METHOD OF CONSTRUCTING GENE TRANSPORT SUPPORT TECHNICAL FIELD [0001] The
present invention relates to a method of constructing a gene delivery carrier consisting of an anaerobic
microorganism capable of growing in a tumor tissue in an anaerobic environment and capable of
expressing (A) a protein having an antitumor activity or (B) a protein having an activity of converting an
antitumor substance, RESqursey - A SLHRIEIRIRAENIEDIR BRI AS @ pRsaReutic agent for
solid tumor. Moreover, the present invention relates to a pharmaceutical composition comprising a
gene delivery carrier constructed by the method and to a therapeutic agent for solid tumor comprising
the gene delivery carrier. BACKGROUND %5@%%& F Elr(rﬁjcent years, therapies for malignant
tumor using a gene delivery carrier have be udi lrn \} fous ways. For example, with regard to an
anaerob:gnﬁgﬁerium Clostridium, a method of transporting a gene to a tumor site using a transformed
bacteriu been proposed (see e.g., Patent Documents 1 and 2). Likewise, with regard to an
anaerobic bacterium Bifidobacterium, its transformant has been expected to be applied as a vector for
probiotics or a vebteriesent uregntiatintates infeonshedifeasst(seidng.g.9matdali Boy Gatdat 3).
Moreover, with regard to Bifidobacterium longum, its application to treatment of solid tumor has been
suggestebrRREAYSS M RASKHIE MiBRSITIMRIBTIDAMBRFIGSAIgUMPLASr RIeigREmiRiIation
(see e.g., Non-Patent Documents 1 and 2). [0003 Moreover, the present inventors have
confirmed that, by transformatjon with a recombjnant Eﬂasmid_pBLESlOO-S-eCD carrying Escherichia
coli codAeﬂYé@@Rﬁ\//?fH ABrGARBRAT BF SRS K BRIRIBIRAGRY S A AT UM PR &cterium
longum, cytosine deaminase (EC3.5.4.1; hereinafter, referred to as "CD") which is an enzyme that
convertsroftio feoytosane (higigiredften vertmmeahtendisu b df QUb stare o poetug dpte anraoti} whbrfluorouracil
(hereinafter, referred to as "5-FU") having an antitumor activity, to 5-fluorouracil, can be expressed in a
recombingplaNERoRIGRATN TSGR 21y EpRRUTAL taahiter SARMbIRGA! BRBGANAE R Reframple.
recombinant Bifidobacterium fongum, can be expécted to be applied to enzyme-prodrug therapies (see
e.g., Patent Document 4 and Non-Patent Documents 3 and 4). For applying this CD-expressing
geneticalMRIBIANSBIHE O GAATSIAGR HR\FRERSIHGG AARAPRIBYiR Qe HRIMY FREdehat the
microorganism should have a resistance to 5- FU at a concentration at least effective for an antitumor
activity, whikrigteanyettiedicamvdaRCioy Rerapheieigyentiher potiseniioveotnpsisiayaiaysioped and
reported a method of constructing such a CD-expressing 5-FU-resistant bacterium (see e.g., Patent

Documeﬁteﬁ)/.ery carrier.

BACKGROUND ART

[0002]

In recent years, therapies for malignant tumor using a gene delivery carrier have been
studied in various ways. For example, with regard to an anaerobic bacterium Clostridium, a
method of transporting a gene to a tumor site using a transformed bacterium has been proposed
(see e.g., Patent Documents 1 and 2).

Likewise, with regard to an anaerobic bacterium Bifidobacterium, its transformant has
been expected to be applied as a vector for probiotics or a vector for an oral vaccine for

infectious disease (see e.g., Patent Document 3). Moreover, with regard to Bifidobacterium



On the other hand, with regard to this CD, Non-Patent Document 5 has reported that when a mutation
that substituted aspartic acid by alanine at the 314th (corresponding to the 315th position in SEQ ID
NO: 28 of the present invention) amino acid of CD was added to CD- encoding DNA in Escherichia
coli, mutant CD had a CD activity of converting 5-FC to 5-FU that was approximately 2.2 times (50/23)
higher than that of wild-type CD before mutation (see the middle section of Table 1 in Non-Patent
DocumeMRMUIDAtAPP i optein i tieatRIThed 5o H hiBmedn Aper et eeise  fasBise deiSrAHRIacteria
used in treatment of malignant tumor. In the documents described above, their respective methods of
preparing @ iraoRiesnetypasierisiiian Perer Raiad admiftratienee gtenbiestment 3 has
reported a transformation method comprising the steps of: producing a shuttle plasmid that is mutually
replicate&in both Biiido terium species and Escherichia coli, using a Bifidobacterium

species- eor?\'ngleB'i% M d an Escherichia coliderived plasmid; and producing a recombinant vector
by ligating a gene of interest encoding a protein of interest to the shuttle plasmid, wherein the
Bifidobadf¥}d3h species used in the production of the shuttle plasmid is used as a host cell to be
transformed with the produced recombinant vector. In addition, for example, with regard to a
method of prepangré bt Brasenid RRRRRIAQ EeBARRE FrRHFHAN GG s Ambinant plasmid
pBLES100-S-eCD, a preparation method comprising constructing this shuttle plasmid from pTB6 of
Bifidobacterium longum BK51 and pBR322 of Escherichia coli has been reporteﬁ (see e.qg.,
Non-Pat&FRBBHLFLAIASITIC PEL ESHIRND FRERABEESF BRI b ERIALSSA Vit gmoter
pPBRASTA101 have been proposed, which are capable of transforming Bifidobacterium longum with
100 timesfar iigibee-kir @ NeY- binadti rih qor ofeihel shivédief asBiiddoBaES OO (eegimgcytdemdatent
Document 7). [0005] Thus, various methods of constructing a gene delivery carrier useful for
treatmena@.{nﬁfmrg&@% Y&[Ehﬁff‘é?,r%?&?&ﬂ&&%wéﬁrp% @h}%%%?eﬁ%}#ﬁ%ﬁz{?%}ﬂﬁ gafied
microorganisms, plasmids, or the like used in transformatioh and have used usual transformation
techniques as a transformation method itself. Moreover, these methods are intended to construct a
transformBIPiafYisi Rpamarainiier cabelbtsl &1 axpresSingSia Brashye: BfectsgradiD-Alyiteatihterest,
for example, a gene for expressing a protein having an antitumor activity or a protein having an activity
of conve(hse:mafesitefoaes b arE-e Dredatsng th antiniometisith stasctudlowacinantsehas
reported so far a construction method that is intended to improve the activity or expression efficiency
of a protein. itself Oef(rparlessed from the gene of.interesat.h%OOOG g&é%r}haqﬁument ]b:ir%'r% Patent No.

expresse recombinant microor anism, an Ver erecom
6416754°F g

microorganism, for example, recombinant Bifidobacterium longum, can be expected to be
applied to enzyme-prodrug therapies (see e.g., Patent Document 4 and Non-Patent Documents
3and 4). For applying this CD-expressing genetically modified microorganism to enzyme-
prodrug therapies, it is further required that the microorganism should have a resistance to 5-
FU at a concentration at least effective for an antitumor activity, which is converted from 5-FC
by CD. Therefore, the present inventors have developed and reported a method of
constructing such a CD-expressing 5-FU-resistant bacterium (see e.g., Patent Document 5).

On the other hand, with regard to this CD, Non-Patent Document 5 has reported that when a
mutation that substituted aspartic acid by alanine at the 314th (corresponding to the 315th

position in SEQ ID NO: 28 of the present invention) amino acid of CD was added to CD-



Patent Document 2: U.S. Patent No. 6652849 Patent Document 3: National Publication of
International Patent Application No. 2004-519236 Patent Document 4: Japanese Patent Laid-Open
No. 2002-97144 Patent Document 5: WO 2006/109619 Non-Patent Document 1: Yazawa et al.
Cancer Gene Ther., 7, 269-274 (2000) Non-Patent Document 2: Yazawa et al. Breast Cancer Res.
Treat., 66, 165-170 (2001) Non-Patent Document 3: Nakamura et al., Biosci. Biotechnol. Biochem., 66,
2362- 238B 0P NAnUPEsshe e s htautrjicdamed alCleasti\dyiaf crtierbiseSrFE408:Fb)
200-203 (2002) Non-Patent Document 5: Sheri et al., Protein Engineering, Design and Selection,

17 (8): 62%6mds(208Hkimattig Paiak [Poume)ant ReMataunav 6F &l Rl-tyBoet. RRiRjrchned:iBiogkem.,
61, 1211- 1212 (1997) Non-Patent Document 7: Tanaka et al., Biosci Biotechnol Biochem.; 69 (2):

422'425the middle section of Table 1 in Non-Patent Document 5).

[0004]

Various transformation methods have been reported on recombinant bacteria used in
treatment of malignant tumor. In the documents described above, their respective methods of
preparing a transformed bacterium have been reported.

For example, Patent Document 3 has reported a transformation method comprising the
steps of: producing a shuttle plasmid that is mutually replicated in both Bifidobacterium species
and Escherichia coli, using a Bifidobacterium species-derived plasmid and an Escherichia coli-
derived plasmid; and producing a recombinant vector by ligating a gene of interest encoding a
protein of interest to the shuttle plasmid, wherein the Bifidobacterium species used in the
production of the shuttle plasmid is used as a host cell to be transformed with the produced
recombinant vector.

In addition, for example, with regard to a method of preparing a shuttle plasmid
pBLES100 used in the construction of the recombinant plasmid pBLES100-S-eCD, a
preparation method comprising constructing this shuttle plasmid from pTB6 of Bifidobacterium
longum BK51 and pBR322 of Escherichia coli has been reported (see e.g., Non-Patent

Document 6).



(2005) DISCLOSURE OF THE INVENTION Object to be Solved by the Invention [0007] All of
previously reported methods of constructing a gene delivery carrier useful for the treatment of
malignant tumor are intended to construct a transformed bacterium itself capable of expressing, in a
target affected area, a gene of interest, for example, a gene for expressing a protein having an
antitumor activity or a protein having an activity of converting an antitumor substance precursor to an

antitumor substahBENRI @ IRsEREsHR{repaidindastaids BONVGIRIcihRBENS Milidaveberi to

improve the activity or expression efficiency of a protein itself expressed from the gene of interest.

Howevenpigidseraniashgiag-panee el ey aifideretifiynnshgy oasicroeffigiesey migaderotein
expressed by a gene introduced in a transformed microorganism are important issues. It is naturally

ired th i i f d mj i houl h
ity o8 T B ChTe B A B e e S AT e e RIS e o,
furthermore, should be expressed at a level equal to or more than that by the gene carried by the

original ridf¥drganism. An object of the present invention is to provide a method of efficiently
constructing a gene delivery carrier having a favorable activity and expression efficiency of a protein

expressed by a gaNR IPHABHS RPN ICHEBARANIIMPMAY SRV 8EIBEP RIGHPLNRPTBF RbiIfER TN IS O

provide a pharmaceutical composition comprising a gene delivery carrier constructed by the
construction. method and a therapeutic a%‘?nt for solid tumaor comprising the resistant bacterium.

MEANS PEHIEBH YIRS RAVEISROBRYIS (0068 Ver PHPhIBSETTRIEH IR APE Bt ted

beforehand, as a gene of interest, a gene expressing CD among proteins having an activity of
convertingiearoenjainisnos, Sldsstads; e ptiec liksondedan aatstonoasobsiahbayansttiageatonstructed, as a
plasmid to which the gene of
transformation techniques as a transformation method itself. Moreover, these methods are
intended to construct a transformed microorganism itself capable of expressing, in a target
affected area, a gene of interest, for example, a gene for expressing a protein having an
antitumor activity or a protein having an activity of converting an antitumor substance
precursor to an antitumor substance. No documents has reported so far a construction method
that is intended to improve the activity or expression efficiency of a protein itself expressed
from the gene of interest.
[0006]
Patent Document 1: U.S. Patent No. 6416754
Patent Document 2: U.S. Patent No. 6652849
Patent Document 3: National Publication of International Patent Application No.
2004-519236

Patent Document 4: Japanese Patent Laid-Open No. 2002-97144

Patent Document 5: WO 2006/109619



interest is incorporated, a plasmid pBLES100-S-eCD comprising a plasmid of Escherichia coli carrying
the gene for expressing CD and a Bifidobacterium longum-derived plasmid fused therewith. The
present inventors have found that Bifidobacterium longum 105A/pBLES100- S-eCD obtained by
genetically modifying Bifidobacterium longum 105A with this plasmid can be expected as a gene
delivery carrier useful for treatment of malignant tumor, and have reported a construction method
thereof comprisif¥0inAirerdtbe @ieeistutaryhet gbrieapsgir&ened Neietdr BYSrcdh§4Pa8bn of the gene
of interest, using a promoter involved in expression of a gene encoding a histone-like DNA-binding

protein (hereinafiQpnafseerRfBigeshierds anaRWPsoteiB)dsriwaackiore Biffdahaes isy- lomowuoand

incorporating the gene of interest downstream of the promoter to thereby construct a transformed
microorganism capable of ressing the gene of intere .%?at f Document 4 .%%OO% é}he
oresent imventor SRRV IEH L COREroa ARHE e LI chob MG o e OS2 %Rin that
transformation frequency can be enhanced by using, as a fusion plasmid to which the gene of interest
is incorp@@ed?2@0p)asmid prepared by fusing Escherichia coliderived and Bifidobacterium
longum-derived plasmid fragments that contain portions essential for their plasmid replications and
contain no portiofs ¥R BYERIAXRAPS ARG @t'ﬁP?’ULﬁfF‘E@p[Q.%m% Diddovepuei the pogsess
inventors have found that for incorporating the gene of interest downstream of the promoter involved in
expression of a gene encoding a histone-like DNA-binding protein of the microorganism used as a
host, it is(?Qaa}red that the gene of interest should have, on the 5'-terminal side thereof, a DNA
fragment encoding an N-terminal region of the histone-like DNA-binding protein, and that it is further
required that the iwAPhtgii2otishend & .cOmpretak, PifiindgmereangpDiesigat dad Sedeatiunpldcids.
Specifically, the present inventors have found that for incorporating the gene of interest downstream of
the prom&tfr(sif\é/_%lggﬁazidgbgjpression of a gene encoding the histone-like DNA-binding protein, a DNA
fragment comprising a nucleotide sequence encoding an amino acid sequence from the 1st to at least
4th amino acids at the N-terminus of the histone-like DNA-binding protein can be incorporated on the
5'-terminal side dNENRASMHAAGHAERH: GrRdaisry ARSI Ady @dﬁ%ﬂrﬁ%&eﬁﬂﬁ%o%%hgm-c%a@élof
expressing a protein having the same activity as that of the gene product (protein) in a microorganism
used as azUfLearf the gene of interest, at a level equal to or more than that by the microorganism
used as a source of the gene of interest. [0011] The present inventors have further found that a
protein having a ngrﬁ‘-%fa?e‘@t{‘t‘}éﬁc%%‘eﬁteﬁﬁ"dn“a‘k%de% P Fé%'c'g @@%%%%l%}‘@ﬁé&he (% %f%ﬁltf!gs‘
incorporated in the step of expression Vector preparation. Furthermore, the present inventors have
also found that particularly when the gene of interest is a gene for expressing CD among proteins
having af288HYity of converting an antitumor substance precursor to an antitumor substance, a
genetically modified microorganism having a high plasmid retention rate can be constructed by using,
as an anaerobic microorganism used as a host, a 5-fluorouracil-resistant bacterium having a

DISCLOSURE OF THE INVENTION

Object to be Solved by the Invention
[0007]

All of previously reported methods of constructing a gene delivery carrier useful for
the treatment of malignant tumor are intended to construct a transformed bacterium itself
capable of expressing, in a target affected area, a gene of interest, for example, a gene for

expressing a protein having an antitumor activity or a protein having an activity of converting



resistance to 5-fluorouracil at a concentration at least effective for an antitumor activity. As a result, the
present invention has been completed. [0012] Specifically, the present invention relates to: [1] a
method of constructing a gene delivery carrier consisting of an anaerobic microorganism capable of
growing in a tumor tissue in an anaerobic environment and capable of expressing (A) a protein having
an antitumor activity or (B) a protein having an activity of converting an antitumor substance precursor
to an antRUABHUMESRURSEANCERFATIG tHeastapEtgmor sUPBankspariNg GORUTSATE BATTRPPIARARP a

fragment of a plasmid of a bacterium of the genus Bifidobacterium and a fragment of a plasmid of

EscherichipLebnstrucidhirrenparaing mihRdiadmprieompsaingp arexpeissianerfidrimpingtar of a
gene encoding a histone-like DNA-binding protein derived from a bacterium of the genus

Bifidobactrer%Lm &&o é]?e fuPion (masmigi_{' é??fingo%)irating, between the promoter and the terminator,
(@a DNR'BIEL Ui gwoetsesl% KT AT ivity or (b) a DNA encoding a protein having an
activity of converting an antitumor substance precursor to an antitumor substance to prepare an

expression vectorjaveyer, foihatapste tping ageanserbisiy edoreortienistivitytant exxpseiosion vector,
wherein (a) the DNA encoding a protein having an antitumor activity or (b) the DNA encoding a

protein hayiRgas, UV IHORSIFRRYRIEA B) ABEHUTIAFHRSIANICS PERSHIFREINAET ST gbstance,
which is incorporated in the step (3) of expression vector preparation,

important issues. It is naturally required that the protein expressed by a gene in the

transformed microorganism should have the same activity as that of a protein expressed by a

gene carried by the original wild-type microorganism and, furthermore, should be expressed at

a level equal to or more than that by the gene carried by the original microorganism.

An object of the present invention is to provide a method of efficiently constructing a

gene delivery carrier having a favorable activity and expression efficiency of a protein

expressed by a gene introduced by transformation. Moreover, an object of the present

invention is to provide a pharmaceutical composition comprising a gene delivery carrier

constructed by the construction method and a therapeutic agent for solid tumor comprising the

resistant bacterium.

MEANS FOR SOLVING THE PROBLEMS
[0008]
The present inventors have selected beforehand, as a gene of interest, a gene
expressing CD among proteins having an activity of converting an antitumor substance

precursor to an antitumor substance, and have constructed, as a plasmid to which the gene of



further comprises on the 5'-terminal side thereof, a DNA fragment comprising a nucleotide sequence
encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th amino acids at
the N-terminus of the histone-like DNA-binding protein; [2] the method of constructing a gene
delivery carrier according to [1], wherein the peptide consisting of an amino acid sequence from the
1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein is a peptide
consistint6f &gt iarfieRy RRiitesb qudlasd it 1R kS 109-9n6ia P 46/IRH BNy dRIRYT th O UHscbeligatalho
acids in SEQ ID NO: 29; [3] the method of constructing a gene delivery carrier according to [1] or

[2], furtheeg9TRgtisingEhe foreiiresteRy (@D arkiePEffidebarwatling I6aS0m Db e edimadefatein having

an antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor.to an antitumaor substance; tHF? ethod. of construcii ivery
carrier adCEHIL o eGP CHEMLRds Rey e FoHeRRL L e A Ry LR o
antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance-¢feétabiaings i genitinablysubdifiriog Bitidsieas(@iuot ogannd (AthIDNIS plasouthepa
protein having an antitumor activity or (b) the DNA encoding a protein having an activity of converting

an antitugaospebRIdase Bé‘ﬁ@%@%e@%%ﬂ(@)@ﬁﬁ%i fotpéanRentiiflaiGsRERMBCARPRAIR In the

expression vector prepared in the [5] the method of constructing a gene delivery carrier
according to any one of [1] to [4], wherein the gene delivery carrier is a gene delivery carrier consisting
of an andERBL ARt R tb B BTG A EF BEELET A ISLBRLATE SRronment and
capable of expressing a protein having an activity of converting an antitumor substance precursor to
an antituexpresshstarctayr by ifiébtheratietnofitbé genstofi ctirrgest gesiegdevano taritneo hecbiing to any
one of [1] to [5], wherein the protein having an activity of converting an antitumor substance precursor
to an antj IS I INase. : [ very
carrer aca R o ] s D e e s
a cytosine deaminaseexpressing 5-fluorouracil-resistant bacterium having a resistance to 5-fluorouracil
at a con@SrifatidH BfaEstASRA OB IHABRATSF HEtAREUM and]incerRRsEibY SicepRtrdtting a gene
delivery carrier according to [7], wherein the cytosine deaminase-expressing 5-fluorouracil-resistant
bacteriumhhassngavistissanoe e proimotorracheatis concelbiad arsfiemeuatiRebua) i sn cipabigor
activity is prepared using, a 5- fluorouracil-resistant bacterium having a resistance to 5-fluorouracil at a
concentrg%ng ?ésIS%Sttﬁge(éH\é% {% t%Pe%rﬁga maQr. CéiVitXn?ﬁf host; [9] the method of constructing a
gene dellverypcarrle accgrdlng to any one oefq?lﬁ?o TQ wherein the DNA fragment comprising a
nucleotide sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least
4th aminfP88/s at the N-terminus of the histone-like DNA-binding protein is a DNA fragment
comprising a nucleotide sequence from the 1482nd to at least 1493rd nucleotides in SEQ ID NO: 14 or

15; [10] the _"Dﬁé*]ﬁ@s@ﬁpﬁﬂ_/%ﬁt&ﬂ M S@RReH el ©arHRIGRAESICHNG th(Ble whReRdRDNA
fragment comprising a nucleotide sequence from the 1482nd to at least 1493rd

and have found that a transformation frequency can be enhanced by using, as a fusion plasmid
to which the gene of interest is incorporated, a plasmid prepared by fusing Escherichia coli-
derived and Bifidobacterium longum-derived plasmid fragments that contain portions essential
for their plasmid replications and contain no portions unfavorable for expansion of a host range.
[0010]

Moreover, the present inventors have found that for incorporating the gene of interest

downstream of the promoter involved in expression of a gene encoding a histone-like DNA-

binding protein of the microorganism used as a host, it is required that the gene of interest



nucleotides in SEQ ID NO: 14 or 15 is a DNA fragment comprising a nucleotide sequence from the
1482nd nucleotide to any one of the 1493rd to 1535th nucleotides in SEQ ID NO: 15; [11] the
method of constructing a gene delivery carrier according to any one of [1] to [10], wherein the
anaerobic microorganism is a bacterium; [12] the method of constructing a gene delivery carrier
according to [11], wherein the bacterium is an enteric bacterium; [13] the method of constructing a
gene delﬁVkﬂle:Bﬁ\(ér erdudngioinasidntrieriha BhAriasaeatiensdindrrfrier briiedenes
Bifidobacterium; [14] the method of constructing a gene delivery carrier according to [13], wherein

the bactefielRisehieaigemigRibivehastrotem ammhbegRfurhef fbguaeturdBiidaPruariymaslected

from Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium
thermophijéum BifidobacteB gseudolf)nﬁ;um BifiﬁPb%c%erium bific:%lJm, Bifidobacterium breve, and
Bifidobactét %C%rﬂaﬂrsﬁ;a N‘Fl ﬁal%rger%e‘? S%dg}%g Stiic iﬁ@'&%gﬁ' Sdelivery carrier according to [13]
or [14], wherein the bacterium of the genus Bifidobacterium is Bifidobacterium longum; [16] the

method of constrigeeificaierbalpibsent tveidpisdrreliiognd thay onéned[ppratinGhevpeneinfthe
expression vector used in the transformation in the step (4) is a single-nucleotide mutation-introduced

plasmid pdarpipadUhRfYRPr b ismoter inUJiil/élaqmﬁ}@%FB‘W‘&E&@@HC@&@%@%W@%W@GV

according to [16], wherein a CD-encoding nucleotide sequence in the single-nucleotide

mutation-introduc _dé)lasmi_d of a plasmid pAV001-HU-eCD is a nucleotide set%%Jence encoding an
amino a%‘&’t‘fé‘ile REQHH I LY A R ARIEN S SARPA IR G EBHAR BRAERTS 08 '895%h 3B Hon in an
Escherichia coli CD amino acid sequence described in SEQ ID NO: 28 has been substituted by

another anithsequedre frofl 8hdHstrivedt dehsifAtbrstinotavida gahe Neleveryuaofienabstodasgike [17],
wherein the another amino acid is alanine; and [19] the method of constructing a gene delivery

carrier a0SRURIAR A Bl fetelns einaleeia e U A A liod BRY-P i gl piasmic
pAV001-HU-eCD Is a plasmid pAV001-HU-eCD-M968. [0013
interest to thereby construct a microorganism capable of expressing a protein having the same
activity as that of the gene product (protein) in a microorganism used as a source of the gene of
interest, at a level equal to or more than that by the microorganism used as a source of the gene
of interest.
[0011]

The present inventors have further found that a protein having a higher activity can be
produced by partially mutating DNA of the gene of interest incorporated in the step of
expression vector preparation. Furthermore, the present inventors have also found that
particularly when the gene of interest is a gene for expressing CD among proteins having an
activity of converting an antitumor substance precursor to an antitumor substance, a genetically

modified microorganism having a high plasmid retention rate can be constructed by using, as

an anaerobic microorganism used as a host, a 5-fluorouracil-resistant bacterium having a



Moreover, the present invention relates to: [20] a gene delivery carrier consisting of an anaerobic
microorganism transformed with an expression vector having a fragment of a plasmid of a bacterium of
the genus Bifidobacterium, a fragment of a plasmid of Escherichia coli, and a DNA fragment
comprising a promoter and a terminator of a gene encoding a histone-like DNA-binding protein derived
from a bacterium of the genus Bifidobacterium, having, between the promoter and the terminator, (a) a
DNA end88isigneptoeifueaoinacirbasanersiatiantyt deaw)chfestive Sac aninifitUpiotairtiMEYingAndactivity
of converting an antitumor substance precursor to an antitumor substance, and further comprising a
DNA fragesgnt genppsieing &/ Brgirotisicnser eenfetnroding a peptide consisting of an amino acid
sequence from the 1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding
protein, i? the 5'-terminal side of (a) the DNA encoding a protein having an antitumor activity or (b) the
DNA en 8 a protein having an activity of converting an antitumor substance precursor to an
antitumor substance; [21] a gene delivery carrier consisting of an anaerobic microorganism being
capable of growidgdaiticaliothgspreseint énvemaendblatemidronment and having (a) a DNA encoding a
protein having an antitumor activity or (b) a DNA encoding a protein having an activity of converting an
antitumor substapge; REMIEYF A ARHHYAYRERRIANGS. dasiBeassielivgryicariradising constructed
by the construction method according to any one of [1] to [19]; [22] the gene delivery carrier
according to LZ%J’ or [21], wherein the anaerobic bacterium is a bacterium of the genus Bifidobacterium;
123] the GRISEo AR AR SN T2 RS PRAGRARERR 6~ GBRIGE AR SERR R um s
any bacterium of the genus Bifidobacterium selected from Bifidobacterium adolescentis,
Bifidobaatexpressing gy, BifidizibabtetingramdatitianBifaboivatyteri (i) themtop hidvimg Bifidotdatyesfum
pseudolongum, Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium longum; [24]
the ge ”ecgﬁU\éFtﬁKgCQﬁrh‘?ﬁﬁ&&@%ﬂ%ﬁd@@&@%@ﬂr Y&%%Hliiﬂﬁw@?%ﬁ&'ﬁéﬂb&fé&%ﬁ?ﬁ@ ﬁ%‘&%tﬁ%‘f?”“m
is BifidobacteriuntTlongum; 25] the gene delivery carrier according to any one of [20] to [24],
wherein the gene delivery carrier is capable of growing in a tumor tissue in an anaerobic environment
and is capable of BxPiRREIRG & IesiRIasisy aMi BE At eIt s BrdpfiA P rdupsednte
precursor to an antitumor substance; [26] the gene delivery carrier according to [25], wherein the
protein hgatiing BIfidobyiieatieraveatiftgoameansfupsalbsiRRsenprRiEswIito an antitumor substance is
cytosine deaminase; [27] the gene delivery carrier according to [26], wherein the gene delivery
carrier is a cytosi %%ap]ir}% |%_e)§q5‘la\f§!f?l% Sr#éu?rc%%aﬁl-iresgst?gt t())??crtgrr]ialran havingt & roqsailst%né:e to 5-
fluorouracil at a CERtrAtioN ' 18ast eHectus for an artitmar activi Vi fﬁgﬂﬂe gene Hvery
carrier according to [26] or [27], wherein the gene delivery carrier is a single-nucleotide mutant plasmid
of Bifidotsacastingra|bistaner ks ANAsYooing pen deidved frppopihectsiundedithergatMsier according to
[28], wherein the single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD
is Bifidobggtgpbattenon e #HSreeMHiiU-eCD-M968. [0014]

(3) incorporating, between the promoter and the terminator, (a) a DNA encoding a
protein having an antitumor activity or (b) a DNA encoding a protein having an activity of
converting an antitumor substance precursor to an antitumor substance to prepare an expression
vector; and

(4) transforming an anaerobic microorganism with the expression vector, wherein

(a) the DNA encoding a protein having an antitumor activity or (b) the DNA
encoding a protein having an activity of converting an antitumor substance precursor to an

antitumor substance, which is incorporated in the step (3) of expression vector preparation,



Furthermore, the present invention relates to: [30] a pharmaceutical composition comprising the
gene delivery carrier according to any one of [20] to [29]; [31] a pharmaceutical composition
comprising the gene delivery carrier according to any one of [25] to [29] in combination with an
antitumor substance precursor converted to an antitumor substance by the protein capable of being
expressed by the gene delivery carrier; and [32] the pharmaceutical composition according to [31],
wherein fHERRSFOMENISEPBANET it ERENGE AEIRIEIRIERS, Cal A JErGERCIMIRiP e HLLEIeNE929], and

the antitumor substance precursor is 5-fluorocytosine. [0015] Furthermore, the present invention also

relates t@equentRHrRdbRIGRGIHE dOEsTSRIiAglT HinaaTi co AR SEHithecTRne delivenbcamniasarpording
to any one of [20] to [24] in an amount sufficient for expression of a therapeutically effective amount of

a protein_having an antitumor activity: 34] a thera ic.agent for solid tumor comprising the gene
Civery GG RO AR 5 g G B (38 e 36T K M SaRRaIL or expression of e protei
in an amount capable of converting an antitumor substance precursor to a therapeutically effective

amount of an anti]thersetherhntsonsicactibmatieneehiverangitieiacsolitgriod Hrerbesein dbeverted by
the protein capable of being expressed by the gene delivery carrier, in an amount capable of being

convertegeigiadRBrRReMICSH M EIIRRY ScRiNeH Db KA AR A EURHANCANAMino adidSkifNfe N-

therapeutic agent for solid tumor according to [34], wherein the gene delivery carrier is the gene

delivery carrier according to any one of [25] to [29], and the antitumor substance precursor js
o fluoroc RIS Of T PR b AP ERTHLS T BRERUIR Sam U B/ ek AP AREVIRGGH antitumor

activity or (b) the DNA encoding a protein having an activity of converting an antitumor substance
precursosdguancarftivumntbe $sbatanoacidais aheoamafttrerétie e tidin amiiiN®idnoo8iHQ tHeN@Rd) of
interest". [0016] According to the present invention, a gene delivery carrier consisting of an

anaerobic microcggq%sme %%&F&’ﬁiﬁé’g&ﬁ’&%ﬂw@tﬁrm% a%?gﬁg}%VW%Pd

capable of expreSsing a protein having an antitimor activity or a protein activity of

converting an antitumor substance precursor to an antitumor substance, which is useful as a
comprising before the step (4), a step (5) of mutating (a)the DNA encoding a protein having an

antitumor activity or (b) the DNA encoding a protein having an activity of converting an
antitumor substance precursor to an antitumor substance;

[4] the method of constructing a gene delivery carrier according to [3], wherein the
step (5) of mutating (a) the DNA encoding a protein having an antitumor activity or (b) the
DNA encoding a protein having an activity of converting an antitumor substance precursor to
an antitumor substance is a step (5') of mutating (a) the DNA encoding a protein having an
antitumor activity or (b) the DNA encoding a protein having an activity of converting an
antitumor substance precursor to an antitumor substance, which has been incorporated in the
expression vector prepared in the step (3);

