter deleted (deletion of 0.6 kbp-Sspl-Fspl DNA
segmentjufthercdniicasiedithpiohe tidel esicie icopmpuacsuaty ihil fepoestranefasmeaiins plaentids kbp
fragment was inserted into the BamHI site of pPBRASTA101, and the obtained pBRASTA102 (Figure
4) was invteire texisdated th e kadkian cia oisH S dudh aledrivavesie trexk ioten Rilbdadraicieficymmangum
105-A. As shown in Table 3, almost the same transformation efficiency as that of pPBRASTA100 was
obtainedrotBERAS TR A (Fabe k@A diiams fofdealyis/g (i tiBis A SThE PBavraki 2ddooss tisiated by
inserting the 0.6 kbp fragment into the Hindlll site of pPBRASTAL102. It was shown that this plasmid
had 2 copiekbithis Aragment (higylaidydandisarstarnhationcabitityuwasstiur tihet plasnedsedlination
proportion to the copy number of the fragment. When these plasmids were transferred to Escherichia
coli HMSidlitdirittet bie die asenira gramSios o sticsp difid ke mey was e d o toeRiti dobe caadunatengeahanism
underlying the restriction of the plasmid induced by the

105-A.

[0047] [Discussion]

In the present invention, the nucleotide sequence of the plasmid pTB6 of

Bifidobacterium longum was determined, and the aa sequence of putative Orf was predicted.

The results of sequence analysis revealed that pTB6 is a plasmid associated with the RCR

plasmid family group 1 reported by Corneau et al. (Plasmid, 51, 87-100 (2004)). The high aa

identity and the high homology of oriV nucleotide sequences between plasmids of the group 1,

particularly pKJ36 and pTB6repB, clearly suggested that pTB6 replicates by the rolling circle
mechanism.

[0048] The nucleotide sequence conserved in oriT of the MOBQ-line plasmid was identified
in putative oriT of pTB6. Moreover, the remarkable similarity of motif I and motif III of
putative MobA to motif I and motif III of the MOBQ-line plasmid was found in pTB6. This
result suggested that pTB6 is mobilized when the factor is further supplied from host cells or
other plasmids. From this point of view, the present inventors asuume that the plasmids
pBRASTA101 and pDSO44Sp having membB and orfl as well as oriT and mobA deleted are
useful as safe vehicles of gene transfer.

[0049] Recently, Nakamura et al. and Fujimori et al. succeeded in the expression of the
cytosine deaminase gene (codA) of Escherichia coli in Bifidobacterium longum by using the

composite plasmid pPBLES100 between pBR322 and pTB6. This showed that pTB6 is an
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0.6 kbp-DNA remains unexplained. However, these results suggested that plasmid replication is
restricted by the cleavage of the 0.6 kbp-DNA transfected into Bifidobacterium longum 105-A. [0047]
[Discussion] In the present invention, the nucleotide sequence of the plasmid pTB6 of Bifidobacterium

longum wisstalietecmingd tan exihe soseguecei gf peiiativeBATdsvastprraictessuihe Igswisaf sequence
analysis revealed that pTB6 is a plasmid associated with the RCR plasmid family group 1 reported by

Comeau BifrloRéastinisl, raicr8drd4His(20 ) knbien higBeasrddeditiys pardiibedighubyanelogTioiriV
nucleotide sequences between plasmids of the group 1, particularly pKJ36 and pTB6repB, clearly

suggestachthedifitB Oreplivateseiatheped ivigetiiaieo dueahaniste QK] ¢ dulelewtidensequence
conserved in oriT of the MOBQ-line plasmid was identified in putative oriT of pTB6. Moreover, the
remarkabtecsim gy raf, (Kb AnacnodlilGtnef 17utatiie 2 gbhAD);Kaidshianet alQtf RIBSItbe. MABQ;line
plasmid was found in pTB6. This result suggested that pTB6 is mobilized when the factor is further
supplied for Mst 2&3l5 Hhwotiar qlasnddse BiQrsthEspainm &f)yiaw, Skey piesenilinkésitoBz@asuume that
the plasmids pBRASTA101 and pDS044Sp having membB and orfl as well as oriT and mobA deleted
are usefMi&sobade Vehistds Bf ene (18sHr. [BR4]dR eloe vty Nvddanids pBRaA Sard FLupmbri et al.
succeeded in the expression of the cytosine deaminase gene (codA) of Escherichia coli in
BifidobagiBSu48pdatk by Tusinbniod Acamijnsitchplhsmid fohEEh0b HaydeppBRE22ventTB6. This
showed that pTB6 is an 25 useful vector for the expression of a foreign gene in Bifidobacterium
longum. kowravehiatBikdo bactaiismarmpraoarghfivsnie atenkngwmd texgensiate S idapagifizrndonuclease.
Thus, unmodified DNA may be damaged when introduced into the cells of Bifidobacterium

Bifidobacterium longum.

Example 2

[0050] (Construction of Shuttle vector pAV001)

[Construction of plasmid]

Enterococcus faecalis-derived sequence containing spectinomycin adenyltransferase

(AAD cassette) was amplified from pBLES100 by PCR and subcloned into pCR-Blunt

II-TOPO vector (Invitrogen) to prepare pCRTOPO-Scal-AAD-Eam11051.  Restriction

enzymes sites Scal and Eam11051 were added to forward and reverse primers, respectively.

[0051] As shown in Figure 5, a cloning vector pGFPuv (DEFINITION: Cloning vector

pGFPuv. ACCESSION: U62636 VERSION: U62636.1 GI: 1490528) purchased from

Invitrogen is composed of a GFPuv gene, multi-cloning sites (MCS) located at both ends

thereof, an ampicillin resistance gene, and a plasmid replication origin OriC (pUC Ori) of

Escherichia coli.

