5-FLUOROURACIL-RESISTANT BACTERIA AND METHOD FOR
PRODUCTION THEREOF TECHNICAL FIELD [0001] The present
invention relates to a method for producing cytosine deaminase

5-F(RESROUR AeieirRES) saiaNguBn 6T ER)AANBSMET, HAIDFQRICRODUCTION
(hereafter referred to as 5- FU)-resistant microorganisms, which is useful

as a therapeutic agents for solid tUMPERE®Fgrow in anaerobic tumor
tissues, can express CD, and has a resistance to 5-FU present at a
concentration that is at least gffegtinedailaptitumor activity. The present
invention also relates to a 5-FU-resistant microorganism, a
[0001pharmiaceptidsahicanyeasitionreardainingthadbsistast pricdaciganisrosinandeaminase
a therapeutic agent containing the resistant microorganism for treating
(EC3.5dlit); heranrsitdACTKced QiUN [T BIRIX[2082) £ B-fuaroergyniidiratter referred to as 5-
deaminates cytosine to uracil (see for example, Non-Patent Document 1).
FU)-réstplayisi@oorppoikian] vdleinisniscfdrganisrrapeisibaligms € sigihemiors, can grow
isolated from several different microorganisms, while it is not usually
in angraticeaditomamnes]iaracedtspisee (O, exadnle, Noredtasant DocoAbnp2gsent at a
Many of the bacteria and fungi that produce CD convert 5-fluorocytosine
concefhareaftbnréfarrkzdsice &bk taittiklhovhictvis a HighlyetexidmmeiabaliBo relates to
and is lethal to cells. 5-FU induces the generation of abnormal RNA and
a 5-RberénhifaiitomotodiAamynihesiphAniifivegatactiompoSiidn iscduitartfisthe resistant
generation of abnormal RNA and inhibition of DNA synthesis by the
microa@ianok Sakdla ROOPEGpeagtonktynbih gsiiakesistymbinfangagaelis for treating solid
through cytosine permease and immediately converted to 5-FU in the cell
tumorfy CD. Intercellular 5-FU is then converted through 5-FUMP to 5-FUDP
by UMP-pyrophosphorylase. Subsequent phosphorylation pathway
bifurcates into two branchesBpyO#ueRQUIENTUARIthrough one pathway,
and 5-FAUMP through the other pathway. Incorporation of 5-FUTP,
[0002]nste@d af T Rnirtm& MAt gieneraitgssabytosmal tR NAacan@¢h usinhifitple, Non-Patent
normal protein synthesis, resulting in the inhibition of fungal growth.
Document 1). CD plays an important role in microorganism metabolism. CD has been isolated

from several different microorganisms, while it is not usually produced in mammalian cells (see
for example, Non-Patent Document 2). Many of the bacteria and fungi that produce CD convert
5-fluorocytosine (hereafter referred to as 5-FC) to 5-FU, which is a highly toxic metabolite and
is lethal to cells. 5-FU induces the generation of abnormal RNA and the inhibition of DNA
synthesis. Antifungal action of 5-FC is due to this generation of abnormal RNA and inhibition of
DNA synthesis by the action of 5-FU.

[0003] Specifically, 5-FC is taken up by fungal cells through cytosine permease and
immediately converted to 5-FU in the cell by CD. Intercellular 5-FU is then converted through
5-FUMP to 5-FUDP by UMP-pyrophosphorylase.  Subsequent phosphorylation pathway
bifurcates into two branches, producing 5-FUTP through one pathway, and 5-FAUMP through
the other pathway. Incorporation of 5-FUTP, instead of UTP, into RNA generates abnormal RNA

and thus inhibits normal protein synthesis, resulting in the inhibition of fungal growth.
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1 Furthermore, 5-FAUMP works as a potent inhibitor of thymidylate
synthase and inhibits DNA synthesis and nuclear division, leading to an
antimicrobial effect. [0004] However, because normal mammalian cells do
Furthdtpioexpsebslsidnificart amnaysd:eiftGhhibier tbshSrmdylile nghhiRise and inhibits DNA
deaminated into toxic metabolite 5-FU, 5-FC is nontoxic to the
synthatiamdaliReoels Buat) Rhdicgneantiatiandivdigawst potent antifungal
activity. On the other hand, 5-FU is highly cytotoxic for mammalian cells
[0004ps welbardds backelyeusathabramantiliancetlsagenst [OGsGgeinast havaint of CD
been isolated and cloned from Escherichia coli and Saccharomyces
and tlasrevisiaevitieadobexdrnpiaatonatent© acuabetits 3-and 4)FdaRynontoxic to the
researchers have reported that introduction of a CD gene into a
mamniaHanaliarecetl iradsdacdecteiasctinisshectypaemsitiotathe@eilyto On the other
5-FC in vitro (see for example, Non-Patent Documents 3 and 5). It is also
hand, teprtechighdy iwyneosdeldintraductdmitiia 50y génadis wsidgyaueidaral anticancer
vector can be eliminated in vivo by systemic treatment of the animal with
agent.5-FC (see for example, Non-Patent Documents 6-8). A
replication-defective retroviral vector (see for example, Non-Patent
[0005Pocunieptysahdl e batioiicldipd sathel(sed fosraxBsojdeichiarcdlatent Saccharomyces
Document 10) are also employed for the introduction of a CD gene

cerevisgspeetiviely doampiaiNoal®atear doomacaell Jinadny Mbaise naxgechetklbiage reported
cancer. These gene expressions in tumor cells grant the cells a sensitivity

that intioodieGoOO6T D igdranto thahannedistancld kends FCdavhdeteimustdtive sensitivity of
against fungal infections, for example by Candida, emerges easily (see

the cefbresaniple, Won{Ratdnt Bxacuphe Nt ddP Sencdthmniesisthnad 9.5 G also reported
could arise through loss or mutation of an enzyme relating to either the

that tuooorverdsantoddded tath- Uldimeobparatign oftbefAthinaRNAets, ¢hermated in vivo
are theoretically a variety of mechanisms to obtain the resistance.

by sys@imicatbatinentenfatheamtjuisitivithof l€Sicten b isxampdt, fhégu@atbnt Documents 6-8). A
accompanied with loss or decrease in activity of UMP-pyrophosphorylase

replicanoGaatlicdaval bicansalt vscdsd davoian dhah e rdl s dhatebt/lDosunoene [Atiemd a cationic
between 5-FC sensitivity and enzymatic activity of

liposotivBepyiophospheriasd dRasiBraninstraih®) thatdse clefibignd ifor the introduction of a

CD gene respectively to human colon carcinoma cell line and mouse large cell lung cancer.
These gene expressions in tumor cells grant the cells a sensitivity to 5-FC.

[0006] It is known that a resistance to 5-FC, which is used against fungal infections, for
example by Candida, emerges easily (see for example, Non-Patent Document 11). Since the
resistance to 5-FC could arise through loss or mutation of an enzyme relating to either the
conversion of 5-FC to 5-FU or incorporation of 5-FU into RNA etc, there are theoretically a
variety of mechanisms to obtain the resistance. Clinically, however, acquisition of resistance is
most frequently accompanied with loss or decrease in activity of UMP-pyrophosphorylase in
Candida albicans. It is also known that there is an obvious correlation between 5-FC sensitivity
and enzymatic activity of UMP-pyrophosphorylase. Resistant strains that are deficient in

cytosine permease or CD are also reported in Candida glabrata whose nuclear phase is
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cytosine permease or CD are also reported in Candida glabrata whose
nuclear phase is 2 monoploid. [0007] On the other hand, Bifidobacterium
longum is a Gram-positive anaerobic bacterium and has a genome with a
monopligld. GC content (see for example, Non-Patent Document 12). This
Bifidobacterium longum is nonpathogenic and constitutes a major part of
[0007hormahniierofleichinh dhBikdgbactesiind @fdunmians @rehopositianiamals dbRebacterium
for example, Non-Patent Document 13). Bifidobacterium longum is said to
and hiwvweheatib-piomoting Eopesiesfqssbaisrhosimpio Nog Pathamerierhof 2). This
the immune response (see for example, Non-Patent Document 14),
Bifidobduteitony Biigahoi crigiadgeerkisiisesistaxamplaafdpparad€miormal microflora in
Document 15), protection of the host against viral infections (see for
the lagxaineleiny wt-RatenisRDadusiesttadihaled ské) fanekpogsd)ilNyoP peadiogment 13).
an antibacterial substance (see for example, Non-Patent Document 18).
BifidobaxneiuBifitiolpacieisusni s pecias aleaitglyousethghpoopdict the weildost, involving
preparing fermented dairy products. [0008] Furthermore, plasmids for
enhan&ifidabadteriuimarnemexpgaiasttsbe fppliadhidpubiofasenteDiansnaid o4d) inhibitory
vaccine vectors against infectious diseases. For example, a
effect toanshotinagiaresiv dtirodfcoeyarigiiy tNerspenofD@ueanstrifotingaeshiuttlef the host
vector that is replicated in both Bifidobacterium sp. and E.coli using a
againgplesahichfudginat€stérdon BificpihadeniuPatspt Adihenteriginated7ypand possibility of
E.coli; (b) constructing a recombinant vector by inserting a target gene
produeingodingnétiacgetapretbinainto isecsHiottlexaegity;; uc-@IttnanEfocmirngthEs). Some
Bifidobacterium sp. used in the step (a) with the recombinant vector
Bifidobanstriucteshiritireaste pr (il s berdwhr(sebhdot éxamphy] PatgntpRacg feentented dairy
1). Furthermore, it has been revealed in recent reports that
produBsfidobacterium longum accumulates in hypoxic solid tumors after
systemic application (see for example, Non-Patent Documents 19 and
[0008R0) dndttiatrecoplbinads glasBiiddoBAESLO0-BeePecandyind & agllicddd probiotics
fused to hup promoter from Bifidobacterium longum expresses CD in
vectormiord organisarsnis eedors exgampie;nitateot Ddiseanent ZoNendRgtienta transformation
Documents 21 and 22). These findings support the
method comprising the steps of, (a) constructing a shuttle vector that is replicated in both