[5] the method of constructing a gene delivery carrier according to any one of [1] to
[4], wherein the gene delivery carrier is a gene delivery carrier consisting of an anaerobic
microorganism capable of growing in a tumor tissue in an anaerobic environment and capable
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therapeutic agent for solid tumor and has a favorable activity and expression efficiency of a protein
expressed by a gene introduced by transformation, can be constructed efficiently. By
administration of the gene delivery carrier according to the present invention to a patient with
malignant tumor or the like, the anaerobic microorganism as the gene delivery carrier of the present
invention proliferates in the tumor and expresses the protein of interest therein. When the protein of
interest i9TL1PERETIHNEAMIBIA BAYIIGTOY aEtwH iy OfHO PYORENY AN ERATSUD HANESRAGISRHELANON the
other hand, when the protein of interest is a protein having an activity of converting an antitumor
substancgfif@sierseibiRaageantitumor substance, the protein of interest expressed from the gene
delivery carrier converts an antitumor substance precursor to an antitumor substance in the
coexistence of th ne delivery carrier and the antitumor substance precursor in the tu ite, and
the antitumor sulSIANES SINBEL R BEING A SHDE TRIVE CAmielAES LBISE RIGiRGh Betivity o
converting an antitumor substance precursor to an antitumor substance is CD, 5-EC is preferably used
as an anfflinmdesgibstnpreisiaadog BBl tyorfventydrting-FLaBYt QT I Haiscs-recesdnblits am
excellent antitumor effect. Systemic administration of 5-FU in an amount that produces a sufficient
antitumog aiteaidns e SqigBeminisHRAiipREauses systemic side effects. However, the use of the
gene delivery carrier of the preSent invention can convert 5-EC with few side effects to 5-FU in a
manner specific for a tumor site. Therefore, it can achieve a much higher.5-FU concentration in the
tumor than that BB H )W EUHATLAGAGE ST SEHYRMR S s ,%ﬂ'@&ﬁ%ﬁﬁil%@ﬁ@éﬂéﬁ? antitumor
effect is obtained. [0018] However, only the conversion of 5-PC to 5-FU in a tumor site using a
CD-exprgsamdetiensy deliery @aistngsof ansuffmienicfon obamansa ibareytesiiie dgemiriastumor at a
level that can be readily put into practical use. The antitumor effect or practicality of such a therapeutic
agent for, 5iﬁg%‘?l‘YH%?&ﬁHQﬁ-Pé%i@?éﬁ?ﬁé&&i&ﬁ'ﬁﬁ%ﬁ%@%ﬁﬁ%@é RSiaGARiMgreorganism as a
gene delivery carfier; the degree of a CD activity exhibited by the anaerobic microorganism; and the
concentration of 5-PC in a tumor site. Larger the doses of 5-PC and the anaerobic microorganism are,
stronger $ABCSBEAHRR lrlfhshebfestuedAnaany BB REL iBfom the viewpoint of minimizing side
effects, it is preferred that the dose of 5-PC should be reduced as much as possible within a range that
produces a necefspiheanéihsi @t edastuttinghlgass tetivasdctiaee cnamghoyid hehisreiarttean
clinically acceptable one. Moreover, even if an anaerobic microorganism with lowest toxicity is used, it
s preferred o dneviswpaint almigimging dhs fiuence ep.ouman Rediss 1Nalits dosg should be
reduced 25 MUCh &8 POSSi TERVItHIN 2 rangec%Haa[ produces a hecessary Anttimor effect. 1n
consideration of these situations, none of conventional antitumor agents that use the conversion of
5-PC to Slupiiagitandeeneetismitpa & ipask féestivg hene aelitenpcactivitydsipsapicesisiracadality at
a clinical level. [0019] For example, in Example 4 in Patent Document 4, a 5-PC concentration
used in trRAIFBRFICAXRRISARNEAEINETTHER NEPS reSidtang < SRl Gd GiABAtA(Q RDACEHEFRIRAtANSMOr
effect was obtained at the concentration. However, as can be seen from the description "for fungemia,
fungal mepingitis, mycotic respiratory.infection, and chromomycosis, this drug is usually orally
administgft%f%\(%ﬁf HAFLGH L AT D858 'mg/kg/day as fluorocytosine; for urinary tract mycosis
and digestive tract mycosis, this drug is usually orally administered at four divided doses of 50 to 100
mg/kg/day as flu@®d tyeosribddaftbensinsciteyangt aeldthistratarrief adtwrhipe tniarngemnt sNCIOT L
(containing 500 mg of flucytosine described in the Japanese Pharmacopoeia) for deep mycosis from
Kyowa PRarpiaceiticat Dlisitgtrant dshnihsimaximueb AassalenB Aetimly 2pepRigble in clinical
tests is 200 mg/kg. Thus, for obtaining a sufficient antitumor effect at the clinical dose (200 mg/kg) of
5-PC using the experimental system used in Example in Patent Document 4, an at least 2.5-fold (z,--

500/200)%@'%”‘8%@%@/@'\ﬂ/é@%ﬁém%ﬁfoﬁﬁ to at least 4th amino acids at the N-terminus

of the histone-like DNA-binding protein is a DNA fragment comprising a nucleotide sequence
from the 1482nd to at least 1493rd nucleotides in SEQ ID NO: 14 or 15;

[10] the method of constructing a gene delivery carrier according to [9], wherein the
DNA fragment comprising a nucleotide sequence from the 1482nd to at least 1493rd

11



On the other hand, Non-Patent Document 5 has reported that when a mutation that substituted
aspartic acid by alanine at the 314th (corresponding to the 315th position in SEQ ID NO: 28 of the
present invention) amino acid of CD was added to CD-encoding DNA in Escherichia coli, mutant CD
had a CD activity (kcat/Km value) of converting 5-PC to 5-FU that was approximately 2.2 times (50/23)
higher than that of wild-type CD before mutation. This enhanced effect of producing the higher activity
is still indifitdetdesinRERING NE: dhjeckd ety finamenicamBERs BHEIRAtSEARABPESR Nt
invention, DNA encoding CD as the protein of interest was allowed to further comprise, on the

S'-termingopid@dherenfd Ak NotHean ) 6puT BN Y48 3rdde atidstRedRIMERI&NFOSIFT DReRtids:

consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus of the
histone-like DNA{@)' ing protein, and the artic ac(iéj t the 315th position in SEQ 1D NO: 28 of the
CD was sttt b SRR ACR TeLT TP R R e E T TRBS L1
approximately 12-fold higher was obtained. [0021] From this 12-fold higher CD activity, the 5-PC

dose wasglédlouhereintthe ermprbidmatedpganisgikg abihtesispeict to the experimental results described
above. This means that the minimum clinical dose (50 mg/kg) or lower is enough. Thus, extremely

high practicality qap)aReanearie é (QFRALcing e OaATGHerRIc Ry SoTiersaldhamipsent
invention, the gene delivery carrier (e.g., Bifidobacterium longum 105-A/pAV001-HU-eCD-M968) of the
present invention, wherein DNA encoding CD as the protein of interest is allowed to further comprise,
on the 5'OFEIFAHE SiaB SREHEPLACEN Y ragment comprising a nucleotide sequence encoding a peptide
consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus of the
histone-like DNAb#)divegethiedng faooch dtreciisies e @tk Ay ¢he (3iSen goositding noJEL), whedin28of the
CD has been substituted by alanine, can particularly be expected to have excellent practicality. [0023]

Indeed, iEﬂ%ﬁgbﬁ. ﬁémrﬁ%%é%}wnge&ﬂe%#émtgﬁ%g@ém%sing gene delivery carrier

(recombinant Bifi ongum) us Patent Document 4 is used in a treatment system using
human-derived breast cancer cell line ('KPL_-l)-transpIanted nude mice, a bacterial concentration

required for convigrgSIetR o easErdiRD ACRE SbN Y SatlelPacerdiRtbioid 1B MR EIg Biemore.
It has been confirmed by the experiments of the present inventors that when the gene delivery carrier

of the preaertriovestitr, gwhesaifitebaspaitia acithabttedlbibpositends SE@HANQURBsefkthedCD
has been substituted by alanine, is used in the same experimental system, an equivalent 5-FU

o AT S T g e 1200 1 e
Bifidobacterium thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum,
Bifidobacterium breve, and Bifidobacterium longum;

[15] the method of constructing a gene delivery carrier according to [13] or [14],
wherein the bacterium of the genus Bifidobacterium is Bifidobacterium longum;

[16] the method of constructing a gene delivery carrier according to any one of [1] to
[15], wherein the expression vector used in the transformation in the step (4) is a single-
nucleotide mutation-introduced plasmid of a plasmid pAV001-HU-eCD;

[17] the method of constructing a gene delivery carrier according to [16], wherein a
CD-encoding nucleotide sequence in the single-nucleotide mutation-introduced plasmid of a

plasmid pAV001-HU-eCD is a nucleotide sequence encoding an amino acid sequence in which

12



[0024] [Figure 1] It is a diagram showing the process of preparing Bifidobacterium longum
105A/pAV001-HU-eCD. [Figure 2] It is a diagram showing a CD activity (concentration of 5-FU
converted from 5-PC) in Bifidobacterium longum 105A/pAV001-HU-eCD. [Figure 3] It is a diagram
showing the process of constructing an HU protein N-terminal 2-amino acid-adding plasmid. [Figure 4]
It is a diagram showing results of plasmid retention rates of two kinds of 5-FUresistant Bifidobacterium
longum EOBAHPAZIDAS RUAETIR REGSOBEsRINdiae HEBARRYMINC dUAN FistheNyENAORO0025]

A method of constructing a gene delivery carrier according to the present invention is a method of

constructin gefissefiMaly &auifeadnSSn I . 28arKObie Migiorisan sy aaaribigneheramdng in a
tumor tissue in an anaerobic environment and capable of expressing (A) a protein having an antitumor

B o (B o R A D e Bl o N ) RSy SRR BRI R 5 e
another amino acid is alanine; and

[19] the method of constructing a gene delivery carrier according to [18], wherein the
single-nucleotide mutation-introduced plasmid of a plasmid pAV001-HU-eCD is a plasmid
pAV001-HU-eCD-M968.

[0013]

Moreover, the present invention relates to:

[20] a gene delivery carrier consisting of an anaerobic microorganism transformed
with an expression vector having a fragment of a plasmid of a bacterium of the genus
Bifidobacterium, a fragment of a plasmid of Escherichia coli, and a DNA fragment comprising
a promoter and a terminator of a gene encoding a histone-like DNA-binding protein derived
from a bacterium of the genus Bifidobacterium, having, between the promoter and the
terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a DNA encoding a
protein having an activity of converting an antitumor substance precursor to an antitumor
substance, and further comprising a DNA fragment comprising a nucleotide sequence encoding
a peptide consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-
terminus of the histone-like DNA-binding protein, on the 5'-terminal side of (a) the DNA
encoding a protein having an antitumor activity or (b) the DNA encoding a protein having an

activity of converting an antitumor substance precursor to an antitumor substance;
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(1) preparing a fusion plasmid having a fragment of a plasmid of a bacterium of the genus
Bifidobacterium and a fragment of a plasmid of Escherichia coli; (2) incorporating, a DNA fragment
comprising a promoter and a terminator of a gene encoding a histone-like DNA-binding protein derived
from a bacterium of the genus Bifidobacterium to the fusion plasmid; (3) incorporating, between
the promoter and the terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a
DNA encoding a [gAdtaiaieRadplivany £atitiry S aishng Qi) anasreRic B Icsopisites briba cieRiedf
antitumor substance to prepare an expression vector; and (4) transforming an anaerobic
microorggriamyvithat X RISIRIGN AeatRBrBHIE@IDironme: Wit RANANGEPEIDMA RFRiEdhEaving an
antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance recu]érsor to an a titumor su stangbe)t, wﬁ&gis inc IEporatei'm ’hhe stegﬂ(efggf of.(tax %ession
vector pr%%%ﬂi A LA COBAS SR sPA&rhiia D6 HRE B S BNA R Rt b%% ising a
nucleotide sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least
4th amineocavkrisizg tneaNtitomeingitheibtite historestike aNAtitimanngubsteie, [e26he delivesymethod of
constructing a gene delivery carrier according to the present invention is not particularly limited as long
as it compiggs bRt Ricidd Biapaioask fikaion MiassudlaviieAd t&f@]méfp%e of a
bacterium of the genus Bifidobacterium and a fragment of a plasmid of Escherichia coli; (2)
incorporating, a DNA fragment comprising a promoter and a terminator of a gene encoding a
histone-like DNALBFAGIS BPSté?E VTR SLHEBR I B Yo Y REESHE6 AR50 o the fusion
plasmid; (3) incorporating, between the promoter and the terminator, (a) a DNA encoding a protein
having abaatdriumas ateinrion(lof $hb hihenBdidopaieraigin having an activity of converting an
antitumor substance precursor to an antitumor substance to prepare an expression vector; and (4)
transforming an ic. mi I ' ; on , 104 coding a
protein having ai%ﬁ#%lﬁgagg?/ﬁi)@g? %@1 ﬁfg %ﬁl}glgggﬁ?ﬁi z!\N E?gégi{nt%r%&é@g%@ r(‘(:-E‘Jci)gnverting
an antitumor substance precursor to an antitumor substance, which is incorporated in the step (3) of
expressiGHRARBF B ADY DRFiFBhBieseansh BB dobrGefivaD sriectad isem BiHikeDaAsEHt
comprising a nucleotide sequence encoding a peptide consisting of an amino acid sequence from the
1st to at lgrséstdnasnpidiacidstatitie Miteaninssffdbe fisteneniikeiDNBriosiog miaiein. [0027]

The method of constructing a gene delivery carrier according to the present invention is not particularly
imited ag \ong B8l 0B .i'&&?atgt‘eerﬂr%pﬁséﬁb% oﬁ@- 'E'B?‘Ph%%%‘é{oﬂﬁ” ndin i%@c%%%?{ ytep unless
the effects Of the present invention are'impaired”Maoreover, In the method of constructing a gene
delivery carrier according to the present invention, the order in which the steps (2) and (3) are
performed e¥hanpdptiddrhagtiriitedongwiay comprise these steps in the order of the steps (1), (2), (3),
and (4) or may comprise these steps in the order of the steps (1), (3), (2), and (4). Both of these
aspects are encqpyjansene Hepverihar el aeastaugino[a g Aaliveirenr ity Rreadinbaribe

present invention for convenience. [0028]
genus Bifidobacterium is Bifidobacterium longum;

[25] the gene delivery carrier according to any one of [20] to [24], wherein the gene
delivery carrier is capable of growing in a tumor tissue in an anaerobic environment and is
capable of expressing a protein having an activity of converting an antitumor substance
precursor to an antitumor substance;

[26] the gene delivery carrier according to [25], wherein the protein having an activity
of converting an antitumor substance precursor to an antitumor substance is cytosine

deaminase;
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Particularly, for incorporating the DNA encoding the protein of interest in the step (3) of expression
vector preparation, the aspect of allowing the DNA encoding the protein of interest to comprise on the
5'-terminal side thereof, a DNA fragment encoding the N-terminal region of the RU protein may be any
aspect. It may be, for example, an aspect of adding the DNA fragment encoding the N-terminal region
of the RU protein to the 5'-terminal side of the DNA encoding the protein of interest, to thereby
incorporate the ORA thagiermHehvpsINCHF gt HAGHIERE] oviris dhategatie IYRIX ex¢tdibgthe
protein of interest to the intermediate position of DNA encoding the RU protein such that the DNA

encoding:{es Mo trRighdh HIEEEXPéSsHAG 8'1iGBASL RRIVES T N ARIaeding 4 datersrinateagign of the RU
protein and DNA encoding the C-terminal region of the RU protein. [0029] The order in which in

the step %Of expression vector preparation ﬁhe DNA encodijng the protein of interest is allowed to
cormpriod AR L A TR VAU EA AHLAING S Herminal region of e RU
protein is not particularly limited as long as an expression vector comprising the DNA fragment
encoding the N-tE28]itls gegtodebv e RUIipratsiordingrie R&kamida] sidereintiberyre slbudisg the
protein of interest is obtained. For example, after allowing the DNA encoding the protein of interest to
comprisc #R & silRIEARIESRIARA e TBaTBBLAeRRFNG N Vegemef the RU
protein, the resulting DNA may be incorporated to the fusion plasmid. Alternatively, after incorporating
the DNA encoding the protein of interest to the fusion plasmid, the DNA fragment encoding the
N-terminﬁ?@ﬂ?ﬁﬂ of the HU protein may be incorporated to the 5'-terminal side of the DNA encoding
the protein of interest. Or otherwise, after incorporating the DNA fragment encoding the N-terminal
region of the RU [28]ttha ¢erbedlisery pdaseniadie DR 260 dvhgrdie theoteigleninttretstd emayt et
incorporated to the 3'-terminal side of the DNA fragment encoding the N-terminal region of the RU
protein. [RA30) of BMRIGREEHTR R fPH'TH§-5&?§Q€V‘BW@%’BB‘.‘u‘s%\?f&%‘ﬁ&f&*?u%‘ﬁ%@ﬂ?ﬁ%@'°” of
the HU protein and the 5'-terminus of the DNA encoding the protein of interest do not have to be
bonded directly in the expression vector according to the present invention as long as the effects of the
present iNRAYRDhrd WisalRdd b wever, it is preferred that they are bonded directly. [0031]  In
this case, if the DNA fragment encoding the N-terminal region of the HU protein, which is comprised
on the 5'fgrmainal side of the DNA encoding the protein of interest, is too long, the nature of the protein
of interest expressed might be altered. Therefore, from this viewpoint, it is preferred that the DNA
fragment encodi%rtp%rN-t%mhnal rreeS%ir%l)[r}nQ}‘etn cIaOHU Igﬁg{?g] is as short as possible. However, if the
DNA fragment enco |ngm[ e’l\tl-{se?mma region of the protein is too short, the expression rate of the
protein is reduced. Therefore, from both of these viewpoints, it is preferred that the DNA fragment
encoding the N-tE3glinshasgiaecotioabaunstion e_BRIiveD-Bieaaoe detiversratsriehatho[dngAp
Specifically, the DNA fragment encoding the N-terminal region of the HU protein is not particularly
limited aglgnmeasf]pp[¥8]fragment comprising a nucleotide sequence encoding a peptide
consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus of the

HU protein. It is erred that the. DNA fragment encodjnﬂ the N-terrginal region.of the HU protein is a
DNA fragment c r?sﬂl\]@@ﬂﬁ%fgfiﬁh‘éo Jyon.comprisi g the gene delivery=arrier according to

any one of [25] to [29] in combination with an antitumor substance precursor converted to an
antitumor substance by the protein capable of being expressed by the gene delivery carrier; and
[32] the pharmaceutical composition according to [31], wherein the gene delivery
carrier is the gene delivery carrier according to any one of [25] to [29], and the antitumor
substance precursor is 5-fluorocytosine.
[0015]
Furthermore, the present invention also relates to:
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encoding a peptide consisting of an amino acid sequence from the 1st amino acid to any one of the
4th to 18th amino acids at the N-terminus of the HU protein. The amino acid sequence from the 1st to
18th amino acids at the N-terminus of the HU protein is described in SEQ ID NO: 29. The amino acid
sequence of SEQ ID NO: 29 is an amino acid sequence encoded by a nucleotide sequence from the
1482nd to 1535th nucleotides in SEQ ID NO: 15. [0033]  Examples of a plasmid having a DNA
fragment compridff] & thareekide ageqt pceoHA dBENPIGCATPRIGNS Himarseride v eny SARiRS aesarddifience
from the 1st to 4th amino acids at the N-terminus of the RU protein can include pAV001-HU4aa-eCD
(SEQ ID pyehyl éhe lorgpugles[oh pinlasantb havdneriaibi fofragirenictroiRriaie R iR iR apauence
encoding a peptide consisting of an amino acid sequence from the 1st to 9th amino acids at the
N-terminus of tpefRUAL())ﬁgIein can incluqﬁﬁ)AVOOﬁ-k&J;eCD (pPAV001-HU9aa-eCD). Examples of a
plasmid ﬁ%HB BN AB%%VHP%S%B% @%r Rucidbtide sequence encoding a peptide consisting of
an amino acid sequence from the 1st to 18th amino acids at the N-terminus of the HU protein can
include pAV001- 4] 84 epeiis EgRnDINGolié Yufoosd)mprisingtth genefdsthivenyrenrrier lacrgtitliviothe
N-terminal region of the RU protein is not particularly limited. As performed in Examples described

later, ap%oci?ffé‘ﬁd%iﬁl%? & P@?W&Qﬁﬁﬁ@@ﬁé%ﬁﬁﬂ%ﬁ%ﬁbw&f 'NTéegFB{Bﬁ’J iegiPAnRidhe RU

protein, and the sequence of an N-terminal region having the desired number of amino acids can be

obtained easjly by PCR or the like using those primers. [0035 Moreqver, the construction method
of the prééB?RYﬁm%ﬁ%\ﬁeE' A0 h AR DS TRRFE OF5G! %§FL?1 BriaRsHalhn g e FhGARIUGE QT

plasmid of a bacterium of the genus Bifidobacterium and a fragment of a plasmid of Escherichia coli in
the step ébh)artiterfraigsubstande plasmi rat @i adte ranrandit theog et dedmipacteiucnnyee@d drbihine
present invention is preferably a fragment of a plasmid derived from Bifidobacterium longum.

Example r inel ril f -derived:redi C ]! lcadi igin
or) (bR B B B B el e R E o
NO: 14) and containing no MembB, MobA, Orifl, and oriT regions. [0036] Moreover, examples of

the fragnERY &L SRaaihrr et ienbyiehisctyf ARt QhabREHERPMVEREBR @R Hclude plasmid
fragments containing an Escherichia coli replication origin (oh) region (base Nos. 6356 to 6999 of SEQ

ID NO: 14) and c@sipinéntidrapapicijimt éSisicic eugenecaoning e [3akinghEiA rendiagdaivery
13-lactamase region which is an expression product of the ampicillin resistance gene (ampR). [0037]

The promoter and,the terminator of a gene encoding. the RU projein deyived f atf cterium of the
gonus BB Baoae ey e A G TR s ete LRI Rt B ke
invention, can be obtained by an approach known in the art. More specifically, based on the sequence

of an RUSpBstenseop £ BHeee ikt fbfare oS-

In the present specification, (a) the DNA encoding a protein having an antitumor
activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor to an antitumor substance is also hereinafter referred to as "DNA encoding
the protein of interest".

[0016]

According to the present invention, a gene delivery carrier consisting of an anaerobic
microorganism capable of growing in a tumor tissue in an anaerobic environment and capable
of expressing a protein having an antitumor activity or a protein having an activity of
converting an antitumor substance precursor to an antitumor substance, which is useful as a
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Bifidobacterium known in the art, a gene encoding the HU protein of a bacterium of the genus
Bifidobacterium can be cloned to thereby obtain a promoter and a terminator of the gene. [0038]

For example, sequences containing the promoter and the terminator of a gene encoding the RU
protein derived from Bifidobacterium longum can be preferably exemplified by DNA as set forth in base
Nos. 234 to 1481 of SEQ ID NO: 14 or 15 and DNA as set forth in base Nos. 2979 to 3098 of SEQ ID
NO: 14 (H¥sapRiéic sgent forsphid sfmprentbhees feyprabdp activitkaromseression géfigignsiopfa
microorganism transformed with the expression vector according to the present invention for

construchpgtdiceRprLsehipyalgaRrarrigit s fherasteraliuarycaapet sishecri@ sentigngntion is not
particularly limited as long as it can be used in the present invention. It is preferred that the anaerobic

microorganism s%oul be an naerb? ic bact%{{igum more .preferaté]m enteric ba t.eriumr even more
preferably a bacteMifl Of th "%8 7 Biig5Ba RN, (k0 PO MBS B ShBUMERRR K the
genus Bifidobacterium include Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium

infantis, Bifittobadtrioah ghantioplafoniBifikebtieerieeropirudoiovrgamsBifiiticagseeideliveidum,
Bifidobacterium breve, and Bifidobacterium longum. The Bifidobacterium longum is most preferred.

[0041]  cafePbitREDIRAENRIRBAE GO PIBIRETRHEY ﬁ\%@%’ﬂtﬁ&%‘?@%%@&%@i%‘@p@@@m Fomdggository
institutions. For example, Bifidobacterium longum ATCC-15707, Bifidobacterium bifidum ATCC-11863,

and Bifidobacterium infantis ATCC-15697 can be obtained easily fram ATCC (The American Type
Culture r@ggi.on)l_vwéltﬂe protein of interest Is a protein having ar antitumor activity, the protein

directly exhibits its antitumor effect. On the other hand, when the protein of interest is a
protein having an activity of converting an antitumor substance precursor to an antitumor
substance, the protein of interest expressed from the gene delivery carrier converts an antitumor
substance precursor to an antitumor substance in the coexistence of the gene delivery carrier
and the antitumor substance precursor in the tumor site, and the antitumor substance exhibits its
antitumor effect.
[0017]

When the protein having an activity of converting an antitumor substance precursor to
an antitumor substance is CD, 5-FC is preferably used as an antitumor substance precursor. 5-
FC is converted to 5-FU by CD, and this 5-FU exhibits an excellent antitumor effect.
Systemic administration of 5-FU in an amount that produces a sufficient antitumor effect by the
systemic administration causes systemic side effects. However, the use of the gene delivery
carrier of the present invention can convert 5-FC with few side effects to 5-FU in a manner

specific for a tumor site.  Therefore, it can achieve a much higher 5-FU concentration in the
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Moreover, strains of each bacterium are not particularly limited. Examples of Bifidobacterium longum
strains can include Bifidobacterium longum 105-A, Bifidobacterium longum aE-194b, Bifidobacterium
longum bs-601, and Bifidobacterium longum M101-2 strains. Among them, the Bifidobacterium longum
105-A strain is preferable. [0043] Examples of Bifidobacterium breve strains can include a
Bifidobacterium breve type strain (JCM1192) and Bifidobacterium breve aS-1 and Bifidobacterium
breve 1-83T8MiratRat achievedthy tirenbadminipetionth bfdve tfiseadiesit et BRldcaetiantm
breve aS-1 and Bifidobacterium breve 1-53-8W strains are preferred. [0044] Examples of
Bifidobacigtiwumdptardis B@iesean include a Bifidobacterium infantis type strain (JCM1222) and a
Bifidobacterium infantis 1-10-5 strain. Among them, the Bifidobacterium infantis type strain and the
Bifidobailﬁidjrtg3 infantis 1-10-5 strain are preferred. Moreover, examples of Bifidobacterium lactentis
strains can include a Bifidobacterium lactentis type strain (JCM1220). [0045] Examples of the
protein having an antitumor activity according to the present invention include cytokines. Examples of
specific cytokinesinhvge pnbytfdoeo(IFNgian 08 Sdry tgfhlldoyadumacshishiaieocolonyestirsiiting
factor (GM-CSF), interleukin (IL)- la, 113, 2, 3, 4, 6, 7, 10, 12, 13, 15, or 18, tumor necrosis factor
(TNF)-2, dyriiigeip hitel % S6RQWAEKS $OIUBLRIMY RINGIRGIRE HEeRSED MRS APRRGRI that
colony-stimulating factor (M-CSF), macrophage migration inhibitory factor (MIF), leukemia inhibitory
factor (LIE), costimulatory factors B7 (CD80)_and B7-2 (CD86) for T-cell activation, kit-ligand, and
oncostatffVPHEARLY Y rﬂiﬂé’é%é?%idf%%cluﬂéeé\@&w TEGhAMMGRICHLY QL Lsstaeiapeutic
angiostatin, and kringle-1, 2, 3, 4, or 5. [0046] The sequences of these proteins are known for
various argamifonsuBaskuigehyttepsadsienderaefdaoiarsothlBiAlafardingfthe pragmbibaving an
antitumor activity, which is used in the present invention, can be obtained by an approach known in the
art such gacd3feRuefacd JdliivenMarRevan«damRIS: LB AI0IEERRARGH 0V of
converting an antitumor substance prectursor to an antitumor substance according to the present

invention can include CD which is an enzyme that converts 5-FC to an antitumor-active substance
5-FU. anaerobic microorganism; and the concentration of 5-FC in a tumor site. ~ Larger the doses of

5-FC and the anaerobic microorganism are, stronger the obtained antitumor effect naturally
becomes. From the viewpoint of minimizing side effects, it is preferred that the dose of 5-FC
should be reduced as much as possible within a range that produces a necessary antitumor
effect. It is at least required that the dose should be lower than clinically acceptable one.
Moreover, even if an anaerobic microorganism with lowest toxicity is used, it is preferred from
the viewpoint of minimizing the influence on human bodies that its dose should be reduced as
much as possible within a range that produces a necessary antitumor effect. In consideration
of these situations, none of conventional antitumor agents that use the conversion of 5-FC to 5-
FU in a tumor site using a CD-expressing gene delivery carrier had sufficient practicality at a

clinical level.
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[0048] In the gene delivery carrier of the present invention, the DNA incorporated in the step (3)
may be any one of (a) a DNA encoding a protein having an antitumor activity and (b) a 31 DNA
encoding a protein having an activity of converting an antitumor substance precursor to an antitumor
substance. However, (b) the DNA encoding a protein having an activity of converting an antitumor
substance precursor to an antitumor substance is preferred. Particularly, DNA encoding CD which is
an enzyrf@#Pdt converts an antitumor substance precursor 5-FC to an antitumor substance 5-FU is
preferred. [0049] For example, DNA isolated from plasmid pAdexICSCD (Riken Gene Bank RDB

No. 1591) contaipisijiNpienroeicanile 4etivaeionbEsaberichiagad esdtentratasniskg MiK116 also

containing DNA encoding CD derived from Escherichia coli can be used as such DNA encoding CD
(D.A. Mea Protein Epgineeri n 1:67- .The DNA_enco CD derived

e o e S G R R U LA ) b

nucleotides in SEQ ID NO: 14 (nucleotide sequence from the 1536th to 2816th nucleotides in SEQ ID
NO: 15).a¥fecewasrolitaiant b theidaneqoeaidencortdepeviers 2o the khsean i $bedestréptip8 EQrID NO:
28 except for initiation methionine [0051] The origin from which the CD according to the present

'”Ve”t'onru?i iée‘i'dﬁ '?W%r%ii%ﬂ’c%%w I naet r@@im%rﬁ?c/ O R fehglugnere

preferably 95% or hig er homology to the amino acid sequence of SEQ ID and encodes an

amino acid sequence havin D activity can also be used.
usually oraﬁy a min?stered at four giviideéii oses of 100 to 200 mg/kg/day as fluorocytosine;

for urinary tract mycosis and digestive tract mycosis, this drug is usually orally administered at
four divided doses of 50 to 100 mg/kg/day as fluorocytosine" for the dosage and administration
of a therapeutic agent ANCOTIL (containing 500 mg of flucytosine described in the Japanese
Pharmacopoeia) for deep mycosis from Kyowa Pharmaceutical Industry, Co., Ltd., the
maximum dose of 5-FC actually acceptable in clinical tests is 200 mg/kg. Thus, for obtaining
a sufficient antitumor effect at the clinical dose (200 mg/kg) of 5-FC using the experimental
system used in Example in Patent Document 4, an at least 2.5-fold (= 500/200) higher enzyme
activity was required.