[0052] The ampicillin resistance gene site was cleaved with restriction enzymes Eam11051

and Scal to prepare a long fragment without the site. ~Similarly,

pCRTOPO-Scal-AAD-Eam11051 was cleaved with restriction enzymes Eam1105I and Scal to

prepare a fragment (approximately 1100 bp) containing the AAD cassette. These two

fragments were ligated by use of T4DNA ligase to prepare pGFPuv-SpR. The addition of a
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microorganisms, (Khosaka et al., Gene. 17, 117-122 (1982); Khosaka et al., FRBS Lett., 14, 63,
170-174 (1983); Khosaka et al., Gene 31, 251-255 (1984); and Skrypina et al., Mol. Gen. Mikrobiol.
Virusol., 5, 15-16 (1988)). Because the small plasmids pPBRASTA101 and pDS044Sp lack oriT and
mobA anghéaus higtinrasianvapaspability, thcppépseiat pvemid (G BB WSRhaldtiiesgeplcisnvds Aire
practical for the cloning and expression of a foreign gene in Bifidobacterium longum. Example 2
[0050] (Constipiciitin oésHuiite pegionpAME0 blatoon sitdctiompeftplagneish fofieddadeait@richia
faecalis-derived sequence containing spectinomycin adenyltransferase (AAD cassette) was amplified
from pBLde§.100 by PCR and subcloned into pCR-Blunt 1I-TOPO vector (Invitrogen) to prepare
pCRTOPO-Scal-AAD-EamlI105I. Restriction enzymes sites Scal and Eaml105] were added to forward

and revefsesaiimersRRspSpR/elys JOfsidAsi shasstni it drigune/ mea SHON(Ppg:vaator e halty-cloning
(DEFINITION: Cloning vector pGFPuv. ACCESSION: U62636 VERSION: U62636.1 Gl: 1490528)
purchasedtdropstrbavitksphn GRravgeseaati & fff e sgana thellindiorilogiatest¢MOH) secaiedfahboth
ends thereof, an ampicillin resistance gene, and a plasmid replication origin OriC (pUC Ori) of
EscherictiiBReoligidepba] fiepampidibmie pardicm garietsite WP olegyedwiitki¢kstdction enzymes
Eaml105] and Scal to prepare a long fragment without the site. Similarly,
pCRTOHOGStRI-AA&and biapprasiaasled Q0thbresticiiame izypBe S BamiNo| ATt Gtatdeeapsepare
a fragment (approximately 1100 bp) containing the AAD cassette. These two fragments were ligated
by use ohild DA Hpmskento rpoeifareap GleRtifreS pRa phamadtitphcatian 261 pd Rifiviotycite resistance
property to the prepared plasmid pGFPuv-SpR and the deficiency of

longum from the information on the complete nucleotide sequence of the Bifidobacterium

longum-derived plasmid pTB6 obtained in Example 1.

[0055] The sequence of approximately 1900 bp containing the plasmid replication unit of

Bifidobacterium longum was amplified from pTB6 by PCR and subcloned into pCR-Blunt

II-TOPO vector to prepare pPCRTOPO-Apal-1900-Scal. Restriction enzyme sites Apal and

Scal were added to forward and reverse primers, respectively.

[0056] A long fragment (approximately 2400 bp) obtained from pAVN digested with

restriction enzymes Apal and Scal and a short fragment (approximately 1900 bp) obtained from

pCRTOPO-Apal-1900-Scal digested with restriction enzymes Apal and Scal were ligated by

use of T4 DNA ligase to prepare a Bifidobacterium longum-Escherichia coli shuttle vector

pAVO001 (approximately 4300 bp).

Example 3

[0057] (Cytosine deaminase gene expression vector pAV001-HU-eCD)

[Construction of expression vector]

Next, pPBLES100-S-eCD was cleaved with restriction enzymes HindlIII and Spel to
extract a sequence of approximately 2900 bp containing a HU gene promoter, an Escherichia

coli-derived cytosine deaminase gene, and a HU gene terminator. A long fragment obtained

from the shuttle vector pAV001 cleaved at the restriction enzyme sites in the multi-cloning site

27



an ampicillin resistance property of the plasmid were respectively confirmed in Escherichia coli. [0053]
pGFPuv-SpR was digested with restriction enzymes Sall (present in the multi-cloning site upstream of
the GFPuv gene) and Spel (present in the multi-cloning site downstream of the GFPuv gene) to
prepare aalashndiIAMN SpavhichtHeebave i geeat wasphelstechtf0059D A se ouentignE appraxmately
1900 bp containing RepB, SDO, DDO, AT-rich repeats, and DnaA-binding motifs was identified as a
plasmid replimstiongasit wof f3épded parei0mHORgUM Eppaotkienittdymatonen the complete nucleotide
sequence of the Bifidobacterium longum-derived plasmid pTB6 obtained in Example 1. [0055] The
sequencgooba8pp[oxiimaieod 90 bpadriapyingrifte pladitid septieation loaigueh]Bifidobacterium longum
was amplified from pTB6 by PCR and subcloned into pCR-Blunt 1I-TOPO vector to prepare
pCRTOPO-Apal-1R0pASca0 RESIFaliDaed HBLE Sites-Apalaodn Sarksdaitsaiitde dviadoesmictiacly
reverse primers, respectively. [0056] A long fragment (approximately 2400 bp) obtained from pAVN

digestediwtitbduesiriatio B giinpaasripal angubaal prashee shortdtagibani(apiiosigaiting 900 bp)
obtained from pCRTOPO-Apal-1900-Scal digested with restriction enzymes Apal and Scal were
ligated byitidetatedi N ligase po, PiEHaE 8l fidobaBidtdotn toagum 1 sgharipBB IESiShBtHE Dector
pAVO001 (approximately 4300 bp). Example 3 [0057] (Cytosine deaminase gene expression vector
pAV001-Hu-pfekhdCondituctiprt it e pprasgiomwuectarfited, iyEREIS 10B: Sdebidtarameleaved with
restriction enzymes Hindlll and Spel to extract a sequence of approximately 2900 bp containing a HU
gene proimotem amABauble fitihiaCEnlinddBifetb bytosinendeaguimapd b ESe 06+t CHUVgene dpeminalpr. A
long fragment obtained from the shuttle vector pAV0O01 cleaved at the restriction enzyme sites in the
multi-clogingdit@red at 37°C for 2 or more days in MRS media (OXID) under anaerobic conditions.