Bifidobacterium sp. and E.coli using a plasmid originated from Bifidobacterium sp. and that
originated from E.coli; (b) constructing a recombinant vector by inserting a target gene encoding
a target protein into the shuttle vector; and (c) transforming the Bifidobacterium sp. used in the
step (a) with the recombinant vector constructed in the step (b) is known (see for example, Patent
Document 1). Furthermore, it has been revealed in recent reports that Bifidobacterium longum
accumulates in hypoxic solid tumors after systemic application (see for example, Non-Patent
Documents 19 and 20) and that recombinant plasmid pBLES100-S-eCD carrying E.coli codA
fused to hup promoter from Bifidobacterium longum expresses CD in microorganisms (see for
example, Patent Document 2, Non-Patent Documents 21 and 22). These findings support the
effectiveness of recombinant Bifidobacterium longum for enzyme-prodrug therapy. pBLES100,

which was used for construction of the recombinant plasmid pBLES100-S-eCD, is a shuttle
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effectiveness of recombinant Bifidobacterium longum for enzyme-prodrug
therapy. pBLES100, which was used for construction of the recombinant
plasmid pBLES100-S-eCD, is a shuttle 3 vector constructed from

vectorBfishactediufrolangifil B34 btkrilativash puhis 6 BKE 1Ede ikl HIEBI pBRSEZoli-derived
The shuttle vector pBLES100 transformed Bifidobacterium longum with an

pBR32fficircyhafl @ vextdOgBIarssfoonmantsianhdN B Addbaasriiablenguiiesdedlarrefficiency
structure and segregation (see for example, Non-Patent Document 23).

of 2.2 ot therahefing i feoigA genewhoweberireuanchigharstiansformatiopregation (see
efficiency is required because a plasmid having an unmodified DNA may

for exb@ptichvadPhjeat Bstietian 2RryRwe ineeclvithparpanistigduing, thewever, even higher
transfection. Thus, the present inventors propose plasmids pAvV001 and

transf@IBRAGT &Hisnemich regnittanbéonms Bifidobaniérhuvin nguonmedi 1€&0 DNA may be
times or higher efficiency than pBLES100 (see for example, Non-Patent

cleaved dgumentrZ4jo 0809 hAsime niichned gibdre, daftg ithbighhg feytaioxidtms, the present
mammalian cells as well and widely used as an anticancer agent.

inventbigvyevposéopltHzenatinpinisditiandop BREABIDW it6 &) fihiatp atie niaits forusHifidobacterium
administered, for example, in such a way that its blood concentration is

longuabeuithl nltimnetowtehighaveffiviberyittlmadsBibista (8l (aexoeeekingle, Non-Patent
blood concentration of 1 g/ml, the time during which blood concentration

Docurezeeztls 1 pg/ml should be about 1 hour at longest to avoid adverse
effects. Under such situations, 5-FU cannot be said to fully exert its

[0009hnticAnceeeftect] whtiveéhs-Ebhisdntibhat ynethxadso biadendichcells as well and widely
circumstances, measures to treat tumors with high concentration of 5-FU

used avhiteaatithacamgetimelbweessomifog the athrerseaftects 6f BEFbyhsedflieenpatient, it
strongly desired. [0010] [Patent Document 1] Published Japanese

must beradsiaticared, A Tekatephatiosathpplication sobRaledmto@Batidratenbout 1 pg/ml or
Document 2] Japanese Laid-Open Patent Application N0.2002-97144

lower,[NoaveatehtD dcisméntidjf@iBibnoeacced ahe BaeidRen&Eh27Bo(l 870) ng/ml, the time

during which blood concentration exceeds 1 pg/ml should be about 1 hour at longest to avoid
adverse effects. Under such situations, 5-FU cannot be said to fully exert its anticancer effect
with the conventional methods. Under such circumstances, measures to treat tumors with high
concentration of 5-FU while at the same time overcoming the adverse effects of 5-FU have been
strongly desired.

[0010]

[Patent Document 1] Published Japanese Translation of PCT International Application No.2004-
519236

[Patent Document 2] Japanese Laid-Open Patent Application No.2002-97144

[Non-Patent Document 1] O’Donovan et al., Bact.Rev.34:278 (1970)

[Non-Patent Document 2] Nishiyama et al., Cancer Res.45:1753 (1985)

[Non-Patent Document 3] Austin et al., Pharmacol. 43: 380 (1992)

[Non-Patent Document 4] Anderson et al., Arch. Microbiol. 152:115 (1989)
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DISCLOSURE OF THE INVENTION

Object to be Solved by the Invention

[0011] An enzyme/pro-drug therapy using CD/5-FC is a therapy widely used in animal
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[Non-Patent Document 24] Tanaka et al., Biosci Biotechnol Biochem.;
69(2):422-425 (2005, Feb) DISCLOSURE OF THE INVENTION Object to
be Solved by the Invention [0011] An enzyme/pro-drug therapy using
expericioibsFGiriscal therapye widalychsadeinzamisnslo Srex pesimpents s diviealitesise of the CD
etc. In such an enzyme-prodrug therapy, if 5-FU resistance of the CD
gene igaoaucdtbctitedhtelsfpacioarpanismsicisiehtiarepdcitdsiexpaetadtiaiutic effect of
the therapeutic effect of the enzyme/pro-drug therapy using CD/5-FC will

the enbensigmiicaufythsippgvednpeCSa suhl cblssifiiGcannganipnswilcosideesuch cells
eradicated by 5-FU and therefore have a good survival rate. An object of
(micrdbgprBaantinlleniiose isriel prsddeyasaieinad foreprfattdingesai@ood survival rate. An
CD-expressing, 5-FU- resistant microorganisms useful as a therapeutic
objectagantsprstheianzyioa/ By co ity idesiapytHoeingr paphbiao§etp@Essingrésting, 5-FU-
and having a resistance to 5-FU at a concentration that is at least
resistagffecitveoignaistits neifciy dythAnptei cliact dbthtd rarenticipsotdrpottidapy, being
a 5-FU-resistant microorganism that enables the treatment of tumors with
capabRigit eepassiitgtioD ohitd Mdwviriile atdhearsane SHAY avercomingtiidon that is at least
adverse effects of 5-FU, to provide a pharmaceutical composition
effecticoni@ringtiheresittant micrabeganiget, ahtha iherapeuictageot efesolldFU-resistant
tumors containing the resistant microorganisms. Means to Solve the
micro@pedinfObiPeddbdepthserdatnuantof sunave stithliegleesnesilyatioaalvé e while at the
objects described above and found out that a 5-FU-resistant
same micaprganisimgrtaintaindng CHeattivifysSedd, be produted pyasubatltiord oomposition
acclimation culture of a CD-expressing microorganism, which is
contaitrangsfoemesistwith nécciorgemsnin dhé prbsenpeataf beeid. Spetificallyyrm/itentaining the
CD-expressing microorganisms are cultured in a culture medium
resistasitipplenvegiadmsth a specified amount of 5-FC, 5-FC is gradually
converted to 5-FU by enzymatic activity of CD that has expressed along
with the proliferation of the CD-expressing microorganism. Therefore,
although the specified amount of 5-FC is added, it initially acts as a low
Meancang8ehiabobjebtFU, avoiding the eradication of the CD-expressing

[0012] The present inventors have studied earnestly to solve the objects described above and
found out that a 5-FU-resistant microorganism maintaining CD activity can be produced by
subculture or acclimation culture of a CD-expressing microorganism, which is transformed with
a CD gene, in the presence of 5-FC. Specifically, when CD-expressing microorganisms are
cultured in a culture medium supplemented with a specified amount of 5-FC, 5-FC is gradually
converted to 5-FU by enzymatic activity of CD that has expressed along with the proliferation of
the CD-expressing microorganism. Therefore, although the specified amount of 5-FC is added,
it initially acts as a low concentration of 5-FU, avoiding the eradication of the CD-expressing
microorganisms. Due to this gradual increase of 5-FU, CD-expressing, 5-FU-resistant
microorganisms, which has acquired a resistance, can be selectively cultured. Alternatively, the
present inventors found out that a CD-expressing, 5-FU-resistant microorganism can be also

produced by subculture or acclimation culture of CD non-expressing microorganisms in the
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microorganisms. Due to this gradual increase of 5-FU, CD-expressing,
5-FU-resistant microorganisms, which has acquired a resistance, can be
selectively cultured. Alternatively, the present inventors found out that a

preserfc®oEXPIAS 6 @r&dirdd- resiSlant SN ermohg arisradambend| seanpfoghie@diy resultant 5-
subculture or acclimation culture of CD non-expressing microorganisms in