[0020]

On the other hand, Non-Patent Document 5 has reported that when a mutation that
substituted aspartic acid by alanine at the 314th (corresponding to the 315th position in SEQ ID
NO: 28 of the present invention) amino acid of CD was added to CD-encoding DNA in
Escherichia coli, mutant CD had a CD activity (kcat/Km value) of converting 5-FC to 5-FU
that was approximately 2.2 times (50/23) higher than that of wild-type CD before mutation.
This enhanced effect of producing the higher activity is still insufficient for attaining the
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[0052] The method of constructing a gene delivery carrier according to the present invention may
not comprise a step (5) of mutating (a) the DNA encoding a protein having an antitumor activity or (b)
the DNA encoding a protein having an activity of converting an antitumor substance precursor to an
antitumor substance. From the viewpoint of obtaining a more excellent antitumor activity or activity of
converting an antitumor substance precursor to an antitumor substance, it is preferred that the method
of constrfl a JanwesstivEhhe0eee aelbvrbirfgtdeiel the supsant/BrvesHF0 AR enepHE: GRRastep (5)
before the step (4). [0053] Specifically, for example, after mutating the DNA encoding the gene of
interest, the protiatesk et ayabalieRiP e IR thte ohfRiE HiAReVBaahimENSigtepd@ofAHeTnetively,
after preparing an expression vector in the step (3), the DNA portion encoding the gene of interest may
be mutatgd. The step of mutatin aftei preparing an e Rression.geetor in the ﬁle&lé?,nﬁ the DNA portion
encodinﬁ%@ﬁgo RRERIFLR U BPE GoedHER %”%?8@ 659 RN oAy the' ONATEARBEIAG a
protein having an antitumor activity or (b) the DNA encoding a protein having an activity of converting
an antitusaguengssieaneéhorésiuitsar leastrt tmaimintoacidp stahed iensinunsfiibe hisicoegdrated f-the
expression vector prepared in the step (3). [0054] Mutating means is not particularly limited, and an
approachy IR AU ESHIE RRE SO BIBIERRHRDHINIREMD 430 DB WieHe CD Wapreferable
site to be mutated differs depending on the protein of interest. When the protein of interest is
Escherichia coli CD, it is preferred that aspartic acid encoded by a nucleotide sequence from the
2433rd toUPIUBHIET N AHER, inASEat RIS A (OB Mo lie DA BB VRS 2477t
nucleotides in SEQ ID NO: 15) is substituted by another amino acid. It is more preferred that the
aspartic appiexicaddy bY-fohiliciglodideasamhieined.from the 2433rd to 2435th nucleotides in SEQ ID NO:
14 (nucleotide sequence from the 2475th to 2477th nucleotides in SEQ ID NO: 15) is substituted by
alanine. d‘@f}spartic acid encoded by a nucleotide sequence from the 2433rd to 2435th nucleotides in
SEQ ID NO: 14 (nucleotide sequence from the 2475th to 2477th nucleotides in SEQ ID NO: 15)
corresponds to aspartic acid at the 315th position in the amino acid sequence of SEQ ID NO: 28.
This substitution PioBtbEsIZHale RighaeErasiviychestifty BsaMas Bl elaRE Bethe absence of
substitution. [0055]

approximately 42 mg/kg, with respect to the experimental results described above. This

means that the minimum clinical dose (50 mg/kg) or lower is enough. Thus, extremely high
practicality can be expected.
[0022]

Thus, among the gene delivery carriers of the present invention, the gene delivery
carrier (e.g., Bifidobacterium longum 105-A/pAV001-HU-eCD-M968) of the present invention,
wherein DNA encoding CD as the protein of interest is allowed to further comprise, on the 5'-
terminal side thereof, a DNA fragment comprising a nucleotide sequence encoding a peptide
consisting of an amino acid sequence from the 1st to at least 4th amino acids at the N-terminus
of the histone-like DNA-binding protein, and the aspartic acid at the 315th position in SEQ ID
NO: 28 of the CD has been substituted by alanine, can particularly be expected to have
excellent practicality.
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Examples of the expression vector according to the present invention can include a CD expression
vector for a bacterium of the genus Bifidobacterium in which DNA encoding CD has been
incorporated. Specific examples thereof can include: a recombinant plasmid pBLES100-S-eCD
carrying Escherichia coli codA inserted downstream of a Bifidobacterium longum hup promoter (see
Patent Document 4 and Non-Patent Document 3); pAV001-HU-eCD (pAV001-HU9aa-eCD) modified
from this[ﬁ%@ﬁﬁSlOO-S-eCD, which is capable of transforming Bifidobacterium longum or
Bifidobacterium breve; and mutants of these plasmids. [0056] In this context, the mutants of the

plasmids mean Veeieys, it HedipBetheoRfithd@ iR amBleaiinRDEREiNOmBIG dasipEPgEateskin Erg

plasmids has been mutated, which are plasmids that can be used in the same manner as or more
preferably than the unmutat iginal vectars. For.exampl ant of ES100-S-eCD means a
et o B R A O S SR B Ml BB § BB Betused i e
same manner as or more preferably than pBLES100-S-eCD in the present invention. Alternatively, a
mutant offpAWeDtsyteBTE Ngdwnan-daitaetd brearisandeDBed HoevEdR frdh tisientedunedemigehich is
a plasmid that can be used in the same manner as or more preferably than pAV001-HU-eCD in the
present inyaRien [QREhtratioRYERReIABIShTRRRRSIRES Can becpiRietanbesatoplibes- by a

plasmid pAV001- HU-eCD-M968 (SEQ ID NO: 27) which is a plasmid in which a single-nucleotide
mutation has been introduced in a CD coding region of the plasmid pAV001-HU-eCD. In the plasmid

pAV001-H8)WEH-_ K988 ChLHErRE BEIG-enBIRS PERN £ ARILIEH Y J86 GERRE RS MRS 2435th

nucleotides in SEQ ID NO: 14 has been substituted by alanine. As a result, a CD activity is remarkably
improvedn{@a&8} that Whengthne)eladideliy@grdanr ief thiet iy sestninventitonsviladrpa tioe kspgriimdeid as
long as it is a gene delivery carrier consisting of an anaerobic microorganism transformed with an
eXpreSS'Qf‘}H@%‘ﬁtH (ﬁﬂg&]ffﬁ%’@%ﬁb’ PlasBridef SR Qb NE R BIPRIAARDACIREY R, @
fragment of a plasmid of Escherichia coli, and a DNA fragment comprising a promoter and a terminator
of a gene encoding a histone-like DNA-binding protein derived from a bacterium of the genus
BifidobadferRaMe XDRENBRIR S¥HERe Prmbal e @ the fanRRMATBH Ol TeNMen doaMg g @iain
having an antitumor activity or (b) a DNA encoding a protein having an activity of converting an

antitumobsatbatlReA R EALISAOT01 8P @RLNGMENisHS BN 06, cinHefbEtteri gocoptiaing o P N dragment
comprising a nucleotide sequence encoding a peptide consisting of an amino acid sequence from the

1st to at 5%)%5\;} 4th amino acids at the N-terminus of the histone-like DNA-binding protein, on the
5'-terminal Side of (a) the DNA encoding a protein having an antitumor activity or (b) the DNA encoding
a protein having an activity of converting an antitumor substance precursor to an antitumor substance.
[0059]

BRIEF DESCRIPTION OF DRAWINGS

[0024]
[Figure 1]
It is a diagram showing the process of preparing Bifidobacterium longum
105A/pAV001-HU-eCD.
[Figure 2]
It is a diagram showing a CD activity (concentration of 5-FU converted from 5-FC) in

Bifidobacterium longum 105A/pAV001-HU-eCD.
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The gene delivery carrier of the present invention can be constructed by, for example, the method of
constructing a gene delivery carrier according to the present invention. In the gene delivery carrier
of the present invention, when the DNA encoding the protein of interest is unmutated, the DNA
encoding a peptide consisting of an amino acid sequence at the N-terminus of the HU protein, which is
comprised on the 5'-terminal side of the DNA encoding the protein, may not include DNA encoding a
peptide d&'ﬁ%ﬁ% of an amino acid sequence from the 1st to 9th amino acids at the N-terminus of the
RU protein. [0060] Moreover, (a) the DNA encoding a protein having an antitumor activity or (b)
the DNA encoding i3 RAtRiRMXHOEIAY Brlivibcedscemisiditng BRI BFREiSAIGeErRISRiie 36 an
antitumor substance in the gene delivery carrier of the present invention may be an unmutated DNA.
However I(Eﬁﬁ Béeferr d that (a) the DNA encoding a protein having an antitumor activity or (b) the
DNA enct % '8909 A ving an activity of converting an antitumor substance precursor to an
antitumor substance is mutated DNA such that the antitumor activity of a protein encoded by the
mutated [BigArerdthe activity thereof of converting an antitumor precursor to an antitumor substance is
improved, compared with that of a protein encoded by DNA before mutation. Examples of the gene
delivery carrier of i RBgRihI NARIIR ERIRNGIhHEIRGIARENRERASIRS YERIRY Ay tipmutated DNA
encoding the protein of interest can include a single-nucleotide mutant plasmid of Bifidobacterium
longum 105-A/pAV.001-HU-eCD. Particularly, it can be preferably exemplified by Bifidobacterium
longum ieg-sﬁé/gtAE%)gS?Q@l@%rdﬂﬂlM’@@mé@éﬁ/ PAVRQLditS§GPe cting the gene delivery carrier of
the present invention comprises the step of transforming an anaerobic microorganism with the
expression vector in which the DNA encoding the protein of interest has been incorporated. The
construction of the transfor [ [ rf ordi a method described in
commercially available exﬁﬁﬁﬁéﬁ%ﬁa@ﬁ%ﬁﬁg&ﬁg&%m% ansha Ltd.), Method for
Experiments in Gene Manipulation ed. by Yasutaka Takagi (Kodansha Ltd.), Molecular Cloning, Cold
Spring HHIBZF]Laboratory (1982), Molecular Cloning, 2nd ed., Cold Spring Harbor Laboratory (1989),
or Methods in Enzymol., 194 (1991). When the protein (b) having an activity of converting an
antitumor SubStaace ArREHSPRLHRAT AR GAE SASYSINdNE daRmHbMAR Hratksr iRl ha aresent
invention is CD, it is required for application to enzymé-prodrug therapies that the CD-expressing
genetically modified microorganism has a resistance to 5-FU at a concentration at least effective for an
antitumof &HRY, URRIFTVEBRY&BsAGERH S CAY & EPSISHRY ST, DB e GAgRMIBRcterium
was constructed by an acclimation culture method described in Example 1 in Patent Document 5 using
the CD-ecgpiaisisiofgyondtigatiy noothfieidsowdroamganisobia glasoricheatamidorapatdctendrprtositerrease.
However, in the method of constructing a gene delivery carrier according to the present invention, a
5-FU-resjst r ' istane - ntrati t e
M G S e G N I DR G E LT N
culture method described in Example 2 in Patent Document 5. This bacterium can be used as a host

to there3NEGHERUEYRSEAR BEREN FADERASPRTIEIBGEMSIANBRWGABTEN i5iE FI8SHERS Aftention rate. [0062]

(1) preparing a fusion plasmid having a fragment of a plasmid of a bacterium of the
genus Bifidobacterium and a fragment of a plasmid of Escherichia coli;

(2) incorporating, a DNA fragment comprising a promoter and a terminator of a gene
encoding a histone-like DNA-binding protein derived from a bacterium of the genus
Bifidobacterium to the fusion plasmid;

(3) incorporating, between the promoter and the terminator, (a) a DNA encoding a

protein having an antitumor activity or (b) a DNA encoding a protein having an activity of
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A pharmaceutical composition of the present invention is not particularly limited as long as it comprises
the gene delivery carrier of the present invention. Moreover, a therapeutic agent for solid tumor of the
present invention is not particularly limited as long as it comprises the gene delivery carrier of the
present invention. The pharmaceutical composition or the therapeutic agent for solid tumor of the
present invention may comprise one kind or two or more kinds of the gene delivery carrier(s) of the
present iBRURYRIGAY fOCBRILUMONWREGNES, RFRE WSk tofah aiKHE feIHRSNGE FRPIRPAHE PhaxRTasH fical
composition or the therapeutic agent for solid tumor of the present invention is not particularly limited
as long agits:am@mount sufficient for its growth in a tumor site and for expression of a therapeutically
effective amount of a protein having an antitumor activity or an amount sufficient for expression of a
protein in an am?éf&Cﬁble of converting an antitumor subsiﬁ/nge recursor to a therapeutically
effective amount'0f &R StUISr LLBSE LS PUSHR Y LBt Své%?ﬁ‘%séhod‘t}ﬁeec leWpbirT of
circumventing side effects as much as possible, it is preferred that the dose of the gene delivery carrier
is as small as poégilthe WitrAneacedige azopiodiEBGaNSTEEEIYr aatitdiior 4o}ithe DNéxeover, the dose
of the gene delivery carrier in the pharmaceutical composition or the therapeutic agent for solid tumor
of the preqeakify & piarAR0MmgeR aRIAip b RARFAR B PIANa R INGIRRIRIY @LAIS6ARPANd the
body weight, age, and sex of a patient and can also be appropriately increased or decreased

according to the degree of improvement. EOO%%%_ Furthermore, the pharmaceutical composition or
the theraf UG SHRSEPSBIATShGT BFSFEOSRLEtLIR R SHAR He s SRS LY BRIk P RS in
addition to the gene delivery carrier of the present invention unless the effects of the present invention
are impaftethee xamptiss0brs tithZterranalsgre the rdsfirc N freymeat dogicatin g ecamizblédearriers,
excipients, and diluents. [0065] When the gene delivery carrier or the therapeutic agent for solid
tumor of §Q§u€ﬁ%§%’ﬁw&{ ﬁ&%ogkgiié‘é‘ ;%?f%‘?s‘i%ﬁ%’f’ﬂﬁ%ﬂgi HE‘?&’E%@[@HEQ AL 490N Witch a
protein having an activity of converting an antitumor substance precursor to an antitumor substance
can be expressed, the pharmaceutical composition or the therapeutic agent for solid tumor of the
present iAVERRIGAI €D A SRR N eHBIBehel dBavdrPRartiks RNAnRIBH{RYiREHEHIent can be used in
combination with an antitumor substance precursor in an amount capable of being converted to an
effective @oms]nt of an antitumor substance by a protein expressed by the gene delivery carrier. This
antitumor substance precursor may be contained in the pharmaceutical composition or the therapeutic
agent for solid tumor comprising.th ne delivery, carrier of the present invention as an active
ingrediont, Howe LF, T Rreyoir i okl M e T s SO S AL forarg PRI A SETAPNER, form
of a pharmaceutical composition comprising the antitumor substance precursor, in combination with
the pharisdsdpache ey bisited s thedtae thpemiti segdne MerpAl (Wnepaiigrisiigi ehedipsidtelivery
carrier of the present invention as an active ingredient. [0066] The dose of the antitumor

substanqg.pigFHHAEFRARE APRIGANEGEY SRIRFIamM Mt eREtiBaLOBIRIBEIRRAl theragnerdelvery

car_rier used in combination therewith in a tumor tissue, and the efficien_cy_ of con_version of the

qone QoIS RS e LU e A POP S AL e DACRH AT SRR AN o

according to the severity of disease and the
terminator of a gene encoding a histone-like DNA-binding protein derived from a bacterium of
the genus Bifidobacterium to the fusion plasmid; (3) incorporating, between the promoter and
the terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a DNA
encoding a protein having an activity of converting an antitumor substance precursor to an
antitumor substance to prepare an expression vector; and (4) transforming an anaerobic
microorganism with the expression vector, wherein (a) the DNA encoding a protein having an

antitumor activity or (b) the DNA encoding a protein having an activity of converting an
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body weight, age, and sex of a patient and can also be appropriately increased or decreased
according to the degree of improvement. [0067] Thus, when the pharmaceutical composition or
the therapeutic agent for solid tumor of the present invention is used in combination with the antitumor
substance precursor, a method of administering the pharmaceutical composition or the therapeutic
agent for solid tumor of the present invention may be the same as or different from a method of
administ@ARE R SHRTRERITEHI TV HH AR A O S aNGRe WAIROASPCRIpSatRbi plbeep(3)
Moreover, they may be administered simultaneously or at time intervals. It is preferred that the
pharmacgpiéigalessisp ostionprepariifAgfththantdwp AL SLOStABCE RIAGUESCdS teratTisienagafter the
administration of the pharmaceutical composition or the therapeutic agent for solid tumor of the
present iFvention such that the l;g;qne eIiverlf}: carrier of.thiagrestent invensft%ion can sufﬁcientlx grow in a
tumor cell BB COMPHRIS AL RUHS SRERSE M CeIA RN DS 'ﬂ%’eogPé‘s%W{?R\?é fion
encompasses both of the case in which X and Y are in different forms and the case in which X and Y
are in thesspiereédinoniahg. Lst forat leashgilsamipodeidsaatidhe) N owesr ofvihernigtangt ke i2Ni\different
forms, both X and Y may further contain other ingredients. [0069] The dosage form of the
pharmacgisig gaasition or the therapeutic agent for solid tumor of the present invention is not
particularly limited. Examples thereof can include a 41 liquid or solid preparation comprising the gene
delivery carrier of the present invention. The liquid preparation can be produced by: purifying a culture
solution 67#hélanaerobic bacterium as the gene delivery carrier of the present invention; if necessary,
adding thereto an appropriate saline solution or fluid replacement or pharmaceutical additives; and
filling the mixtureTioeanetimdaflecostrialtongthedike dElivtTg cahrée saticopl@patatienprase bieipreckimed by
adding an appropriate protective agent to the liquid preparation, filling the mixture to an ampoule or

e AT R P NS e

like. A method of admin_isterin(t; the pharmaceutical composition or the therapeutic agent for solid
tumor of ¢RABPHSS ERtAFRIERRLAED Hf&?é?ébﬁ/%%ﬁ@rﬁleaaﬁ?ﬁﬁ%tmﬁfﬂ!qf‘cﬁ‘f@*mﬁﬁiféghyé\da'@?ﬁﬂf ’
injection, intravenous injection, local injection, and intracerebroventricular administration can be

performeigl. thbenttiey eneosstieeligmigemeat vefgreattier according to the present invention, the

order in which the steps (2) and (3) are performed is not particularly limited. It may comprise
these steps in the order of the steps (1), (2), (3), and (4) or may comprise these steps in the
order of the steps (1), (3), (2), and (4). Both of these aspects are encompassed in the method
of constructing a gene delivery carrier according to the present invention for convenience.
[0028]

Particularly, for incorporating the DNA encoding the protein of interest in the step (3)
of expression vector preparation, the aspect of allowing the DNA encoding the protein of
interest to comprise on the 5'-terminal side thereof, a DNA fragment encoding the N-terminal
region of the HU protein may be any aspect. It may be, for example, an aspect of adding the
DNA fragment encoding the N-terminal region of the HU protein to the 5'-terminal side of the
DNA encoding the protein of interest, to thereby incorporate the DNA fragment therein, or may
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[0070] The pharmaceutical composition or the therapeutic agent for solid tumor of the present
invention can be applied to tumors having an anaerobic environment, preferably, various solid tumors.
Examples of the solid tumors include colon-rectum cancer, brain tumor, head and neck cancer, breast
cancer, lung cancer, esophagus cancer, gastric cancer, liver cancer, gallbladder cancer, bile duct
cancer, pancreatic cancer, pancreatic islet cell cancer, choriocarcinoma, colon cancer, renal cell
cancer, &frahaseetet aaeeeratiiaiedPitancaditr the astelhebmisrestitichedntasmediatele tumor,
ovarian cancer, uterine cancer, choriocarcinoma, thyroid cancer, malignant carcinoid tumor, skin

cancer, HadigidANINANeRad PRHIERSAIOQiTEe FOSLERIHS 5% NIR cReLHNTARLOIRGE WY b Mibimdlis

retinoblastoma, melanoma, and squamous cell carcinoma. [0071] Hereinafter, the present
invention wil| be described specifically with reference to Ex les. However, t chnical scope
ofthe pr BTV R Ot B B e e P R P B erence
Example 1] Preparation of Bifidobacterium longum 105-A/pAV001-HU-eCD (1) Construction of shuttle
plasmid preodDIg (e fstaittioal ségrisafithe HU Areérjoence containing spectinomycin
adenyltransferase (AAD cassette) derived from Enterococcus faecalis was amplified by PCR from a
shuttle p[@@q‘g pBLES100 of Bifidobacterium longum and Escherichia coli (see Patent Document 4

and Non-Patent Document 7), and the PCR product was subcloned into a PCR-Bluntll-TOPO vector

(Invitrogen Corp.) to prepare PCRTOPO-Scal-AAD-Eam1105I. Scal and Eam1105I restriction sites
were added to foRNBRIGHAT AVRRLIIFASIEP (ELSEERRERySion vector preparation, the DNA encoding

the protein of interest is allowed to comprise, on the 5'-terminal side thereof, a DNA fragment
encoding the N-terminal region of the HU protein is not particularly limited as long as an
expression vector comprising the DNA fragment encoding the N-terminal region of the HU
protein on the 5'-terminal side of the DNA encoding the protein of interest is obtained. For
example, after allowing the DNA encoding the protein of interest to comprise, on the 5'-
terminal side thereof, the DNA fragment encoding the N-terminal region of the HU protein, the
resulting DNA may be incorporated to the fusion plasmid. Alternatively, after incorporating
the DNA encoding the protein of interest to the fusion plasmid, the DNA fragment encoding
the N-terminal region of the HU protein may be incorporated to the 5'-terminal side of the
DNA encoding the protein of interest.  Or otherwise, after incorporating the DNA fragment
encoding the N-terminal region of the HU protein to the fusion plasmid, the DNA encoding the
protein of interest may be incorporated to the 3'-terminal side of the DNA fragment encoding

the N-terminal region of the HU protein.
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[0073] As shown in Figure 1, a cloning vector pGFPuv (DEFINITION: Cloning vector pGFPuv.
ACCESSION: 1J62636; VERSION: 1J62636.1 Gl: 1490528) purchased from 43 Invitrogen Corp. is
composed of a GFPuv gene, Multi-Cloning sites (MCSs) at both ends thereof, an ampicillin resistance
gene, and an Escherichia coli plasmid replication origin. [0074] The ampicillin resistance gene site
in this pGFPuv was removed by cleavage with restriction enzymes Eam1105! and Scal to prepare a
long fragtA@#R] Similarly, PCRTOPOScal-AAD-Eam1105I| was cleaved with restriction enzymes
Eam1105I and Scal to prepare a fragment (approximately 1100 bp) containing the AAD cassette.

These two fragmgrdgeweie tigadee usings o RNBNesadaaepredRigtFUN-SR i T ecadshitemiaf a

spectinomycin resistance trait and a loss of the ampicillin resistance trait in the prepared plasmid
pGFPuv-SpR were respectively confir i herichia ¢ Ii.éo 727] . DGEPUv-SpR w sgi ested
Wit res RGN SF,RL Cat TSCATA B THE PonT Ercrbaccne Chdieet i@ ool Guids Bl spel
(located in the multi-cloning site downstream of the GFPuv gene) to prepare a plasmid pAVN from

which th&@ReLditstly Tath®exprersietede(0OaELordingdatheqresandimetiviombsilanbaddiielength
nucleotide sequence of a plasmid pTB6 derived from Bifidobacterium longum, an approximately

1900-bp spesteReeneqsHaRHPthieRIBn 2R BbfaIAEY. A THEGRIEPSRIS gfé?@r%%ﬁaﬁﬂ%é‘%ﬁ&eﬁ’as

identified as a plasmid replication unit of Bifidobacterium longum. The approximately 1900-bp
sequence_containing the plasmid replication unit of Bifidobacterium longum was amplified by PCR
from pTé%fe&Héf'the PCR product was subcloned into a PCR-Bluntll-TOPO vector to prepare
PCRTOPO-Apal- 1900-Scal. Apal and Scal restriction sites were added to forward and reverse

primers, [@8pHEctively.

In this case, if the DNA fragment encoding the N-terminal region of the HU protein,
which is comprised on the 5'-terminal side of the DNA encoding the protein of interest, is too
long, the nature of the protein of interest expressed might be altered. Therefore, from this
viewpoint, it is preferred that the DNA fragment encoding the N-terminal region of the HU
protein is as short as possible. However, if the DNA fragment encoding the N-terminal region
of the HU protein is too short, the expression rate of the protein is reduced. Therefore, from
both of these viewpoints, it is preferred that the DNA fragment encoding the N-terminal region
of the HU protein has a well-balanced moderate length.

[0032]

Specifically, the DNA fragment encoding the N-terminal region of the HU protein is
not particularly limited as long as it is a DNA fragment comprising a nucleotide sequence
encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th amino
acids at the N-terminus of the HU protein. It is preferred that the DNA fragment encoding the
N-terminal region of the HU protein is a DNA fragment comprising a nucleotide sequence
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[0077] The long fragment (approximately 2400 bp) obtained by digesting pAVN with restriction
enzymes Apal and Scal and a short fragment (approximately 1900 bp) obtained by digesting
PCRTOPO-Apal-1900-Scal with restriction enzymes Apal and Scal in the same way were ligated
using T4 DNA ligase to prepare a Bifidobacterium longum-Escherichia coli shuttle plasmid pAV001
(approximately 4300 bp). [0078] (2) CD gene expression vector pAV001-HU-eCD (Construction of
expressi@ﬁové?/@@@ra peptidegonsiting ebannap aekkseriensa iamm testhitiRiniea2¢iAde MM@NESid Spel
to extract an approximately 2900-bp fragment containing an RU gene promoter, an Escherichia

coli-derived £iR erseh anfinamEibs acar Rrmifas SitmiaHy theranutts iasmid BEGY 9eduarms cleaved
with Hindlll and Spel at the restriction sites in the multi-cloning sites. The obtained long fragment and

the approximatel 0Q-hp fragment described above weye li d using.T4 DNA ligas pare
AVOOL TR B AT ARETD F015 B SED ST L5y ShR LR RS eE 2 AR Rt Se b Qb
pAV001-HU-eCD into bacterium of genus Bifidobacterium Wild-type Bifidobacterium longum was
cultured NIRRT hecuiung acBiAEqurtes ahSEf i BEHABds 8N antinhatidsessignce rnonsies yparated
from the culture solution by centrifugation and suspended in an appropriate buffer solution to prepare a

bacterial ji$RaHREAaq MK HsHHRIRS SXRIESIoM YREiebtRftY AVSeEt s @OWas introduced into the

bacterial suspension using an electroporation method described in Non-Patent Documents 2 and 3.
The introducei recombinant Bifidobacterium longum (Bifidobacterium longum/pAV001-HU-eCD) was
selected 199834 on colony formation on an agar medium containing an antibiotic spectinomycin.

Examples of a plasmid having a DNA fragment comprising a nucleotide sequence
encoding a peptide consisting of an amino acid sequence from the 1st to 4th amino acids at the
N-terminus of the HU protein can include pAV001-HU4aa-eCD (SEQ ID NO: 14). Examples
of a plasmid having a DNA fragment comprising a nucleotide sequence encoding a peptide
consisting of an amino acid sequence from the 1st to 9th amino acids at the N-terminus of the
HU protein can include pAV001-HU-eCD (pAV001-HU9aa-eCD). Examples of a plasmid
having a DNA fragment comprising a nucleotide sequence encoding a peptide consisting of an
amino acid sequence from the 1st to 18th amino acids at the N-terminus of the HU protein can
include pAV001-HU18aa-eCD (SEQ ID NO: 15).

[0034]

A method of changing the length of the N-terminal region of the HU protein is not
particularly limited. As performed in Examples described later, appropriate primers are
designed based on the sequence of the N-terminal region of the HU protein, and the sequence
of an N-terminal region having the desired number of amino acids can be obtained easily by
PCR or the like using those primers.
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[0080] (4) Cytosine deaminase enzyme activity in Bifidobacterium longum/pAV001-HU-eCD;
Measurement of 5-PC->5-FU conversion activity Bifidobacterium longum/pAV001-HU-eCD was
subcultured in an MRS medium containing an antibiotic spectinomycin at 37C for 2 days or longer
under anaerobic conditions, and the bacterial cells (2 x 109 CPU) were separated from the culture
solution by centrifugation and suspended again in 4.5 mL of an MRS medium. Next, 0 5 mL of 5-PC
(20 mg/nhP930ds added thereto, resulting in a final concentration of 2 mg/mL, and the bacterial cells
were cultured at 37C under anaerobic conditions. After O, 4, 8, 18, and 24 hours, supernatants of the

culture solutions fperaoveickhtheohagtrtishaabhbad bermpremmvied ditiennirieaativncieieiaapactively
collected. Converted 5-FU concentrations were measured by gas chromatography analysis (5-FU

GC-MS methods1, BML). Theég%asurergent restul ar sho(ivr}in I;?ure 2. /?E}a result of analysis, in
BifidobadteflHint BRHRIERUVE RIS 8 HB9BSH AL AL R P e BHRL ARSI Y7 2.5 po/mL atfter 4
hours and at a concentration of 165.4 pz/mL after 24 hours. Example 1 [0081] [Preparation of HU-eCD
plasmid] Bifidghasientsneakactingmeotad supdtsthisk oh&seheytichia wadiNntthersiveal (Bgion ff tiagAentrotein
fused to the N-terminal region of eCD was changed to 2 amino acids, 3 amino acids, or 4 amino acids

(Figure 3jf 5 plaEHAABIAS ARG the GaAKaDRRIEHAEINTIS HetRRrsalaRRKiBHOIgIN was

deleted were constructed in the same way. In this case, two kinds of plasmids were prepared, one with

a translation start codon ATG of Escherichia coli JM10], strain-derived CD, and the other with a
translatidf SEACOLASFREEReS T ﬁé’??&%%eegﬁq(fﬁrgtﬁdwag?ﬂﬁﬂWJOW@W&?%%%%WRR@CS also

constructed such that the length of the N-terminal region of an RU protein fused to the N-terminal
region ofcal Dohade guatigesabplBanderovadicks)i diecsatpileinges pof Bioe e istiioote d giortaig ) dbtse
plasmids are shown in Table 1.

Nos. 3419 to 3778 of SEQ ID NO: 14)-repB portion (base Nos. 3983 to 4676 of SEQ ID NO:

14) and containing no MembB, MobA, Orifl, and oriT regions.

[0036]

Moreover, examples of the fragment of a plasmid of Escherichia coli used in the
present invention can include plasmid fragments containing an Escherichia coli replication
origin (ori) region (base Nos. 6356 to 6999 of SEQ ID NO: 14) and containing no ampicillin
resistance gene (ampR) or lacking DNA encoding a B-lactamase region which is an expression
product of the ampicillin resistance gene (ampR).

[0037]

The promoter and the terminator of a gene encoding the HU protein derived from a

bacterium of the genus Bifidobacterium, which are used in the step (2) of the construction

method of the present invention, can be obtained by an approach known in the art. More

specifically, based on the sequence of an HU protein of a bacterium of the genus
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[0082] [Table 1] Plasmid construction table Plasmidname Sequence proximal to CD N-terminus
pAV001-HUOaaATG ATG TCG AAT AAC ... MSNN  pAVO001-HUOaaGIG
Bifidobacterium known in the art, a gene encoding the HU protein of a bacterium of the genus
Bifidobacterium can be cloned to thereby obtain a promoter and a terminator of the gene.
[0038]

For example, sequences containing the promoter and the terminator of a gene encoding
the HU protein derived from Bifidobacterium longum can be preferably exemplified by DNA
as set forth in base Nos. 234 to 1481 of SEQ ID NO: 14 or 15 and DNA as set forth in base Nos.
2979 to 3098 of SEQ ID NO: 14 (base Nos. 3021 to 3140 of SEQ ID NO: 15), respectively.
[0039]

The anaerobic microorganism transformed with the expression vector according to the
present invention for constructing the anaerobic microorganism as the gene delivery carrier of
the present invention is not particularly limited as long as it can be used in the present
invention. It is preferred that the anaerobic microorganism should be an anaerobic bacterium,
more preferably an enteric bacterium, even more preferably a bacterium of the genus
Bifidobacterium.

[0040]

Examples of the bacterium of the genus Bifidobacterium include Bifidobacterium
adolescentis, Bifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium
thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium

breve, and Bifidobacterium longum. The Bifidobacterium longum is most preferred.

29



GIG TCG AAT AAC... MSNN pAV001-HU2aa-eCD ATG GCA TCG AAT AAC ... MASNN
pAV001-HU3aa-eCD ATG GCA TAC TCG AAT AAC ... MAYSNN
[0041]

All of these bacteria are commercially available or can be obtained easily from
depository institutions. For example, Bifidobacterium longum ATCC-15707, Bifidobacterium
bifidum ATCC-11863, and Bifidobacterium infantis ATCC-15697 can be obtained easily from
ATCC (The American Type Culture Collection).

[0042]

Moreover, strains of each bacterium are not particularly limited. Examples of
Bifidobacterium longum strains can include Bifidobacterium longum 105-A, Bifidobacterium
longum aE-194b, Bifidobacterium longum bs-601, and Bifidobacterium longum M101-2 strains.
Among them, the Bifidobacterium longum 105-A strain is preferable.

[0043]

Examples of Bifidobacterium breve strains can include a Bifidobacterium breve type
strain (JCM1192) and Bifidobacterium breve aS-1 and Bifidobacterium breve 1-53-8W strains.
Among them, the Bifidobacterium breve type strain and the Bifidobacterium breve aS-1 and
Bifidobacterium breve 1-53-8W strains are preferred.

[0044]

Examples of Bifidobacterium infantis strains can include a Bifidobacterium infantis
type strain (JCM1222) and a Bifidobacterium infantis I-10-5 strain.  Among them, the
Bifidobacterium infantis type strain and the Bifidobacterium infantis 1-10-5 strain are preferred.
Moreover, examples of Bifidobacterium lactentis strains can include a Bifidobacterium
lactentis type strain (JCM1220).
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pAV001-HU4aa-eCD ATG GCA TAC AAC TCG AAT AAC ... MAYNSNN pAV001-HU-eCD (Control,
pAV001-HU9aaeCD) ATG GCA TAC AAC AAG ICI GAC CTC MAYNKSDLVSNN GTT
[0045]

Examples of the protein having an antitumor activity according to the present
invention include cytokines. Examples of specific cytokines include interferon (IFN)-a, 3, or
v, granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin (IL)-1a, 1B, 2, 3,
4,6,7,10, 12, 13, 15, or 18, tumor necrosis factor (TNF)-a, lymphotoxin (LT)-B, granulocyte
colony-stimulating factor (G-CSF), macrophage colony-stimulating factor (M-CSF),
macrophage migration inhibitory factor (MIF), leukemia inhibitory factor (LIF), costimulatory
factors B7 (CD80) and B7-2 (CD86) for T-cell activation, kit-ligand, and oncostatin M.
Further examples thereof include angiogenesis inhibitors such as endostatin, angiostatin, and
kringle-1, 2, 3, 4, or 5.

[0046]

The sequences of these proteins are known for various organisms. Based on the
sequence information, DNA encoding the protein having an antitumor activity, which is used in
the present invention, can be obtained by an approach known in the art such as a PCR method.
[0047]

Moreover, examples of the protein having an activity of converting an antitumor
substance precursor to an antitumor substance according to the present invention can include
CD which is an enzyme that converts 5-FC to an antitumor-active substance 5-FU.

[0048]

In the gene delivery carrier of the present invention, the DNA incorporated in the step

(3) may be any one of (a) a DNA encoding a protein having an antitumor activity and (b) a
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TCG AAT AAC ... pAV001-HU18aa- eCD ATG GCA TAC AAC AAG ICI GAC CTC MAYNKSDLVSKIA
CAG AAG TCC AAC CTG TCG AAT AAC QKSNLSNN GTT ... TCG AAG ATC GCC The term in bold
type represents a sequence added to the CD N-terminus. [0083] (1) Construction of HU protein
N-terminal 2-amino acid-adding plasmid

DNA encoding a protein having an activity of converting an antitumor substance precursor to
an antitumor substance. However, (b) the DNA encoding a protein having an activity of
converting an antitumor substance precursor to an antitumor substance is preferred.
Particularly, DNA encoding CD which is an enzyme that converts an antitumor substance
precursor 5-FC to an antitumor substance 5-FU is preferred.

[0049]

For example, DNA isolated from plasmid pAdex1CSCD (Riken Gene Bank RDB No.
1591) containing DNA encoding CD derived from Escherichia coli or from plasmid pMK116
also containing DNA encoding CD derived from Escherichia coli can be used as such DNA
encoding CD (D.A. Mead et al., Protein Engineering 1: 67-74 (1986)).

[0050]

The DNA encoding CD derived from Escherichia coli corresponds to, for example, a
nucleotide sequence from the 1494th to 2774th nucleotides in SEQ ID NO: 14 (nucleotide
sequence from the 1536th to 2816th nucleotides in SEQ ID NO: 15). Moreover, its amino
acid sequence corresponds to the amino acid sequence of SEQ ID NO: 28 except for initiation
methionine.