The respective bacterial cells (1 x 10’ CFU) were separated by centrifugation from the resulting

culture media, and total DNAs were extracted by using Puregene DNA Isolation Kit (Gentra

Systems). The collected total DNAs were digested with restriction enzymes HindIII and

Eco811, and nucleic acids were separated by agarose gel electrophoresis and subjected to

Southern analysis using AlkPhos Direct Labelling Reagents (Amersham Bioscience) to

compare plasmid copy numbers (see Figure 9A). For a sensitization method of signals, the

nucleic acids allowed to develop chemiluminescence with alkaline phosphatase were exposed

to X-ray films. In the comparison of signal intensity, the X-ray films after exposure were

scanned using a gel scanning system (ATTO), and the obtained scan images were analyzed

with CS analyzer (software; ATTO) to determine plasmid copy numbers. As a result, the

plasmid copy number of pPBLES100-S-eCD was approximately 3.26/cell, whereas the plasmid

copy number of pAV001-HU-eCD was approximately 11.68/cell. Therefore, the plasmid

copy number of pAV001-HU-eCD was confirmed to be 3.6 times larger than that of

pBLES100-S-eCD, and significant difference was observed in the number of the

pAV001-HU-eCD plasmid replicating, when compared to that of pPBLES100-S-eCD (see

Figure 9B).
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27 with Hindlll and Spel and the above fragment of approximately 2900 bp were ligated by use of T4
DNA ligase to prepare pAV001-HU-eCD (approximately 7100 bp). [0058] [Comparison of plasmid copy
number in Bifidobacterium longum] The pAV001-HU-eCD and pBLES100-S-eCD constructed this time
were res[EgdjelyCatipsticadonts Bifidalaieia wndpagnd deapiepsee fateirceoBititaat terium
microorganisms, Bifidobacterium longum::pAV001-HU-eCD and Bifidobacterium
longum::BkES100-S-eCD. The presence of the respective plasmids was confirmed by PCR.
Bifidobacterium longum::pAV001-HU-eCD and Bifidobacterium longum::pBLES100-S-eCD were

respectively subBufitdoeacairants targdar: prove opysUincMR ana &diad (Badisgimnder anaerobic conditions.
The respective bacterial cells (1 x 109 CFU) were separated by centrifugation from the resulting

culture meglganansBI0EE PNAsEErevexdiastrRd by ysing ddeae aeDNAflsalatiandté {sntraRgstems).
The collected total DNAs were digested with restriction enzymes Hindlll and Eco81l, and nucleic acids

were separiedRy-paaiess Rl GlertiRhoresisrad arkieatack e Raythexn shalysis weieg AlkPhos
Direct Labelling Reagents (Amersham Bioscience) to compare plasmid copy numbers (see Figure

9A). For apansizsiicenigthat of si@nalss tbaulnHgleittam da-alipwerdrdpualon aneaduiineagence
with alkaline phosphatase were exposed to X-ray films. In the comparison of signal intensity, the X-ray

films aftesx@xee s eMRI I RCARNEH 4 51MBehBELSRABRIRY SYHEHb A Il phrokiaikes scan
images were analyzed with CS analyzer (software; ATTO) to determine plasmid copy numbers. As a

result, theealasedi 8PS PoRAeF0h ARl ESLOCBuphb RS AbIxinpate hh&rG{eall wheiaas the
plasmid copy number of pAV001-HU-eCD was approximately 11.68/cell. Therefore, the plasmid copy

number akpMMAN privdefs R anas epaficaed vocbe . ardimes largerianahaicofo siBe E&HIA5eCD, and
significant difference was observed in the number of the pAV001-HU-eCD plasmid replicating, when
compareghipdbrinal PRIHoS 09N T(EEMology) and a horseradish peroxidase-conjugated
anti-rabbit immunoglobulin G complex (Santa Cruz Biotechnology, Inc) were used as primary
and secondary antibodies, respectively. For a sensitization method of signals, the proteins
allowed to develop light by an ECL method were exposed to X-ray films. In the comparison
of signal intensity, the X-ray films after the exposure were scanned using a gel scanning system
(ATTO), and the obtained scan images were analyzed with CS analyzer (software; ATTO) to
compare the expression levels. The result is shown in Figure 6. The result of comparison of
signal intensity revealed that Bifidobacterium longum::pAV001-HU-eCD expresses the
cytosine deaminase protein 2 to 8 times compared to Bifidobacterium
longum::pBLES100-S-eCD.
[0060] [Comparison of enzyme activity of cytosine deaminase protein (comparison of activity
of converting SFC to 5FU) in Bifidobacterium longum]
In addition to Bifidobacterium longum::pAV001-HU-eCD (D) and Bifidobacterium
longum::pBLES100-S-eCD (B), a wild-type strain  of Bifidobacterium longum (A) and
Bifidobacterium longum::pAVN  without the introduced cytosine deaminase gene(C) used as

controls were respectively subcultured at 37°C for 2 or more days in MRS media under

anaerobic conditions. The respective bacterial cells (2 x 10° CFU) were separated by
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Figure 9B). 28 [0059] [Comparison of expression level of cytosine deaminase protein in
Bifidobacterium longum] Bifidobacterium longum::pAV001-HU-eCD and Bifidobacterium
longum::pBLES100-S-eCD were respectively subcultured at 37C for 2 or more days in MRS media

under anagreligeaoditionsthEhesidspgativaRaciatialedie{lsychaedGhW)sweref serarataed Hy
centrifugation from the resulting culture media and disrupted by ultrasonication to extract the

respectiveupretpingiv the tabievit calpl crhenaldowvétiestsaeiiesk PIateins gl sepatwatediby
SDS-polyacrylamide gel electrophoresis, and the signal intensity of cytosine deaminase proteins was

comparegbyeWestefoanalysis Aldbbitasdi#30amedeaminassidnenarionsl amibadypesawaday
Technology) and a horseradish peroxidase-conjugated anti-rabbit immunoglobulin G complex (Santa

Cruz BiotapbRfiRays s WeheHERMLASI BN BENs 3G SRGABEANY PREROHEMTSSRRGH\@Ne & a

sensitization method of signals, the proteins allowed to develop light by an ECL method were exposed

to X-ray fi#5is the theieRMRATISEN MUsSIGNA infenaityotherX Y kina afierdRedexPosiR wrraisaanned
using a gel scanning system (ATTO), and the obtained scan images were analyzed with CS analyzer