FU-retheard prigseogetibmdbytampredluiagsa:b ¢V -gesistantinticrooigamsnpanent inventors
transforming the resultant 5- FU-resistant microorganisms by introducing a

found Gx gemetrEatitarrodke ihwpresent liyRrioiseiondoot hatUrediirest@toming the
a tumor with a high concentration of 5-FU while overcoming the adverse

advergffefftenf SFPJFtarhe behiehededithithethisaiad the theFBMTESistadint microorganism
microorganism obtained by such methods, and have completed the

obtainpdeise piidhvacdiods [@0d BhINasorlylcthe repestinventiniviielates to [1] a
method for producing a cytosine deaminase-expressing,

[0013p-fludiameagi|tesiptasdnmicraanganisstatshiah CHN growthiodfaepidudiigos cytosine
tissues, can express cytosine deaminase, and has a resistance to

deamibafleretquicadih@gt &-tanoandcatinnitiaitinadtieagiaitectivdidr antitumor in anaerobic
activity, wherein a subculture or acclimation culture of a cytosine

tumordesminasenckRPeSSsi NGy tostioodgamiaassyhiol ¢an growsistamcacioficiusnarracil at a
tissues is performed in the presence of 5-fluorocytosine; [2] the method for

conceptradunitigiaisesikiante fiticioo fpanisimacearding yowhprethersubthBure or acclimation
cytosine deaminase-expressing microorganism which can grow in

culturandieropiosinmdedinsuss-skpreyting neicdeammase-axyxkssingrow in anaerobic tumor
microorganism produced by transforming a microorganism which does

tissuenst xfrassdciitobingrcheaminé Sefndocatosgrevydih thnasrthioid fonpoodissugs resistant
by introducing a cytosine deaminase gene; [3] the method for producing a

microoegsisiamt aricsabngamsii pcebrdeny tbd 1¢ydodRie vikenraimshespiostiligrenderoorganism
acclimation culture is performed with a medium supplemented with 2 to

which5@@0gydwl of Sdftuaracyiosingisfapshe megadnodpaodocing gresistgnhicroorganism
microorganism according to any one of [1] to [3], wherein the cytosine

produciehbyinasefenpnes simg cmorganganisin chhiohscart grpvess caaerodigtuimoe and can
tissues is a bacterium which can grow in anaerobic tumor tissues and

grow expnessesc dytosingssiearhinaseodbtine anattosthéodqarothasingeaaeidttaat method for
microorganism according to [4],

producing a resistant microorganism according to [1] or [2], wherein the subculture or

acclimation culture is performed with a medium supplemented with 2 to 5000 pg/ml of 5-
fluorocytosine; [4] the method for producing a resistant microorganism according to any one of
[1] to [3], wherein the cytosine deaminase-expressing microorganism which can grow in
anaerobic tumor tissues is a bacterium which can grow in anaerobic tumor tissues and expresses
cytosine deaminase; [5] the method for producing a resistant microorganism according to [4],
wherein the bacterium which can grow in anaerobic tumor tissues and expresses cytosine
deaminase is an enteric bacterium expressing cytosine deaminase; [6] the method for producing a
resistant microorganism according to [5], wherein the enteric bacterium expressing cytosine
deaminase is a bacterium belonging to the genus Bifidobacterium expressing cytosine

deaminase; [7] the method for producing a resistant microorganism according to [6], wherein the
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wherein the bacterium which can grow in anaerobic tumor tissues and
expresses cytosine deaminase is an enteric bacterium expressing
cytosine deaminase; [6] the method for producing a resistant

bacterf0iarobegaRIsH aecofkingtalb], Bifeksinctbea entesigphasiasiudyopiesitgninase  is
cytosine deaminase is a bacterium belonging to the genus

BifidoBifiga@haatiiigimeXpieshagteyiosibe vacanBitasshdot b thenethol tipressing cytosine
producing a resistant microorganism according to [6], wherein the 7

deamibaief8) nhbalomgihgoioptiod gemtis BifisabastRicsreexidre3sigdiniosiNe], wherein the
deaminase is Bifidobacterium longum, Bifidobacterium breve, or

bacterBifidobglotgsingn iofariits exquiessBididytasioauneaeriitasgns] thesiirthddaminase is
for producing a resistant microorganism according to [7], wherein the

Bifidobactatiuim loafamgiagptestirgosnos Bifidabacies iU expraksth@eyiagineing a cytosine
deaminase is Bifidobacterium longum expressing cytosine deaminase; [9]

deamiaageethprtioinprofidtiog arsyilesisietad eanivnaseapiessiigh can grow in anaerobic
5-fluorouracil-resistant microorganism which can grow in anaerobic tumor

tumortigsyies, can expiess cytosine deaninasse aatchhas areesiaiarceotd-fluorouracil at a
5-fluorouracil at a concentration that is at least effective for antitumor

concemchitiidy, thchdrein kst étivod « donprisasibe asteps,of (ityqieformiad@ comprises the
subculture or acclimation culture, in the presence of 5-fluorouracil, of a

steps ofiidrppecfansingevilsicbeolnrgravadol anaenobidtivmon tisspesand db@dlnotouracil, of a
express cytosine deaminase to generate a 5-fluorouracil-resistant

microongarosganisech; emd (29 draimsfaraeiogitheumdtuassueaciktesistantot express cytosine
microorganism by introducing a cytosine deaminase gene; [10] the

deamimsthod gioreprdacifwresistdntesiscroongangsnacsondmgl t2[O}raukfneiing the 5-
the subculture or acclimation culture is performed with a medium

fluorosuyeplensestietmiittodrari®f pyg/mirofbethgpaaytasihd dththieasaeihad fbd] the method
producing a resistant microorganism according to [9] or [10], wherein the

for prodicrogrganssstantvhichroarggrom incandergbic [Rmehtissu dscarut ad@senat acclimation
express cytosine deaminase is a bacterium which can grow in anaerobic

cultur¢umper fissoes vank doedinot sxpresstyiosite deamlihagen|Lit]SHeionetnad]; [11] the
for producing a resistant microorganism according to [11], wherein the

metholdadteripmdubich canrgustanin enaeopintmmarctisslieg dnd [@desmn@t0], wherein the
express cytosine deaminase is an enteric bacterium which does not

microesgaress cytosnedeaminase ; {A8irtiecntethad tissues and does not express cytosine

deaminase is a bacterium which can grow in anaerobic tumor tissues and does not express
cytosine deaminase; [12] the method for producing a resistant microorganism according to [11],
wherein the bacterium which can grow in anaerobic tumor tissues and does not express cytosine
deaminase is an enteric bacterium which does not express cytosine deaminase; [13] the method
for producing a resistant microorganism according to [12], wherein the enteric bacterium which
does not express cytosine deaminase is a bacterium belonging to the genus Bifidobacterium
which does not express cytosine deaminase; [14] the method for producing a resistant
microorganism according to [13], wherein the bacterium belonging to the genus Bifidobacterium
which does not express cytosine deaminase is Bifidobacterium longum, Bifidobacterium breve,

or Bifidobacterium infantis which does not express cytosine deaminase; [15] the method for
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for producing a resistant microorganism according to [12], wherein the
enteric bacterium which does not express cytosine deaminase is a
bacterium belonging to the genus Bifidobacterium which does not

produ€iXpresssiytosinddearinase atbéldhe; methoy {ondeod deinshateasistdslonging to the
microorganism according to [13], wherein the bacterium belonging to the

genus J8ifids Rifidalbactenisin dotyatotegs ant §Xpsass dydoshiccogaBifitRgadtrium longum
Bifidobacterium longum, Bifidobacterium breve, or Bifidobacterium

whichinfiitis nebickkpiess netevpceskayiasiee deammasapblyd tileamaibadegressing, 5-
8 producing a resistant microorganism according to [14], wherein the

fluorobari¢hieistarionging igaitiemgehith Bifil ahasctdr uanasticic do@emebsues, can express
express cytosine deaminase is Bifidobacterium longum which does not

cytosiexpiesaiaytesinaldeaminasiidié] acytobinevaaininaseexiassiog, tat is at least
fluorouracil-resistant microorganism which can grow in anaerobic tumor

effectitigsdies, apaiuaxpressiviytosiherdeathinaseosdne dasndnesisiapessiag, 5-fluorouracil-
5-fluorouracil at a concentration that is at least effective for antitumor

resistaaclinityovrpataim ke oytostdebgdehemninabedexquadsnago iy oreuséil] to [15]; [17] the
resistant microorganism is produced by the method according to any one

cytosing [Heton[hbdefdxpidveingy tdsifieotdaaniiasasexprassingyrganism which can grow in
5-fluorouracil-resistant microorganism which can grow in anaerobic tumor

anaerdigsues)cexpress, edpsistecgeamindsenmasegrmd greavniediuradium supplemented with
supplemented with at least 2g/ml of 5-fluorocytosine or 1g/ml of

at lea§-fluquouracil; $18haytogioendeaminagankbxypréslingouracil; [18] cytosine deaminase-
5-fluorouracil-resistant microorganism according to [16] or [17], wherein

expredtieg c\iddinecdeantinaseaak prassinggadpifiooraeadine distqhé] or [17], wherein the
microorganism is a cytosine deaminase- expressing,

cytosibefllmmouractergsistang badteoitow;aldiBl ¢hstaytosio®organism is a cytosine deaminase-
deaminase-expressing, 5- fluorouracil-resistant microorganism according

expresoifd 8] viluereindbid- wyistsinte taaeninaise! EX¥prdssiogosine deaminase-expressing, 5-
5-fluorouracil-resistant bacterium is a cytosine deaminase-expressing,

fluoroBriluibresigmit resistangansericdoacténgmto|20]8he witosinethe cytosine deaminase-
deaminase-expressing, 5-fluorouracil-resistant microorganism according

expresorg9}; irlveosindiecytosineadeanmin ase oxpsessiegmbafismraprasilng, S-fluorouracil-
resistant enteric bacterium is a cytosine deaminase-expressing,

resistabifl aorourabietesistant M ctdkuny tdreten dirmgnio e eypnessiBifi ddtactenimmil-resistant
[21] the cytosine deaminase-expressing, 5-fluorouracil-

microorganism according to [19], wherein the cytosine deaminase-expressing, S-fluorouracil-

resistant enteric bacterium is a cytosine deaminase-expressing, 5-fluorouracil-resistant bacterium
belonging to the genus Bifidobacterium; [21] the cytosine deaminase-expressing, S-fluorouracil-
resistant microorganism according to [20], wherein the cytosine deaminase-expressing, 5-
fluorouracil-resistant bacterium belonging to the genus Bifidobacterium is a cytosine deaminase-
expressing, S-fluorouracil-resistant Bifidobacterium longum, Bifidobacterium breve, or
Bifidobacterium infantis; [22] the cytosine deaminase-expressing, S-fluorouracil-resistant
microorganism according to [20], wherein the cytosine deaminase-expressing, S-fluorouracil-
resistant bacterium belonging to the genus Bifidobacterium is a cytosine deaminase-expressing,