[0051]

The origin from which the CD according to the present invention is derived is not
particularly limited. DNA which has, for example, 90% or higher, more preferably 95% or
higher homology to the amino acid sequence of SEQ ID NO: 28 and encodes an amino acid
sequence having a CD activity can also be used.
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PCR amplification was performed using 50 pg of pAV001-HU-eCD as a template and PrimeSTARTmM
HS DNA Polymerase (Takara Bio Inc.) to obtain PCR fragments A (approximately 1.3 kbp) and B
(approximately 1.3 kbp). An outer primer as set forth in SEQ ID NO: 1 and an inner primer as set forth
in SEQ ID NO: 2 that had, at the 5'-terminus, a sequence overlapping with the terminus of the PCR
fragment B and contained a sequence complementary to pAV001-HU-eCD were used in the
amphﬂcaﬁ&ﬁﬂf the PCR fragment A. [0084] The PCR fragment A contains, a Hindlll site derived
from the template at the terminus of DNA. An outer primer as set forth in SEQ ID NO: 3 that had, a

KspAl recognitiorigétenethdaen ctprminding degens caivavedraaetderifCamieRaaRMiention
pAV001-HU-eCD and an inner primer as set forth in SEQ ID NO: 4 that had a sequence overlapping

with the termin s of the PC 5::te | side.and contain d ase e
complen AT ERRUSD 117 o A e b I REAUCH BF R Ay et Lo mebes] The
change of the amino acid sequence derived from the RU protein was performed by inner primers.

Temperaaoii ity ad i rige iy ket BBl g iopr etedh hiavislgiag @8EIfgof cawestiag ap50tfamIseconds, and
72C for 80 seconds, followed by incubation at 72C for 30 seconds. The PCR fragments A and B were

purified %‘Ma@é@\ﬂkﬁﬁbr?&%FéHréﬂ?ﬁ@%#@&lﬁ@éﬁEéENﬁir&Qﬂﬁ@%éWHéﬁﬁ’t B%Féﬁfﬁﬁ?ﬁo‘?@”d B were

then mixed at equal moles. [0086] Reaction at 5 cycles each involving 98C for 10 seconds and
72C for 90 seconds Wa5£r rformed in the absence of primers in a mixture solution of 1XPrimeSTARTmM

buffer, 268X EFRABLURY Al Y50 BB ARFYATRI BRADHBIAE YGRS BT SOf #hetixture of
the purified PCR fragments A and B as a template to ligate the PCR fragments A and B. Then, the

outer primrert (S QuUIIStNCsS: if iapdBrredrihatdte dndtboetof tesattundinyeagdnéidalivery carrier
according to the present invention further comprises the step (5) before the step (4).
[0053]

Specifically, for example, after mutating the DNA encoding the gene of interest, the
mutated DNA may be incorporated to an expression vector in the step (3). Alternatively, after
preparing an expression vector in the step (3), the DNA portion encoding the gene of interest
may be mutated. The step of mutating, after preparing an expression vector in the step (3), the
DNA portion encoding the gene of interest is more specifically a step (5') of mutating (a) the
DNA encoding a protein having an antitumor activity or (b) the DNA encoding a protein
having an activity of converting an antitumor substance precursor to an antitumor substance,
which has been incorporated to the expression vector prepared in the step (3).

[0054]
Mutating means is not particularly limited, and an approach known in the art such as

site-specific mutagenesis using PCR can be used.
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concentration of 0.5 !AL and reaction at 25 cycles each involving 98C for 10 seconds, 55C for 5
seconds, and 72C for 160 seconds was performed, followed by incubation at 72C for 30 seconds to
obtain a ligated PCR product (approximately 2.6 kbp). [0087] The ligated PCR product was
separated on a 1% SeaPlaque(R) GTG(R) Agarose gel (1XTAE buffer, 0.5 jig/ml ethidium bromide) to
excise a 2.6-kbp DNA fragment. The ligated PCR product was extracted from the gel usin
QIAquick(R) Gel £ Riifefiadttatel ki desitaddiffeusrapectérthentas ARINPIIKSFsAl (Fw%e@rﬂ%es
UAB). A 2.6-kbp DNA band was excised by separation on a 1% SeaPlaque(R) GTG(R) Agarose gel

(IXTAE byifein®biiitrediathidicher iaaide) CD)et igpiett ReRRiodpatas rikérre@d fr9m the gel using
QIAquick(R) Gel Extraction Kit. [0088] The pAV001-HU-eCD vector was digested with Hindlll

SeparaiON R A5 S CATE) RAaE B EETFRE DO, DGR CBromice).

Subsequently, the vector DNA was extracted from the gel using QIAquick(R) Gel Extraction Kit. [0089]
The ligatelfRORe proauibewds ditie Rvittiningclectislesi m SEQtOR Ny A dSRaRtprdel by renighst 1:3 by
mol, and ligation was performed using Rapid DNA Ligation Kit (Fermentas UAB). Escherichia coli

JM109 V“a?fﬁiHé‘%f@.rmﬁqMBrQﬁ@@FB&EMQﬂ’H%@PH&'&Ei%ﬁ%ﬁ@&%g PIRIER QMR &y ldd @dppmedium

containing 30 jig/ml spectinomycin and cultured overnight at 37C to obtain transformants. The
transformants were cultured overnight at 37C in a 2 x LB liquid medium containing Soéj{']é%qlgﬁ%

spectinoMS a3 AP LRI BieRPARTID LEQULLY QCH) Mdexifs ey eshdeThihie

Miniprep Kit. [0090] (2) Construction of RU protein N-terminal 3-amino acid-adding plasmid An
RU prote2d Ntenocienlt BlesnnmreEAZ idDadOmpbpia st (joited 0Y/1aHhifaa-eTD hepasticoatst entedad the
same way as in the construction of the RU protein N-terminal 2-amino acid-adding plasmid except that

frgr;n?l;sn@ /??hfg'%gfi@%ﬁ%ﬁ%g.@‘g@g‘ﬁ@%%'ES Y388t RR L RBLIREMA'SEEY IR OB
sequence from the 2475th to 2477th nucleotides in SEQ ID NO: 15) corresponds to aspartic
acid at the 315th position in the amino acid sequence of SEQ ID NO: 28.

This substitution produces a much more excellent CD activity than that produced in
the absence of substitution.
[0055]

Examples of the expression vector according to the present invention can include a CD
expression vector for a bacterium of the genus Bifidobacterium in which DNA encoding CD
has been incorporated. Specific examples thereof can include: a recombinant plasmid
pBLES100-S-eCD carrying Escherichia coli codA inserted downstream of a Bifidobacterium
longum hup promoter (see Patent Document 4 and Non-Patent Document 3); pAV001-HU-eCD

(pPAV001-HU9aa-eCD) modified from this pBLES100-S-eCD, which is capable of

transforming Bifidobacterium longum or Bifidobacterium breve; and mutants of these plasmids.
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[0056]

In this context, the mutants of the plasmids mean vectors in which the DNA, for
example, CD-encoding DNA, incorporated in the plasmids has been mutated, which are
plasmids that can be used in the same manner as or more preferably than the unmutated original
vectors. For example, a mutant of pPBLES100-S-eCD means a mutant of plasmid DNA
derived from pBLES100-S-eCD, which is a plasmid that can be used in the same manner as or
more preferably than pBLES100-S-eCD in the present invention. Alternatively, a mutant of
pAV001-HU-eCD means a mutant of plasmid DNA derived from pAV001-HU-eCD, which is a
plasmid that can be used in the same manner as or more preferably than pAV001-HU-eCD in
the present invention.

[0057]

Such mutants of the plasmids can be preferably exemplified by a plasmid pAV001-HU-
eCD-M968 (SEQ ID NO: 27) which is a plasmid in which a single-nucleotide mutation has been
introduced in a CD coding region of the plasmid pAVOOI -HU-eCD. In the plasmid pAVO001-
HU-eCD-M968, aspartic acid as the amino acid corresponding to the 315th position in the amino
acid sequence shown in SEQ ID NO: 28 has been substituted by alanine. As a result, a CD activity
is remarkably improved.

[0058]

The gene delivery carrier of the present invention is not particularly limited as long as

it is a gene delivery carrier consisting of an anaerobic microorganism transformed with an

expression vector having a fragment of a plasmid of a bacterium of the genus Bifidobacterium,
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[0095] The pAV001-HU-eCD vector was digested with Bsp119I (Fermentas UAB). After
dephosphorylation treatment of the DNA terminus using CIAP (Fermentas UAB), the resulting DNA
fragment was ligated with the adaptor using Rapid DNA Ligation Kit (Fermentas UAB). Escherichia coli
JM109 strains were transformed with the ligation product, and the strains were plated onto an LB agar
medium containing 30 jig/ml spectinomycin and cultured overnight at 37C to obtain transformants. The
transfomaafmgmmeomﬁﬁém efhigeheatchiaccMiaanda BNAQuitraneent e EoRE I fyPsoifehrnd a
spectinomycin, and plasmid DNA (pAV001-HU18aa-eCD) was extracted using QIAprep(R) Spin

MinipreptkitnihB® s6Hag8aE @deaiMglhHidh8ane ONASISRAMY prodERdE) I N fidm 9896k rium of
(Transformation of Bifidobacterium longum 105A) 80 pl of Bifidobacterium longum 105A

competept cells a 500.to 1000. ng), of the plasmid DNA were mixed, and transtQrmation was
pertormel STl B Y Bt e, R Ame FE R e By the
strains were plated onto an IWATA agar medium containing 15% D-raffinose and 30 jig/ml

spectinoanacidiagd prieigiouawieg an 3andtdoromas indiyts o erRiNAeeobid kgl protE ndaltg an
transformants. [0097] (Protein extraction from Bifidobacterium longum 105A transformants) The

transformafiFy/ere snsHIAl shiaktifumb PLAR MRS JIgLiRBIad M RROMHN Ssh @A BhaRsriRpmYyCin

and a cysteine-vitamin C mixture solution) and cultured overnight at 37C under anaerobic conditions.
1% of the culture solution was inoculated jnto a medium having the sar&g&&)g%osnion and cultured

overnighf A BN BN JAOBRNEGRARRTHE SRR Re A BRI AR POwas

performed using 1% of the culture solution inoculated in a medium having the same composition and
cultured tdraagpninonaeit: seq@hcaifsor the dsatd dsIbadtditisatairmna@ds M tha NHErniAUs%6f Thigon X-100,
pH 8.4) was added to 1 to 4 ml of the culture solution and mixed, followed by centrifugation at 13,000 x

gal roorgﬂl‘?%ﬂi%“ﬁ\fﬂfﬂiﬁdmgﬁ%?}eﬁﬂ,r&mﬂg%i?&éﬁ'iﬁgrﬂ'ﬁ‘%- %ﬂ%ﬂﬂr%mgg‘f&&éﬁﬁpe“ded

by the addition of 5 ml of a Tris solution having the same composition, y centrifugation
at 13,000 x g at room temperature for 15 minutes to remove the supernatant. This procedure was

repeatedBYIES &5 WRWIMY BedYEN RIS hINAae e BacidHardBIRaViBBAB RSHYE in 1 ml of a Tris

buffer solution supplemented with 50 pl of a protease inhibitor (Sigma-Aldrich) and ultrasonically
disrupteddoreriimgareantingebatienaicgprtiersoe wrdvgatiamar $803@Meey at 4C for 20 minutes, the

supernatant was subjected to CD activity measurement as a total protein extract. [0098]
[0059]

The gene delivery carrier of the present invention can be constructed by, for example,
the method of constructing a gene delivery carrier according to the present invention.

In the gene delivery carrier of the present invention, when the DNA encoding the
protein of interest is unmutated, the DNA encoding a peptide consisting of an amino acid
sequence at the N-terminus of the HU protein, which is comprised on the 5'-terminal side of the
DNA encoding the protein, may not include DNA encoding a peptide consisting of an amino
acid sequence from the 1st to 9th amino acids at the N-terminus of the HU protein.

[0060]
Moreover, (a) the DNA encoding a protein having an antitumor activity or (b) the

DNA encoding a protein having an activity of converting an antitumor substance precursor to
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(CD activity measurement) The amount of the total protein was measured by a modification of the
Lowry method. A buffer solution was added to the total protein extract corresponding to an amount of
the total protein of 50 jig to prepare 250 pl of a solution, which was then mixed with 250 pl of 40 mM
5-PC and then reacted at 60C for 20 minutes. The reaction was terminated by the addition of 250 pl of
0.5 M trichloroacetic acid, and the reaction product was left on ice. After centrifugation at 20,000 x g at
AC for 2GrAAtiIEEOL SURSEHTE. MINNEED R devear datlies abthePsesert BMsaRaRXPAaltralize the
solution. The neutralized sample was diluted 10 folds with an HPLC mobile layer, and the amounts

of 5-FU ajn¢hbtitedwaia merswagkbyitiFerefron s piianb RiHentoniag 4pestas RaGiAgaitivity. The

activity measurement results are shown in Table 2. [0099] [Table 2] Effect of adding amino acids

i 1 _ H - . _ . 0
ﬁgg‘ﬁg&%‘ﬁf&%ﬁﬂyNoF?BS“%RE?)WACE%&%%?rﬁ?&réFn” TG B AV B Carianing pion (V6)=0

antitumor substance precursor to an antitumor substance is mutated DNA such that the
antitumor activity of a protein encoded by the mutated DNA or the activity thereof of
converting an antitumor precursor to an antitumor substance is improved, compared with that
of a protein encoded by DNA before mutation.

Examples of the gene delivery carrier of the present invention obtained using an
expression vector having the mutated DNA encoding the protein of interest can include a
single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD.
Particularly, it can be preferably exemplified by Bifidobacterium longum 105-A/pAV001-HU-
eCD-M968.

[0061]

A method of constructing the gene delivery carrier of the present invention comprises
the step of transforming an anaerobic microorganism with the expression vector in which the
DNA encoding the protein of interest has been incorporated.

The construction of the transformed microorganism can be performed according to a
method described in commercially available experimental manuals, for example, Gene Manual
(Kodansha Ltd.), Method for Experiments in Gene Manipulation ed. by Yasutaka Takagi
(Kodansha Ltd.), Molecular Cloning, Cold Spring Harbor Laboratory (1982), Molecular
Cloning, 2nd ed., Cold Spring Harbor Laboratory (1989), or Methods in Enzymol., 194 (1991).
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B. longum 105A/pAV001-HUOaaATG 1.89 B. longum 105A/pAV001-HUOaaGTG 1.08 B. longum
105A/pAV001-HU2aa-eCD 0.64 B. longum 105A/pAV001-HU3aa-eCD 2.80 B. longum
105A/pAV001-HU4aa-eCD 6.35 B. longum 105A/pAV001-HU-eCD (Control) 5.50

When the protein (b) having an activity of converting an antitumor substance precursor
to an antitumor substance in the gene delivery carrier of the present invention is CD, it is
required for application to enzyme-prodrug therapies that the CD-expressing genetically
modified microorganism has a resistance to 5-FU at a concentration at least effective for an
antitumor activity, which is converted from 5-FC by CD. However, when a 5-FU-resistant
bacterium was constructed by an acclimation culture method described in Example 1 in Patent
Document 5 using the CD-expressing genetically modified microorganism, a plasmid retention
rate tended to decrease. However, in the method of constructing a gene delivery carrier
according to the present invention, a 5-FU-resistant bacterium having a resistance to 5-FU at a
concentration at least effective for an antitumor activity is first constructed as an anaerobic
microorganism used as a host by an acclimation culture method described in Example 2 in
Patent Document 5.  This bacterium can be used as a host to thereby construct a genetically
modified microorganism having a high plasmid retention rate.

[0062]

A pharmaceutical composition of the present invention is not particularly limited as
long as it comprises the gene delivery carrier of the present invention. Moreover, a
therapeutic agent for solid tumor of the present invention is not particularly limited as long as it
comprises the gene delivery carrier of the present invention.

The pharmaceutical composition or the therapeutic agent for solid tumor of the present
invention may comprise one kind or two or more kinds of the gene delivery carrier(s) of the
present invention.
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B. longum 105A/pAV001-HU18aa-eCD 6.48 [0100] It was demonstrated that the addition of amino
acids derived from the RU protein N-terminus to eCD enhances a CD activity. With respect to the
number of amino acids added, 2 or less amino acids were ineffective; 3 amino acids produced
somewhat effects; and 4 or more amino acids produced dramatically increased effects. No difference
in activity was observed between 4 and 18 amino acids. Example 2 [0101] [Preparation of
Bifidobadf®3h longum 105-A/pAV001-HU-eCD plasmid mutant] A mutation was introduced to 5 sites
in the plasmid pAV001-HU-eCD. There were 2 types of mutations introduced: a 3-nucleotide

deletion and a 1-puplentideiseBstiiwione TeretelRlion daradniiané pRSmMiEs ek composition or
pAV001-HU-eCD-D37 and pAV001- HU-eCD-D55, and the nucleotide substitution-type mutant

e A T R R O PRI
as it is an amount sufficient for its growth in a tumor site and for expression of a therapeutically
effective amount of a protein having an antitumor activity or an amount sufficient for
expression of a protein in an amount capable of converting an antitumor substance precursor to
a therapeutically effective amount of an antitumor substance. From a economic viewpoint and
the viewpoint of circumventing side effects as much as possible, it is preferred that the dose of
the gene delivery carrier is as small as possible within a range that produces a necessary
antitumor activity. Moreover, the dose of the gene delivery carrier in the pharmaceutical
composition or the therapeutic agent for solid tumor of the present invention can be
appropriately selected according to the severity of disease and the body weight, age, and sex of
a patient and can also be appropriately increased or decreased according to the degree of
improvement.

[0064]

Furthermore, the pharmaceutical composition or the therapeutic agent for solid tumor
of the present invention may contain arbitrary ingredients in addition to the gene delivery
carrier of the present invention unless the effects of the present invention are impaired.
Examples of such arbitrary ingredients include pharmacologically acceptable carriers,

excipients, and diluents.
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(1) Construction of mutant plasmid (pAV001-HU-eCD-D37) PCR amplification was performed
using 50 pg of pAV001-HU-eCD as a template and PrimeSTARTmM HS DNA Polymerase (Takara Bio
Inc.) to obtain PCR fragments A (approximately 1.3 kbp) and B (approximately 1.3 kbp). An outer
primer as set forth in SEQ ID NO: 1 and an inner primer as set forth in SEQ ID NO: 16 that had a
sequence overlapping with the terminus of the PCR fragment B on the 5'-terminal side, and contained
a sequer@8&&dmplementary to pAV001-HU-eCD were used in the amplification of the PCR fragment A.
The PCR fragment A contains, at the terminus of DNA, a Hindlll site derived from the template. An
outer primer as s@tHertthégefQIARVY cartiatdiade thKspAltieceenition itk atnioe & fiespissigide and
contained a sequence complementary to pAV001-HU-eCD and an inner primer as set forth in SEQ ID
NO: 17 that h?d an the 5'-termirbal §ide, a.sequence ovErlaﬁ{iin with the t m}iPnus o{ thenPCR
fragment A& RdR A1 R ARG HAREE WO THIRTRRIEAN RSP B GRS LB Wil RELG RGN
amplification of the PCR fragment B. The mutation was introduced into the plasmid by inner primers.
Temperat0reivtigiabosniveitiveg drsantigrasrsabbtance RIAgUEST A eriBuomdsubsiens Gdeonds, and
72C for 80 seconds, followed by incubation at 72C for 30 seconds. The PCR fragments A and B were
purified usipg QIAAMCkIRFMELHESREGMTLIERING BN iR HR PHIRA TSR RamanIp fleand B were
then mixed at equal moles. Reaction at 5 cycles each involving 98C for 10 seconds and 72C for 90
seconds was performed in the ahsence of primers in a mixture solution of 1xPrimeSTARTm buffer,
200 RM 8 IAYRNLAR SCBB"SHIALRerI0Re RF MG RAXT 15819 ALY ASHVE Y AR A BGHSRRAD of the
purified PCR fragments A and B as a template to ligate the PCR fragments A and B. Then, the outer
primers (@EQiHatNOsvith anch3) wewe aulokahtiegredoynsesultiag ameachcipab lecrfderitgtonveftebteRM,
and reaction at 25 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and 72C for 160
seconds : I iﬂml:g%ﬁé 7RCf |£bfﬁlé I R product
(approxi%ﬁ@%@lﬁ?@%@%ﬁgﬁ HCR pro%%@%t’ Sés%s @%@lﬁ %%@??eﬁ/o Sea%l%r!}%(zé(ﬁRge? TG(R)
Agarose gel (1XTAE buffer, 0.5 pg/m1 ethidium bromide) to excise a 2.6-kbp DNA band. The ligated
PCR pro%&ﬁ&as@%ﬁé@iéﬁ%@&?@@éﬁ SRSy eANHECREFP IR nedtiache R BRE ¢Hgakted with Hindlll
(Fermentas UAB) and KspAl (Fermentas UAB). A 2.6-kbp DNA band was excised by separation on a
1% SeaRlanpesRios SR YuasestcarlibAR hfiend. Goigpmsianiriugerr asidel TheitigetelcPCR
product was extracted from the gel using QlAquick(R) Gel Extraction Kit. [0103] The

D e G TiBh e AR P < L e Is AR AT RIS 2= V)
Then, a Rgskﬂp BRA f?agmen was ex%iseg%y separation on 1% Sea ?aque S ér‘P&r(R) Agarose
gel (IXTAE buffer, 0.5 jig/ml ethidium bromide). The vector DNA was extracted from the gel using
QIAquiclUs@eseagawtion Hruitheeligete ih teHasRo af etrhar ARt Galtbomecstidanr camnzprising the
vector-to-ligated PCR product ratio of 1:3 by mol, and ligation was performed using Rapid DNA
Ligation lﬁftiﬁﬁﬁféﬂ@Gb@ﬁaﬁb@@e&ﬁ@@ﬁﬁﬁ@@ﬁ&%ﬂ%ﬁ%tﬁ%ﬁé@'&ﬁ%ﬁé@ﬂdé{itboﬂﬁﬁdﬁgﬁgﬁ’@lpt'@UCt’ and
the strains were plated onto an LB agar medium containing 30 jig/ml spectinomycin and then cultured
overnight at 37C to obtai? tran ﬁp;rmants. The tran formantiq ere cultured ernight at37Cina2xLB
liquid medtiTAPESHE UG 96 iPds} HLPRCHABIRYINY Hifo5lks mVﬁM&a{ﬁﬁ%fg'X‘?rﬂﬁ-é%?bUB@%'%s
extracted using QIAprep(R) Spin Miniprep Kit. The pAV001-HU-eCD-D37 is a plasmid having a CD
gene lackimnactuadngaelisatiuence (nucleotide sequence encoding alanine at the 5th position in SEQ
ID NO: 28) from the 1503rd to 1505th nucleotides in SEQ ID NO: 14 (1545th to 1547th nucleotides in
SEQ ID Nggép)- [0104] (2) Construction of mutant plasmid (pAV001-HU-eCD-D55)
pAV001-HU-eCD-D55 was constructed in the same way as in the construction of the plasmid
pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 18 and 19 were used as inner
primers for amplifif& et P RAYMani S BREEPI feulsSESFaI)E appropriately selected according

to the growth rate of the gene delivery carrier used in combination therewith in a tumor tissue,
and the efficiency of conversion of the antitumor substance precursor to an antitumor substance.
Moreover, similarly with the dose of the gene delivery carrier, the dose of the antitumor
substance precursor can be appropriately selected according to the severity of disease and the
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The pAV001-HU-eCD-D55 is a plasmid having a CD gene lacking a nucleotide sequence (nucleotide
sequence encoding asparagine at the llith position in SEQ ID NO: 28) from the 1521st to 1523rd
nucleotides in SEQ ID NO: 14 (1563rd to 1565th nucleotides in SEQ ID NO: 15). [0105] (3)
Construction of mutant plasmid (pAV001-HU-eCD-M450) pAV001-HU-eCD-M450 was
constructed in the same way as in the construction of the plasmid pAV001-HU-eCD-D37 except that
primers 29e1BIgAtrASE eNSNOE a1pte endganalsode A0RReRaekn Erer fapthab HREABREGf PCR
fragments A and B, respectively, and except for PCR reaction conditions. With respect to the PCR

reaction gedistiiagoreRaAiNdesTaigeversanditions for amplification of the PCR fragment A involved
30 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and 72C for 105 seconds, followed

by inCUbi@?& t 72C for 30 seconds, and reaction temperature conditions for amplification of the PCR
fragment-B mvolved 30 cycles each involving 98C for 10 seconds, 55C for 5 seconds, and 72C for 1
minute, followed by incubation at 72C for 30 seconds. Moreover, for ligation of the PCR products,
reaction at 5 cyclEsusasinémib pigireacedinced epopatiies 08 (hédhd@psttneiieaintd 7t ddumos of
seconds was performed. The pAV001-HU-eCD-M450 is a plasmid having a CD gene in which a

nucleotidgSEAKERCH I BRGRPRARREAHESRBIRRGAY NEOIHERIRE AL R0k ed SB%ERBH,%%%@&&EP NO:
28) from the 1914th to 1916th nucleotides in SEQ ID NO: 14 (1956th to 1958th nucleotides in SEQ ID

NO: 15) has been substituted by a nucleagtide sequence encoding histidine. [0106] (4) Construction of
mutant pAGAY QEA@\%MHQ@-@FJ@W%@' COMBaRYHIL A HHetBEe W&F‘é‘&%‘?{s‘m‘&i&ﬂ‘?ﬁﬁﬂé@ﬁme

way as in the construction of the plasmid pAV001-HU-eCD-D37 except that primers as set forth in
SEQ ID N@ser22revedtRid weanehesthd semn e opdifersrioframpalifirediioon aff dd@Risegimg tiis A and B,
respectively, and a primer as set forth in SEQ ID NO: 24 was used as an outer primer for amplification

of the P(Hﬁaflrtﬂggéﬁm:ﬁ’c%ﬂ%ggﬁ%’ﬁtJQ%B%%@E%ERH&%%&M% precursor. Moreover, they

may be administered simultaneously or at time intervals. It is preferred that the
pharmaceutical composition comprising the antitumor substance precursor is administered after
the administration of the pharmaceutical composition or the therapeutic agent for solid tumor of
the present invention such that the gene delivery carrier of the present invention can
sufficiently grow in a tumor cell.

[0068]

The phrase "comprising X in combination with Y" in the present invention
encompasses both of the case in which X and Y are in different forms and the case in which X
and Y are in the same form (e.g., a form comprising both X and Y). Moreover, when X and Y
are in different forms, both X and Y may further contain other ingredients.

[0069]

The dosage form of the pharmaceutical composition or the therapeutic agent for solid

tumor of the present invention is not particularly limited. Examples thereof can include a
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[0107] With respect to the PCR reaction conditions, reaction temperature conditions for
amplification of the PCR fragment A involved 30 cycles each involving 98C for 10 seconds, 55C for 5
seconds, and 72C for 130 seconds, followed by incubation at 72C for 30 seconds, and reaction
temperature conditions for amplification of the PCR fragment B involved 30 cycles each involving 98C
for 10 seconds, 55C for 5 seconds, and 72C for 45 seconds, followed by incubation at 72C for 30
seconds |igtifcoes! lﬁoﬁane@afnswwﬂmnﬂ@mﬁt&mm d@a@twwf@r@mg REEPNINNYRAHG teadtin
temperatures 98C for 10 seconds and 72C for 130 seconds was performed. For amplification of the

ligated PhdRiBrpripatatRACHONMttodiMEe DAty ABle sortdaetansandaobieagesands, and
72C for 3 minutes was performed using primers as set forth in SEQ ID NOs: 1 and 24 followed by

i bati 2Cf 0 d btai li d d i Th
VAR VL NIV A X i e R e e O i

fragment (approximately 4.3 kbp) excised from an agarose gel was used as a vector for the ligated
PCR proshlbie Thkiider aeificedoteriacenteihed phavoaewilcab aities sasdshiling theSEQUIE NGN27.
The pAV001-HU-eCD-M968 is a plasmid having a CD gene in which a nucleotide sequence

(”UC'eO“Qﬁl6&9@%?Qﬁa%?‘ﬂ‘i’éﬂ&@sPW&M@P'%@%@I?@%@;@'&@%W@WBe‘%ﬁ&id@eh‘ gga,ﬁgrghthe 2433rd
to 2435th nucleotides in SEQ ID NO: 14 (2475th to 2477th nucleotldes in SEQ | 5) has been

substituted by a nucleotide se uence en odllé_%beamne. %Eé#%‘i onstruction of mutant plasmid
(PAVOO13PRICREHERTHIF Ve a B%\P%@leHG}‘ RAf3t WAL SO SRAUARSY 48k the
construction of the plasmid pAV001-HU-eCD-M968 except that primers as set forth in SEQ ID NOs: 25
and 26 wertheisiéd, andnthen preerers ipingroplifidatiog; o BE Ritiagrae pispro prnatdp respeetiaghntand
except for PCR reaction conditions. With respect to the PCR reaction conditions, reaction

t 98C
for 10 se B B B TR A BT
seconds, and reaction temperature conditions for amplification of the PCR fragment B involved 30
cycles e PVOGikeos A\ et Of GHAYNEHREIFSr BesRiRy e HHAR SeMBPIHAsEROIESNRSABRIKEL by

incubation at 72C for 30 seconds. Moreover, for ligation of the PCR products, reaction at 5 cycles

each invadngfteaeliondempef ateree QB  feeificserqdfeainty [2efrshbadperondgivms pryformed.
The pAV001-HU-eCD-M1277 is a plasmid having a CD gene in which a nucleotide sequence

(nucleotltél)%a?ne yence e QrCOd'?wtarq'ﬁtaC'd at gt}ﬁ 418th 8Csa|lronént%ﬁ I([j) NO: 28) from the 2742nd
to 2744tH HUcTeotdas M érllzlb 014 (i‘fﬁlﬂH oth nucleotides in

intracerebroventricular administration can be performed. The intravenous injection is most
preferred.
[0070]

The pharmaceutical composition or the therapeutic agent for solid tumor of the present
invention can be applied to tumors having an anaerobic environment, preferably, various solid
tumors. Examples of the solid tumors include colon-rectum cancer, brain tumor, head and
neck cancer, breast cancer, lung cancer, esophagus cancer, gastric cancer, liver cancer,
gallbladder cancer, bile duct cancer, pancreatic cancer, pancreatic islet cell cancer,
choriocarcinoma, colon cancer, renal cell cancer, adrenal cortex cancer, urinary bladder cancer,
testis cancer, prostatic cancer, testicle tumor, ovarian cancer, uterine cancer, choriocarcinoma,
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SEQ ID NO: 15) has been substituted by a nucleotide sequence encoding glycine. [0109]
(Transformation of Bifidobacterium longum 105A) Bifidobacterium longum 105A was transformed with
the obtained mutant plasmid in the same way as in Example 1 to obtain its transformants. [0110]
(Protein extraction from Bifidobacterium longum 105A transformants) A protein extract was
obtained from the Bifidobacterium longum 105A transformed with the mutant plasmid, in the same way
as in Exdmypridicasariiaabigiait eataaei haenainikicanees Maldanat mekaamostepoarceme D
activity measurement) A CD activity was measured in the same way as in Example 1 using the
obtainedsoft tissue sarcoma, neuroblastoma, Wilms tumor, retinoblastoma, melanoma, and squamous
cell carcinoma.
[0071]
Hereinafter, the present invention will be described more specifically with reference to
Examples. However, the technical scope of the present invention is not intended to be limited
to these exemplifications.
[0072]
[Reference Example 1]
Preparation of Bifidobacterium longum 105-A/pAV001-HU-eCD
(1) Construction of shuttle plasmid pAV001
(Construction of plasmid)
A sequence containing spectinomycin adenyltransferase (AAD cassette) derived from
Enterococcus faecalis was amplified by PCR from a shuttle plasmid pBLES100 of
Bifidobacterium longum and Escherichia coli (see Patent Document 4 and Non-Patent
Document 7), and the PCR product was subcloned into a PCR-Bluntll-TOPO vector
(Invitrogen Corp.) to prepare PCRTOPO-Scal-AAD-Eam11051. Scal and Eam1105I
restriction sites were added to forward and reverse primers, respectively.
[0073]
As shown in Figure 1, a cloning vector pGFPuv (DEFINITION: Cloning vector

pGFPuv. ACCESSION: U62636; VERSION: U62636.1 GI: 1490528) purchased from
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protein extract. The activity measurement results are shown in Table 3. [0112] [Table 3] Change in
CD activity brought by introduction of mutation into pAV001-HU-eCD Transformant name CD activity
5-PC consumption (%)/50 lag of total protein B. longum 105A/pAV001-HU-eCD-M450 4.13 B. longum
105A/pAV001-HU-eCD-M968

Invitrogen Corp. is composed of a GFPuv gene, Multi-Cloning sites (MCSs) at both ends
thereof, an ampicillin resistance gene, and an Escherichia coli plasmid replication origin.
[0074]

The ampicillin resistance gene site in this pGFPuv was removed by cleavage with
restriction enzymes Eam1105I and Scal to prepare a long fragment. ~ Similarly, PCRTOPO-
Scal-AAD-Eam1105I was cleaved with restriction enzymes Eam1105I and Scal to prepare a
fragment (approximately 1100 bp) containing the AAD cassette. These two fragments were
ligated using T4 DNA ligase to prepare pGFPuv-SpR. The addition of a spectinomycin
resistance trait and a loss of the ampicillin resistance trait in the prepared plasmid pGFPuv-SpR
were respectively confirmed in Escherichia coli.