(softwarasyAh§ N SRR (B3 EXRESSDMIENSIS, BRELIESUK i SPeyNshifriBsecteridle desuliof
comparison of signal intensity revealed that Bifidobacterium longum::pAV001-HU-eCD expresses the

cytosine geaminaseproteiand b Stimes sampaiaddosBiftdobacterdurs nguRe:ipfik S1HR1HSRCD.
[0060] [Comparison of enzyme activity of cytosine deaminase protein (comparison of activity of

converting\2ifedehabi} imBifislobesierivontengd i BifatdiasrioBibdebatisAND01-HU-eCD
longum::pAV001-HU-eCD (D) and Bifidobacterium longum::pBLES100-S-eCD (B), a wild-type strain
of BifidohpgtesiappenguimdRy) 1288l times (on 4 hours), approximately 1.52 times (on 8 hours),
approximately 1.34 times (on 18 hours), approximately 1.57 times (on 24 hours), and
approximately 1.57 times (on average) larger than those in Bifidobacterium
longum::pBLES100-S-eCD (B).
[0061] (Gene transfer of cytosine deaminase gene expression vector pAV001-HU-eCD to
microorganisms of genus Bifidobacterium)
The cytosine deaminase gene expression vector pAV001-HU-eCD was introduced into
bacterial strains by electroporation shown in Table 4 to prepare recombinant strains of

Bifidobacterium.

[0062] [Table 4]
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Bifidobacterium longum::pAVN without the introduced cytosine deaminase gene(C) used as controls
were respectively subcultured at 37C for 2 or more days in MRS media under anaerobic conditions.
The respective bacterial cells (2 x 109 CFU) were separated by 29 centrifugation from the resulting

culture n
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um. [0062] [Table 4] 30 Bacterial strains Bifidobacterium longum (standard

s of
strain of

common

gan

1®ifidobacterium longum bs-601 strain

At present, infantis and lactenis are included as subspecies of longum in longum from

the standpoint of taxonomy whileas they were previously known as distinct bacterial species

belonging to the genus Bifidobacterium.

[006

3] (Measurement of cytosine deaminase activity of recombinant strains of

Bifidobacterium)

After the culture of the recombinant strains of Bifidobacterium, the respective

bacterial cells were centrifuged from the resulting culture media, then suspended in buffer

solutions containing 50 mM HEPES, and disrupted in an ultrasonicator.

These disruption

solutions were centrifuged, and the supernatants from which unnecessary fractions were

removed were used as extracted protein samples.

Aliquots corresponding to the total protein

amount of 0.05 mg were taken from the extracted protein samples and supplemented with a

buffer solution to exactly adjust the total amount to 250 pL. Further, 250 uL of 20 mM 5FS

solution was exactly added to the resulting solutions, which were then incubated at 37°C for 60

minutes in water bath. After the addition of trichloroacetic acid thereto and extraction, the

samples neutralized with sodium hydroxide were measured by HPLC for the amount of SFU

produced and the amount of SFC remaining. HPLC measurement was conducted twice to

confirm that there were only a few measurement errors.
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1 Bifidobacterium infantis) JCM1222 Bifidobacterium longum(standard strain of common name: 2
Bifidobacterium lactenis) JCM1210 3 Bifidobacterium breve(standard strain) JCM1190 4
Bifidobacterium longum aE-194b strain 5 Bifidobacterium longum bs-601 strain At present, infantis and
lactenis §0064¢IuTine @ssunspenicsnklgagy sy prclagLINR ffon AN®GlaHdped D alsiaxanemy whileas
they were previously known as distinct bacterial species belonging to the genus Bifidobacterium.
[0063] (Measly eseesnt 04 VOB wesdepatRkase @ediilyeai ve catibinasiraingissod Bifiisiiacterium) After
the culture of the recombinant strains of Bifidobacterium, the respective bacterial cells were
centrifug®tbfeovetheheasaltipehewiussineeldianthese suspandet) ini philfesx sekitdns egitasiingShmM
HEPES, and disrupted in an ultrasonicator. These disruption solutions were centrifuged, and the
supernatagitsitsoamitiehactiviecassdriglr aalionsbived removed were used as extracted protein
samples. Aliquots corresponding to the total protein amount of 0.05 mg were taken from the extracted
protein sfpopds fnebsupplemented with a buffer solution to exactly adjust the total amount to 250 L.
Further, 250 L of 20 mM 5FS solution was exactly added to the resultlng solutlons WhICh were then

incubated at 37C for 60 minutes in watendyath. After the additid nereto and
extraction, the samples neutralized with sodium hydroxide wer| the amount of
SFU praduggeband the amount of 5SFC remaining. iRk gdrsrag vice to
confirm that there were only a few measurement errors.
Bifidobacterium infantis / 1.767 8.024
1.767 18.0
pAV001-HU-eCD 1.768 8.119
Bifidobacterium lactenis / 0.999 9.148
1.006 9.8
PAV001-HU-eCD 1.013 9.293
Bifidobacterium breve / 0.848 9.029
0.844 8.6
PAV001-HU-eCD 0.840 8.967
Bifidobacterium longum aE-194b (0.595 9.233
0.596 6.1
strain / pAV001-HU-eCD 0.597 9.230
Bifidobacterium longum bs-601
0.637 6.3
strain / pAV001-HU-eCD 0.637 9.543

INDUSTRIAL APPLICABILITY
[0066] According to the present invention, a shuttle vector for a microorganism of the genus
Bifidobacterium and Escherichia coli having a wide host range and a large copy number in
microorganisms of the genus Bifidobacterium and capable of highly expressing of a desired
protein in a microorganism of the genus Bifidobacterium when used as an expression vector; an
expression vector capable of expressing a desired gene in a microorganism of the genus