5-fluorouracil-resistant Bifidobacterium longum; [23] the cytosine deaminase-expressing, 5-
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resistant microorganism according to [20], wherein the cytosine
deaminase-expressing, 5- fluorouracil-resistant bacterium belonging to the
genus Bifidobacterium is a cytosine deaminase- expressing,

fluorobriitipiesivagilt resistantaBificlabactendinzlorg Yo | Bifidebaatetidmchtesi@e Odeaminase-
Bifidobacterium infantis; [22] the cytosine deaminase-expressing,

expresaiflgosofliiaciurasibtanis thicBIfitpdaison aeciting ts ROytovhrrdiatii@ase-expressing,
cytosine deaminase-expressing, 5-fluorouracil- resistant bacterium

5-fluokelangitgsisdheRjeidubaBibit ohaloiafitmliGsa cytasinerrying the plasmid pBLES100-S-
deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium longum;

eCD {23} theueytoPphsdrhntinese-graiessingy osDdluiraniacitregistanihg, S-fluorouracil-
microorganism according to [22], wherein the cytosine deaminase-

resista@Xprieisshoeg il ransadilnge sistird |Bifidebaatetio ne yongum dsambydosiepressing, 5-
deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium longum

fluorotiiArstisiimcarByiidp taetpiasmid @umS 100-5- eGbshica uianipasipitssing,  5-
thereof; [24] the cytosine deaminase-expressing, 5-fluorouracil- resistant

fluorontieriboeganistrBafidobdingrionj2Bh guherdb-thseyiiosimeying the plasmid pAV001-HU-
deaminase-expressing, 5- fluorouracil-resistant Bifidobacterium longum is

eCD arcytasinendgaminabatexpr&s$dig, theflupraumaciaanistaniR fidsdiagiefiimorouracil-
longum 105-A strain carrying the plasmid pAV001-HU- eCD or a mutant

resistaplasnikdoihrgpaddin 24dcdhrdiagtasing tpawlinase-expregsisige Sditamiaasecikpressing, 5-
resistant microorganism according to [21], wherein the cytosine

fluorodeaihirtaseaeX Bi¢swibag;t&x ludrmradil a esisignt BifidobhasterpneBisyeddlaorouracil-
cytosine deaminase-expressing, 5-fluorouracil- resistant Bifidobacterium

resistanteRditigbadtraimchreyin gy tleesplasniany iy Gbd Hlidei@ P AV a0HaReCD or a mutant
plasmid thereof; [26] the cytosine deaminase-expressing,

plasmbtflboxody §26]rdsistaos mécdoang amisrax@esarging- tn f2djy aviersintingé microorganism
cytosine deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium

accordingvetis d Zhtosimeedeamihasegrpiressitgnbifiseroynasiingsisfafitorouracil-resistant
Bifidobacterium breve aS-1 strain carrying the plasmid pAvV001-HU-eCD

Bifidobaeteniutant ptasmidithereofcj2fitke cytosimaseapinasegexpbesimgyracil-resistant
5-fluorouracil-resistant microorganism according to [21], wherein the

Bifidobptosinendbavinetsd - ettpne ssimgins- tho mamaci -pesidah Bifiddb acterimmant plasmid
breve is a cytosine deaminase-expressing, 5-fluorouracil-resistant

thereof; [27] the cytosine deaminase-expressing, S-fluorouracil-resistant microorganism

according to [21], wherein the cytosine deaminase-expressing, S-fluorouracil-resistant
Bifidobacterium breve is a cytosine deaminase-expressing, S-fluorouracil-resistant
Bifidobacterium breve 1-53-8W strain carrying the plasmid pAV001-HU-eCD or a mutant
plasmid thereof; [28] the cytosine deaminase-expressing, 5-fluorouracil-resistant microorganism
according to [21], wherein the cytosine deaminase-expressing, S-fluorouracil-resistant
Bifidobacterium infantis is a cytosine deaminase-expressing, S-fluorouracil-resistant
Bifidobacterium infantis type strain carrying the plasmid pAV001-HU-eCD or a mutant plasmid
thereof; [29] the cytosine deaminase-expressing, S-fluorouracil-resistant microorganism
according to [21], wherein the cytosine deaminase-expressing, S-fluorouracil-resistant

Bifidobacterium infantis is a cytosine deaminase-expressing, S-fluorouracil-resistant
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Bifidobacterium breve 1-53-8W strain carrying the plasmid
pAV001-HU-eCD or a mutant plasmid thereof; [28] the cytosine
deaminase-expressing, 5-fluorouracil-resistant microorganism according
Bifidotsaf2djunh@teinttha-ayissineadeaminase -expressingl pAVo01-HU-eCD or a mutant
5-fluorouracil-resistant Bifidobacterium infantis is a cytosine
plasmilEhidIES €3 0Xprsiasing c rfiugrovigeibitesisiampiBifigobagiesinedaiaiiis e-expressing,
type strain carrying the plasmid pAV001-HU-eCD or a mutant plasmid
5-fluotberesit {2 tihe eyiosiogadaminaseoakpessingnp-uorafrgaibyesistiast]; [31] the
microorganism according to [21], wherein the cytosine
pharmdeautivadsesaxjrgasing e didarguraciB tdsistanbiiit dabacteriluvrsdaiatimis [32] the
a cytosine deaminase-expressing, 5-fluorouracil-resistant 10
pharmBékddbaicteriposittantiscdrdrd wirg0]carfging thah@asoitined with lactulose; [33] a
pAV001-HU-eCD or a mutant plasmid thereof; [30] a pharmaceutical
therapeativpasitio focarmpiigingladayiasine cedstiinase ex@idssition of a cytosine deaminase-
5-fluorouracil-resistant microorganisms according to any one of [16] to
expredd g, [FHltheophaihrageuiicahdorop@aiiiom agcoadingrioujd0 kuftnibinetbr expressing
with 5-fluorocytosine; [32] the pharmaceutical composition according to
cytosifid0]ean|Bdibhefuithe noamiined wdathcactatoSeli38) @y tohrrapeatibcagentikaily effective
treating solid tumors consisting of a combination of a cytosine deaminase-
amourexaresSifigotoiitaoih u kel - e Sistant yrisnoor ganism dmamamoubt suliicierted to the
for expressing cytosine deaminase in an amount that can convert
therapbfticallycythsitiectaradingrap Sy floallyvedte Ctiwh eainothiat ©ftbsfiicodeanaalse-expressing,
and 5-fluorocytosine in an amount to be converted to the therapeutically
5-fluositeatite@anaunt of Gdlrgaoisacils whecginsihe oytesimase-expressing, S-fluorouracil-
deaminase-expressing, 5-fluorouracil-resistant microorganism is a
resistanytosineaigansimasesexding ssirmgpySefl imo oreci (dsistani2MicrodrfZdjishe therapeutic
according to any of any one of [16] to [29]; and [34] the therapeutic agent
agent for trestingsstiliduomcrscacotirging [ta3 |3 8], dondombioatiath wittulastulose.
BRIEF DESCRIPTION OF DRAWINGS [0014] [Fig.1] It is a diagram
showing a process ¢fRidoH ity R BifitloNaate iR 188l Shuttle vector
pAVO001 and a CD expression shuttle vector pAV001-HU-eCD.
[0014]

[Fig.1] It is a diagram showing a process of producing a Bifidobacterium-E.coli shuttle vector
pAV001 and a CD expression shuttle vector pAV001-HU-eCD.

[Fig.2] It is a figure showing the comparison result of the expression level of CD protein
between a wild-type Bifidobacterium longum and Bifidobacterium/pAV001-HU-eCD.

[Fig.3] It is a graph showing the profile of cell count versus time obtained from the comparison
of CD enzymatic activity (comparison of activity for conversion of 5-FC to 5-FU) between a
wild-type Bifidobacterium longum and Bifidobacterium/pAV001-HU-eCD.