[0075]

pGFPuv-SpR was digested with restriction enzymes Sall (located in the multi-cloning
site upstream of the GFPuv gene) and Spel (located in the multi-cloning site downstream of the
GFPuv gene) to prepare a plasmid pAVN from which the GFPuv gene had been deleted.
[0076]

Next, from information about the full-length nucleotide sequence of a plasmid pTB6
derived from Bifidobacterium longum, an approximately 1900-bp sequence containing RepB,
SDO, DDO, AT-rich repeats, and DnaA-binding motifs was identified as a plasmid replication
unit of Bifidobacterium longum. The approximately 1900-bp sequence containing the
plasmid replication unit of Bifidobacterium longum was amplified by PCR from pTB6, and the
PCR product was subcloned into a PCR-BluntlI-TOPO vector to prepare PCRTOPO-Apal-
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65.8 B. longum 105A/pAV001-HU-eCD-M1277 5.30 B. longum 105A/pAV001-HU-eCD (Control) 5.50
[0113] Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained by transformation with the
mutant pAV001-HU-eCD-M968 has a CD activity improved to approximately 12 times that of
Bifidobacterium longum 105A/pAV001-HU-eCD (control) obtained by transformation with unmutated
pAV001-HU-eCD. On the other hand, Bifidobacterium longum 105A/pAV001-HU-eCD-M450 and
Bifidobadt@?Rnecrinia 208 Rhshteotrictian-gtepvaneaddenhiqifeiavpiitPaHIRIPHRIBATAL the mutants
pAV001-HU-eCD-M450 and pAV001-HU-eCD-M1277, respectively, were not confirmed to have a rise
in activityddgectp/dg. introduction of the mutation. Example 3 [0114]

[0077]

The long fragment (approximately 2400 bp) obtained by digesting pAVN with
restriction enzymes Apal and Scal and a short fragment (approximately 1900 bp) obtained by
digesting PCRTOPO-Apal-1900-Scal with restriction enzymes Apal and Scal in the same way
were ligated using T4 DNA ligase to prepare a Bifidobacterium longum-Escherichia coli
shuttle plasmid pAV001 (approximately 4300 bp).

[0078]
(2) CD gene expression vector pAV001-HU-eCD
(Construction of expression vector)

Next, pBLES100-S-eCD was cleaved with restriction enzymes Hindlll and Spel to
extract an approximately 2900-bp fragment containing an HU gene promoter, an Escherichia
coli-derived CD gene, and an HU gene terminator.  Similarly, the shuttle plasmid pAV001
was cleaved with Hindlll and Spel at the restriction sites in the multi-cloning sites. The
obtained long fragment and the approximately 2900-bp fragment described above were ligated
using T4 DNA ligase to prepare pAV001-HU-eCD (approximately 7100 bp).

[0079]
(3) Introduction of CD gene expression vector pAV001-HU-eCD into bacterium of genus

Bifidobacterium

45



[Preparation of 5-FU-resistant Bifidobacterium longum 105-A/pAV001-HU-eCD plasmid mutant]
(Addition of 5-FU resistance to Bifidobacterium longum 105A/pAV001-HU-eCD-M968) The
Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in Example 2 was made into a
5-FU-resistant mutant according to the method described in Example 1 in Patent Document 5.
Specifically, the Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in Example 2 was
subcultured in arV¥iSyRfeBifiltoas SR UBr I2NgaNR \WasshderethileraiVHRPIBRS bR @fiDAS: TAESEUlture
solution was diluted with an anaerobic diluent and then plated onto a BL agar medium containing 500

pg/mL S-dridenittbenbRtdnsiamEiedasriealically auleicednidd Erdat thetdldaysoiliien.the grown

bacteria were selected to prepare 5-FU-resistant Bifidobacterium longum
105A/pAV001-HU-eCD-M968 éB(i{i abacterium langum 105A AV001-HU-eCD-M9 8@%’011%@
(Trantol B A SR MO D APERBHP UL BA Sk BIRCA R ROBOR S USEEB Rioss)
5-FU-resistant Bifidobacterium longum 105A prepared according to the method described in Example

2 in PateNeRothentdngsne &3 prasesar iestbnith Y hadtdraGiwsad dnisedioed 1Atg € Daptgdd obtained in
Example 2, in the same way as in Example 1, and transformants thereof were obtained. [0116]

Specific%bggﬁ'ﬁ@ﬂﬂb@%rmi@&%ﬁ&&f?&%@ﬁd&'%e@mimw%ﬁmaféfn@rn)%aﬁéﬁ@cﬁ%cyntq*ﬁmg
100 pg/mL 5-FU and anaerobically cultured at 37C for 1 to 5 days. The turbidity (0D=600 nm) thereof
was measured to examine the presence or absence of th_e_ﬁrowth. 1 mL of the medium after culture in

which thé GrRAMEFH AR BREMRBHRHHRAPIFAY KUBJ0BRN ARATIHBRAFEREH TS 9 YAV RE YA NS B Edim

containing the same concentration of 5-FU, and the bacteria were cultured for 24 hours under the
same culivaeseteethtidizsed brs solmyldtomgbimted areagasme preterb tizedrigaesibietieby prepare
5-FU-resistant Bifidobacterium longum 105A. Next, this 5-FU-resistant Bifidobacterium longum 105A
was inoc%g&%(gm & MRS medium. The bacterial solution after culture was inoculated into an MRS
medium containing 250 pz/mL 5-FU. After 24 hours, the presence or absence of the growth was
determined using turbidity (OD=600 nm). The 5-FU-resistant Bifidobacterium longum 105A prepared
using a RO containing 100 pg/mL 5-FU (Bifidobacterium longum 105A-R2) was used as a host for
transformation. This Bifidobacterium longum 105A-R2 was transformed with the mutant plasmid

PAVO001-[AYesiddind el rabiain ed 2pniexadtipley 3n iBitid¢obacte iviay @syimExAaAVIpE -H@reCits transformant
Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 was prepared.
Measurement of 5-FC—5-FU conversion activity
Bifidobacterium longum/pAV001-HU-eCD was subcultured in an MRS medium
containing an antibiotic spectinomycin at 37°C for 2 days or longer under anaerobic conditions,
and the bacterial cells (2 x 10° CFU) were separated from the culture solution by centrifugation
and suspended again in 4.5 mL of an MRS medium. Next, 0.5 mL of 5-FC (20 mg/mL) was
added thereto, resulting in a final concentration of 2 mg/mL, and the bacterial cells were
cultured at 37°C under anaerobic conditions. After 0, 4, 8, 18, and 24 hours, supernatants of
the culture solutions from which the bacterial cells had been removed by centrifugation were
respectively collected. Converted 5-FU concentrations were measured by gas
chromatography analysis (5-FU GC-MS methods, BML). The measurement results are shown

in Figure 2. As a result of analysis, in Bifidobacterium longum/pAV001-HU-eCD, 5-FU was
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Example 4 [0117] (Protein extraction from Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968)
A protein extract was obtained from the Bifidobacterium longum 105A-R2/pAV001- HU-eCD-M968
thus obtained, in the same way as in Example 1, and the protein extract was subjected to CD activity
measurement. [0118] (CD activity measurement) As a result of CD activity measurement in the
same way as in Example 1 using the obtained protein extract, the Bifidobacterium longum

105A-R GRG0 BIHIGAICENATEB afsE Sxhadithdadter® Aetiatynecilidaenent e tHerdntihed

Bifidobacterium longum 105A of Example 2, as shown in Table 4. [Table 4] Transformant name CD
activity 55R6er cangiumption (%)/50 lag

Example 1
[0081]
[Preparation of HU-eCD plasmid]

Plasmids were constructed such that the length of the N-terminal region of an HU
protein fused to the N-terminal region of eCD was changed to 2 amino acids, 3 amino acids, or
4 amino acids (Figure 3).

Plasmids from which the sequence encoding the N-terminus of an HU protein was
deleted were constructed in the same way. In this case, two kinds of plasmids were prepared,
one with a translation start codon ATG of Escherichia coli JM101 strain-derived CD, and the
other with a translation start codon GTG of Escherichia coli K12 strain-derived CD.
Moreover, a plasmid was also constructed such that the length of the N-terminal region of an
HU protein fused to the N-terminal region of eCD was changed to 18 amino acids. The

sequences of the constructed portions of the plasmids are shown in Table 1.
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of total protein Bifidobacterium longum 105A/ pAV001-HU-eCD-M968 65.8 Bifidobacterium longum
105A-R2/ pAV001-HU-eCD-M968 62A Example 5[0119] (Measurement of plasmid retention stability)
With respect to the Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 (R2 strain) and the
Bifidobacterium longum 105A-R1/pAV001-HU-eCD-M968 (R1 strain) obtained in Example 3, plasmid
retention stability was measured by a method described below. As a result, the R2 strain exhibited
much mdf9%adorable plasmid retention stability than that of the R1 strain, as shown in Figure 4. [0120]
(Measurement test of plasmid retention stability)

[Table 1]

Plasmid construction table

Plasmid name Sequence proximal to CD N-terminus
pAV001-HUOaaATG ATG TCG AAT AAC ...
M S N N
pAV001-HUOaaGTG GTG TCG AAT AAC ...
M S N N
ATG GCA TCG AAT AAC ...
M A S N N
ATG GCA TAC TCG AAT AAC ...
M A Y S N N
ATG GCA TAC AAC TCG AAT AAC ...
M A Y N S N N

pAV001-HU2aa-eCD

pAV001-HU3aa-eCD

pAV0O0O1-HU4aa-eCD

pAV001-HU-eCD ATG GCA TAC AAC AAG TCT GAC CTC GTT TCG AAT AAC ...
(Control, M A Y N K S D L vV S N N
pAV001-HU9aa-
eCD)

ATG GCA TAC AAC AAG TCT GAC CTC GTT TCG AAG ATC GCC
pAV001-HU18aa- M A Y N K S D L vV S K 1 A
eCD CAG AAG TCC AAC CTG TCG AAT AAC ...

Q K S N L S N N

The term in bold type represents a sequence added to the CD N-terminus.

[0083]
(1) Construction of HU protein N-terminal 2-amino acid-adding plasmid

PCR amplification was performed using 50 pg of pAV001-HU-eCD as a template and
PrimeSTAR™ HS DNA Polymerase (Takara Bio Inc.) to obtain PCR fragments A
(approximately 1.3 kbp) and B (approximately 1.3 kbp). An outer primer as set forth in SEQ

ID NO: 1 and an inner primer as set forth in SEQ ID NO: 2 that had, at the 5'-terminus, a
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The measurement of the plasmid retention stability was performed by the following test method: the
R2 and R1 strains were separately cultured in a liquid medium supplemented with an antibiotic
(spectinomycin) as a selective marker for the introduced plasmids, to sufficiently activate the
transformed Bifidobacterium longum R2 and R1 strains. This bacterial solution was designated as a
subculture day-0 bacterial solution. Next, an aliquot of the day-0 bacterial solution was recovered and
inoculate@IHENSE SPEERBIAG LR doe gt ntreafuhe FEH3aa et Rrand. coniginge e sedutiiceion was
designated as a subculture day-1 bacterial solution. Similarly, an aliquot of the day-1 bacterial solution

was recoyspieaRft9adlpiRd ot RISRENeERY gledrRethe Hifpnacidsh tFlewed Ryfcdlivet ta prepare
a subculture day-2 bacterial solution. Subculture was continuously performed in the same way until
day 5to Wg@re up to day-3 to day-5 bacterial solutions. The day-0, day-1, day-3, and day-5 bacterial
solutions'were' separately plated onto an antibiotic-free plate medium (BL agar medium) to form
colonies. 100 grown colonies were randomly selected for each culture and inoculated into both
spectinomycin-coritairiy tingnsns Aitonigtia-frébrBlill hejie decaeddyom tepivaptaterasdhadiergnanus
sterilized toothpick or the like. Plasmid retention rates on day 0, day 1, day 3, and day 5 were

measuregfiFagna Nameliea! A& desrsiheth oo Rorestlks Rig, ShRYANYEdgYRifn Site aasmid

retention rates were calculated from the following formula: Plasmid retention rate (%) = The number of
colonies in s IectinomP/c_in - containin%EL agar medium x 100 The number of colonies in BL agar
REUsHR)

medium } nal HEANE AR TRA D Ience RUTR'aMETE M E evditiitrtfoh 304 aRe delivery

carrier consisting of an anaerobic microorganism capable of growing in a tumor tissue in an anaerobic
environmeangraprihoaesidet 66rx pneS@ g d@itdithhblvadc ancaetitenue ety ovith pheteinrhaysraf an
activity of converting an antitumor substance precursor to an antitumor substance, which is useful as a

oo BRI S e TS s e e
pAV001-HU-eCD were used in the amplification of the PCR fragment B.
[0085]

The change of the amino acid sequence derived from the HU protein was performed
by inner primers. Temperature conditions involved 30 cycles each involving 98°C for 10
seconds, 55°C for 5 seconds, and 72°C for 80 seconds, followed by incubation at 72°C for 30
seconds. The PCR fragments A and B were purified using QIAquick PCR Purification Kit
(QIAGEN), and the purified PCR fragments A and B were then mixed at equal moles.

[0086]

Reaction at 5 cycles each involving 98°C for 10 seconds and 72°C for 90 seconds was
performed in the absence of primers in a mixture solution of 1xPrimeSTAR™ buffer, 200 uM
dNTPs mix, and 2.5 u PrimeSTAR™ HS DNA polymerase using 1 ng of the mixture of the
purified PCR fragments A and B as a template to ligate the PCR fragments A and B. Then,

the outer primers (SEQ ID NOs: 1 and 3) were added thereto, resulting in each final
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CLAIMS 1. A method of constructing a gene delivery carrier consisting of an anaerobic microorganism
capable of growing in a tumor tissue in an anaerobic environment and capable of expressing (A) a
protein having an antitumor activity or (B) a protein having an activity of converting an antitumor
substance precursor to an antitumor substance, comprising the steps of: (1) preparing a fusion
plasmid having a fragment of a plasmid of a bacterium of the genus Bifidobacterium and a fragment of
a plasmidaerRicadei R0 itM, anierdisnpotaingy el eNeach Ayrabine afsriimd A seronitdrBRd a
terminator of a gene encoding a histone-like DNA-binding protein derived from a bacterium of the
genus Bifiglopacientismalel thes (isipn edasetids wad PIraoRea! a8Nawbe tyeiBubaiBronoteCad soe
terminator, (a) a DNA encoding a protein having an antitumor activity or (b) a DNA encoding a protein
having an actiyity of convertin itumor substance prec r.to,.an antitumor substance to
orepare S aNTe GBI UL R BTG AL AR microorganiam wih the
expression vector, wherein (a) the DNA encoding a protein having an antitumor activity or (b) the
DNA end®@8d] a protein having an activity of converting an antitumor substance precursor to an
antitumor substance, which is incorporated in the step (3) of expression vector preparation further
comprises on therfiliiApbeiibaephva SNABOTIPRSPSRITRGA R ATEHl ARHRIGR
encoding a peptide consisting of an amino acid sequence from the 1st to at least 4th amino acids at
the N-terminus of the histone-like DNA-binding_protein. 2. The method of constructing a gene delivery
carrier abt8idiigs aGiMoL U Y RN RIS S XIS B @ﬂiﬁy&f@ggﬁunénc%h%mqw 1st to
at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein is a peptide
consistingQR gnoarohe asoeot teariec ficenfthengidlaidisgaiiguadidRp GelyEomaafahdithro diftstadnino
acids in SEQ ID NO: 29. 3. The method of constructing a gene delivery carrier according to claim 1 or
2, further ¢ ISy tati ing a Ir { itymor activity
or the DI\RII\,%\ b) @?yfﬁgﬁeﬁ%e% v?rﬁ,g ggl(r%}b %ﬁ\%@@giﬁ%%%% ar%( %ﬁtﬁﬁpsﬁa@%ﬁ@%ﬁcursor to
an antitumor substance before the step 4@ 4. The method of constructing a gene delivery carrier
accordingXgeaiy ScRAMSIRIOMha %%@Q% fiHelrtiag CARIMRaBIQRe &%&)@Frg(d\ﬁg Brdteinhavisn
antitumor activity or (b) the DNA encoding a protein having an activity of converting an antitumor
substanagtideemrsasrttden antiiorngatsuiFanem et HepdrijaotomtiatingdyktheimiNa sacesk(®)a
protein having an antitumor activity or (b) the DNA encoding a protein having an activity of converting
an antitueargx paséﬁgﬁ(?(ﬂrecursor to an antitumor substance, which has been incorporated in the
expression Vector prepared in the step (3).

[0088]

The pAV001-HU-eCD vector was digested with Hindlll (Fermentas UAB) and KspAl
(Fermentas UAB). Then, a 4.6-kbp DNA fragment was excised by separation on a 1%
SeaPlaque(R) GTG(R) Agarose gel (1XTAE buffer, 0.5 png/ml ethidium bromide).
Subsequently, the vector DNA was extracted from the gel using QIAquick(R) Gel Extraction
Kit.

[0089]

The ligated PCR product was mixed with the vector at a vector-to-ligated PCR product
ratio of 1:3 by mol, and ligation was performed using Rapid DNA Ligation Kit (Fermentas
UAB). Escherichia coli JIM109 was transformed with the ligation product, and the strains
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5. The method of constructing a gene delivery carrier according to any one of claims 1 to 4, wherein
the gene delivery carrier is a gene delivery carrier consisting of an anaerobic microorganism capable
of growing in a tumor tissue in an anaerobic environment and capable of expressing a protein having
an activity of converting an antitumor substance precursor to an antitumor substance. 6. The method
of constructing a gene delivery carrier according to any one of claims 1 to 5, wherein the protein
having aWeigtiiejedfainvartifyagar anedinib e QB B0 bnlSoeed rasim ARG c8liBe@nce is
cytosine deaminase. 7. The method of constructing a gene delivery carrier according to claim 6,

wherein Hig@fgie delivaryisatiamapasifingaftsan AR FRIERROTERBISHMIF SXEBIRt at 37°C
deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5-fluorouracil at a

concentration at least effective for an antitumar activity. 8. The method of con in e delivery
cattior adehaind s L PoLHEL AT AR S0 e B IoE O e hog aSIO A A
bacterium having a resistance to 5- fluorouracil at a concentration at least effective for an antitumor
activity idii@paric)sivay axseafitesrosirg R Hapistali oSpite MimiprapiKdta resistance to 5-fluorouracil at a
concentration at least effective for an antitumor activity as a host. 9. The method of constructing a
gene decII'm@@O]:arrier according to any one of claims 1 to 8, wherein the DNA fragment comprising a
nucleotide sequence encoding a peptide consisting of an amino acid sequence from the 1st to at least
4th aming acids at the N-terminus of the histone-like DNA-binding protein ijs a DNA fragment

comprisifg) & ATYMGHGE QEGITEREYSHE N ARENIAEHATING ?ﬁ%ﬁqgl%gral?ﬁﬁm@otides in SEQ ID NO: 14 or
15. 10. The method of constructing a gene delivery carrier according to claim 9, wherein the DNA
fragment compriging-HUnurciedti de tseq Lrexh Geafrano tedtd@Ang phasiiea@AMOBtcHWRlaad TP WweSEQ 1D
NO: 14 or 15 is a DNA fragment comprising a nucleotide sequence from the 1482nd nucleotide to any
one of the, L4PRteliq rilﬁ?é5§9rﬁlé‘ﬁ}§?%{9‘?ﬁﬂ[ﬁb%ﬁr%tﬂ?cw&: Jﬁhel.lliuT&%faﬁtRPféfhﬁﬁﬁ%ﬂ%l%ﬂﬂﬂaﬁ‘i&e”e
delivery carrier according to any one of claims 1 to 10, wherein the anaerobic microorganism Is a
bacterium. 12. The method of constructing a gene delivery carrier according to claim 11, wherein the
bacteriurdding RIASEHE peraRyihal Prgerhas sRAtRSE df BRSSP Feeet NedirersedasitingEcording to
claim 12, wherein the enteric bacterium is a bacterium of the genus Bifidobacterium. 14. The method
of constrpaingsfgenaplFivayrcef PR GcIHIIstO cladnB 1dspdeeiRaily the bacterium of the genus
Bifidobacterium is any bacterium of the genus Bifidobacterium selected from Bifidobacterium
adoIesci@%,lliifidobacterium animalis, Bifidobacterium infantis, Bifidobacterium thermophilum,
Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium

longum.
(3) Construction of HU protein N-terminal 4-amino acid-adding plasmid

An HU protein N-terminal 4-amino acid-adding plasmid (pAV001-HU4aa-eCD) was
constructed in the same way as in the construction of the HU protein N-terminal 2-amino acid-
adding plasmid except that primers as set forth in SEQ ID NOs: 6 and 7 were used as inner
primers for amplification of PCR fragments A and B, respectively. The sequence of pAV001-
HU4aa-eCD is shown in SEQ ID NO: 14.

[0092]
(4) Construction of plasmid lacking sequence encoding N-terminus of HU protein and having

translation start codon ATG
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15. The method of constructing a gene delivery carrier according to claim 13 or 14, wherein the
bacterium of the genus Bifidobacterium is Bifidobacterium longum. 16. The method of constructing a
gene delivery carrier according to any one of claims 1 to 15, wherein the expression vector used in the
transformation in the step (4) is a single-nucleotide mutation-introduced plasmid of a plasmid
pAV001-HU-eCD. 17. The method of constructing a gene delivery carrier according to claim 16,
Wherein a CD-endFgHLIEENG BB SPGB URSOR. PSSR FEismid of &
plasmid pAV001-HU-eCD is a nucleotide sequence encoding an amino acid sequence in which
aspartic agibRAIGIPN0BLIHCTIEANTEDD Yvtke sisthdeasiiaRdRanebsghasiahtacoli CD amino
acid sequence described in SEQ ID NO: 28 has been substituted by another amino acid. 18. The
method of constructin delivery carrier according ta claim 17, wherein the apother amino acid
o alanngO BT RO o e el R e BRI S AL TR OB the
single-nucleotide mutation-introduced plasmid of a plasmid pAV001-HU-eCD is a plasmid
pAV001-$eUtetDMEIE3 | 20l s g arddeivereyusad sy ioo ek iimg re flaaanl Hiowtio midridoRyanism
transformed with an expression vector having a fragment of a plasmid of a bacterium of the genus
Bifidobagigpjkighis Aa@d 8Nt &iedasRnid of Escherichia coli, and a DNA fragment comprising a
promoter and a terminator of a gene éncoding a histone-like DNA-binding protein derived from a
bacterium_of the genus Bifidobacterium, having between the promoter and the terminator, (a) a DNA
encoding[aopgﬁétein having an antitumor activity or (b) a DNA encoding a protein having an activity of
converting an antitumor substance precursor to an antitumor substance, and further comprising a DNA
fragment(6pGyssingtiamutidatickdtbg e naenemoooliiglagretzin @rcbhaistig draddatiamster taadsequence
from the 1st to at least 4th amino acids at the N-terminus of the histone-like DNA-binding protein, on
the 5'-tergmirr@l side of (a) the DNA encoding a protein having an antitumor activity or (b) the DNA
encoding a protein having an activity of converting an antitumor substance precursor to an antitumor
substance. 21. A gene delivery carrier consisting of an anaerobic microorganism being capable of
growing in a tum®y RISSTEd ARk BG e Hbie EiRve haht iharRElhanchhay DRI Hegakwiiea pastein
having an antitumor activity or (b) a DNA encoding a protein having an activity of converting an

antitumogsdirs ENGE(PLEZO03OH 90aRGINGLETD) auksiantridied Jee sgalivanagasriartheing constructed
by a construction method according to any one of claims 1 to 19. 22. The gene delivery carrier

according to claim 20 or 21, wherein the anaerohic bacterium is a bacterium of th nus
s e e S A NS R S R G T
genus Bifidobacterium is any bacterium of the genus Bifidobacterium selected from Bifidobacterium
adolesceistidoRfiobaxdBuNPah kA ans Bifesasedieminneantisna it saapiiisationeeideRilum,
Bifidobacterium pseudolongum, Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium
longum. ehnldifsaanadielivesyeearigy according to claim 22 or 23, wherein the bacterium of the genus
Bifidobacterium is Bifidobacterium longum.

[0094]
(6) Construction of HU protein N-terminal 18-amino acid-adding plasmid

Two kinds of 5'-terminally phosphorylated synthetic oligo-DNAs (SEQ ID NOs: 12
and 13) having sequences complementary to each other were mixed at equal moles and
annealed by decreasing temperatures in stages to 65°C for 5 minutes, 45°C for 5 minutes, 37°C
for 10 minutes, and 25°C for 10 minutes in the presence of 0.1 M NaCl to prepare an adapter.

The terminus of the adapter is a Bsp119I site.

52



25. The gene delivery carrier according to any one of claims 20 to 24, wherein the gene delivery
carrier is capable of growing in a tumor tissue in an anaerobic environment and is capable of
expressing a protein having an activity of converting an antitumor substance precursor to an antitumor
substance. 26. The gene delivery carrier according to claim 25, wherein the protein having an activity
of converting an antitumor substance precursor to an antitumor substance is cytosine deaminase. 27.
The genddRlery carrier according to claim 26, wherein the gene delivery carrier is a cytosine
deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5- fluorouracil at a

concentration at feaspAN@Uive: (peabDarittempaaeihdtyed 26t Beriane GRliNRitLAUKRB RCCATAY to
claim 26 or 27, wherein the gene delivery carrier is a single-nucleotide mutant plasmid of

Bifidob i 1 105-A/pAV001-HU- . 29. The. lj ' i laim 28,
rherein T B e R R s P DS o AR e SR o S B
Bifidobacterium longum 105- A/pAV001-HU-eCD-M968. 30. A pharmaceutical composition comprising

a gene deiNAriragmest wesdidatetey idh jherdapiterainisgRa R DNAL L g it ddEeticantisnpdBition
comprising a gene delivery carrier according to any one of claims 25 to 29 in combination with an

antitumog st iBRREBIERWESY SPAINSRACR A RAIMARISURS ISR PY IO Br iRt ce BRI A dteng

expressed by the gene delivery carrier. 32. The pharmaceutical’ composition according to claim 31,
wherein the gene delivery carrier is a gene delivery carrier according to any one of claims 25 to 29,

and the AHThANSABLERE LRI CRIEHIIRI oY MK TRESPERHINO AT B4R RYEEYRR tamor

comprising a gene delivery carrier according to any one of claims 20 to 24 in an amount sufficient for
expressiGi-df @ ibietedp eanstilynatiectivehenmansfoomamsoters bakirgdovantitmar 3civitya 34 1B
therapeutic agent for solid tumor comprising a gene delivery carrier according to any one of claims 25

to 29 in - syffici ressi in,j j
antiumo o
combination with an antitumor substance precursor converted by the protein capable of being

expressetBP¥HEGRhHIRIKRIBRIERRY, SR 1AVIRIBIAR KilpabiBotaskrnse ahvenédis HUABramRcally

effective amount of an antitumor substance. 35. The therapeutic agent for solid tumor according to
claim 34 jy¢heremitheETED NElivesy carrier is a gene delivery carrier according to any one of claims 25
to 29, and the antitumor substance precursor is 5-fluorocytosine.

[0096]
(Transformation of Bifidobacterium longum 105A)

80 ul of Bifidobacterium longum 105A competent cells and 5 ul (500 to 1000 ng) of
the plasmid DNA were mixed, and transformation was performed using a Gene Pulser |1
electroporation system (Bio-Rad Laboratories, Inc., Japan). The strains were plated onto an
IWATA agar medium containing 15% D-raffinose and 30 pg/ml spectinomycin and then
cultured at 37°C for two nights under anaerobic conditions to obtain transformants.

[0097]
(Protein extraction from Bifidobacterium longum 105A transformants)
The transformants were inoculated into 5 ml of an MRS liquid medium (containing 30

ug/ml spectinomycin and a cysteine-vitamin C mixture solution) and cultured overnight at
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SEQUENCE LISTING <110> Anaeropharma Science Inc. <120> Method for manufacturing gene
carrier <130> 2007C3820 <150> JP 2006-144720 <151> 2006-05-24 <160> 29 <170> Patentin
version 3.1 <210> 1 <211> 23 <212> DNA <213> Atrtificial Sequence

37°C under anaerobic conditions. 1% of the culture solution was inoculated into a medium
having the same composition and cultured overnight at 37°C under anaerobic conditions. This
step was repeated twice. Protein extraction was performed using 1% of the culture solution
inoculated in a medium having the same composition and cultured for approximately 18 hours.
4 ml of a Tris buffer solution (0.5 M Tris-HCI, 0.5% Triton X-100, pH 8.4) was added to 1 to 4
ml of the culture solution and mixed, followed by centrifugation at 13,000 x g at room
temperature for 15 minutes to remove the supernatant. The bacterial cells were suspended by
the addition of 5 ml of a Tris buffer solution having the same composition, followed by
centrifugation at 13,000 x g at room temperature for 15 minutes to remove the supernatant.
This procedure was repeated twice to wash the bacterial cells. The washed bacterial cells
were suspended in 1 ml of a Tris buffer solution supplemented with 50 ul of a protease
inhibitor (Sigma-Aldrich) and ultrasonically disrupted for 5 minutes under ice-cooling.  After
centrifugation at 13,000 x g at 4°C for 20 minutes, the supernatant was subjected to CD activity
measurement as a total protein extract.
[0098]
(CD activity measurement)

The amount of the total protein was measured by a modification of the Lowry method.
A buffer solution was added to the total protein extract corresponding to an amount of the total
protein of 50 ug to prepare 250 ul of a solution, which was then mixed with 250 pl of 40 mM
5-FC and then reacted at 60°C for 20 minutes. The reaction was terminated by the addition of
250 ul of 0.5 M trichloroacetic acid, and the reaction product was left on ice. After
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<220> <223> primer <400> 1 tcacacagga aacagctatg acc23 <210> 2 <211> 55 <212> DNA <213>
Artificial Sequence <220> <223> primer <210> 3
centrifugation at 20,000 x g at 4°C for 20 minutes, 150 ul of 0.3 M NaOH was added to 450 pl
of the supernatant to neutralize the solution.
The neutralized sample was diluted 10 folds with an HPLC mobile layer, and the
amounts of 5-FU and 5-FC were measured by HPLC. Consumption % of 5-FC was used as a

CD activity. The activity measurement results are shown in Table 2.

[0099]
[Table 2]
Effect of adding amino acids derived from HU protein N-terminus to CD
CD activity 5-FC
Transformant name consumption (%)/50 pg
of total protein
B. longum 105A/pAV001-HUQOaaATG 1.89
B. longum 105A/pAV001-HUOaaGTG 1.08
B. longum 105A/pAV001-HU?2aa-eCD 0.64
B. longum 105A/pAV001-HU3aa-eCD 2.80
B. longum 105A/pAV001-HU4aa-eCD 6.35
B. longum 105A/pAV001-HU-eCD
5.50
(Control)
B. longum 105A/pAV001-HU18aa-eCD 6.48
[0100]

It was demonstrated that the addition of amino acids derived from the HU protein N-
terminus to eCD enhances a CD activity. With respect to the number of amino acids added, 2
or less amino acids were ineffective; 3 amino acids produced somewhat effects; and 4 or more
amino acids produced dramatically increased effects. No difference in activity was observed

between 4 and 18 amino acids.
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<211> 29 <212> DNA <213> Avrtificial Sequence <220> <223> primer <400> 3 gaacacatcc tggaaggcgt
taactcaac29 <210> 4 <211> 43 <212> DNA <213> Artificial Sequence <220>

Example 2

[0101]

[Preparation of Bifidobacterium longum 105-A/pAV001-HU-eCD plasmid mutant]

A mutation was introduced to 5 sites in the plasmid pAV001-HU-eCD.

There were 2 types of mutations introduced: a 3-nucleotide deletion and a 1-nucleotide
substitution. The deletion-type mutant plasmids were pAV001-HU-eCD-D37 and pAV001-
HU-eCD-D55, and the nucleotide substitution-type mutant plasmids were pAV001-HU-eCD-
M450, pAV001-HU-eCD-M968, and pAV001-HU-eCD-M1277. Methods of constructing the
mutant plasmids are shown below.

[0102]
(1) Construction of mutant plasmid (pAV001-HU-eCD-D37)

PCR amplification was performed using 50 pg of pAV001-HU-eCD as a template and
PrimeSTAR™ HS DNA Polymerase (Takara Bio Inc.) to obtain PCR fragments A
(approximately 1.3 kbp) and B (approximately 1.3 kbp). An outer primer as set forth in SEQ
ID NO: 1 and an inner primer as set forth in SEQ ID NO: 16 that had a sequence overlapping
with the terminus of the PCR fragment B on the 5'-terminal side, and contained a sequence
complementary to pAV001-HU-eCD were used in the amplification of the PCR fragment A.
The PCR fragment A contains, at the terminus of DNA, a HindllI site derived from the
template. An outer primer as set forth in SEQ ID NO: 3 that had, a KspAl recognition site on
the 5'-terminal side and contained a sequence complementary to pAV001-HU-eCD and an
inner primer as set forth in SEQ ID NO: 17 that had, on the 5'-terminal side, a sequence
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<223> primer <400> 4 tcgaataacg ctttacaaac aattattaac gcccggttac cag43 <210> 5 <211> 58 <212>

DNA <213> Artificial Sequence <220> <223> primer <210> 6 <211> 54
overlapping with the terminus of the PCR fragment A and contained a sequence
complementary to pAV001-HU-eCD were used in the amplification of the PCR fragment B.
The mutation was introduced into the plasmid by inner primers. Temperature conditions
involved 30 cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 80
seconds, followed by incubation at 72°C for 30 seconds. The PCR fragments A and B were
purified using QIAquick PCR Purification Kit (QIAGEN), and the purified PCR fragments A
and B were then mixed at equal moles. Reaction at 5 cycles each involving 98°C for 10
seconds and 72°C for 90 seconds was performed in the absence of primers in a mixture solution
of 1xPrimeSTAR™ buffer, 200 M dNTPs mix, and 2.5 u PrimeSTAR™ HS DNA polymerase
using 1 ng of the mixture of the purified PCR fragments A and B as a template to ligate the
PCR fragments A and B. Then, the outer primers (SEQ ID NOs: 1 and 3) were added thereto,
resulting in each final concentration of 0.5 uM, and reaction at 25 cycles each involving 98°C
for 10 seconds, 55°C for 5 seconds, and 72°C for 160 seconds was performed, followed by
incubation at 72°C for 30 seconds to obtain a ligated PCR product (approximately 2.6 kbp).
The ligated PCR product was separated on a 1% SeaPlaque(R) GTG(R) Agarose gel (IXTAE
buffer, 0.5 png/ml ethidium bromide) to excise a 2.6-kbp DNA band. The ligated PCR product
was extracted from the gel using QIAquick(R) Gel Extraction Kit and digested with HindllI
(Fermentas UAB) and KspAl (Fermentas UAB). A 2.6-kbp DNA band was excised by
separation on a 1% SeaPlaque(R) GTG(R) Agarose gel (IXTAE buffer, 0.5 ng/ml ethidium
bromide). The ligated PCR product was extracted from the gel using QlAquick(R) Gel
Extraction Kit.
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<212> DNA <213> Artificial Sequence <220> <223> primer <400> 6 ggcgttaata attgtttgta aagcgttatt
cgagttgtat gccataaagc atcc54 <210> 7 <211> 47 <212> DNA <213> Avrtificial Sequence <220> <223>
primer

[0103]

The pAV001-HU-eCD vector was digested with Hindlll (Fermentas UAB) and KspAl
(Fermentas UAB). Then, a 4.6-kbp DNA fragment was excised by separation on a 1%
SeaPlaque(R) GTG(R) Agarose gel (1XTAE buffer, 0.5 ug/ml ethidium bromide). The vector
DNA was extracted from the gel using QIAquick(R) Gel Extraction Kit. The ligated PCR
product was mixed with the vector at a vector-to-ligated PCR product ratio of 1:3 by mol, and
ligation was performed using Rapid DNA Ligation Kit (Fermentas UAB). Escherichia coli
JM109 was transformed with the ligation product, and the strains were plated onto an LB agar
medium containing 30 ug/ml spectinomycin and then cultured overnight at 37°C to obtain
transformants.  The transformants were cultured overnight at 37°C in a 2 x LB liquid medium
containing 30 pg/ml spectinomycin, and plasmid DNA (pAV001-HU-eCD-D37) was extracted
using QlAprep(R) Spin Miniprep Kit.