Bifidobacterium by use of the shuttle vector; a microorganism of the genus Bifidobacterium
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31 [0064] The cytosine deaminase gene expression vector pAV001-HU-eCD using the novel shuttle
vector pAV001 was capable to introduce five bacterial strains shown in Table 4. Moreover, the
transgene cytosine deaminase was actually highly expressed as a protein having activity, and the
activity wasnbigih{see tiakthe 63pfe0kéi Meable, 2hd kb dmounif Hfeht Daprken@gnihve) mesagedhldbFC
(mM)converted (%) Bifidobacterium infantis / 1.767 8.024 1.767 18.0 AV001-HU-eCD 1.768 8.119
Bifidobactethenadactemitid dbQI0r dvid 21086198 nANaRhthibh e bbladikd 9.293 Bifidobacterium breve /
0.848 9.029 0.844 8.6 AV001-HU-eCD 0.840 8.967 Bifidobacterium longum aE-194b 0.595 9.233
0.596 6.1 strain / pAV001-HU-eCD 0.597 9.230 Bifidobacterium longum bs-601 0.637 6.3 strain /
pAV001-HU-eCD 0.637 9.543 INDUSTRIAL APPLICABILITY [0066] According to the present
invention, a shuttle vector for a microorganism of the genus
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Bifidobacterium and Escherichia coli having a wide host range and a large copy number in
microorganisms of the genus Bifidobacterium and capable of highly expressing of a desired protein in
a microorganism of the genus Bifidobacterium when used as an expression vector; an expression
vector capable of expressing a desired gene in agnisiaggganism of the genus Bifidobacterium by use
of the shuttle vector; a microorganism of the genus Bifidobacterium 32 transformed with the
expressian vecton sindtkvaotiiufonon agerdoegimpisioftHiczthcs @ifdstaoicddithendafdderichia
Bifidobacterium as an active ingredient can be obtained. 33 CLAIMS 1. A shuttle vector for a
microorgeslistorapihengenpbEifitohadtesition potticscoatintiitn colicpoinpligingigin ([BOVJarpsd region
portion comprising a replication origin (oriV)-repB region of pTB6 but not comprising MembB, MobA,
Orfi and eygloregiqTBef ik B6t anelmisiisdnaribBiahobiAdaDin dalasinidegostio b OQONRY,; Sing)
replication origin (oriC) region of Escherichia coli. 2. The shuttle vector for a microorganism of the
genus Bifiddiatieriwsladelfzsdpesichia pooli@ccotthngii@ aladplitandmeseininiiend Begletiveéd region
portion consists of a pTB6-derived region portion comprising a 1260 bp nucleotide sequence
consistingsoherithitdantide sequence represented by nucleotides 305 to 1564 in SEQ ID NO: 1. 3. The
shuttle vector for a microorganism of the genus Bifidobacterium and Escherichia coli according to
claim 1 or 2, wherein the Escherichia coli-derived plasmid portion comprising a replication origin (oriC)
region of Escherichia coli is a plasmid portion not comprising an ampicillin resistance gene (ampR) or
having déleted DN& einooldingcesr fbitarminalmegiasnobéthagepicilBiffésisicadaergend EoipRyhia
expression product O-lactamase. 4. The shuttle vector for a microorganism of the genus
Bifidobactdiiane@dth g selirichia wherein the pTB6-derived region portion consists of a pTB6-derived
region portion comprising a 1260 bp nucleotide sequence consisting of a nucleotide sequence

represented by nucleotides 305 to 1564 in SEQ ID NO: 1.

3. The shuttle vector for a microorganism of the genus Bifidobacterium and Escherichia
coli according to claim 1 or 2, wherein the Escherichia coli-derived plasmid portion comprising
a replication origin (oriC) region of Escherichia coli is a plasmid portion not comprising an
ampicillin resistance gene (ampR) or having deleted DNA encoding an N-terminal region of an

ampicillin resistance gene (ampR) expression product -lactamase.

4. The shuttle vector for a microorganism of the genus Bifidobacterium and Escherichia
coli according to any one of claims 1 to 3, wherein the microorganism of the genus
Bifidobacterium is Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium animalis,

Bifidobacterium bifidum, or Bifidobacterium adolescentis.

5. The shuttle vector for a microorganism of the genus Bifidobacterium and Escherichia
coli according to any one of claims 1 to 4, wherein the shuttle vector has an average copy

number of 6 to 30.
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coli according to any one of claims 1 to 3, wherein the microorganism of the genus Bifidobacterium is
Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium animalis, Bifidobacterium bifidum, or
Bifidobacterium adolescentis. 5. The shuttle vector for a microorganism of the genus Bifidobacterium

and Escleerichia Tugdi shoeaedisgde @ny: atieroblanimbiakd, gehesakifibehabuiienvaatbEbasdohaverage
copy number of 6 to 30. 34 6. The shuttle vector for a microorganism of the genus Bifidobacterium

and Escheficiieorciligaecaidiogetofamyinnd b slamsrditialix wheareiethershpitly ector is pAV001. 7. An
expression vector capable of expressing a desired gene in a microorganism of the genus
Bifidobacterium, comprising the shuttle vector for a microorganism of the genus Bifidobacterium and
Escherichia coli according to any one of claims 1 to 6 into which an expression unit of the desired
gene ligated in-framexpetvetanagrrgiesland exieosingtardésirolvgchinithe mipoesginisaf af the
Bifidobacterium longum-derived gene encoding a histone-like DNA-binding protein (HU protein) is
inserted. &nhh 8 gxfuiesseiune donpasorglihg thatimelttwlieraimibe deginédrpeinhdpantgtosine
deaminase gene. 9. A microorganism of the genus Bifidobacterium transformed with the expression
vector aBifiddibgrtericiainnd BsetizhAncahtitumeliagenioporisingains mioréenganisichafithe genus
Bifidobacterium according to claim 9 as an active ingredient. 11. A pTB6-derived plasmid replication
unit of a axicresiganisinod i el gerudse Bidi tightct @rHirance bepwsiigag repligatiendar igimiac)-repB region
of pTB6 but not comprising MembB, MobA, Orfl, and oriT regions of pTB6. 12. The pTB6-derived
plasmid iieptibatibm tinitcxpiiessinicodarGafidkrvaofcttiengdomggim-derived gene encoding a histone-like

DNA-binding protein (HU protein) is inserted.

8. The expression vector according to claim 7, wherein the desired gene is a cytosine

deaminase gene.