[Fig.4] It is a graph showing the 5-FU concentrations obtained from the comparison of CD
enzymatic activity (comparison of activity for conversion of 5-FC to 5-FU) between a wild-type

Bifidobacterium longum and Bifidobacterium/pAV001-HU-eCD.
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[Fig.2] It is a figure showing the comparison result of the expression level
of CD protein between a wild-type Bifidobacterium longum and
Bifidobacterium/pAV001-HU-eCD. [Fig.3] It is a graph showing the profile
of cell count BESTSMIORDORIOAR RYTNG eOCONTPAASINV BRNTDanzymatic
activity (comparison of activity for conversion of 5-FC to 5-FU) between a

[0015ild-WypreBitid dbagieidubingngsiRlanes BifitohaaiesidaisAVEIOthd Blee€eDinvention is
[Fig.4] It is a graph showing the 5-FU concentrations obtained from the

not paenNatipolingitddDaseomadiclactivéih ¢dompas st of agtivity) for (B): (A) a method
conversion of 5-FC to 5-FU) between a wild-type Bifidobacterium longum

compradifgBifislahactesiuadiAMOO] ddlteCiD a IITBESTe MM Qo ARBY WGch can grow
OUT THE INVENTION [0015] A method for producing a 5-FU-resistant

in anaBrbRONgAcIIBs0éLhin phie JaBidnveptiGRHS ; bo(PaHitidhiy koritpd sasedingsteps of (1)
as the method is the following (A) or (B): (A) a method comprising

perforaibg b loiracalintatiamGoit widtofea o B -@xpresgiigsmiovbioigamisgroshiahanaerobic
can grow in anaerobic tumor tissues, in the presence of 5-FC; or (B) a

tumorniethed geimjudsingtthepstap<dl, (I therpoeseing sUGEHIreoopradakmat®f U-resistant
culture of a microorganism which can grow in anaerobic tumor tissues

microangdmoes mat €Xpress GhniingthkepseBhesiohbt Fhictoopgadisae By introducing a CD
5-FU-resistant microorganism, and (2) transforming the 5-FU-resistant

gene. microorganism by introducing a CD gene. [0016] A CD-expressing
microorganism which can grow in anaerobic tumor tissues in the above

[0016 methad(B.)eispnsst rer tivickadydamited valsiéhncpaeibis anmicio@tgartisnor tissues in the
which expresses CD and can grow in anaerobic tumor tissues. The

abovemietioat gAnismatngar e iy thadkgeas $on gsolatéda frocnonatane or whaghlxaresses CD
recombinant microorganism produced by transforming a microorganism

and canhiohwcanagrenoncamasrobistesnor tissuies argd deasmgt bxpressr@Debyism isolated
introducing a CD gene. [0017] A microorganism which can grow in

from rmat@erobindyios tissuekiand doesnghexprgsed@idduse tinstloenailbg\'emicroorganism
method (B) is not particularly limited as long as it is a microorganism

whichwhicgrdees acteexpiessiCDtiastcandgtoss baergeesbicurpontisduesg a CD gene.

[0017] A microorganism which can grow in anaerobic tumor tissues and does not express
CD used in the above method (B) is not particularly limited as long as it is a microorganism
which does not express CD and can grow in anaerobic tumor tissues.

[0018] Examples of microorganisms used in the producing methods of the present invention,
which can grow in anaerobic tumor tissues include bacteria and fungi. Specific examples of
such bacteria include enteric bacteria belonging to the genera such as Bifidobacterium,
Clostridium, Lactobacillus, Streptococcus, Peptococcus, Enterococcus, Bacteroides, and
Eubacterium. Among these, the bacteria belonging to the genus Bifidobacterium are preferred.
[0019] Specific examples of the bacteria belonging to the genus Bifidobacterium include
Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium adolescentis, Bifidobacterium
lactentis, Bifidobacterium bifidum, Bifidobacterium pseudolongum, Bifidobacterium

thermophirum, Bifidobacterium infantis, and Bifidobacterium animalis. = Among these,
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[0018] Examples of microorganisms used in the producing methods of the
present invention, which can grow in anaerobic tumor tissues include
bacteria and fungi. Specific examples of such bacteria include enteric
BifidobactetianbalapgingBifithsd geacien Biehea s Bitidbhacttiihad oleboshitid|UBifidobacterium
Lactobacillus, Streptococcus, Peptococcus, Enterococcus, Bacteroides,
bifidua)dn& BhAGHRE T AMBRhiReERoetbackaba helangingatoithesganusgardless of age,
Bifidobacterium are preferred. [0019] Specific examples of the bacteria
are proRienging to HoetderusBifideha@efidvbdactine Bifidehacteruenpasigued, All these
Bifidobacterium breve, Bifidobacterium adolescentis, Bifidobacterium
bacteriacientismBiiclodidcteraiiabifidwim Béidblaacie dasipseuddangitoty institutions. For
Bifidobacterium thermophirum, Bifidobacterium infantis, and
exampibfid®ivariesiseni ani naliguA MOrgthese,, 1 BiBidiclehagianubifahgunATCC-11863, or
Bifidobacterium breve, Bifidobacterium adolescentis, Bifidobacterium
BifidobdiderunanddBiidabacterigy7infariisusabwn to inhabit in the human
intestines regardless of age, are preferable as a host bacterium, and
[0020Bifidasaaiphiuym |sngium isfin@eigobietethndll thegenbagidrdearewithout limitation,
commercially available or can be obtained easily from depository
Bifidobatitutiondor@rmekasnplel Bificlalaateriutodgagual -ATECHiISd0Bacterium longum bs-
Bifidobacterium bifidum ATCC-11863, or Bifidobacterium infantis
601, aAd BiTiddha8i cam bengsedV]0DRO] Bxeongldryssiiifig dfaBitidobdoteriuml 05-A can be
longum include, without limitation, Bifidobacterium longum 105-A,
preferBifdetanpeifiech longum aE-194b, Bifidobacterium longum bs- 601, and
Bifidobacterium longum M101-2. Among these, Bifidobacterium longum
[0021]105-AwdrehecyarefeaapyteniamplifiBii§002dtt Frumthbreexamyblaky stridiiogtofimitation,
Bifidobacterium breve include, without limitation, Bifidobacterium breve
Bifidolypeestnairb(§GMEAO ) a BifidioMEdte i hdebe xS dmandvBifioh actd Bifillobacterium
breve 1-53-8W. [0022] Further, exemplary strains of Bifidobacterium
breve inf@ndi®/include, without limitation, Bifidobacterium infantis type stain
(JCM 1222) and Bifidobacterium infantis 1-10-5. [0023] Further, exemplary
[0022trainsish@ificiobyaptanustriacterti Bifdolteasithout famitationlude, without limitation,

Bifidobacterium infantis type stain (JCM1222) and Bifidobacterium infantis I-10-5.

[0023] Further, exemplary strains of Bifidobacterium lactentis include, without limitation,
Bifidobacterium lactentis type strain (JCM1220).

[0024] Subculture or acclimation culture in the presence of 5-FC in the method (A) can be
carried out by performing anaerobic culture at 37°C in a culture medium (liquid medium or agar
plate) suitable for growth and proliferation of bacteria or fungi, said medium supplemented with
5-FC at a concentration within the range, for example, from 2 to 5000 pg/ml, preferably from 2
to 2000 pg/ml.

[0025] When the microorganisms are cultured in a culture medium supplemented with 5-FC,
5-FC is gradually converted to 5-FU by CD, expressed along with the proliferation of the
microorganism. Thus, 5-FU acts in low concentration at first, avoiding the eradication of the

cultured microorganism with the gradual increase of 5-FU concentration. Therefore, only the
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Bifidobacterium lactentis type strain (JCM1220). [0024] Subculture or
acclimation culture in the presence of 5-FC in the method (A) can be
carried out by performing anaerobic culture at 37C in a culture medium
microQligatichmmedinn Dreaganimiate rstiable emaseweieaid preolifeiasipniafthis manner, the
bacteria or fungi, said medium supplemented with 5-FC at a
5-FU-essiqentiati@oonithinihermangeefontanampls &anecds5660 rptaducibly.
preferably from 2 to 2000 pg/ml. [0025] When the microorganisms are
[0026Fultugeddnl aneubitite ¢tiadition supptemetiehiwitnbeFE,5 F6Gnslgradoallymethod (B)
converted to 5-FU by CD, expressed along with the proliferation of the
can benigieatganismperfumibgdaetdio daweoacent@inn abfivse, avadidinglifeid medium
eradication of the cultured microorganism with the gradual increase of
or aghrFplatenceitisldoforl hgmeidie andypibEfctimmcrodbrpanisins dhafungye said medium
obtained a resistance can be selectively cultured. In this manner, the
suppleémktderk sigtafitiicroo@anisitadioh e/ phesent iaugatiton eeantpdecdttaatédo 100 pg/ml,
reproducibly. [0026] Subculture or acclimation culture in the presence of
prefer@bRUiionte tabde rpeihodn B)isaannnercariedresit taytpeitosoringianaetobie collected
culture at 37C in a culture medium (liquid medium or agar plate) suitable
reprodatighpwth and proliferation of bacteria or fungi, said medium
supplemented with 5-FU at a concentration within the range, for example,
[0027From A @Drepepseingpretesabiyrfromt2tefdifeddiyihénthisdoraionesf a CD gene, and a
5-FU-resistant microorganism can be collected reproducibly. [0027] A
CD expiaseixpressiogamicr oourgdnistmtrastsfdomgc feyitizeaintiococan sof a4@Eformed by the
gene, and a CD expression vector and a transformant used for preparing
introdacnhmaroHagamisith 4t nsior the dnidyrdoezanisodarctibilinf @ gene thah grartsiecondition
microorganism an ability to grow in an anaerobic condition can be
can bpreppeddaacoodingtodhbanetitbodsdésenitbed imcommercially caailkible experiment
experiment manuals such as Idenshi Manyuaru (Gene Manual
manudKoslarsha) )l deleshshMbosaatikkgndmeu MiwtethlodK édrfskperiméeaishin G&maeJikkenhou
Manipulation (ed., Yasutaka Takagi, Kodansha)); Molecular Cloning (Cold
(Meth&¢wiftg HapbomcalzonaGepd Ma2))n Modedeldr Theniagy 2akhed KGdidsha)); Molecular
Spring
Cloning (Cold Spring Harbor Laboratory (1982)); Molecular Cloning, 2nd ed. (Cold Spring

Harbor Laboratory (1989)); Methods in Enzymology, 194 (1991); and Jikken Igaku bessatsu,
Kobo niyoru Idenshi Jikkenhou (Gene Experiments Using Yeasts, Experimental Medicine Suppl
(Yodosha (1994)). Preferably, an expression vector suitable for a host microorganism should be
used.