The pAV001-HU-eCD-D37 is a plasmid having a CD gene lacking a nucleotide
sequence (nucleotide sequence encoding alanine at the 5th position in SEQ ID NO: 28) from
the 1503rd to 1505th nucleotides in SEQ ID NO: 14 (1545th to 1547th nucleotides in SEQ ID
NO: 15).

[0104]
(2) Construction of mutant plasmid (pAV001-HU-eCD-D55)

pAV001-HU-eCD-D55 was constructed in the same way as in the construction of the
plasmid pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 18 and 19
were used as inner primers for amplification of PCR fragments A and B, respectively.
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<400> 7 caactcgaat aacgctttac aaacaattat taacgcccgg ttaccag47 <210> 8 <211> 58 <212> DNA
<213> Artificial Sequence <220> <223> primer <210> 9 <211> 51 <212> DNA

The pAV001-HU-eCD-D55 is a plasmid having a CD gene lacking a nucleotide
sequence (nucleotide sequence encoding asparagine at the 11th position in SEQ ID NO: 28)
from the 1521st to 1523rd nucleotides in SEQ ID NO: 14 (1563rd to 1565th nucleotides in SEQ
ID NO: 15).

[0105]
(3) Construction of mutant plasmid (pAV001-HU-eCD-M450)

pAV001-HU-eCD-M450 was constructed in the same way as in the construction of the
plasmid pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 20 and 21
were used as inner primers for amplification of PCR fragments A and B, respectively, and
except for PCR reaction conditions.

With respect to the PCR reaction conditions, reaction temperature conditions for
amplification of the PCR fragment A involved 30 cycles each involving 98°C for 10 seconds,
55°C for 5 seconds, and 72°C for 105 seconds, followed by incubation at 72°C for 30 seconds,
and reaction temperature conditions for amplification of the PCR fragment B involved 30
cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 1 minute,
followed by incubation at 72°C for 30 seconds. Moreover, for ligation of the PCR products,
reaction at 5 cycles each involving reaction temperatures 98°C for 10 seconds and 72°C for 105
seconds was performed.

The pAV001-HU-eCD-M450 is a plasmid having a CD gene in which a nucleotide

sequence (nucleotide sequence encoding glutamine at the 142nd position in SEQ ID NO: 28)
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<213> Artificial Sequence <220> <223> primer <400> 9 gctttatgtc gaataacgct ttacaaacaa ttattaacgc
ccggttacca g1 <210> 10 <211> 58 <212> DNA <213> Artificial Sequence <220> <223> primer <400>
10 gggcgttaat aattgtttgt aaagcgttat tcgacacaaa gcatccttct tgggtcags8

from the 1914th to 1916th nucleotides in SEQ ID NO: 14 (1956th to 1958th nucleotides in SEQ
ID NO: 15) has been substituted by a nucleotide sequence encoding histidine.

[0106]

(4) Construction of mutant plasmid (pAV001-HU-eCD-M968)

pAV001-HU-eCD-M968 was constructed in the same way as in the construction of the
plasmid pAV001-HU-eCD-D37 except that primers as set forth in SEQ ID NOs: 22 and 23
were used as inner primers for amplification of PCR fragments A and B, respectively, and a
primer as set forth in SEQ ID NO: 24 was used as an outer primer for amplification of the PCR
fragment B, and except for PCR reaction conditions.

[0107]

With respect to the PCR reaction conditions, reaction temperature conditions for
amplification of the PCR fragment A involved 30 cycles each involving 98°C for 10 seconds,
55°C for 5 seconds, and 72°C for 130 seconds, followed by incubation at 72°C for 30 seconds,
and reaction temperature conditions for amplification of the PCR fragment B involved 30
cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 45 seconds,
followed by incubation at 72°C for 30 seconds. Moreover, for ligation of the PCR products,
reaction at 5 cycles each involving reaction temperatures 98°C for 10 seconds and 72°C for 130
seconds was performed. For amplification of the ligated PCR product, reaction at 25 cycles
each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 3 minutes was
performed using primers as set forth in SEQ ID NOs: 1 and 24, followed by incubation at 72°C
for 30 seconds to obtain a ligated PCR product (approximately 2.9 kbp). The pAV001-HU-
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<210> 11 <211> 51 <212> DNA <213> Atrtificial Sequence <220> <223> primer <210> 12 <211> 27
<212> DNA <213> Artificial Sequence <220> <223> oligonucleotide <400> 12

eCD vector was digested with Hindlll (Takara Bio Inc.) and Spel (Takara Bio Inc.), and a

fragment (approximately 4.3 kbp) excised from an agarose gel was used as a vector for the

ligated PCR product. The sequence of the obtained pAV001-HU-eCD-M968 is shown in SEQ

ID NO: 27.

The pAV001-HU-eCD-M968 is a plasmid having a CD gene in which a nucleotide
sequence (nucleotide sequence encoding aspartic acid at the 315th position in SEQ ID NO: 28)
from the 2433rd to 2435th nucleotides in SEQ ID NO: 14 (2475th to 2477th nucleotides in
SEQ ID NO: 15) has been substituted by a nucleotide sequence encoding alanine.

[0108]
(5) Construction of mutant plasmid (pAV001-HU-eCD-M1277)

pAV001-HU-eCD-M1277 was constructed in the same way as in the construction of
the plasmid pAV001-HU-eCD-M968 except that primers as set forth in SEQ ID NOs: 25 and
26 were used as inner primers for amplification of PCR fragments A and B, respectively, and
except for PCR reaction conditions.

With respect to the PCR reaction conditions, reaction temperature conditions for
amplification of the PCR fragment A involved 30 cycles each involving 98°C for 10 seconds,
55°C for 5 seconds, and 72°C for 150 seconds, followed by incubation at 72°C for 30 seconds,
and reaction temperature conditions for amplification of the PCR fragment B involved 30
cycles each involving 98°C for 10 seconds, 55°C for 5 seconds, and 72°C for 30 seconds,

followed by incubation at 72°C for 30 seconds. Moreover, for ligation of the PCR products,

61



cgaagatcgc ccagaagtcc aacctgt27 <210> 13 <211> 27 <212> DNA <213> Atrtificial Sequence <220>
<223> oligonucleotide <400> 13 cgacaggttg gacttctggg cgatctt27 <210> 14 <211> 7148 <212> DNA
<213> Bifidobacterium longum

reaction at 5 cycles each involving reaction temperatures 98°C for 10 seconds and 72°C for 150
seconds was performed.

The pAV001-HU-eCD-M1277 is a plasmid having a CD gene in which a nucleotide
sequence (nucleotide sequence encoding glutamic acid at the 418th position in SEQ ID NO: 28)
from the 2742nd to 2744th nucleotides in SEQ ID NO: 14 (2784th to 2786th nucleotides in
SEQ ID NO: 15) has been substituted by a nucleotide sequence encoding glycine.

[0109]
(Transformation of Bifidobacterium longum 105A)

Bifidobacterium longum 105A was transformed with the obtained mutant plasmid in
the same way as in Example 1 to obtain its transformants.

[0110]
(Protein extraction from Bifidobacterium longum 105A transformants)

A protein extract was obtained from the Bifidobacterium longum 105A transformed
with the mutant plasmid, in the same way as in Example 1, and the protein extract was
subjected to CD activity measurement.

[0111]
(CD activity measurement)
A CD activity was measured in the same way as in Example 1 using the obtained

protein extract. The activity measurement results are shown in Table 3.
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<400> 14 agcgcccaat acgcaaaccg cctctccceg cgegttggec gattcattaa tgcagetgge60 tcactcatta
ggcaccccag gctttacact ttatgcttcc ggctcgtatg ttgtgtggaal80 ttgtgagcgg ataacaattt cacacaggaa
acagctatga ccatgattac gccaagcttg240 gggagacacg acgttgacca cgttggcccc gttcattcag aaagtcgcgg
tccecteeccc300 cacacgcegca ttgggcacgt gggacaagca gctgctcaag gaactgcgag accacatcaa360 caccataatc
gatgaggaga ccgccgaatc cgccgagcecg gtgacgctgg ccegcettctc420 ttggegttcg atgatcacca tgctgetggt
catcgtgg&lé?dgtcgtgg tcttcaccca480 actgaagccc gaggagatca tcaccgcgct gaccaacgcc aacccgttga
tggcggtggt540 gacgctcgceg ttcggtgtct gcggcetggat cggctegteg atttcgeteg gttcectgat600 ggecgeggceac

aagcgtggaaeaggagcgt cticatgagce caggtggcag geggcettcge660

Change in CD activity brought by introduction of mutation into pAV001-HU-eCD

CD activity 5-FC

Transformant name consumption (%)/50 ug

of total protein

B. longum 105A/pAV001-HU-eCD-M450 4.13
B. longum 105A/pAV001-HU-eCD-M968 65.8
B. longum 105A/pAV001-HU-eCD-M1277 5.30
B. longum 105A/pAV001-HU-eCD

5.50
(Control)
[0113]

Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained by transformation
with the mutant pAV001-HU-eCD-M968 has a CD activity improved to approximately 12
times that of Bifidobacterium longum 105A/pAV001-HU-eCD (control) obtained by
transformation with unmutated pAV001-HU-eCD.

On the other hand, Bifidobacterium longum 105A/pAV001-HU-eCD-M450 and
Bifidobacterium longum 105A/pAV001-HU-eCD-M1277 obtained by transformation with the
mutants pAV001-HU-eCD-M450 and pAV001-HU-eCD-M1277, respectively, were not

confirmed to have a rise in activity due to the introduction of the mutation.
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caccgtatcc atgccagccg gcgtgggcecc ctegttcgtc aacctgcagt tcctgcgcaa720 atccggctat cgcaacaccce
aggcgaccgc aattatgagc gccgegctcg tggtgtatta780 cgccgtgtac ttctccatge tggtcatcat cggcectgttc
accggccgca acatgttctc840 cggcgcaatc ccgacaaaca cgttggttat cgtgctgggce gttgtggtcg tggtgetgtc900
cattgcgatg atgattccgc cgttgcgcca ctgggtgacc cgtcgtctta tgccgetgge960 caagacgtat atcaaccagc
tgctggacgt getttcccag ccccgacagc tcacagtcag 1020 ctgectaggce gegctgttcc agaacgcegac cactgggctc
gctttctggé@@@&:@gca 1080 agcgttcggc tattcatcga atccgattga aacgacgttc gtcttcctge tggectatgc1140
attgggttcc gcagtgccca ctccaggegg tctgggeggt gtggaagcegg cgctgacatt 1200 cgcegttcgtg gecggtcggag
tgccgcagma rgtggcgctt tecgecactt tgctgcaccg 1260 cgtggtgtic tactggetge geattceget gggegeggey
gccatgaagt ggcttgacaa 1320

[Preparation of 5-FU-resistant Bifidobacterium longum 105-A/pAV001-HU-eCD plasmid
mutant]
(Addition of 5-FU resistance to Bifidobacterium longum 105A/pAV001-HU-eCD-M968)

The Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in Example 2
was made into a 5-FU-resistant mutant according to the method described in Example 1 in
Patent Document 5.

Specifically, the Bifidobacterium longum 105A/pAV001-HU-eCD-M968 obtained in
Example 2 was subcultured in an MRS medium at 37°C for 2 days or longer under anaerobic
conditions.  The culture solution was diluted with an anaerobic diluent and then plated onto a
BL agar medium containing 500 ug/mL 5-FU, and the bacteria were anaerobically cultured at
37°C for 2 or 3days. Then, the grown bacteria were selected to prepare 5-FU-resistant
Bifidobacterium longum 105A/pAV001-HU-eCD-M968 (Bifidobacterium longum 105A-
R1/pAV001-HU-eCD-M968).

[0115]
(Transformation of 5-FU-resistant Bifidobacterium longum 105A with plasmid pAV001-HU-
eCD-M968)

5-FU-resistant Bifidobacterium longum 105A prepared according to the method

described in Example 2 in Patent Document 5 was transformed with the mutant plasmid
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gcataatctt gtctgattcg tctattttca tacccccttc ggggaaatag atgtgaaaac1380 ccttataaaa cgcgggtltt
cgcagaaaca tgcgctagta tcattgatga caacatggac 1440 taagcaaaag tgctlgtccc ctgacccaag aaggatgctt
tatggcatac aactcgaata 1500 acgctttaca aacaattatt aacgcccggt taccaggcga agaggggctg tggcagattc
1560 atctgcagga cggaaaaatc agcgccattg atgcgcaatc cggcgtgatg cccataactg 1620 aaaacagcct
ggatgccgaa caaggtttag ttataccgcc gtttgtgagag ccacatattc 1680 acctggacac cacgcaaacc gccggacaac

cgaactgdHRAMEagtERIRER-MAGRie TN iadmemBle citthe§emg dprableqttltdasttatgacgat

gtgaaacaac 1800 gcgcatggca aacgctgaaa tggcagattg ccaacggcat tcagcatgtg cgtacccatg 1860

tcgatgtitq gaeiaeaans claastiser @aaneeaat gctygaagty aagcaggaag 1920 tecgegecgty gattgatctg
caaatcgtcg ccttccctca ggaagggatt ttgtcgtatc 1980 ccaacggtga agegttgctg gaagaggcgt tacgcttagg

ggcagatgta%?ggggcga 2040

Specifically, Bifidobacterium longum 105A was inoculated into 5 mL of an MRS
medium containing 100 pg/mL 5-FU and anaerobically cultured at 37°C for 1 to 5 days. The
turbidity (OD=600 nm) thereof was measured to examine the presence or absence of the growth.
1 mL of the medium after culture in which the growth had been confirmed was recovered and
inoculated into 9 mL of an MRS medium containing the same concentration of 5-FU, and the
bacteria were cultured for 24 hours under the same culture conditions.  This inoculation
procedure was repeated three times to thereby prepare 5-FU-resistant Bifidobacterium longum
105A. Next, this 5-FU-resistant Bifidobacterium longum 105A was inoculated into an MRS
medium. The bacterial solution after culture was inoculated into an MRS medium containing
250 ng/mL 5-FU. After 24 hours, the presence or absence of the growth was determined
using turbidity (OD=600 nm). The 5-FU-resistant Bifidobacterium longum 105A prepared
using a medium containing 100 pg/mL 5-FU (Bifidobacterium longum 105A-R2) was used as a
host for transformation.  This Bifidobacterium longum 105A-R2 was transformed with the
mutant plasmid pAV001-HU-eCD-M968 obtained in Example 2, in the same way as in
Example 1, and its transformant Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968

was prepared.
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ttccgcattt tgaatttacc cgtgaatacg gcgtggagtc gctgcataaa accttcgececc 2100 tggcgcaaaa atacgaccgt
ctcatcgacg ttcactgtga tgagatcgat gacgagcagt 2160 cgcgctttgt cgaaaccgtt gctgcectgg cgcaccatga
aggcatgggc gcgcgagtca 2220 ccgccagceca caccacggca atgcactcct ataacggggc gtatacctca cgcectgttce
2280 gcttgctgaa aatgtccggt attaactttg tcgccaaccc getggtcaat attcatctge 2340 aaggacgttt cgatacgtat
Cccaaaacgtc gcggcatcac gcgcgttaaa gagatgctgg 2400 agtccggcat taacgtctgc tttggtcacg atgatgtctt
cgatccgtfef@Beytigg 2460 gaacggcgaa tatgctgcaa gtgctgeata tggggetgea tgtttgecag ttgatggget 2520
acgggcagat taacgatggc ctgaatttaa tcacccacca cagcgcaagg acgttgaatt 2580 tgcaggatta cggcattgcc
gccggaaper] gpgccaacct gattatcetg ccggetgaaa 2640 atgggtttga tgcgetgege cgtcaggtte cggtacgtta
ttcggtacgt ggcggcaagg 2700

(Protein extraction from Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968)

A protein extract was obtained from the Bifidobacterium longum 105A-R2/pAV001-
HU-eCD-M968 thus obtained, in the same way as in Example 1, and the protein extract was
subjected to CD activity measurement.

[0118]
(CD activity measurement)

As a result of CD activity measurement in the same way as in Example 1 using the
obtained protein extract, the Bifidobacterium longum 105A-R2/pAV001-HU-eCD-M968 also
exhibited a CD activity equivalent to that of the transformed Bifidobacterium longum 105A of
Example 2, as shown in Table 4.

[Table 4]

CD activity 5-FC
Transformant name consumption (%)/50 pg

of total protein

Bifidobacterium longum 105A/
pAV001-HU-eCD-M968

Bifidobacterium longum 105A-R2/
pAV001-HU-eCD-M968

65.8

62.4

Example 5
[0119]
(Measurement of plasmid retention stability)
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tgattgccag cacacaaccg gcacaaacca ccgtatatct ggagcagcca gaagccatcg 2760 attacaaacg ttgagttaac
gccttccagg atgtgttcgt cgaggctatg aagtccggeg 2820 aaggcctgaa gctcaccggc ctgttctceg ctgagegegt
caagcgcccg getcgcaccg 2880 geccgcaacce gegeactgge gagcagattg acattccggc ttcctacggc gttegtatct
2940 ccgctggctc cctgctgaag aaggccgtca ccgagtgacc ttctgetcgt agegattact 3000 tcgagcatta ctgacgacaa
agaccccgac cgagatggtc ggggtctttt tgttgtg@gtg 3060 ctgtgacgtg ttgtccaacc gtattattcc ggactagtcg

gccgtacggg cecgitfdespedoaiiscBiidebrdaduttloans ¢agk iyt RO gy RéefeMG§8dR2

cgcgaacgca 3180 aggcccgcac caagcgcctg atcgaggtcg gcgcgatgge cgagtcggcec gecgggcttecg 3240
agg9agoagd rooairhe I%iFiaanaA8cae Rl $egaes a 06 CHIGIOCED 194(seetan MBS (Raasiseoldiaategacc

gacgtgatgg ccaactacac gagccgcgag gacctcaggg 3360
in Example 3, plasmid retention stability was measured by a method described below. Asa
result, the R2 strain exhibited much more favorable plasmid retention stability than that of the
R1 strain, as shown in Figure 4.
[0120]
(Measurement test of plasmid retention stability)

The measurement of the plasmid retention stability was performed by the following
test method: the R2 and R1 strains were separately cultured in a liquid medium supplemented
with an antibiotic (spectinomycin) as a selective marker for the introduced plasmids, to
sufficiently activate the transformed Bifidobacterium longum R2 and R1 strains. This
bacterial solution was designated as a subculture day-0 bacterial solution. Next, an aliquot of
the day-0 bacterial solution was recovered and inoculated into a spectinomycin-free liquid
medium, followed by culture. This bacterial solution was designated as a subculture day-1
bacterial solution. Similarly, an aliquot of the day-1 bacterial solution was recovered and
inoculated into a spectinomycin-free liquid medium, followed by culture to prepare a
subculture day-2 bacterial solution. Subculture was continuously performed in the same way
until day 5 to prepare up to day-3 to day-5 bacterial solutions. The day-0, day-1, day-3, and
day-5 bacterial solutions were separately plated onto an antibiotic-free plate medium (BL agar
medium) to form colonies. 100 grown colonies were randomly selected for each culture and

inoculated into both spectinomycin-containing and spectinomycin-free BL agar media by a
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ccaccgtcgc caaggctctg gaacacaacg tcaggaccag cgatggcatg aactggaacc 3420 tccaggacct cgtctacgag
gcgctgagceg aggaatggceg caaaagggac ggcgagatca 3480 gcgacccatg ggccaacgac gaggcggacg
gataccagcc gccctcatac gagccggtca 3540 accccgaacg caggactccc cagacgcecct ccgatggcect gatctgacgt
ccgaaaaaag 3600 gcgctgtgeg ccctfittaa atctittata aatcttttta cattctttta gcccctccge 3660 agcecttactc
tcccaacggg tttcagccga aacctacacc aaaaggggag cgaacctaca 3720 ccaaaagggg agcgaaccta
caccaaaf@ft)icyatibedceitasterized iy legépemlm%cae&mgitéﬁteaa@gfgw@tdmgeta@cﬂ,
gaggccatgt ccatgagatc 3840 gtgaagttca gcaccagttc aacaacgtcg cgctgaagaa gttcgacgcec gtgcacctgg
3900 acgig¢tTairokgoaetl ARAggEd H AAIPOAAEEH0F FCHOCRAGS iBEA BHRH\S 60 I6e HeQRE Gve
gctgcgeggc ctcatgcgat tgaggaagaa cctgaccaac aagcagcetgg 4020 ccgacaagat cgtgcagacg aacgcgcgcec

tgctggcgcszﬁ %ﬁcl%a]g?gtgrgtagaggatt 4080

The plasmid retention rates were calculated from the following formula:

Plasmid retention rate (%) =

The number of colonies in
spectinomycin - containing BL agar medium
The number of colonies in BL agar medium

x 100

INDUSTRIAL APPLICABILITY

[0121]

According to the present invention, a gene delivery carrier consisting of an anaerobic
microorganism capable of growing in a tumor tissue in an anaerobic environment and capable
of expressing a protein having an antitumor activity or a protein having an activity of
converting an antitumor substance precursor to an antitumor substance, which is useful as a
therapeutic agent for solid tumor and has a favorable activity and expression efficiency of a

protein expressed by a gene introduced by transformation, can be constructed efficiency.
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CLAIMS

1. A method of constructing a gene delivery carrier consisting of a bacterium of the
genus Bifidobacterium transformed with an expression vector, comprising the steps of:

(1) preparing a fusion plasmid having a fragment of a plasmid of a bacterium of the
genus Bifidobacterium and a fragment of a plasmid of Escherichia coli;

(2) incorporating a DNA fragment comprising a promoter and a terminator of the
gene encoding the histone-like DNA-binding protein derived from a bacterium of the genus
Bifidobacterium into the fusion plasmid,

3) incorporating, between the promoter and the terminator, a DNA encoding
cytosine deaminase to obtain the expression vector, wherein the DNA comprises:

(a) a DNA sequence encoding an amino acid sequence which: (i) deletes
methionine at position 1; and (ii) replaces aspartic acid at position 315
with alanine from the amino acid sequence set forth in SEQ ID NO: 28;
and

(b) a DNA sequence which encodes an amino acid sequence corresponding to
positions 1 through at least 4 and up to a maximum of 18 amino acids of
the histone-like DNA-binding protein as set forth in SEQ ID NO: 29 and
which is linked to (a) on the 5’-terminal side of (a); and

4) transforming the bacterium of the genus Bifidobacterium with the expression

vector.
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2. The method according to claim 1, wherein the bacterium of the genus
Bifidobacterium is selected from Bifidobacterium adolescentis, Bifidobacterium animalis,
Bifidobacterium infantis, Bifidobacterium thermophilum, Bifidobacterium pseudolongum,

Bifidobacterium bifidum, Bifidobacterium breve, and Bifidobacterium longum.

3. The method according to claim 2, wherein the bacterium of the genus

Bifidobacterium is Bifidobacterium longum.

4. The method according to claim 1, wherein the expression vector is a plasmid

pAV001-HU-eCD-M968.

5. A gene delivery carrier consisting of a bacterium of the genus Bifidobacterium
transformed with an expression vector comprising:

(1) a fragment of a plasmid of a bacterium of the genus Bifidobacterium;

(i)  afragment of a plasmid of Escherichia coli;

(i11))  a DNA fragment comprising a promoter and a terminator of the gene encoding the
histone-like DNA-binding protein derived from a bacterium of the genus Bifidobacterium; and

(iv)  a DNA encoding cytosine deaminase positioned between the promoter and the
terminator, wherein the DNA comprises:

(a) a DNA sequence encoding an amino acid sequence which: (1) deletes

methionine at position 1; and (2) replaces aspartic acid at position 315
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with alanine from the amino acid sequence set forth in SEQ ID NO: 28;
and

(b) a DNA sequence which encodes an amino acid sequence corresponding to
positions 1 through at least 4 and up to a maximum of 18 amino acids of
the histone-like DNA-binding protein as set forth in SEQ ID NO: 29 and

which is linked to (a) on the 5’-terminal side of (a).

6. The gene delivery carrier according to claim 5, wherein the bacterium of the
genus Bifidobacterium is any bacterium of the genus Bifidobacterium selected from
Bifidobacterium adolescentis, Bifidobacterium animalis, Bifidobacterium infantis,
Bifidobacterium thermophilum, Bifidobacterium pseudolongum, Bifidobacterium bifidum,

Bifidobacterium breve, and Bifidobacterium longum.

7. The gene delivery carrier according to claim 6, wherein the bacterium of the

genus Bifidobacterium is Bifidobacterium longum.

8. The gene delivery carrier according to claim 5, wherein the gene delivery carrier

is capable of growing in a tumor tissue in an anaerobic environment.
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0. The gene delivery carrier according to claim 8, wherein the gene delivery carrier
is a cytosine deaminase-expressing 5-fluorouracil-resistant bacterium having a resistance to 5-

fluorouracil at a concentration at least effective for an antitumor activity.

10.  The gene delivery carrier according to claim 9, wherein the gene delivery carrier
is a single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-eCD, and
wherein the single-nucleotide mutant plasmid of Bifidobacterium longum 105-A/pAV001-HU-

eCD is Bifidobacterium longum 105-A/pAV001-HU-eCD-M968.

1. A pharmaceutical composition comprising a gene delivery carrier according to

claim 5.

12. A pharmaceutical composition comprising a gene delivery carrier according to
claim 8 in combination with 5-fluorocytosine converted to 5-fluorouracil by cytosine deaminase

capable of being expressed by the gene delivery carrier.

13. A therapeutic agent for solid tumor comprising a gene delivery carrier according
to claim 8 in an amount sufficient for expression of a cytosine deaminase in an amount capable

of converting 5-fluorocytosine to a therapeutically effective amount of 5-fluorouracil, in
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combination with 5-fluorocytosine converted by the cytosine deaminase capable of being
expressed by the gene delivery carrier, in an amount capable of being converted to a

therapeutically effective amount of 5-fluorouracil.

14. A cytosine deaminase-highly-expressing unit comprising a DNA fragment
comprising:
(1) a promoter and a terminator of the gene encoding the histone-like DNA-binding
protein derived from a bacterium of the genus Bifidobacterium; and
(i1) a DNA encoding cytosine deaminase positioned between the promoter and the
terminator, wherein the DNA comprises:
(a) a DNA sequence encoding an amino acid sequence which: (1) deletes
methionine at position 1; and (2) replaces aspartic acid at position 315
with alanine from the amino acid sequence set forth in SEQ ID NO: 28,
and
(b) a DNA sequence which encodes an amino acid sequence corresponding to
positions 1 through at least 4 and up to a maximum of 18 amino acids of
the histone-like DNA-binding protein as set forth in SEQ ID NO: 29 and

which is linked to (a) on the 5’-terminal side of (a).
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15. A cytosine deaminase-highly-expressing unit comprising a DNA fragment
comprising:
(1) a promoter and a terminator of the gene encoding the histone-like DNA-binding
protein derived from a bacterium of the genus Bifidobacterium; and
(i1)  a DNA encoding cytosine deaminase positioned between the promoter and the
terminator, wherein the DNA comprises:
(a) a DNA sequence encoding an amino acid sequence which: (1) deletes
methionine at position 1; and (2) replaces aspartic acid at position 315
with alanine from the amino acid sequence set forth in SEQ ID NO: 28,
and
(b) a DNA sequence which encodes the amino acid sequence corresponding
to positions 1 through 9 of the histone-like DNA-binding protein as set
forth in SEQ ID NO: 29 and which is linked to (a) on the 5’-terminal side

of (a).
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gccgtcaggt tccggtacgt tattcggtac gtggcggcaa ggtgattgcc agcacacaac 2760 cggcacaaac caccgtatat
ctggagcagc cagaagccat cgattacaaa cgttgagtta 2820 acgccttcca ggatgtgttc gtcgaggcta tgaagtccgg
cgaaggcctg aagctcaccg 2880 gcctgttctc cgetgagcge gtcaagcgcec cggcetcgecac cggecgeaac ccgegceactg
2940 gcgagcagat tgacattccg gcttcctacg gegttcgtat ctcegetggc tcectgetga 3000 agaaggcecgt caccgagtga
ccttctgctc gtagcgatta cttcgagcat tactgacgac 3060 aaagaccccg accgagatgg tcggggtctt tttgttgtgg
tgctgtgacg tgttgtccaa 3120 ccgtattatt ccggactagt cggccgtacg ggcccgatag gcaggeccag ctcaaggecc 3180
gcgagaacga cctegtggeg cggcgcagog-arareiRfeg-faaggcccge accaagegee 3240 tgatcgaggt
cggcgcgatg gccgagtcgg ccgecgggctt cgagggaggce gacgagaggg 3300 ccaaggagca catcgeccgce
ctcgtgcagc tcggctecct ggtggagtcc ctgtgctcca 3360 ccgacgtgat ggccaactac acgagccgceg aggacctcag
ggccaccgtcgdbaagyerr@hadna Science Inc.
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DNA
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tggaacacaa cgtcaggacc agcgatggca tgaactggaa cctccaggac ctcgtctacg 3480 aggcgctgag cgaggaatgg
cgcaaaaggg acggcgagat cagcgaccca tgggccaacg 3540 acgaggcgga cggataccag ccgccctcat
acgagccggt caaccccgaa cgcaggactc 3600 cccagacgcc ctccgatggc ctgatctgac gtccgaaaaa aggcgcetgtg
cgcccttltt 3660 aaatctttta taaatctitt tacattcttt tagcccctcc gcagcecttac tctcccaacg 3720 ggtttcagece
gaaacctaca ccaaaagggg agcgaaccta caccaaaagg ggagcgaacc 3780 tacaccaaaa ggggagcgaa
cctacaccaa aaggggagct atatacacct tttgttattt 3840 aaggtgcaag ttgtgctatg ctgaggccat gtccatgaga

tcgtgaagtt C@&Bﬂgg@gﬁ@&gg %8@39%&@&%@%@&%@%%309 ccgtggacct ggacgtgctc atggcgatcg
3960 cctcaagggt gagggagaag ggcacggcca cggtggagtt ctcgticgag gagctgcgeg 4020 gectcatgeg

attgaggaag aacctgacca acaagcagct ggccgacaag atcgtgcaga 4080

<210> 3

<211> 29

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 3

gaacacatcc tggaaggcgt taactcaac 29

<210> 4

<211> 43

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 4

tcgaataacg ctttacaaac aattattaac gcccggttac cag 43

<210> 5

<211> 58

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 5



cgaacgcgcg cctgctggceg ctgaactaca tgttcgagga ttcgggcaag atcatccagt 4140 tcgegctgtt cacgaagttc
gtcaccgacc cgcaggaggc gactctcgeg gttggggtca 4200 acgaggagtt cgcgttcctg ctcaacgacc tgaccagcca
gttcacgcgc ttcgagctgg 4260 ccgagttcge cgacctcaag agcaagtacg ccaaggagtt ctaccgcagg gccaagcagt
4320 accgcagctc cggaatctgg aagatcggcc gcgacgagtt ctgccgactg cttggegttc 4380 caccgtcggce
aataacccag acacgatatc tgaatcagaa ggttcttcag ccaattcagg 4440 aggagtgtgg gcctctcctt ggcctgaaga
tcgagcgcca gtacgtgaaa cgcaggctgt 4500 cgggcttcgt gttcacattc gcccgcgaga cccctccggt gatcgacgcec

aggcccgtgggéééigagjgg

g%g@pﬂ%@gg@gg@ggggeggg&g@étggac gagcgttgcc gggtacggeg 4620

aggtgttcac gaccacggcg ttgttcgacg tgacggccgc ccgggctcac ttcgacggca 4680 ccgtggaggc cggggaatgce
cgtttctgcg cgtttgacgc gcgcaaccgc gaacatcatg 4740