9. A microorganism of the genus Bifidobacterium transformed with the expression vector

according to claim 7 or 8.

10. An antitumor agent comprising the microorganism of the genus Bifidobacterium

according to claim 9 as an active ingredient.

11. A pTB6-derived plasmid replication unit of a microorganism of the genus
Bifidobacterium comprising a replication origin (oriV)-repB region of pTB6 but not

comprising MembB, MobA, Orfl, and oriT regions of pTB6.

12. The pTB6-derived plasmid replication unit of the microorganism of the genus
Bifidobacterium according to claim 11, comprising a 1260 bp nucleotide sequence consisting

of a nucleotide sequence represented by nucleotides 305 to 1564 in SEQ ID NO: 1.
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Bifidobacterium according to claim 11, comprising a 1260 bp nucleotide sequence consisting of a
nucleotide sequence represented by nucleotides 305 to 1564 in SEQ ID NO: 1. 35 SEQUENCE
LISTING <110> Anaeropharma Science <120> Novel shuttle Vector <130> 2005C3023 <150>
JP2004-339677 <151>2004-11-24 <160seHyeli¢e> Ppgangieversion 3.1 <210> 1 <211> 3624
<212> DNA <213> Bifidobacterium longum <400> 1 gataggcagg ccagctcaag gcccgcgaga acgacctcgt
ggcgcggege agggaacgeg 60 aacgcaaggc ccgcaccaag cgcectgatcg aggtcggege gatggecgag tcggecgegg
120 gcttchHygHyEEgacaatRageRtEhgg ageacatcge ccgectegtg cagetegget 180 cectggtgga
gtccctgtgce tccaccgacg tgatggccaa ctacacgage cgcgaggacc 240 tcagggcecac cgtcgecaag getctggaac
acaacgtcag gaceadeyal gacalganst a0 ggaacctcca ggacctcgte tacgaggegce tgagcgagga atggcgcaaa
agggacggcg 360 agatcagcga cccatgggcc aacgacgagg cggacggata ccagccgccc tcatacgage 420
cggtcaaccc cgaacgcagg actccccaga cgecctccga tggectgatce tgacgtccga 480 aaaaaggcgc tgtgcgecect
ttttaaatctttizdaa RAQOBERUCRKL ctittagccc 540

<150> JP2004-339677

<151> 2004-11-24

<160> 10

<170> Patentln version 3.1

<210> 1

<211> 3624

<212> DNA

<213> Bifidobacterium longum

<400> 1

gataggcagg ccagctcaag gcccgcgaga acgacctcgt ggcgcggcgc agggaacgcg 60
aacgcaaggc ccgcaccaag cgcctgatcg aggtcggcgc gatggccgag tcggccgcegg 120
gcttcgaggg aggcgacgag agggccaagg agcacatcgc ccgcctcgtg cagctcggct 180
ccctggtgga gtccctgtgc tccaccgacg tgatggccaa ctacacgagc cgcgaggacc 240
tcagggccac cgtcgccaag gctctggaac acaacgtcag gaccagcgat ggcatgaact 300
ggaacctcca ggacctcgtc tacgaggcgc tgagcgagga atggcgcaaa agggacggcg 360
agatcagcga cccatgggcc aacgacgagg cggacggata ccagccgccc tcatacgagc 420
cggtcaaccc cgaacgcagg actccccaga cgccctccga tggcctgatc tgacgtccga 480
aaaaaggcgc tgtgcgccct ttttaaatct tttataaatc tttttacatt cttttagccc 540



1 ctccgeagcc ttactctcce aacgggtttc agccgaaacc tacaccaaaa ggggagcgaa 600 cctacaccaa aaggggagcg
aacctacacc aaaaggggag cgaacctaca ccaaaagggg 660 agctatatac accttttgtt atttaaggtg caagttgtgc
tatgctgagg ccatgtccaa 720 tgagatcgtg aagttcagca accagttcaa caacgtcgcg ctgaagaagt tcgacgecgt 780
gcacctggae et 0pteg *Aace C-aaggeteed hgseaRaEeca LaEecata b §ih gagtictapticgaggagc
tgcgcggcect catgcgattg aggaagaacc tgaccaacaa 900 gcagctggcc gacaagatcg tgcagacgaa cgcgcgcectg
ctggcgctga actacatgtt 960 cgaggattcg ggcaagatca tccagttcge getgttcacg aagttcgtca ccgacccgea 1020
ggaggcgaeteeGEeatRAGIYICISE oG AR FARRIGERY aePRRATEAC2 08P gttE 8 gcgcetteg
agctggccga gttcgccgac ctcaagagca agtacgccaa 1140 ggagttctac cgcaggccca agcagtaccg cagctccgga
atctggaaga teagaegc c&%&%ﬁgﬁc aca tatctgaa
1260 tcggegaggtt cttc%%gc&a%(afc{ggggg?gag%%?gggcct C ccttg%%%ﬁt(gg%gg%ggé 1 %%ggcgcc?a%fac
gtgaaacgca ggctgtcggg cttcgtgttc acattcgccc gcgagaccce 1380 tccggtgatc gacgccaggce ccgtggaggce
gaggaagtegpgacgtr gl Yuemgy gccadid4ba ticryagagc g itygeggatst dgugaggtgticact e acggegttgt
tcgacgtgac 1500 ggccgcccgg getcacttcg acggcaccgt ggaggccggg gaatgecgtt tctcgegegt 1560
ttgacgcgcg caaccgcgaa catcatgcgc ggaacgcecgg aaggctgttc tagcggecgt 1620 gtccgcgect ctggggeggg
A B B ) G R R W T
gccttggtece tgggggcegcet 1740 2 tcgetectcg aacgggcecgc tctccececag gteetcgggce tcgetcaggt ccaacggcete