[0028] For a CD-encoding DNA, for example, DNA isolated from a plasmid pAdex]! CSCD
(Riken Gene Bank, RDB No. 1591), which contains a DNA encoding an E.coli-derived CD, or a
plasmid pMK116, which also contains a DNA encoding the E.coli-derived CD, can be used
(D.A.Mead et al., Protein Engineering 1:67-74(1986)).

[0029] In particular, examples of CD expression vectors for the bacteria belonging to the
genus Bifidobacterium preferably include a recombinant plasmid pBLES100-S-eCD carrying an

E.coli codA inserted at downstream of Bifidobacterium longum hup promoter (see Patent
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Harbor Laboratory (1989)); Methods in Enzymology, 194 (1991); and
Jikken lgaku bessatsu, Kobo niyoru Idenshi Jikkenhou (Gene
Experiments Using Yeasts, Experimental Medicine Suppl (Yodosha

Docurtit894) inB retarabiienamexpiessiaon)yeetoosuitatle oy, aM@st was made by improving
microorganism should be used. [0028] For a CD-encoding DNA, for

the pRAEPIONBNASOlalRD froupadlplasimid pddethGHCDB{(RilkbactzeneBaldkgum and
RDB No. 1591), which contains a DNA encoding an E.coli-derived CD, or

BifidobaplasonicbpME hha nhichsalscheanprasmalONA encoding the
E.coli-derived CD, can be used (D.A.Mead et al., Protein Engineering

[0030]L:67-A4418860)) 0 [O0RO plaspadi g BAE £ Xa0rpleSDf Rrexpressianarectdrsiucleic acid
for the bacteria belonging to the genus Bifidobacterium preferably include

sequercécof BN PARSRIAPEEEZH0PIssdD shighingaanbE.asddcadAhe same way as
inserted at downstream of Bifidobacterium longum hup promoter (see

pBLERHI&-ddDiacihmprisdnangl Bioivk agénti Rogurine ntu2dntspsi RO pHtbhie GAYV00 1 -HU-
which was made by improving the pBLES100-S-eCD and capable of

eCD retnsionmingisitid elakteriaiid leagiancand BiVdobadieradD keresdapismid, wherein
mutants of these plasmids. [0030] A mutant of the plasmid

the myaBiktE &ii00: SseCh théaraio wanutgi b0 iiEléiccadicingbqpesseatdhvention.
pBLES100-S-eCD-derived plasmid, which can be used in the same way

[0031ps pRLEBXGP+Esaad) ifr b jesesemt imveobeganGimilaflyththemuetaniavahtion is not
the plasmid pAV001-HU- eCD refer to mutants of nucleic acid sequence

particabdAB0kdd-BEHad erivadgotas imdnvahessibidthemutaste cam kepsedlib, and has
the same way as pAVOO 1-HU-eCD in the present invention. [0031] A

a resisBieexpreddihg, H-doderasistant thrutioardemisotfoftifie finesatmuinventioniig. Although
not particularly limited as long as it can grow in an anaerobic tumor

the effissive, canaxpréss DY -&hd foasnatiesistanteity SaFks atepaniice minatidyject tissues,
that is at least effective for antitumor activity. Although the effective

patiencomgetitedtlan the Sdrdeforagiotit imorah dthsty Yarie) dependingndre subpectified.
tissues, patients and the like, the concentration from at least 0.05 to 0.1

[0032bg/mAdditibaadiye raplifiettu@B82 JoA dditiomatiyrcan linstmadible of &U  formulation (for
commercially available 5-FU formulation (for

injection) describes a continuous intravenous injection of the 5-FU formulation was performed to

a patient of advanced gastric cancer so that blood concentration of 5-FU becomes approximately
0.6 pg/ml.

[0033] For a more specific 5-FU resistance of a CD-expressing, S5-FU-resistant
microorganism of the present invention, it is an ability to grow when anaerobically cultured at
37°C in a culture medium (liquid medium or agar plate) containing at least 1 to 2000 pg/ml,
preferably 2 to 2000 pg/ml of 5-FU.

[0034] Furthermore, when the 5-FU resistance of a CD-expressing, 5-FU-resistant
microorganism of the present invention is expressed specifically in relation to the 5-FC
concentration, it is an ability to grow when anaerobically cultured at 37°C in a culture medium
(liquid medium or agar plate) containing 2 to 5000 pg/ml, preferably 3 to 5000 pg/ml of 5-FC.

[0035] Although the 5-FU resistance of a CD-expressing, 5-FU-resistant microorganism of

15



injection) describes a continuous intravenous injection of the 5-FU
formulation was performed to a patient of advanced gastric cancer so that
blood concentration of 5-FU becomes approximately 0.6 pg/ml. [0033]

the présenaifventispacifihd-d hbasigtanee o aheDaaxpisssing, arflde®siFANT in a culture
microorganism of the present invention, it is an ability to grow when

medivand@Bqaidcalbdtutusedigdr PTitehn cvotdinirg adiliay (qisacereition ariggarthe above
plate) containing at least 1 to 2000 pg/ml, preferably 2 to 2000 pg/ml of

describelt War{ 86 3] nuahietymergrovhaméhedaérobiesistant@et aCexprassim@re medium
5-FU-resistant microorganism of the present invention is expressed
(liquicpagifiaalyringaialicn)todh@ibHC 5 Fan eenlkationedhitadonabiibidalgraove described
when anaerobically cultured at 37C in a culture medium (liquid medium or
range,aardpkite] esyivaimio® P tie SA0Q gamingrefarably st tanbatiorpoyFahid dfGhe present
[0035] Although the 5-FU resistance of a CD-expressing, 5-FU-resistant
inventivicioargatsiisy tof gddtlive prestntdrvantiaim gyl detan gty targrieve \dé@norouracil
anaerobically cultured at 37C in a culture medium (liquid medium or agar
or an ghiie) woni@ning médivat acoariaaryratiemydthiihheanoxeofigstudredytosine.
range, or an ability to grow when anaerobically cultured at 37C in a culture
[0036mediliherliguid Hedationaioaganglaie)foo piadhiogdhE @thepressing, 5-FU-resistant
concentration within the above described range, the desired resistance of
microdhgafiBirexprasgingseht hblatisianhdnibroorghods mayf beeiqariagentfrom nature or may
invention is an ability to grow in a medium containing at least 1g/ml or
emplomdie ob&-thdesotited netianabditytodgring in aniteditgancontairting@tieasinvention.
2g/ml or more of 5-fluorocytosine. [0036] There is no limitation for a
NamelpethatDiex pradimging-He -GiSistxpressing Sakishrasistantpresenodrganiem may be a
of the present invention, and the method may be isolation from nature or
microonganiem pdolatbe fboveatiescoibedenetiiadsfonpeozhugimgsan miokbaxghhbisthe above-
of the present invention. Namely, a CD-expressing, 5-FU-resistant
describeitroetigatsison plthe s entcinveztimsnmudyHeepeesamchoorng@ens m isolated
from nature or a recombinant microorganism produced by the above-
[0037HescrbéDrstnedntyr Hroducisistamitioogaaissmodththpresasant invention is not
invention.
particularly limited as long as it is a bacterium or fungus which can grow in anaerobic tumor

tissues, can express CD, and has a resistance to 5-FU at a concentration that is at least effective
for antitumor activity. However, a bacterium having these properties is preferred, and an enteric
bacterium having these properties is more preferred. For enteric bacteria, bacteria belonging to
the genera Bifidobacterium, Clostridium, Lactobacillus, Streptococcus, Peptococcus,
Enterococcus, Bacteroides, Eubacterium or the like can be preferably exemplified. Among these,
bacteria belonging to the genus Bifidobacterium can be more preferably exemplified.