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6
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DNA

Artificial Sequence

primer
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ggcgttaata attgtttgta aagcgttatt cgagttgtat gccataaagc atcc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7
47
DNA

Artificial Sequence

primer

7

caactcgaat aacgctttac aaacaattat taacgcccgg ttaccag
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8
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DNA
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cgcggaacgc cggaaggctg ttctagcggce cgtgtccgeg cctetggggce gattgegect 4800 gecatgggtce gatctgecgce
tgttcggcct cacgcetggtce tgtgcgcetge ctgatctcee 4860 tgagcaggtc ggccttggtc ctgggggcegc ttecgcetecte
gaacgggccg ctctccecca 4920 ggtectcggg ctecgetcagg tccaacggcet cgtcaccgga cggetcgggce cggttetcte
4980 cctgtgccgg gttctccgcec tgtgegcegtt gttcggcecat gecgcagtgeg agggccttca 5040 cctgttcggg gcttagtact
tgcatgcctg caggtcgatt ttcgttcgtg aatacatgtt 5100 ataataacta taactaataa cgtaacgtga ctggcaagag
atattittaa aacaatgaat 5160 aggtttacac ttactttagt tttatggaaa tgaaagatca tatcatatat aatctagaat 5220

aaaattaacte %ﬁtgaq %@m@@@ Qtaa 528Q ataaactaaa ttaagtttat

ttaattaaca actatggata taaaataggt actaatcaaa 5340 atagtgagga ggatatattt gaatacatac gaacaaatta
ataaagtgaa aaaaatactt 5400 cggagacatt taaaaaataa ccttattggt acttacatgt ttggatcagg agttgagagt 5460

<210> 9

<211> 51

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 9

gctttatgtc gaataacgct ttacaaacaa ttattaacgc ccggttacca g 51

<210> 10

<211> 58

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 10
gggcgttaat aattgtttgt aaagcgttat tcgacacaaa gcatccttct tgggtcag 58

<210> 11

<211> 51

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 11



ggaccaaaac caaatagtga tcttgacttt ttagtcgtcg tatctgaacc attgacagat 5520 caaagtaaag aaatacttat
acaaaaaatt agacctattt caaaaaaaat aggagataaa 5580 agcaacttac gatatatcga attaacgatt attattcagc
aagaaatggt accgtggaat 5640 catcctccca aacaagaatt tatttatgga gaatggttac aagagcttta tgaacaagga
5700 tacattcctc agaaggaatt aaattcagat ttaaccataa tgctttacca agcaaaacga 5760 aaaaataaaa
gaatatacgg aaattatgac ttagaggaat tactacctga tattccattt 5820 tctgatgtga gaagagccat tatggattcg
tcagaggaat taatagataa ttatcaggat 5880 gatgaaacca actctatatt aactttatgc cgtatgattt taactatgga

cacgggtaa 5{%&9@%@88&& @&gg&@é@g&gg&@%&%tgaw cttctccaft agaacatagg 6000
gagagaattt tgttagcagt tcgtagttat cttggagaga atattgaatg gactaatgaa 6060 aatgtaaatt taactataaa

ctatttaaat aacagattaa aaaaattata aaaaaattga 6120

<210> 12

<211> 27

<212> DNA

<213> Atrtificial Sequence

<220>

<223> oligonucleotide

<400> 12

cgaagatcgc ccagaagtcc aacctgt 27

<210> 13

<211> 27

<212> DNA

<213> Atrtificial Sequence

<220>

<223> oligonucleotide

<400> 13
cgacaggttg gacttctggg cgatctt 27

<210> 14
<211> 7148
<212> DNA

<213> Bifidobacterium longum

<400> 14

agcgcccaat acgcaaaccg cctctccecg cgegttggec gattcattaa tgcagetgge 60

acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttage 120



aaaaatggtg gaaacacttt tttcaatttt tttgttttat tatttaatgg ggaccccgag6180 tcaggcaact atggatgaac
gaaatagaca gatcgctgag ataggtgcct cactgattaa 6240 gcattggtaa ctgtcagacc aagtttactc atatatactt
tagattgatt taaaacttca6300 tttttaattt aaaaggatct aggtgaagat ccifittgat aatctcatga ccaaaatccc 6360
ttaacgtgag ttttcgttcc actgagcgtc agaccccgta gaaaagatca aaggatcttc 6420 ttgagatcct tfitttctgc gecgtaatctg
ctgcttgcaa acaaaaaaac caccgctacc 6480 agcggtggtt tgtttgccgg atcaagagct accaactctt tttccgaagg
taactggctt 6540 cagcagagcg cagataccaa atactgtcct tctagtgtag ccgtagttag gccaccactt 6600 caagaactct
gtagcaccgc ctacatacct cgctctgcta atcctgttac cagtggctge 6660 tgccagtgge gataagtcgt gtcttaccgg

gttggactca agacgatagt taccggataa 6720 ggcgcagcgg tc 9 ctgaa ng%%ggttc gtgcacacag cccagcttgg
agcgaacga %ta ggcaccccag gcetttacact ttatgcttce ggctcgtatg tigigtggaa 1

ttgtgagcgg ataacaattt cacacaggaa acagctatga ccatgattac gccaagcttg 240
gggagacacg acgttgacca cgttggcccc gttcattcag aaagtcgegg tccccteecc 300
cacacgcgca ttgggcacgt gggacaagca gctgctcaag gaactgcgag accacatcaa 360
caccataatc gatgaggaga ccgccgaatc cgccgagcecg gtgacgetgg cccgcttcte 420
ttggcgttcg atgatcacca tgctgctggt catcgtggec gtggtegtgg tcttcaccca 480
actgaagccc gaggagatca tcaccgcgct gaccaacgcc aacccgttga tggecggtggt 540
gacgctcgcg ttcggtgtct gcggcetggat cggcetegteg atttcgeteg gttcectgat 600
ggcgcggcac aagcgtgaca atatgggcgt cttcatgage caggtggcag geggcttcge 660
caccgtatcc atgccagccg gecgtgggcecc ctegttcgtec aacctgcagt tecctgegcaa 720
atccggctat cgcaacaccc aggcgaccgc aattatgagc gecgegcteg tggtgtatta 780
cgccgtgtac ttctccatge tggtcatcat cggcectgttc accggecgcea acatgttctc 840
cggcgcaatc ccgacaaaca cgttggttat cgtgctgggce gttgtggtcg tggtgctgtc 900
cattgcgatg atgattccgc cgttgcgeca ctgggtgacc cgtcgtctta tgccgetgge 960
caagacgtat atcaaccagc tgctggacgt gctttcccag ccccgacagce tcacagtcag 1020
ctgcctaggce gegctgttce agaacgcgac cactgggcete getttctggg cggecctgca 1080
agcgttcggc tattcatcga atccgattga aacgacgttc gtcttcctge tggectatge 1140

attgggttcc gcagtgccca ctccaggegg tetgggeggt gtggaagegg cgetgacatt 1200



ctacaccgaa ctgagatacc tacagcgtga gctatgagaa agcgccacgc ttcccgaagg 6840 gagaaaggcg gacaggtatc
cggtaagcgg cagggtcgga acaggagagc gcacgaggga 6900 gcttccaggg ggaaacgcct ggtatcttta tagtcctgtc
gggtttcgcec acctctgact 6960 tgagcgtcga tttttgtgat getcgtcagg ggggcggagc ctatggaaaa acgccagcaa 7020
cgcggccttt ttacggttcc tggcctlttg ctggcectttt gctcacatgt tetttcctge 7080 gttatccect gattctgtgg ataaccgtat
taccgccttt gagtgagctg ataccgctcg 7140 ccgcagccga acgaccgagce gcagcgagtc agtgagcgag
gaagcggaag7190 <210> 16 <211> 40 <212> DNA <213> Atrtificial Sequence <220> <223> primer

cgcgttcgtg geggtcggag tgccgecaggg cgtggegctt tececgecactt tgctgcaceg . 1260

cgtggtgttc tactggctgce geattcecget gggegeggeg gecatgaagt ggcttgacaa 1320

gcataatctt gtctgattcg tctattttca taccecccttc ggggaaatag atgtgaaaac 1380

ccttataaaa cgcgggtttt cgcagaaaca tgcgctagta tcattgatga caacatggac 1440

taagcaaaag tgcttgtcce ctgacccaag aaggatgctt tatggcatac aactcgaata 1500

acgctttaca aacaattatt aacgcccggt taccaggcga agaggggctg tggcagattc 1560

atctgcagga cggaaaaatc agcgccattg atgcgcaatc cggegtgatg cccataactg 1620

aaaacagcct ggatgccgaa caaggtttag ttataccgcc gtttgtggag ccacatattc 1680

acctggacac cacgcaaacc gccggacaac cgaactggaa tcagtccgge acgetgtttg 1740

aaggcattga acgctgggcc gagcgcaaag cgttattaac ccatgacgat gtgaaacaac 1800

gcgcatggca aacgctgaaa tggcagattg ccaacggcat tcagcatgtg cgtacccatg 1860

tcgatgtttc ggatgcaacg ctaactgcgc tgaaagcaat gctggaagtg aagcaggaag 1920

tcgcgecgtg gattgatctg caaatcgtcg ccttcecctca ggaagggatt ttgtcgtatc . 1980

ccaacggtga agcgttgctg gaagaggcegt tacgcttagg ggcagatgta gtgggggega 2040

ttccgcattt tgaatttacc cgtgaatacg gegtggagtc getgcataaa accttcgecece 2100

tggcgcaaaa atacgaccgt ctcatcgacg ttcactgtga tgagatcgat gacgagcagt 2160

cgcgctttgt cgaaaccgtt getgecctgg cgcaccatga aggcatggge gecgegagtca 2220

ccgcecagceca caccacggca atgcactcect ataacggggce gtatacctca cgectgttcc 2280



<400> 16 ccgggcgtta ataattgttt gtaagttatt cgaaacgagg40 <210> 17 <211> 40 <212> DNA <213>
Artificial Sequence <220> <223> primer <400> 17 cctcgtttcg aataacttac aaacaattat taacgcccgg40
<210> 18 <211> 46 <212> DNA

gcttgctgaa aatgtccggt attaactttg tcgccaacce getggtcaat attcatctge 2340

aaggacgttt cgatacgtat ccaaaacgtc gcggcatcac gcgegttaaa gagatgetgg 2400

agtccggcat taacgtctgc tttggtcacg atgatgtctt cgatccgtgg tatccgetgg 2460

gaacggcgaa tatgctgcaa gtgctgcata tggggctgcea tgtttgccag ttgatggget 2520

acgggcagat taacgatggc ctgaatttaa tcacccacca cagcgcaagg acgttgaatt 2580

tgcaggatta cggcattgcec gccggaaaca gegcecaacct gattatcctg ccggectgaaa 2640

atgggtttga tgcgctgege cgtcaggttc cggtacgtta ttcggtacgt ggcggcaagg 2700

tgattgccag cacacaaccg gcacaaacca ccgtatatct ggagcagcca gaagccatcg 2760

attacaaacg ttgagttaac gccttccagg atgtgttcgt cgaggctatg aagtccggeg 2820

aaggcctgaa gctcaccggc ctgttctceg ctgagegegt caagegeccg getcgcaccg 2880

gccgcaacce gegecactgge gagcagattg acattccggce ttcctacgge gttegtatct 2940

ccgctggcte cctgetgaag aaggcecgtca ccgagtgacc ttetgetegt agegattact 3000

tcgagcatta ctgacgacaa agaccccgac cgagatggtc ggggtctttt tgttgtggtg 3060

ctgtgacgtg ttgtccaacc gtattattcc ggactagtcg geccgtacggg cccgatagge 3120

aggcccagct caaggeccge gagaacgacc tcgtggegeg gcgcagggaa cgecgaacgca 3180

aggcccgcac caagcgcctg atcgaggtcg gegegatgge cgagtecggee gegggettcg 3240

agggaggcga cgagagggcc aaggagcaca tcgeccgcect cgtgcagcte ggectecectgg 3300

tggagtccct gtgctccace gacgtgatgg ccaactacac gagccgegag gacctcaggg 3360



<213> Artificial Sequence <220> <223> primer <400> 18 ctggtaaccg ggcaataatt gtttgtaaag cgttattcga
aacgag46 <210> 19 <211> 40 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 19
cgctttacaa acaattattg cccggttacc aggcgaagag40

ccaccgtcgce caaggctctg gaacacaacg tcaggaccag cgatggcatg aactggaacc 3420

tccaggacct cgtctacgag gcgctgageg aggaatggeg caaaagggac ggcgagatca 3480

gcgacccatg ggccaacgac gaggcggacg gataccagcec gecctcatac gagecggtca 3540

accccgaacg caggactcce cagacgcecct ccgatggcect gatctgacgt ccgaaaaaag 3600

gcgcetgtgeg ccctttttaa atcttttata aatcttttta cattctttta gccectccge 3660

agccttactc tcccaacggg tttcagccga aacctacacc aaaaggggag cgaacctaca 3720

ccaaaagggg agcgaaccta caccaaaagg ggagcgaacc tacaccaaaa ggggagcetat 3780

atacaccttt tgttatttaa ggtgcaagtt gtgctatgct gaggccatgt ccatgagatc 3840

gtgaagttca gcaccagttc aacaacgtcg cgctgaagaa gttcgacgcc gtgcacctgg 3900

acgtgctcat ggcgatcgec tcaagggtga gggagaaggg cacggccacg gtggagttct 3960

cgttcgagga gctgegeggce ctcatgegat tgaggaagaa cctgaccaac aagcagetgg 4020

ccgacaagat cgtgcagacg aacgcgcgcc tgctggegct gaactacatg ttcgaggatt 4080

cgggcaagat catccagttc gcgcetgttca cgaagttcgt caccgacccg caggaggcga 4140

ctctcgeggt tggggtcaac gaggagttcg cgttcctget caacgacctg accageccagt 4200

tcacgcgctt cgagcetggec gagttcgecg acctcaagag caagtacgec aaggagttct 4260

accgcagggc caagcagtac cgcagctccg gaatctggaa gatcggecge gacgagttct 4320

gccgactgct tggegttcca ccgtcggcaa taacccagac acgatatctg aatcagaagg 4380

ttcttcagcc aattcaggag gagtgtgggc ctetecttgg cctgaagatc gagcgeccagt 4440



<210> 20 <211> 36 <212> DNA <213> Atrtificial Sequence <220> <223> primer <400> 20
ccacggcgcg acttcatgct tcacttccag cattge36 <210> 21 <211> 40 <212> DNA <213> Artificial Sequence
<220>

acgtgaaacg caggctgtcg ggcttegtgt tcacattcge ccgecgagacce ccteceggtga 4500

tcgacgccag geecegtggag gecgaggaaga cggacggcega cggcaagggce cattggacga 4560

gcgttgeegg gtacggegag gtgttcacga ccacggegtt gttcgacgtg acggeccgece 4620

gggctcactt cgacggcacc gtggaggccg gggaatgecg tttctgegeg tttgacgege 4680

gcaaccgcga acatcatgcg cggaacgccg gaaggctgtt ctagcggecg tgtccgegee 4740

tctggggegg ttgegectge catgggtega tetgecgetg tteggectca cgetggtetg 4800

tgcgcetgect gatcteeectg agcaggtegg cettggtect gggggegctt cgetectcga 4860

acgggccgct ctccceccagg tectegggcet cgetcaggte caacggeteg tcaccggacg 4920

gctcgggecg gtteteteee tgtgeecgggt tetcecgectg tgegegttgt tcggecatge . 4980

gcagtgcgag ggccttcacc tgttcggggc ttagtacttg catgcctgca ggtcgatttt 5040

cgttcgtgaa tacatgttat aataactata actaataacg taacgtgact ggcaagagat 5100

atttttaaaa caatgaatag gtttacactt actttagttt tatggaaatg aaagatcata 5160

tcatatataa tctagaataa aattaactaa aataattatt atctagataa aaaatttaga 5220

agccaatgaa atctataaat aaactaaatt aagtttattt aattaacaac tatggatata 5280

aaataggtac taatcaaaat agtgaggagg atatatttga atacatacga acaaattaat 5340

aaagtgaaaa aaatacttcg gagacattta aaaaataacc ttattggtac ttacatgttt 5400

ggatcaggag ttgagagtgg accaaaacca aatagtgatc ttgacttttt agtcgtcgta 5460

tctgaaccat tgacagatca aagtaaagaa atacttatac aaaaaattag acctatttca 5520

10



<223> primer <400> 21 ctggaagtga agcatgaagt cgcgccgtgg attgatctgc40 <210> 22 <211> 36 <212>
DNA <213> Artificial Sequence <220> <223> primer <400> 22 cacggatcga agacagcatc gtgaccaaag
cagacg36 <210> 23 <211> 36 <212> DNA

aaaaaaatag gagataaaag caacttacga tatatcgaat taacgattat tattcagcaa 5580

gaaatggtac cgtggaatca tcctcccaaa caagaattta tttatggaga atggttacaa 5640

gagctttatg aacaaggata cattcctcag aaggaattaa attcagattt aaccataatg 5700

ctttaccaag caaaacgaaa aaataaaaga atatacggaa attatgactt agaggaatta 5760

ctacctgata ttccattttc tgatgtgaga agagccatta tggattcgtc agaggaatta 5820

atagataatt atcaggatga tgaaaccaac tctatattaa ctttatgccg tatgatttta 5880

actatggaca cgggtaaaat cataccaaaa gatattgcgg gaaatgcagt ggctgaatct 5940

tctccattag aacataggga gagaattttg ttagcagttc gtagttatct tggagagaat 6000

attgaatgga ctaatgaaaa tgtaaattta actataaact atttaaataa cagattaaaa 6060

aaattataaa aaaattgaaa aaatggtgga aacacttttt tcaatttttt tgttttatta 6120

tttaatgggg accccgagtc aggcaactat ggatgaacga aatagacaga tcgctgagat 6180

aggtgcctca ctgattaagc attggtaact gtcagaccaa gtttactcat atatacttta 6240

gattgattta aaacttcatt tttaatttaa aaggatctag gtgaagatcc tttttgataa 6300

tctcatgacc aaaatccctt aacgtgagtt ttcgttccac tgagegtcag accccgtaga 6360

aaagatcaaa ggatcttctt gagatccttt ttttctgcge gtaatctget gettgcaaac 6420

aaaaaaacca ccgctaccag cggtggtttg tttgccggat caagagctac caactctttt 6480

tccgaaggta actggctica gcagagcgca gataccaaat actgtccttc tagtgtagcc 6540

gtagttaggc caccacttca agaactctgt agcaccgcct acatacctcg ctctgctaat 6600

11



<213> Artificial Sequence <220> <223> primer <400> 23 gctttggtca cgatgctgtc ttcgatccgt ggtatc36
<210> 24 <211> 27 <212> DNA <213> Artificial Sequence <220> <223> primer <400> 24

cctgttacca gtggctgcetg ccagtggcga taagtegtgt cttaccgggt tggactcaag 6660
acgatagtta ccggataagg cgcagcggtc gggctgaacg gggggttcgt gcacacagce 6720
cagcttggag cgaacgacct acaccgaact gagataccta cagcgtgagc tatgagaaag 6780
cgccacgctt cccgaaggga gaaaggcgga caggtatceg gtaageggca gggtcggaac 6840
aggagagcgc acgagggagc ttccaggggg aaacgcectgg tatctttata gtcctgtcgg 6900
gtttcgccac ctctgacttg agegtcgatt tttgtgatge tcgtcagggg ggeggagect 6960
atggaaaaac gccagcaacg cggccttttt acggttcctg gecttttget ggecttttgc . 7020
tcacatgttc tttcctgegt tatccectga ttetgtggat aaccgtatta cegectttga 7080
gtgagctgat accgctcgee gcagccgaac gaccgagcge agcgagtcag tgagcgagga 7140
agcggaag 7148
<210> 15

<211> 7190

<212> DNA

<213> Bifidobacterium longum

<400> 15

agcgcccaat acgcaaaccg cctctccecg cgegttggec gattcattaa tgcagetgge 60

acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttage 120

tcactcatta ggcaccccag gctttacact ttatgcttcc ggctcgtatg ttgtgtggaa 180

ttgtgagcgg ataacaattt cacacaggaa acagctatga ccatgattac gccaagcttg 240
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gactagtccg gaataatacg gttggac27 <210> 25 <211> 29 <212> DNA <213> Artificial Sequence <220>

<223> primer <400> 25 ggcttctggce tgcceccagat atacggtgg29 <210> 26 <211> 29 <212> DNA <213>

Artificial Sequence <220>

gggagacacg acgttgacca cgttggcccc gttcattcag aaagtcgegg tccecteeece 300

cacacgcgca ttgggcacgt gggacaagca gctgctcaag gaactgcgag accacatcaa 360

caccataatc gatgaggaga ccgccgaatc cgccgagcecg gtgacgetgg cccgcttcte 420

ttggcgttcg atgatcacca tgctgctggt catcgtggec gtggtegtgg tcttcaccca 480

actgaagccc gaggagatca tcaccgcgct gaccaacgcc aacccgttga tggecggtggt 540

gacgctcgcg tteggtgtct gcggcetggat cggcetegteg atttcgeteg gttcectgat 600

ggcgcggcac aagcgtgaca atatgggcgt cttcatgage caggtggcag geggcttcge 660

caccgtatcc atgccagccg gecgtgggcecc ctegttcgtec aacctgcagt tcctgegcaa 720

atccggctat cgcaacaccc aggcgaccgc aattatgagc gecgegcteg tggtgtatta 780

cgccgtgtac ttctccatge tggtcatcat cggcectgttc accggecgcea acatgttctc 840

cggcgcaatc ccgacaaaca cgttggttat cgtgctgggce gttgtggtcg tggtgctgtc 900

cattgcgatg atgattccgc cgttgcgcca ctgggtgacc cgtcgtctta tgccgetggce 960

caagacgtat atcaaccagc tgctggacgt gctttcccag ccccgacagce tcacagtcag 1020

ctgcctagge gegctgttce agaacgecgac cactgggcete getttctggg cggecctgca 1080

agcgttcggc tattcatcga atccgattga aacgacgttc gtcttcctge tggectatge 1140

attgggttcc gcagtgccca ctccaggegg tetgggeggt gtggaagegg cgetgacatt 1200

cgcgttcgtg geggtcggag tgccgecaggg cgtggegctt tececgecactt tgctgcaceg . 1260

cgtggtgttc tactggctgce geattccget gggegeggeg gecatgaagt ggcttgacaa 1320
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<223> primer <400> 26 ccaccgtata tctggggcag ccagaagcc29 <210> 27 <211> 7163 <212> DNA
<213> Bifidobacterium longum <400> 27 agcgcccaat acgcaaaccg cctctcceeg cgegttggec gattcattaa
tgcagctggc60 acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttagc120 tcactcatta
ggcaccccag gctttacact ttatgcttcc ggctcgtatg ttgtgtggaal80

gcataatctt gtctgattcg tctattttca taccecccttc ggggaaatag atgtgaaaac 1380

ccttataaaa cgcgggtttt cgcagaaaca tgcgctagta tcattgatga caacatggac 1440

taagcaaaag tgcttgtcce ctgacccaag aaggatgctt tatggcatac aacaagtctg 1500

acctcgtttc gaagatcgcc cagaagtcca acctgtcgaa taacgcttta caaacaatta 1560

ttaacgcccg gttaccaggc gaagaggggc tgtggcagat tcatctgcag gacggaaaaa 1620

tcagcgccat tgatgcgcaa tccggegtga tgcccataac tgaaaacagce ctggatgeccg 1680

aacaaggttt agttataccg ccgtttgtgg agccacatat tcacctggac accacgcaaa 1740

ccgccggaca accgaactgg aatcagtccg gecacgcetgtt tgaaggceatt gaacgetggg 1800

ccgagcgcaa agcgttatta acccatgacg atgtgaaaca acgcgcatgg caaacgctga 1860

aatggcagat tgccaacggc attcagcatg tgcgtaccca tgtcgatgtt tcggatgcaa 1920

cgctaactgc gctgaaagca atgctggaag tgaagcagga agtcgegecg tggattgatc 1980

tgcaaatcgt cgcctteect caggaaggga ttttgtegta tcccaacggt gaagegttge 2040

tggaagaggc gttacgctta ggggcagatg tagtgggggce gattccgcat tttgaattta 2100

cccgtgaata cggcgtggag tcgcetgcata aaaccttcge cctggcgcaa aaatacgacc 2160

gtctcatcga cgttcactgt gatgagatcg atgacgagca gtcgegcttt gtcgaaaccg 2220

ttgctgecct ggecgecaccat gaaggcatgg gecgegegagt caccgecage cacaccacgg 2280

caatgcactc ctataacggg gcgtatacct cacgcctgtt ccgcettgetg aaaatgtccg 2340

gtattaactt tgtcgccaac ccgctggtca atattcatct gcaaggacgt ttcgatacgt 2400
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ttgtgagcgg ataacaattt cacacaggaa acagctatga ccatgattac gccaagcttg240 gggagacacg acgttgacca
cgttggcccc gttcattcag aaagtcgegg tccectcececc300 cacacgcgca ttgggcacgt gggacaagca getgctcaag
gaactgcgag accacatcaa360 caccataatc gatgaggaga ccgccgaatc cgccgagcecg gtgacgcetgg cccgcttctc420
ttggcgttcg atgatcacca tgctgctggt catcgtggec gtggtcgtgg tcttcaccca480 actgaagccc gaggagatca
tcaccgcgct gaccaacgcc aacccgttga tggeggtggt540 gacgcetcgceg ttcggtgtet geggcetggat cggcetegteg
atttcgctcg gttccctgat600 ggecgeggcac aagcgtgaca atatgggcgt cttcatgagc caggtggcag gcggcettcge660

caccgtatce gigceagers Seglgguses SIGas g@gg&g&g@% clacacaRl20akgrggctat cgcaacacce
a

aggcgaccgc aattatgagc gccgegcetcg tggtgtatt cgccgtgtac ttctccatge tggtcatcat cggectgttc

accggccgca acatgttctc840
gctttggtca cgatgatgtc ttcgatcegt ggtatccget gggaacggeg aatatgetge 2520

aagtgctgca tatggggctg catgtttgcc agttgatggg ctacgggcag attaacgatg 2580
gcctgaattt aatcacccac cacagcgcaa ggacgttgaa tttgcaggat tacggcattg 2640
ccgeccggaaa cagegcecaac ctgattatce tgccggcetga aaatgggttt gatgegetge 2700
gccgtcaggt tccggtacgt tattcggtac gtggcggcaa ggtgattgee agcacacaac 2760
cggcacaaac caccgtatat ctggagcagc cagaagccat cgattacaaa cgttgagtta 2820
acgccttcca ggatgtgttc gtcgaggcta tgaagtccgg cgaaggcectg aagctcaccg 2880
gcctgttcte cgetgagege gtcaagegec cggcetegecac cggecgecaac ccgegecactg 2940
gcgagcagat tgacattccg gettcctacg gegttegtat ctecegetggce tecctgetga 3000
agaaggccgt caccgagtga ccttctgctc gtagcgatta cttcgagceat tactgacgac 3060
aaagaccccg accgagatgg tcggggtctt tttgttgtgg tgctgtgacg tgttgtccaa 3120
ccgtattatt ccggactagt cggccgtacg ggcccgatag gcaggeccag ctcaaggecce 3180
gcgagaacga cctcgtggeg cggcgcaggg aacgcgaacg caaggeccge accaagegee 3240
tgatcgaggt cggcgcegatg gecgagtcgg ccgegggcett cgagggagge gacgagaggg 3300
ccaaggagca catcgcccgc ctegtgcage teggceteect ggtggagtece ctgtgetcca 3360
ccgacgtgat ggccaactac acgagccgeg aggacctcag ggccaccgtc gccaaggetc 3420

tggaacacaa cgtcaggacc agcgatggca tgaactggaa cctccaggac ctcgtctacg 3480
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cggcgcaatc ccgacaaaca cgttggttat cgtgctgggc gttgtggtcg tggtgetgtc900 cattgcgatg atgattccge
cgttgcgcca ctgggtgacc cgtcgtctta tgccgetgge960 caagacgtat atcaaccagc tgctggacgt gctttcccag
ccccgacagc tcacagtcag 1020 ctgectaggce gegctgttcc agaacgcgac cactgggctc getttctggg cggcecctgca
1080 agcgttcggc tattcatcga atccgattga aacgacgttc gtcttcctge tggcctatgc1140 attgggttcc gcagtgccca

ctccaggcgg tctgggeggt gtggaagegg cgetgacatt 1200 cgegttcgtg gecggtcggag tgccgcaggg cgtggegctt
tccgccactt tgctgcaccg 1260 cgtggtgttc tactggctgc gcattccgct gggcgeggeg gecatgaagt ggcttgacaa 1320

gcataatctt gf Bgag goteta sleislsleiily aiglgaaraslRiO.celiatagag cocgagtitt

cgcagaaaca gcgc agta tcattgatga caacatggac 14 0 taagcaaaag tgctlgtccc ctgacccaag aaggatgctt
tatggcatac aacaagtctg 1500 acctcgtttc gaataacgct ttacaaacaa ttattaacgc ccggttacca ggcgaagagg 1560
acgaggcgga cggataccag ccgecctcat acgagecggt caaccccgaa cgcaggactc 3600

cccagacgcc ctccgatggce ctgatctgac gtccgaaaaa aggegctgtg cgeccttttt 3660
aaatctttta taaatctttt tacattcttt tagcccctce gecagcecttac tctcccaacg 3720
ggtttcagcc gaaacctaca ccaaaagggg agcgaaccta caccaaaagg ggagcgaacc 3780
tacaccaaaa ggggagcgaa cctacaccaa aaggggagct atatacacct tttgttattt 3840
aaggtgcaag ttgtgctatg ctgaggccat gtccatgaga tcgtgaagtt cagcaccagt 3900
tcaacaacgt cgcgctgaag aagttcgacg ccgtgcacct ggacgtgctc atggcgatcg 3960
cctcaagggt gagggagaag ggcacggcca cggtggagtt ctegttcgag gagetgegeg 4020
gcctcatgeg attgaggaag aacctgacca acaagcagct ggccgacaag atcgtgcaga 4080
cgaacgcgcg cctgetggeg ctgaactaca tgttcgagga ttcgggcaag atcatccagt 4140
tcgcgcetgtt cacgaagttc gtcaccgacc cgcaggaggce gactctcgeg gttggggtca 4200
acgaggagtt cgcgttcctg ctcaacgacc tgaccagceca gttcacgege ttcgagetgg 4260
ccgagttcgc cgacctcaag agcaagtacg ccaaggagtt ctaccgcagg gccaagcagt 4320
accgcagctc cggaatctgg aagatcggcec gcgacgagtt ctgeccgactg cttggegttc - 4380
caccgtcggc aataacccag acacgatatc tgaatcagaa ggttcttcag ccaattcagg 4440
aggagtgtgg gcctctectt ggecctgaaga tcgagegeca gtacgtgaaa cgcaggetgt 4500

cgggcttegt gttcacattc gcccgegaga ceecteeggt gatcgacgec aggecegtgg 4560
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ggctgtggca gattcatctg caggacggaa aaatcagcgc cattgatgcg caatccggeg 1620 tgatgcccat aactgaaaac
agcctggatg ccgaacaagg tttagttata ccgccgtttg 1680 tggagccaca tattcacctg gacaccacgc aaaccgccgg
acaaccgaac tggaatcagt 1740 ccggcacgct gtttgaaggc attgaacgct gggccgagcg caaagcgtta ttaacccatg
1800 acgatgtgaa acaacgcgca tggcaaacgc tgaaatggca gattgccaac ggcattcagc 1860 atgtgcgtac
ccatgtcgat gtttcggatg caacgctaac tgcgctgaaa gcaatgctggl920 aagtgaagca ggaagtcgcg ccgtggattg
atctgcaaat cgtcgccttc cctcaggaag 1980 ggattttgtc gtatcccaac ggtgaagcgt tgctggaaga ggcgttacgce

ttaggggcag %%Qaaﬁg g@tg&% &5@ t@é‘@gg&% gaggegctgc 2100 ataaaacctt

cgccectggceg caaaaatacg accg cat cgacgttcac tgtgatgaga 60 tcgatgacga gcagtcgcgc tttgtcgaaa
ccgttgetge cctggegceac catgaaggca 2220
aggtgttcac gaccacggcg ttgttcgacg tgacggccgce ccgggcetcac ttcgacggca 4680

ccgtggaggce cggggaatgce cgtttctgeg cgtttgacge gecgcaaccge gaacatcatg 4740
cgcggaacgc cggaaggctg ttctagegge cgtgtcegeg cetetgggge gattgegeet 4800
gccatgggtc gatctgecge tgttcggect cacgetggte tgtgegetge ctgatctcce 4860
tgagcaggtc ggccttggte ctgggggcegc ttegetectc gaacgggecg ctetccececca 4920
ggtcctcggg ctegetcagg tccaacggcet cgtcaccgga cggetcggge cggttetctc . 4980
cctgtgeegg gttctecgec tgtgegegtt gttcggecat gecgecagtgeg agggecttca 5040
cctgttcggg gettagtact tgcatgectg caggtcgatt ttegttcgtg aatacatgtt 5100
ataataacta taactaataa cgtaacgtga ctggcaagag atatttttaa aacaatgaat 5160
aggtttacac ttactttagt tttatggaaa tgaaagatca tatcatatat aatctagaat 5220
aaaattaact aaaataatta ttatctagat aaaaaattta gaagccaatg aaatctataa 5280
ataaactaaa ttaagtttat ttaattaaca actatggata taaaataggt actaatcaaa 5340
atagtgagga ggatatattt gaatacatac gaacaaatta ataaagtgaa aaaaatactt 5400
cggagacatt taaaaaataa ccttattggt acttacatgt ttggatcagg agttgagagt 5460
ggaccaaaac caaatagtga tcttgacttt ttagtcgtcg tatctgaacc attgacagat 5520
caaagtaaag aaatacttat acaaaaaatt agacctattt caaaaaaaat aggagataaa 5580