1800 gteReea¥atuHeaRgcRaotgelcysieleagediattgussi4igsacgtedS&sidiatggogsd gcgcagtgcy
agggccttca cctgttcggg gcttggcttc tcgttctcgg 1920

gcagctggcc gacaagatcg tgcagacgaa cgcgcgcctg ctggcgctga actacatgtt 960
cgaggattcg ggcaagatca tccagttcgc gctgttcacg aagttcgtca ccgacccgca 1020
ggaggcgact ctcgcggttg gggtcaacga ggagttcgcg ttcctgctca acgacctgac 1080
cagccagttc acgcgcttcg agctggccga gttcgccgac ctcaagagca agtacgccaa 1140
ggagttctac cgcaggccca agcagtaccg cagctccgga atctggaaga tcggccgcga 1200
cgagttctgc cgactgcttg gcgttccacc gtcggcaata acccagacac gatatctgaa 1260
tcagaaggtt cttcagccaa ttcaggagga gtgtgggcct ctccttggcc tgaagatcga 1320
gcgccagtac gtgaaacgca ggctgtcggg cttcgtgttc acattcgccc gcgagacccc 1380
tccggtgatc gacgccaggce ccgtggaggc gaggaagacg gacggcgacg gcaagggcca 1440
ttggacgagc gttgccgggt acggcgaggt gttcacgacc acggcgttgt tcgacgtgac 1500
ggccgcccgg gctcacttcg acggcaccgt ggaggccggg gaatgccgtt tctcgcecgegt 1560
ttgacgcgcg caaccgcgaa catcatgcgc ggaacgccgg aaggctgttc tagcggccgt 1620
gtccgcgect ctggggeggg tttgcecgectg ccatgggtcg atctgeccgect gttcggectc 1680
acgctggtct gtgcgctgcc tgatctccct gagcaggtcg gccttggtcc tgggggcgect 1740



cccgcetcggce cetgttcgag ccgcctetee agttcggceca cgagceccggt cettggetge 1980 atgtcgtggt cgtggatggt
cttggtggtc ctcatgcgga acctgttggc ctggtcccag 2040 tcgctcggga tgtcggcegte ttcgagccat ggcaccgcecc
cgcgcagctt ctcggactge 2100 tcceccggceca cctgttcgge gttccgcagce agectgecge gettgaagac gttcgegtee 2160
ctggcctcge gcgaggeggc tcgegecacg tcgatgatct gettggeggc ctcaaactce 2220 tcggtgecgt ggcetecteca
ceactecgotiselsn cHlsReRl qicecala P20 aaliiedc gopteaclon calaladles oggrpicas
cttcgagctg 8cggcg cg gccctcga ag?a cgcca gttcggctcc ct 8ccggtt ccdgcctcgc ctggcegttgg
2400 cgcagctgcc ctgatcttgg cggcgaacag ctcgecccagg cggtcgaata tccggecgag 2460 ttcggtgegg

atggaggteecgcaggecaibgttgegectyateicangst gancicagsy2bRt anictageihagogeegcygaamgticyat
ggccctggece gegtagecct cgtggatggt 2580 gggttcgagg tcgetgecct ggtectcgag getectgtgg tegattcteg

cggtctcgtc 2640 cagccgcegceg ttacaggtct tcgecccagga ttcgecgcagg gecttgagct tggecttceg 2700
gtcgageddd a8 LGt td GRS E?%@&&EEEE é’&%g&%fditﬁ PO ttiGeetg ¢dg8tctegg
ggtcgatcag cggcacccgc tctceeegct cgtccagcac 2820 gtactccatg cgctgcettga gectggecca gecgeccgtg
0CCOgtCaa Hlacsa it LRRAR 3 4P 930 RO R IAHYEA Qe00gHHEBGE B lee ey AGa 10 g B catagyt
2940 ggccgcgtag ccgtecegcegt tcaggttetc gecggatgtac tcctccagceg cectgcacgeg 3000 ctgectgggg
gtgaactcgc gcggcagggce caccacgatc ttcttggecg gectcgeegt 3060 ccgtccggtce tcgtgcagcet cgaccgegtt

gaacagcatgtgedgaltcglassiaste qgid FIU teg gtorbresdr arfdadda iy graigacytgcagtdcg
cgctccttge geecgtagte 3180 gtaggtctcg ccgegecgct cgtcatgcac ccgcttgecg gtgatgtacg agagcgtgge 3240

cgtggeeciy ac%%g%%%tg Eg%gg%%%&g%%@@%%g%‘%%%%@@tc%%%‘ECé‘g%%%t 2e0u SRR cogptpettteaty

atcggccagg gcg gcggc cctgce
tcccecceggeca cctgttegge gttccgcage agcectgccgce gcttgaagac gttcgcecgtce 2160
ctggcctcgce gcgaggcggc tcgcgccacg tcgatgatct gcttggcggc ctcaaactcc 2220
tcggtgcecgt ggctcctcca ccactcctcg cggttcecctca cgtcggectt ggctcccatg 2280
agttttccac ggatcgctgc cgtgtggtcg gccctgtcgg cttcgagctg gcggcgcgeg 2340
tcgccectcga agtagcgcca gttcggctcc ctggceccggtt ccggectcge ctggegttgg 2400
cgcagctgcc ctgatcttgg cggcgaacag ctcgcccagg cggtcgaata tccggccgag 2460
ttcggtgcgg atggaggtca gcaggccgtt gctgcgectg atctcacggt tggcctcgca 2520
cctctcgctg acgcccccgg cccgttcecgat ggccctggcec gcgtagccct cgtggatggt 2580
gggttcgagg tcgctgccct ggtcctcgag gctcctgtgg tcgattctcg cggtctcgtc 2640
cagccgcgceg ttacaggtct tcgcccagga ttcgcgcagg gccttgagct tggecttccg 2700
gtcgagcggg ttcagggaca cgctcgtgcg cttccactgc ctgcggecccc gecttgtcggt 2760
cttctgcctg ccggtctcgg ggtcgatcag cggcacccgc tctccccgect cgtccagcac 2820
gtactccatg cgctgcttga gcctggccca gccgcccgtg gccgggtcga tctgecggtt 2880



caaggggttc ctaggggtgc ggcgagcacc cgctgggcect geccgggaggc tccceccggaa 3420 gggtgggaat ccaaagggca
aggcccegtgg ccceccggagg gegegcttac ggaaaatgca 3480 acctccggtt gcatgtaagt gcgecctaat ctttgattag
ggatttcctt gctggtagaa 3540 tcatatcacc atacggatga tgcagaccat gtaaggagcc gtttcgatgg tgaagagcct 3600
ggatgager@ ieaagiceed 86603684y cadbittot € Zbbe €@ 15 2icct & fyaighe ifiggbacteyiiom longum
<400> 2 gctgggcgceg gecggcecatga agtggcttga caagcataat cttgtctgat tcgtctattt 60 tcaatacctt cggggaaata
gatgtgaaaa cccttataaa acgcgggttt tcgcagaaac 120 atgcgctagt atcattgatg acaacatgga ctaagcaaaa

gtgcttgtc@IIgaeERAL TS Do Jagitititd e ragrtabrabRel eerItE g RE bR g c X ¥ yaagtce 240
aacctgacca aggctcaggc cgaggcetget gttaacgect tccaggatgt gttcgtcgag 300 getatgaagt ccggegaagg