[0038] Specific examples of bacteria belonging to the genus Bifidobacterium include
Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium adolescentis, Bifidobacterium
lactentis, Bifidobacterium bifidum, Bifidobacterium pseudolongum, Bifidobacterium
thermophirum, Bifidobacterium infantis, and Bifidobacterium animalis. = Among these,

Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium adolescentis, Bifidobacterium
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[0037] A CD-expressing, 5-FU-resistant microorganism of the present
invention is not particularly limited as long as it is a bacterium or fungus
which can grow in anaerobic tumor tissues, can express CD, and has a
bifidufesistbBeRdebackddah ancamnes Mitdtp arthiidsvatieasiabifeativendarintestines regardless
antitumor activity. However, a bacterium having these properties is
of agepeeteprefbrarid anacivericadhadteniwundBifidgshasepropakies, ik more preferable. All
preferred. For enteric bacteria, bacteria belonging to the genera
these RifitohaatetionmEtasiidivailabietahagilbisoBhiapioestusoRegipesdeaysinstitutions.
Enterococcus, Bacteroides, Eubacterium or the like can be preferably
For exaxgiipBi¢dobavengih&sguibatTer@ bstongBididothagrmidifidum ATCC-11863, and
Bifidobacterium can be more preferably exemplified. [0038] Specific
Bifidodxamles infhastana gelonginecatobhasgénus Bifidobacterium include
Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium
[0039hdoleésceniarBifidatactesiinBifididatisrBifidokagi@riunnblfideym,without  limitation,
Bifidobacterium pseudolongum, Bifidobacterium thermophirum,
BifidoBétdahaatérigmminfastis, BaidBHidehacte tunguaniBal$4ABaindptaeseium longum bs-
Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium
601, aad Besdemntisemific blvaciarMii0 118. bifiduny, thost Bififidbbateriium ilofaniis, 1 05-A can be
which are known to inhabit in human intestines regardless of age, are
preferpbbfesainhelaSed.host bacterium, and Bifidobacterium longum, is more
preferable. All these bacteria are commercially available or can be
[0040pbbtaifedhesasity dnoptade pasitoryoih dBitfitiobs: telFrone xanvpelenBlifidig bedtiesittniimitation,
longum ATCC-15707, Bifidobacterium bifidum ATCC-I 1863, and
BifidoBiidohantbravmn tinfestiaiA TICGA1 5887 Beidbkansecinj089¢ EXempidridifidobacterium
strains of Bifidobacterium longum include, without limitation,
breve Biiti8Macterium longum 105-A, Bifidobacterium longum aE-194b,
Bifidobacterium longum bs- 601, and Bifidobacterium longum M101-2.
[0041 AmohgrthesesxBifigdbipyactesinm ddrigiiiiobdstekican ibéanpiefiecdindg, without limitation,
exemplified. [0040] Further, exemplary strains of Bifidobacterium breve
Bifidobwtteteymvitieontditpiatitm (BdoBaz)iendrB bréve tcypaisiraifaidCMIES2),
Bifidobacterium breve aS-1, and Bifidobacterium breve 1-53-8W.
[0042] Further, exemplary strains of Bifidobacterium lactentis include, without limitation,

Bifidobacterium lactentis type strain (JCM1220).

[0043] More specifically, preferable examples of bacteria having the above properties and
belonging to the genus Bifidobacterium include a CD-expressing, 5-FU-resistant
Bifidobacterium longum 105-A strain carrying the plasmid pBLES100-S-eCD or a mutant
plasmid thereof (a Bifidobacterium longum 105A strain transformed with the plasmid
pBLES100-S-eCD or a mutant plasmid thereof); a CD-expressing, 5-FU-resistant
Bifidobacterium longum 105-A strain carrying the plasmid pAV001-HU-eCD or a mutant
plasmid thereof; a CD-expressing, 5-FU-resistant Bifidobacterium breve type strain carrying the
plasmid pAVO001-HU-eCD or a mutant plasmid thereof, a CD-expressing, 5-FU-resistant
Bifidobacterium breve aS-1 strain carrying the plasmid pAV001-HU-eCD or a mutant plasmid

thereof; a CD-expressing, 5-FU-resistant Bifidobacterium breve [-53-8W strain carrying the
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[0041] Further, exemplary strains of Bifidobacterium infantis include,
without limitation, Bifidobacterium infantis type stain (JCM 1222) and
Bifidobacterium infantis 1-10-5. [0042] Further, exemplary strains of

plasmBlifigavactefilimdacieptisanalutiit Wilhouidimiaton, Bifltiokagiesking 5-FU-resistant
lactentis type strain (JCM1220). [0043] More specifically, preferable

Bifidob¥amles aifhasieyise Ravingc e migovie prapeidipawod] helosgiDgpiathfitant plasmid
genus Bifidobacterium include a CD-expressing, 5-FU-resistant

thereoBitidabaCterim dosigpns -FQbRAssirain BATdying theuplaamitlis 1-10-5 strain carrying the
pBLES100-S-eCD or a mutant plasmid thereof (a Bifidobacterium longum

plasmilDSAVSIda N agSTo N e dnvifiatthgtagnhietepBLES100-S-eCD or a mutant
plasmid thereof); a CD-expressing, 5-FU-resistant Bifidobacterium

[0044]onguaphmAcstiiadcal caviypogitioa piagiaiprpdWOilddtioe GDnot pamidignily limited as
plasmid thereof, a CD-expressing, 5-FU-resistant Bifidobacterium breve

long dypestiaimcany 0D teeprpéasip) b FAV OB 1statd -atdborganizutant lagrdsknt invention.
thereof, a CD-expressing, 5-FU-resistant Bifidobacterium breve aS-1

Furthestrmire Céue yphgrthe: pldisali dqpdpdeidibiHef- (e Presenintantiptasmidotheire ofie or more
a CD-expressing, 5-FU-resistant Bifidobacterium breve 1-53-8W strain

kinds ofibryiDgettyeredstnglasiic-rediMantntitdee (GBnomas mildanpelkesimic teieof; a
CD-expressing 5-FU-resistant Bifidobacterium infantis type strain carrying

[0045the plasmidgasy/ Q1 «H UREDesanputaiit plesimithttheraofyrgatisans contained in a
CD-expressing, 5-FU-resistant Bifidobacterium infantis 1-10-5 strain

pharmaaentingl templaginid (FAMOPieddht-eCen o imubaphiashty thereaf.as long as it is a
[0044] A pharmaceutical composition of the present invention is not

sufficipattieniaulyt lifoitethasetprigsasnt cdntdnsithenCBrexpresisangcan convert 5-FC to a
5-FU-resistant microorganism of the present invention. Furthermore, the

therapphiacaibcefiticay € ampasitedrd df the Hoessnat, i pvefatidiyctre dostginshoeldre as low as
more kinds of a CD-expressing, 5-FU-resistant microorganisms of the

possibbeesent invention. [0045] The dosage of a CD-expressing, 5-FU-resistant
microorganisms contained in a pharmaceutical composition of the present

[0046]nventighismatepéicit danhp distited ad Itegpassinis iavsuoficientgmontairfamy optional
the expression of CD in an amount that can convert 5-FC to a

component other than the CD-expressing, 5-FU-resistant microorganism of the present invention

as long as it does not hinder the effect of the present invention. Such optional components
include, for example, pharmaceutically acceptable carriers, excipients and diluents. The
pharmaceutical compositions of the present invention are used in combination with 5-FC in an
amount that can be converted to an effective amount of 5-FU by a CD-expressing, 5-FU-resistant
microorganism of the present invention. Although 5-FC may be contained in the pharmaceutical
compositions of the present invention, it is preferable to use another pharmaceutical composition
containing 5-FC in combination with the pharmaceutical composition of the present invention.
Furthermore, the pharmaceutical compositions of the present invention may be combined with
sugars that can promote the proliferation of the CD-expressing, 5-FU-resistant microorganisms
of the present invention. Examples of such sugars include lactulose.

[0047] The term “combination of X and Y (X combined with Y)” used in the present
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therapeutically effective amount of 5-FU. However, preferably the dosage
should be as low as possible. [0046] A pharmaceutical compositions of
the present invention may contain any optional component other than the
inventich-BxDiesShghSchiddsrasistaninaigraesganisimeehtrepiesaat textia ¥sare in the
long as it does not hinder the effect of the present invention. Such optional
same fempegentdrindostaifogexampie). phatiaaesutically actapiabie ¢arses,forms, both
excipients and diluents. The pharmaceutical compositions of the present

X andifveatiqurete veediin abekinaponentish 5-FC in an amount that can be
converted to an effective amount of 5-FU by a CD-expressing,

[0048p-FUwasistarphmicioargedisiongidie qr ese tic mresdinoninAdiitanig is Seth@inistered to a
may be contained in the pharmaceutical compositions of the present

patienin\vRation éxis-grafgrabletorusstanomerqhginiaacuficht opryeasiiidiention grows in
containing 5-FC in combination with the pharmaceutical composition of

tumorttisspeesent uive itiadmifigtthat moik; the ekiatmaaduiwageninpositionmahe tumor, 5-
the present invention may be combined with sugars that can promote the

FC wiplrotfesationcdf tth8-EDtexpie asiig) 6fFWD riesiktaminuicrdarganigtig 6fRbecan kill the
present invention. Examples of such sugars include lactulose. [0047] The

tumortesis."” Burhisatlend-Xxanebn Totdbiedstanitmicyooieadiimihes phiegeedent invention
18 invention includes both cases that X and Y are in different forms and

can suhatXianteYpareindhe Sditdeafarmofegntaafommticontainkil Xand cé)isintheenzymatic
case that X and Y are in different forms, both X and Y may further contain

activitgthCEboapdraenisnfiodd] Wiusneaqelianmadauticaldropspositiom gf the CD-expressing,
present invention is administered to a patient, the CD-expressing,

5-FU-fefttfare sistand rpanisorgenibmpoé doe presantrinsentioctigromgreditnman be obtained.
tissues. If 5-FC is administered while the resistant microorganisms exist in

Furthahmoterntbe, GRS il ddezc SAviertesi tai§-Fit oyt aotioof gh€prdsetiienvention cannot
tumor. The resulting 5-FU can kill the tumor cells. Because the

survive DrettpressingytbeF thaasstanbhictoorgatisms ahthvehprie sbat ¢V enxgoessing, 5-FU-
can survive in the presence of 5-FU at a concentration that can kill tumor

resistape|is] dh@mapysmaticaragiivity ofI0R cah(®evitlamtabwe donMeusdetoc SHENT there and the
antitumor drugs containing the CD-expressing,

systemic side-effects of 5-FU can be restricted in dramatically low level compared with the

administration of 5-FU by itself. Furthermore, antitumor effects of the therapeutic agents of the
present invention for treating solid tumors have high specificity to tumors. Thus, dramatically
high levels of 5-FU can be achieved in tumors compared with the administration of 5-FU by
itself, consequently yielding exceptionally excellent antitumor effects.