agcaacttac gatatatcga attaacgatt attattcagc aagaaatggt accgtggaat 5640
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tgggcgcegeg agtcaccgec agccacacca cggcaatgca ctectataac ggggcegtata 2280 cctcacgcct gttcegcttg
ctgaaaatgt ccggtattaa ctttgtcgcc aacccgcetgg 2340 tcaatattca tctgcaagga cgtttcgata cgtatccaaa
acgtcgcggc atcacgcgceg 2400 ttaaagagat gctggagtcc ggcattaacg tctgctttgg tcacgatgct gtcttcgatc 2460
cgtggtatcc gctgggaacg gcgaatatgc tgcaagtgct gcatatgggg ctgcatgttt 2520 gccagttgat gggctacggg
cagattaacg atggcctgaa tttaatcacc caccacagcg 2580 caaggacgtt gaatttgcag gattacggca ttgccgccgg
aaacagcgcc aacctgatta 2640 tcctgccggc tgaaaatggg tttgatgcgc tgcgecgtca ggttccggta cgttattcgg 2700

tacgtggcyg CARMHGALL ACLRARRAASIAACEIACAER SARRREIGRICINAIGZISO agecagaage catcgattac
aaacgttgag ttaacgcctt ccaggatgtg ttcgtcgagg 2820 ctatgaagtc cggcgaaggc ctgaagctca ccggectgtt

ctcegetgag cgegtcaage 2880 geccggcetcg caccggecge aacccgegea ctggcgagcea gattgacatt ccggcettect
2940 tacattcctc agaaggaatt aaattcagat ttaaccataa tgctttacca agcaaaacga 5760

aaaaataaaa gaatatacgg aaattatgac ttagaggaat tactacctga tattccattt 5820
tctgatgtga gaagagccat tatggattcg tcagaggaat taatagataa ttatcaggat 5880
gatgaaacca actctatatt aactttatgc cgtatgattt taactatgga cacgggtaaa 5940
atcataccaa aagatattgc gggaaatgca gtggctgaat cttctccatt agaacatagg 6000
gagagaattt tgttagcagt tcgtagttat cttggagaga atattgaatg gactaatgaa 6060
aatgtaaatt taactataaa ctatttaaat aacagattaa aaaaattata aaaaaattga 6120
aaaaatggtg gaaacacttt tttcaatttt tttgttttat tatttaatgg ggaccccgag 6180
tcaggcaact atggatgaac gaaatagaca gatcgctgag ataggtgcct cactgattaa 6240
gcattggtaa ctgtcagacc aagtttactc atatatactt tagattgatt taaaacttca 6300
tttttaattt aaaaggatct aggtgaagat cctttttgat aatctcatga ccaaaatccc 6360
ttaacgtgag ttttcgttcc actgagcgtc agacccecgta gaaaagatca aaggatcttc 6420
ttgagatcct ttttttctge gegtaatctg ctgcttgcaa acaaaaaaac caccgctacc 6480
agcggtgatt tgtttgccgg atcaagagct accaactctt tttccgaagg taactggett 6540
cagcagagcg cagataccaa atactgtcct tctagtgtag ccgtagttag gccaccactt 6600
caagaactct gtagcaccgc ctacatacct cgctctgcta atcctgttac cagtggctge 6660

tgccagtgge gataagtcegt gtcttaccgg gttggactca agacgatagt taccggataa 6720
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acggcgttcg tatctccgcet ggctcecctge tgaagaaggc cgtcaccgag tgaccttctg 3000 ctcgtagcga ttacttcgag
cattactgac gacaaagacc ccgaccgaga tggtcggggt 3060 ctttttgttg tggtgctgtg acgtgttgtc caaccgtatt
attccggact agtcggcecgt3120 acgggcccga taggcaggcc cagctcaagg cccgcgagaa cgacctcgtg gecgeggegcea
3180 gggaacgcga acgcaaggcc cgcaccaagc gcctgatcga ggtcggegceg atggccgagt 3240 cggccgeggg
cttcgaggga ggcgacgaga gggccaagga gcacatcgec cgcectegtge 3300 agctcggctce cctggtggag tceetgtgct
ccaccgacgt gatggccaac tacacgagcc 3360 gcgaggacct cagggccacc gtcgccaagg ctctggaaca caacgtcagg

accagCyatg 3420 GeAINARGIN HAARFIREAE HBESISHlbBCIRAGEUGt dARGERTYaAd00CyCaaaa 3480

gggacggcga gatcagcgac ccatgggcca acgacgaggce ggacggatac cagecgecct 3540 catacgagcc

ggtcaacccc gaacgcagga ctccccagac gecctccgat ggectgatct 3600
ctacaccgaa ctgagatacc tacagcgtga gctatgagaa agcgccacgc ttcccgaagg 6840

gagaaaggcg gacaggtatc cggtaagcgg cagggtcgga acaggagagc gcacgaggga 6900
gcttccaggg ggaaacgcct ggtatcttta tagtcetgtc gggtttcgec acctctgact 6960
tgagcgtcga tttttgtgat gectcgtcagg ggggeggage ctatggaaaa acgccagcaa 7020
cgcggccttt ttacggttce tggcecttttg ctggectttt getcacatgt tetttcctge 7080

gttatcccct gattctgtgg ataaccgtat taccgcecttt gagtgagcetg ataccgetcg 7140
ccgcagcecga acgaccgagce gcagcegagtc agtgagcgag gaagcggaag 7190
<210> 16

<211> 40

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 16
ccgggcgtta ataattgttt gtaagttatt cgaaacgagg 40

<210> 17

<211> 40

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer
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gacgtccgaa aaaaggcgct gtgcgcecctt tttaaatctt ttataaatct tttlacattc 3660 ttttagcccc tccgcagcect tactctccca
acgggittca gccgaaacct acaccaaaag 3720 gggagcgaac ctacaccaaa aggggagcga acctacacca
aaaggggagc gaacctacac 3780 caaaagggga gctatataca cctlttgtta tttaaggtgc aagttgtgct atgctgaggce 3840
catgtccatg agatcgtgaa gttcagcacc agttcaacaa cgtcgcgctg aagaagttcg 3900 acgccgtgca cctggacgtg
ctcatggcga tcgcctcaag ggtgagggag aagggcacgg 3960 ccacggtgga gttctcgttc gaggagcetgc gecggcectcat
gcgattgagg aagaacctga 4020 ccaacaagca gctggccgac aagatcgtgc agacgaacgc gcgcectgetg gegetgaact
4080 acatgttcga ggattcgggc aagatcatcc agttcgcgct gttcacgaag ttcgtcaccg 4140 acccgcagga ggcgactctc
gcggttgggg tcaacgagga gttcgegtte ctgctcaacg 4200 acctgaccag ccagttcacg cgcttcgagce tggccgagtt

cgccgacctc?ﬂaﬁgé agt 4260

cctcgtttcg aataacttac aaacaattat taacgcccgg

<210> 18

<211> 46

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 18
ctggtaaccg ggcaataatt gtttgtaaag cgttattcga aacgag

<210> 19

<211> 40

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 19

cgctttacaa acaattattg cccggttacc aggcgaagag

<210> 20

<211> 36

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

20

40

46

40



acgccaagga gttctaccgc agggccaagc agtaccgcag ctccggaatc tggaagatcg 4320 gccgcgacga gttctgeccga
ctgcttggceg ttccaccgtc ggcaataacc cagacacgat 4380 atctgaatca gaaggttctt cagccaattc aggaggagtg
tgggcctctc cttggcctga 4440 agatcgagcg ccagtacgtg aaacgcaggc tgtcgggctt cgtgttcaca ttcgeccgeg 4500
agacccctcc ggtgatcgac gccaggceccg tggaggcgag gaagacggac ggcgacggca 4560 agggccattg gacgagcgtt
gccgggtacg gcgaggtgtt cacgaccacg gegttgttcg 4620 acgtgacggc cgccecgggct cacttcgacg gcaccgtgga
ggccggggaa tgccgtttct 4680 gecgcegtttga cgecgcgcaac cgcgaacatc atgcgcggaa cgccggaagg ctgttctage
4740 ggccgtgtce gecgcectetgg ggeggttgeg cetgecatgg gtcgatcetge cgctgttcgg 4800 cctcacgcetg gtetgtgegce
tgcctgatct cc%[t&agcag gtcggccttg gtcectggggg 4860 cgcttcgcete ctcgaacggg ccgctcetecee ccaggtcecte

gggctcgctc 3 Ec&gcg 4920 gctcgtcacc ggacggctcg ggccggttct ctcectgtge cgggttetce gectgtgege 4980
ccacggcgcg acttcatgct tcacttccag cattge 36
<210> 21
<211> 40
<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 21
ctggaagtga agcatgaagt cgcgcegtgg attgatctge 40

<210> 22

<211> 36

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

<400> 22

cacggatcga agacagcatc gtgaccaaag cagacg 36

<210> 23

<211> 36

<212> DNA

<213> Atrtificial Sequence

<220>

<223> primer

21



gttgttcggc catgcgcagt gcgagggcct tcacctgttc ggggcttagt acttgcatgc 5040 ctgcaggtcg attttcgttc
gtgaatacat gttataataa ctataactaa taacgtaacg5100 aaatgaaaga tcatatcata tataatctag aataaaatta
actaaaataa ttattatcta 5220 gataaaaaat ttagaagcca atgaaatcta taaataaact aaattaagtt tatttaatta 5280
acaactatgg atataaaata ggtactaatc aaaatagtga ggaggatata tttgaataca 5340 tacgaacaaa ttaataaagt
gaaaaaaata cttcggagac atttaaaaaa taaccttatt 5400 ggtacttaca tgtttggatc aggagttgag agtggaccaa
aaccaaatag tgatcttgac 5460 tfittagtcg tcgtatctga accattgaca gatcaaagta aagaaatact tatacaaaaa 5520
attagaccta tttcaaaaaa aataggagat aaaagcaact tacgatatat cgaattaacg 5580 attattattc agcaagaaat
ggtaccgtgg aatcatcctc ccaaacaaga atttatttat 5640 ggagaatggt tacaagagct ttatgaacaa ggatacattc
ctcagaagga%?t%faaﬁ%a 5700

gctttggtca cgatgctgte ttcgatcegt ggtate

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24
27
DNA

Artificial Sequence

primer

24

gactagtccg gaataatacg gttggac

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ggcttctggce tgccccagat atacggtgg

<210>
<211>
<212>
<213>

<220>
<223>

25
29
DNA

Artificial Sequence

primer

25

26
29
DNA

Artificial Sequence

primer

22

27

29



gatttaacca taatgcttta ccaagcaaaa cgaaaaaata aaagaatata cggaaattat 5760 gacttagagg aattactacc
tgatattcca ttttctgatg tgagaagagc cattatggat 5820 tcgtcagagg aattaataga taattatcag gatgatgaaa
ccaactctat attaacttta 5880 tgccgtatga ttttaactat ggacacgggt aaaatcatac caaaagatat tgcgggaaat 5940
gcagtggctg aatcttctcc attagaacat agggagagaa ttttgttagc agttcgtagt 6000 tatcttggag agaatattga
atggactaat gaaaatgtaa atttaactat aaactattta6060 aataacagat taaaaaaatt ataaaaaaat tgaaaaaatg
gtggaaacac ttttttcaat 6120 ttttttgttt tattatttaa tggggacccc gagtcaggca actatggatg aacgaaatag6180
acagatcgct gagataggtg cctcactgat taagcattgg taactgtcag accaagttta 6240 ctcatatata ctttagattg
atttaaaact tcattlttaa tttaaaagga tctaggtgaa6300 gatccttttt gataatctca tgaccaaaat cccttaacgt gagttttcgt

tccactgagc
ccaccgtata tctggggcag ccagaagcc 29

<210> 27
<211> 7163
<212> DNA

<213> Bifidobacterium longum

<400> 27

agcgcccaat acgcaaaccg cctctccecg cgegttggec gattcattaa tgcagetgge 60

acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa cgcaattaat gtgagttage 120

tcactcatta ggcaccccag gctttacact ttatgcttcc ggctcgtatg ttgtgtggaa 180

ttgtgagcgg ataacaattt cacacaggaa acagctatga ccatgattac gccaagcttg 240

gggagacacg acgttgacca cgttggcccc gttcattcag aaagtcgegg tccecteecce 300

cacacgcgca ttgggcacgt gggacaagca gctgctcaag gaactgcgag accacatcaa 360

caccataatc gatgaggaga ccgccgaatc cgccgagcecg gtgacgetgg cccgcttcte 420

ttggcgttcg atgatcacca tgctgctggt catcgtggec gtggtegtgg tcttcaccca 480

actgaagccc gaggagatca tcaccgcegct gaccaacgcc aacccgttga tggeggtggt 540

gacgctcgcg ttcggtgtct gcggcetggat cggcetegteg atttcgeteg gttcectgat 600

ggcgcggcac aagcgtgaca atatgggcgt cttcatgage caggtggcag geggcttcge 660

caccgtatcc atgccagccg gecgtgggcecc ctegttcgtec aacctgcagt tcctgegcaa 720

atccggctat cgcaacaccc aggcgaccgc aattatgagc gecgegcteg tggtgtatta 780

23



gtcagacccc gtagaaaaga tcaaaggatc ttcttgagat cctttttttc tgcgcgtaat 6420 ctgctgcttg caaacaaaaa
aaccaccgct accagcggtg gtttgtttgc cggatcaaga 6480 gctaccaact ctlitttccga aggtaactgg cttcagcaga
gcgcagatac caaatactgt 6540 ccttctagtg tagccgtagt taggccacca cttcaagaac tctgtagcac cgcctacata 6600
cctcgcetctg ctaatcctgt taccagtggc tgctgccagt ggcgataagt cgtgtcttac 6660 cgggttggac tcaagacgat
agttaccgga taaggcgcag cggtcgggct gaacgggggg 6720 ttcgtgcaca cagcccagct tggagcgaac gacctacacc
gaactgagat acctacagcg 6780 tgagctatga gaaagcgcca cgcttcccga agggagaaag gcggacaggt atccggtaag
6840 cggcagggtc ggaacaggag agcgcacgag ggagcttcca gggggaaacg cctggtatct 6900 ttatagtcct

gtcgggtttc gccacctctg acttgagegt cgattlttgt gatgctcgtc 6960 a ggcgg agcctatgga aaaacgccag
caacgcggcCHitHeEGL 8&99%925"&8%‘@ e ftgetcats ¢ tg&gftatce cctgattetg
tggataaccg7080

cggcgcaatc ccgacaaaca cgttggttat cgtgctgggce gttgtggtcg tggtgctgtc 900
cattgcgatg atgattccgc cgttgcgcca ctgggtgacc cgtcgtctta tgccgetggce 960
caagacgtat atcaaccagc tgctggacgt gctttcccag ccccgacagce tcacagtcag 1020
ctgcctaggce gegetgttce agaacgcgac cactgggcete getttctggg cggecctgca 1080
agcgttcggc tattcatcga atccgattga aacgacgttc gtcttcctge tggectatge 1140
attgggttcc gcagtgccca ctccaggegg tetgggeggt gtggaagegg cgetgacatt 1200
cgcgttcgtg geggtcggag tgccgecaggg cgtggegctt tecegecactt tgctgcaceg . 1260
cgtggtgttc tactggctgce geattcecget gggegeggeg gecatgaagt ggcttgacaa 1320
gcataatctt gtctgattcg tctattttca tacccccttc ggggaaatag atgtgaaaac 1380
ccttataaaa cgcgggtttt cgcagaaaca tgcgctagta tcattgatga caacatggac 1440
taagcaaaag tgcttgtcce ctgacccaag aaggatgctt tatggcatac aacaagtctg 1500
acctcgtttc gaataacgct ttacaaacaa ttattaacgc ccggttacca ggcgaagagg 1560
ggctgtggca gattcatctg caggacggaa aaatcagcgc cattgatgeg caatccggeg 1620
tgatgcccat aactgaaaac agcctggatg ccgaacaagg tttagttata ccgeegttty 1680
tggagccaca tattcacctg gacaccacgc aaaccgccgg acaaccgaac tggaatcagt 1740
ccggcacgct gtttgaaggc attgaacgct gggccgageg caaagcgtta ttaacccatg 1800

acgatgtgaa acaacgcgca tggcaaacgc tgaaatggca gattgccaac ggcattcage 1860

24



tattaccgcc tttgagtgag ctgataccgc tcgccgcagce cgaacgaccg agcgcagcga 7140 gtcagtgagc gaggaagcgg
aag7163 <210> 28 <211> 427 <212> PRT <213> Escherichia coli <400> 28 Met Ser Asn Asn Ala
Leu Gin Thr lle lle Asn Ala Arg Leu Pro Gly 151015 Glu Glu Gly Leu Trp Gin lle His Leu Gin Asp Gly
Lys lle Ser Ala 202530

atgtgcgtac ccatgtcgat gtttcggatg caacgctaac tgcgctgaaa gcaatgetgg 1920

aagtgaagca ggaagtcgcg ccgtggattg atctgcaaat cgtcgecttc cctcaggaag 1980

ggattttgtc gtatcccaac ggtgaagcegt tgctggaaga ggcgttacgce ttaggggcag 2040

atgtagtggg ggcgattceg cattttgaat ttacccgtga atacggegtg gagtcgetgc 2100

ataaaacctt cgccctggeg caaaaatacg accgtctcat cgacgttcac tgtgatgaga 2160

tcgatgacga gcagtcgegc tttgtcgaaa cegttgetge cctggegeac catgaaggca 2220

tgggcgegeg agtcaccgec agccacacca cggcaatgca ctectataac ggggegtata 2280

cctcacgcct gttcegcettg ctgaaaatgt ccggtattaa ctttgtcgec aaccegetgg 2340

tcaatattca tctgcaagga cgtttcgata cgtatccaaa acgtcgcggce atcacgegeg 2400

ttaaagagat gctggagtcc ggcattaacg tctgetttgg tcacgatgcet gtcttcgatc 2460

cgtggtatcc gctgggaacg gcgaatatgc tgcaagtgct gcatatgggg ctgcatgttt 2520

gccagttgat gggctacggg cagattaacg atggcctgaa tttaatcacc caccacagcg 2580

caaggacgtt gaatttgcag gattacggca ttgccgccgg aaacagcgec aacctgatta 2640

tcectgecgge tgaaaatggg tttgatgege tgcgecgtca ggttccggta cgttattcgg 2700

tacgtggcgg caaggtgatt gccagcacac aaccggcaca aaccaccgta tatctggage 2760

agccagaagc catcgattac aaacgttgag ttaacgcctt ccaggatgtg ttcgtcgagg 2820

ctatgaagtc cggcgaaggc ctgaagctca ccggectgtt ctccgetgag cgegtcaage 2880

gcccggcteg caccggecgce aaccecgegcea ctggcgagcea gattgacatt ccggettcct 2940
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lle Asp Ala Gin Ser Gly Val Met Pro lle Thr Glu Asn Ser Leu Asp 354045 Ala Glu Gin Gly Leu Val lle
Pro Pro Phe Val Glu Pro His lle His 505560 Leu Asp Thr Thr Gin Thr Ala Gly Gin Pro Asn Trp Asn Gin
Ser Gly 65707580 Thr Leu Phe Glu Gly lle Glu Arg Trp Ala Glu Arg Lys Ala Leu Leu 859095 Thr His
Asp Asp Val Lys Gin Arg Ala Trp Gin Thr Leu Lys Trp Gin 100105110 lle Ala Asn Gly lle Gin His Val
Arg Thr His Val Asp Val Ser Asp 115120125

acggcgttcg tatctcegcet ggcteecctge tgaagaaggce cgtcaccgag tgaccttctg 3000

ctcgtagcga ttacttcgag cattactgac gacaaagacc ccgaccgaga tggtcggggt 3060

ctttttgttg tggtgctgtg acgtgttgtc caaccgtatt attccggact agtcggecgt 3120

acgggcccga taggcaggcc cagctcaagg cccgcgagaa cgacctegtg gegeggegeca 3180

gggaacgcga acgcaaggcc cgcaccaagce gectgatcga ggtcggegeg atggecgagt 3240

cggccgeggg cttcgaggga ggcgacgaga gggccaagga gcacatcgec cgectegtge 3300

agctcggctc cctggtggag teecetgtgcet ccaccgacgt gatggccaac tacacgagece 3360

gcgaggacct cagggccacc gtcgccaagg ctctggaaca caacgtcagg accagecgatg 3420

gcatgaactg gaacctccag gacctcgtct acgaggcgcet gagcgaggaa tggcgcaaaa 3480

gggacggcga gatcagcgac ccatgggcca acgacgaggc ggacggatac cagccgecct 3540

catacgagcc ggtcaacccc gaacgcagga ctccccagac gecctecgat ggectgatct 3600

gacgtccgaa aaaaggcgct gtgegecctt tttaaatctt ttataaatct ttttacattc 3660

ttttagcccece tccgeagect tactctccca acgggtttca gccgaaacct acaccaaaag 3720

gggagcgaac ctacaccaaa aggggagcga acctacacca aaaggggagc gaacctacac 3780

caaaagggga gctatataca ccttttgtta tttaaggtgc aagttgtgct atgctgagge 3840

catgtccatg agatcgtgaa gttcagcacc agttcaacaa cgtcgcgcetg aagaagttcg 3900

acgccgtgca cctggacgtg ctcatggcga tcgectcaag ggtgagggag aagggcacgg 3960

ccacggtgga gttctegttc gaggagctge geggcectecat gcgattgagg aagaacctga 4020
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Ala Thr Leu Thr Ala Leu Lys Ala Met Leu Glu Val Lys Gin Glu Val 130135140 Ala Pro Trp lle Asp Leu
Gin lle Val Ala Phe Pro Gin Glu Gly lle 145150155160 Leu Ser Tyr Pro Asn Gly Glu Ala Leu Leu Glu
Glu Ala Leu Arg Leu 165170175 Gly Ala Asp Val Val Gly Ala lle Pro His Phe Glu Phe Thr Arg Glu
180185190 Tyr Gly Val Glu Ser Leu His Lys Thr Phe Ala Leu Ala Gin Lys Tyr 195200205 Asp Arg Leu
lle Asp Val His Cys Asp Glu lle Asp Asp Glu Gin Ser

ccaacaagca gctggccgac aagatcgtge agacgaacgc gegectgcetg gecgetgaact 4080

acatgttcga ggattcgggc aagatcatcc agttcgcgct gttcacgaag ttcgtcaccg 4140

acccgcagga ggcgactctc geggttgggg tcaacgagga gttecgegtte ctgctcaacg 4200

acctgaccag ccagttcacg cgcttcgagce tggccgagtt cgccgacctc aagagcaagt 4260

acgccaagga gttctaccge agggccaagc agtaccgcag ctccggaate tggaagatcg 4320

gccgcegacga gttctgecga ctgettggeg ttccaccgtc ggcaataace cagacacgat 4380

atctgaatca gaaggttctt cagccaattc aggaggagtg tgggcctctce cttggcctga 4440

agatcgagcg ccagtacgtg aaacgcaggc tgtcgggctt cgtgttcaca ttcgcccgeg 4500

agacccctcc ggtgatcgac gccaggecceg tggaggcgag gaagacggac ggcgacggca 4560

agggccattg gacgagcgtt gccgggtacg gcgaggtgtt cacgaccacg gegttgttcg 4620

acgtgacggc cgcccgggct cacttcgacg gcaccgtgga ggccggggaa tgeegtttct 4680

gcgcegtttga cgegegecaac cgegaacate atgcgcggaa cgccggaagg ctgttctage . 4740

ggccgtgtce gegectetgg ggeggttgeg cetgecatgg gtegatetge cgetgttcgg 4800

cctcacgcetg gtetgtgege tgectgatet cectgageag gtcggecttg gtectggggg 4860

cgcttcgete ctcgaacggg cegcetetcee ccaggtecte gggetegete aggtccaacg 4920

gctegtcace ggacggceteg ggecggttet cteectgtge cgggttetee geetgtgege . 4980

gttgttcggce catgcgcagt gcgagggcect tcacctgttc ggggcttagt acttgcatge 5040

ctgcaggtcg attttcgttc gtgaatacat gttataataa ctataactaa taacgtaacg 5100
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210215220 Arg Phe Val Glu Thr Val Ala Ala Leu Ala His His Glu Gly Met Gly 225230235240 Ala Arg
Val Thr Ala Ser His Thr Thr Ala Met His Ser Tyr Asn Gly 245250255 Ala Tyr Thr Ser Arg Leu Phe Arg
Leu Leu Lys Met Ser Gly lle Asn 260265270 Phe Val Ala Asn Pro Leu Val Asn lle His Leu Gin Gly Arg
Phe Asp 275280285 Thr Tyr Pro Lys Arg Arg Gly lle Thr Arg Val Lys Glu Met Leu Glu 290295300

tgactggcaa gagatatttt taaaacaatg aataggttta cacttacttt agttttatgg 5160

aaatgaaaga tcatatcata tataatctag aataaaatta actaaaataa ttattatcta 5220

gataaaaaat ttagaagcca atgaaatcta taaataaact aaattaagtt tatttaatta 5280

acaactatgg atataaaata ggtactaatc aaaatagtga ggaggatata tttgaataca 5340

tacgaacaaa ttaataaagt gaaaaaaata cttcggagac atttaaaaaa taaccttatt 5400

ggtacttaca tgtttggatc aggagttgag agtggaccaa aaccaaatag tgatcttgac 5460

tttttagtcg tcgtatctga accattgaca gatcaaagta aagaaatact tatacaaaaa 5520

attagaccta tttcaaaaaa aataggagat aaaagcaact tacgatatat cgaattaacg 5580

attattattc agcaagaaat ggtaccgtgg aatcatcctc ccaaacaaga atttatttat 5640

ggagaatggt tacaagagct ttatgaacaa ggatacattc ctcagaagga attaaattca 5700

gatttaacca taatgcttta ccaagcaaaa cgaaaaaata aaagaatata cggaaattat 5760

gacttagagg aattactacc tgatattcca ttttctgatg tgagaagagc cattatggat 5820

tcgtcagagg aattaataga taattatcag gatgatgaaa ccaactctat attaacttta 5880

tgccgtatga ttttaactat ggacacgggt aaaatcatac caaaagatat tgcgggaaat 5940

gcagtggctg aatcttctce attagaacat agggagagaa ttttgttage agttcgtagt 6000

tatcttggag agaatattga atggactaat gaaaatgtaa atttaactat aaactattta 6060

aataacagat taaaaaaatt ataaaaaaat tgaaaaaatg gtggaaacac ttttttcaat 6120

ttttttgttt tattatttaa tggggacccc gagtcaggca actatggatg aacgaaatag 6180
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Ser Gly lle Asn Val Cys Phe Gly His Asp Asp Val Phe Asp Pro Trp 305310315320 Tyr Pro Leu Gly Thr
Ala Asn Met Leu Gin Val Leu His Met Gly Leu 325330335 His Val Cys Gin Leu Met Gly Tyr Gly Gin lle
Asn Asp Gly Leu Asn 340345350 Leu lle Thr His His Ser Ala Arg Thr Leu Asn Leu Gin Asp Tyr Gly
355360365 Ile Ala Ala Gly Asn Ser Ala Asn Leu lle lle Leu Pro Ala Glu Asn 370375380 Gly Phe Asp
Ala Leu Arg Arg Gin Val Pro Val Arg Tyr Ser Val Arg 385390395400

acagatcgct gagataggtg cctcactgat taagcattgg taactgtcag accaagttta 6240

ctcatatata ctttagattg atttaaaact tcatttttaa tttaaaagga tctaggtgaa 6300

gatccttttt gataatctca tgaccaaaat cccttaacgt gagttticgt tccactgage 6360

gtcagacccc gtagaaaaga tcaaaggatc ttcttgagat cctttttttc tgcgegtaat 6420

ctgctgcttg caaacaaaaa aaccaccgct accageggtg gtttgtttgc cggatcaaga 6480

gctaccaact ctttttccga aggtaactgg cttcagcaga gcgcagatac caaatactgt 6540

ccttctagtg tagccgtagt taggccacca cttcaagaac tctgtagcac cgcctacata 6600

cctegetetg ctaatectgt taccagtgge tgctgecagt ggcgataagt cgtgtcttac 6660

cgggttggac tcaagacgat agttaccgga taaggcgcag cggtcgggcet gaacgggggg 6720

ttcgtgcaca cagcccagct tggagcgaac gacctacacc gaactgagat acctacageg 6780

tgagctatga gaaagcgcca cgcttcccga agggagaaag gcggacaggt atccggtaag 6840

cggcagggtc ggaacaggag agcgcacgag ggagcttcca gggggaaacg cctggtatct 6900

ttatagtcct gtcgggtttc gccacctetg acttgagegt cgatttttgt gatgetegtc 6960

aggggggcegg agcectatgga aaaacgccag caacgcggcec tttttacggt tectggecett 7020

ttgctggcect titgetcaca tgttctttce tgcgttatce cetgattctg tggataaccg 7080

tattaccgcc tttgagtgag ctgataccgce tcgccgcage cgaacgaccg agecgcagecga 7140

gtcagtgagc gaggaagcgg aag 7163

<210> 28
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Gly Gly Lys Val lle Ala Ser Thr Gin Pro Ala Gin Thr Thr Val Tyr 405410415 Leu Glu Gin Pro Glu Ala
lle Asp Tyr Lys Arg 420425 <210> 29 <211> 18 <212> PRT <213> Bifidobacterium longum <400> 29
Met Ala Tyr Asn Lys Ser Asp Leu Val Ser Lys lle Ala Gin Lys Ser 151015

<211> 427

<212> PRT

<213> Escherichia coli

<400> 28

Met Ser Asn Asn Ala Leu GIn Thr lle lle Asn Ala Arg Leu Pro Gly

1 5 10 15

Glu Glu Gly Leu Trp GIn lle His Leu GIn Asp Gly Lys lle Ser Ala
20 25 30

lle Asp Ala GIn Ser Gly Val Met Pro lle Thr Glu Asn Ser Leu Asp
35 40 45

Ala Glu GIn Gly Leu Val lle Pro Pro Phe Val Glu Pro His lle His
50 55 60

Leu Asp Thr Thr GIn Thr Ala Gly GIn Pro Asn Trp Asn GIn Ser Gly
65 70 75 80

Thr Leu Phe Glu Gly lle Glu Arg Trp Ala Glu Arg Lys Ala Leu Leu
85 90 95

Thr His Asp Asp Val Lys GIn Arg Ala Trp GIn Thr Leu Lys Trp Gin
100 105 110

lle Ala Asn Gly lle GIn His Val Arg Thr His Val Asp Val Ser Asp
115 120 125
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Asn Leu

Ala Thr Leu Thr Ala Leu Lys Ala Met Leu Glu Val Lys GIn Glu Val
130 135 140

Ala Pro Trp lle Asp Leu Gin lle Val Ala Phe Pro Gin Glu Gly lle
145 150 155 160

Leu Ser Tyr Pro Asn Gly Glu Ala Leu Leu Glu Glu Ala Leu Arg Leu
165 170 175

Gly Ala Asp Val Val Gly Ala lle Pro His Phe Glu Phe Thr Arg Glu
180 185 190

Tyr Gly Val Glu Ser Leu His Lys Thr Phe Ala Leu Ala GIn Lys Tyr
195 200 205

Asp Arg Leu lle Asp Val His Cys Asp Glu lle Asp Asp Glu GIn Ser
210 215 220

Arg Phe Val Glu Thr Val Ala Ala Leu Ala His His Glu Gly Met Gly
225 230 235 240

Ala Arg Val Thr Ala Ser His Thr Thr Ala Met His Ser Tyr Asn Gly
245 250 255

Ala Tyr Thr Ser Arg Leu Phe Arg Leu Leu Lys Met Ser Gly lle Asn
260 265 270
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Phe Val Ala Asn Pro Leu Val Asn lle His Leu GIn Gly Arg Phe Asp
275 280 285

Thr Tyr Pro Lys Arg Arg Gly lle Thr Arg Val Lys Glu Met Leu Glu
290 295 300

Ser Gly lle Asn Val Cys Phe Gly His Asp Asp Val Phe Asp Pro Trp
305 310 315 320

Tyr Pro Leu Gly Thr Ala Asn Met Leu GIn Val Leu His Met Gly Leu
325 330 335

His Val Cys GIn Leu Met Gly Tyr Gly GIn lle Asn Asp Gly Leu Asn
340 345 350

Leu lle Thr His His Ser Ala Arg Thr Leu Asn Leu GIn Asp Tyr Gly
355 360 365

lle Ala Ala Gly Asn Ser Ala Asn Leu lle lle Leu Pro Ala Glu Asn
370 375 380

Gly Phe Asp Ala Leu Arg Arg GIn Val Pro Val Arg Tyr Ser Val Arg
385 390 395 400

Gly Gly Lys Val lle Ala Ser Thr GIn Pro Ala GIn Thr Thr Val Tyr
405 410 415
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Leu Glu GIn Pro Glu Ala lle Asp Tyr Lys Arg
420 425

<210> 29

<211> 18

<212> PRT

<213> Bifidobacterium longum

<400> 29

Met Ala Tyr Asn Lys Ser Asp Leu Val Ser Lys lle Ala GIn Lys Ser
1 5 10 15

Asn Leu
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