CCtgaagCé%?a&ft%% [ SECeqE el 280 QGICIGREEGISEOEGRLGEICIpAFtggcTagdce
agattgacat ccggc%t%(%} fgo tac(g%j::gﬁc gtagtggg:gc tggc ccctg ctgaaagaa%g&ccgtcaacggga gtgaccttct 480
gctcgtagcg attacttcga gcattactga cgacaaagac cccgaccgag atggtcgggg 540 tctttttgtt gtggtgetgt
gacgtgttgtoptaagggtatteitorggat taghioempry) 6hacadCacd v283o9369e 2gzadINgye2132 A rtificial

cggcgcgece tccggcagca gggtgccgac gcgcagcacg cgctccttge gcccgtagtc 3180
gtaggtctcg ccgcgceccgcet cgtcatgcac ccgcttgccg gtgatgtacg agagcgtggce 3240
cgtggccctg gaaccgctcg cgcggctcac gttggagacg gacagatggt agatcgccat 3300
cggcttcggc tcctttcgtg atcggccagg gcggtggggt gcggggcggc ggccctgegg 3360
caaggggttc ctaggggtgc ggcgagcacc cgctgggcct gccgggaggc tcccccggaa 3420
gggtgggaat ccaaagggca aggcccgtgg cccccggagg gcgcgcttac ggaaaatgca 3480
acctccggtt gcatgtaagt gcgccctaat ctttgattag ggatttcctt gctggtagaa 3540
tcatatcacc atacggatga tgcagaccat gtaaggagcc gtttcgatgg tgaagagcct 3600
ggatgagcag atcaagtccc tgca 3624
<210> 2

<211> 600

<212> DNA

<213> Bifidobacterium longum

<400> 2

gctgggcgcg gcggccatga agtggcttga caagcataat cttgtctgat tcgtctattt 60
tcaatacctt cggggaaata gatgtgaaaa cccttataaa acgcgggttt tcgcagaaac 120
atgcgctagt atcattgatg acaacatgga ctaagcaaaa gtgcttgtcc cctgacccaa 180



<220> <223> primer <400> 3 ggccggaatt ctgagcaaaa ggccagcaaa aggcc 35 <210> 4 <211> 40
<212> DNA <213> Artificial <220> <223> primer <400> 4 ggccggaatt cagtactcat atatacttta gattgattta
40 5<210>5 <211> 30 <212> DNA <213> Artificial <220> <223> primer <400> 5 gcggcggatc

cattgaaagaaggadgoetat 56 gedtl>chacdddectOgsddity Bl A gzt Afdifisdabaagtce 240

aacctgacca

gctatgaagt

cgcccggetce

tacggcgttc

gctcgtageg

tecttttgtt

<210> 3

<211> 35

<212> DNA

<213>

<220>
<223>

<400> 3

aggctcaggc

ccggcgaagg

gcaccggccg

gtatctccge

attacttcga

gtggtgctgt

Artificial

primer

cgaggctgct gttaacgcct tccaggatgt

cctgaagctc

caacccgcgce

tggctccctg

gcattactga

gacgtgttgt

accggcctgt

actggcgagc

ctgaagaagg

cgacaaagac

ccaaccgtat

ggccggaatt ctgagcaaaa ggccagcaaa aggcc

<210> 4
<211> 40
<212> DNA
<213>

<220>
<223>

<400> 4

Artificial

primer

ggccggaatt cagtactcat atatacttta gattgattta

tctccgectga

agattgacat

ccgtcaccga

cccgaccgag

tattccggac

gttcgtcgag

gcgcgtcaag

tccggettee

gtgaccttct

atggtcgggg

tagttcagcg

300

360

420

480

540

600

35

40



<220> <223> primer <400> 6 cggccggatc ctgcgcaacg ttgttgccat 30 <210> 7 <211> 30 <212> DNA
<213> Artificial <220> <223> primer <400> 7 gcggcaagct tattgaaaaa ggaagagtat 30 <210> 8 <211>
30 <212> DNA 6 <213> Atrtificial <220> <223> primer <400> 8 cggccaagct ttgcgcaacg ttgttgccat 30
<210> 9 £215b> B2 <212> DNA <213> Artificial

<211> 30
<212> DNA
<213> Artificial

<220>

<223> primer

<400> 5
gcggcggatc cattgaaaaa ggaagagtat 30

<210> 6

<211> 30

<212> DNA

<213> Artificial

<220>

<223> primer

<400> 6
cggccggatc ctgcgcaacg ttgttgccat 30

<210> 7

<211> 30

<212> DNA

<213> Artificial

<220>

<223> primer

<400> 7
gcggcaagct tattgaaaaa ggaagagtat 30

<210> 8
<211> 30
<212> DNA



<220> <223> primer <400> 9 aacctacacc aaaaggggag cg 22 <210> 10 <211> 13 <212> DNA <213>
Artificial <220> <223> primer <400> 10 gtaagtgcgc cct 13 7

<213> Artificial

<220>

<223> primer

<400> 8
cggccaagct ttgcgcaacg ttgttgccat 30

<210> 9

<211> 22

<212> DNA

<213> Artificial

<220>

<223> primer

<400> 9

aacctacacc aaaaggggag cg 22

<210> 10

<211> 13

<212> DNA

<213> Artificial

<220>

<223> primer

<400> 10
gtaagtgcgc cct 13