[0049] For a dosage form of a pharmaceutical composition of the present invention, liquid
formulation and solid formulation containing a CD-expressing, 5-FU-resistant microorganism of
the present invention can be exemplified. The liquid formulation can be prepared by purifying
the culture solution of the CD-expressing, 5-FU-resistant microorganism of the present invention,
optionally adding adequate physiological saline or fluid replacement, or pharmaceutical additives,
and filling it in an ampule or a vial etc. For a preparation of a solid formulation, a liquid

formulation may be added with an adequate protectant, filled in an ampule or a vial etc. and
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5-FU-resistant microorganisms of the present invention as an active
ingredient can be obtained. Furthermore, the CD-expressing,
5-FU-resistant microorganisms of the present invention cannot survive in
freezetdeiqunds bthesdhan erasiobig, tthadigiss yeminlwthiahnine b agdpdesaingn adequate
5-FU- resistant microorganisms can grow. Thus, 5-FC will not be
protectanyéidegttoried br thedaandibiiifdienic sitlerrRifects ahh-Ad ¢anddeadministration
restricted in dramatically low level compared with the administration of
metho@-bl by liseiadeutitrowangositidiurod tieffpesscat the dhesapeuatinagemtm@fistration is
the present invention for treating solid tumors have high specificity to
prefertaiosad T hubcdrarsadicaliyjdoigin]evielsaothobd) dajedtoachievelzZsdtuim@yaion, and
compared with the administration of 5-FU by itself, consequently yielding
intravexeeptionallyiakteltent antitknercaifedisd 00dabtiscansagavaiouoigection is the
pharmaceutical composition of the present invention, liquid formulation
most @sfksliel formulation containing a CD-expressing, 5-FU-resistant
microorganism of the present invention can be exemplified. The liquid
[0050Fformugiamear e drepapedibiyrpof ifyéngrctloat dultengsolsiioed of @mbination with 5-
CD-expressing, 5-FU-resistant microorganism of the present invention,
FC. Dpiiphathyaddiinglacegpaiiipiydiolegiced saline citibuidne @do@ment boradministered
pharmaceutical additives, and filling it in an ampule or a vial etc. For a
either preparationdha solidi dar muthtio yradiffeidn fanethtatipamiaydye ledaéddiniktered either
an adequate protectant, filled in an ampule or a vial etc. and 19
simultiresnsigrigdsepdratkled. Alténabtivaly; thinliqisidatormuotafidiCnshyudé beldédr that of a
with an adequate protectant, freeze-dried or L-dried, and filled in an
pharmaneptiteloccanyiaditAs fof th paseinistratisivmietiibovotha piaem@estitigab-FU-resistant
composition of the present invention, parental administration is preferred
microaugdssins uithe qussinjestientimtravenousuifijectidly, ilocatire dinyestion, and
intraventricular administration can be exemplified. Among these,
[0051]ntravéralesagjectiorFis tised mastpveferiableri{D@sOp A phammacautieapositions of the
composition of the present invention is used in combination with 5- FC.
preserf hevphomaceotigalttarhpbsiional dydpresent investificeand SxieGnmiy 5-FC to be
be administered either in a same administration method or different
convertwethoddcantwhayl bye cdthetinisterengitoérs-FU by the CD-expressing, 5-FU-resistant

microorganisms of the present invention. However, preferably it should be as low as possible.
The dosage can be selected appropriately from, for example, the range from 5 to 200 mg/kg.
[0052] Furthermore, a pharmaceutical composition of the present invention can be used in
combination with sugars that promote the proliferation of the CD-expressing, 5-FU-resistant
microorganisms of the present invention. Examples of such sugars include lactulose. Such
sugars may be administered as a component of a pharmaceutical composition of the present
invention, or as a different pharmaceutical composition, either simultaneously or separately with
a pharmaceutical composition of the present invention.

[0053] The present invention will be explained more specifically by referring to Examples
below, but the technological scope of the present invention is not limited to these

exemplifications.
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simultaneously or separately. Preferably, the administration of 5-FC
should be after that of a pharmaceutical composition of the present
invention to allow the CD-expressing, 5-FU-resistant microorganisms of
[Referdieprasamplnygntion to grow sufficiently in tumor tissues. [0051] The
dosage of 5-FC used in combination with the pharmaceutical
[0054Fomppsidacsmf she TpeegeassingeBiitidbadiotpartautany limited as long as
it is a sufficient amount for 5-FC to be converted to therapeutically
effettivevaguptnS-Blfidybteimekprassainga S grotiiesist@ntescribed in Japanese
microorganisms of the present invention. However, preferably it should be
patentapoisaaspNesioles- e Tinsage can be selected appropriately from, for
example, the range from 5 to 200 mg/kg. [0052] Furthermore, a
1. CopfaitniaocfitSialciervpositipAviidhe present invention can be used in
combination with sugars that promote the proliferation of the
(PlasnGdeenpi@ssing, 5-FU-resistant microorganisms of the present invention.
Examples of such sugars include lactulose. Such sugars may be
adninisjecadeasiatcanyhaienigoha phasdiagespeaianpasitivieofth@sferase (AAD
present invention, or as a different pharmaceutical composition, either
cassetgimoitEnenoshy ars skpeahtelyawitimdi fibdroyaPeRicalraopBidsstion, ok tieh is a shuttle
present invention. [0053] The present invention will be explained more
vectorspeBifichibadiyriefeltinguia Exdfplds(deelButecinbtheiech 2oladid@isBoratddocument
the present invention is not limited to these exemplifications. 20
23), didetatehasExamppE R} K1664]-[Fodductieroof(CHexgeessmgrepare pCRTOPO-Scal-
Bifidobacterium longum] The CD-expressing Bifidobacterium longum was
AAD-produd#d .aSdésadlieaninl 0apanaseipaient ayppdiadtien thl (o2O0d 389 6aVerse primers,
1. Construction of Shuttle Vector pAV001 (Plasmid construction) A
respecsBglience that includes gene encoding spectinomycin adenyltransferase
(AAD cassette) of Enterococcus faecalis was amplified by PCR from
[0055pBLES1MOwmhichigs &, sheltiteng vector pGFPuv (DEFINITION: Cloning vector pGFPuv.

ACCESSION: U62636; VERSION: U62636.1 GI: 1490528) purchased from Invitrogen is
composed of GFPuv gene with Multi-Cloning sites (MCS) at the both ends of the gene, an
ampicillin resistance gene, and an E.coli plasmid replication origin.

[0056] The ampicillin resistance gene in the pGFPuv was excised by cleaving with
restriction enzymes Eam1105I and Scal to produce a long fragment. Similarly, pPCRTOPO-Scal-
AAD-Eam1105I was cleaved with Eam11051 and Scal to produce a fragment (approximately
1100 bp) containing an AAD cassette. These two fragments were ligated by T4 DNA ligase to
produce pGFPuv-SpR. The addition of spectinomycin resistance property and loss of ampicillin
resistance in the pGFPuv-SpR are respectively confirmed in E.coli.

[0057] pGFPuv-SpR was digested with restriction enzymes Sall (located in the multi-cloning
site upstream of GFPuv gene) and Spel (located in the multi-cloning site downstream of GFPuv
gene) to produce pAVN plasmid that is deprived of GFPuv gene.

[0058] A sequence of approximately 1900 bp containing RepB, SDO, DDO, AT-rich repeats,
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vector of Bifidobacterium longum and E.coli (see Patent Document 2 and
Non-Patent Document 23), and subcloned into pCR-Bluntll-TOPO vector
(Invitrogen) to prepare pCRTOPO-Scal- AAD-Eaml105I. Scal and

and DEaMbLOShesisicion Siidsnieie] addeslatoarnvepiit anch Me sFBpfidddasterium longum
respectively. [0055] As shown in Fig. 1, a cloning vector pGFPuv

from (R¥EEONMIPIERNAElebitidg: vacioine6 ituvin AL b S HO Wi feadrium longum-derived
VERSION: U62636.1 Gl: 1490528) purchased from Invitrogen is
plasmibpBGed bé Gipfonigere, WioViptiéiasiog thiie s MAS) it thiadmaih @ptsation unit
of the gene, an ampicillin resistance gene, and an E.coli plasmid
of BiffégieatiaomiigiguldGns)] gl dapisylrOrR distansERye aedi sulhd qed Py pCR-Bluntll-
was excised by cleaving with restriction enzymes Eam1105I and Scal to
TOPOpreduce@ poodutagRMO Sl PARIQP ORSaailtdA Rrizaimd 1@blgni®n sites of
cleaved with Eam1105I and Scal to produce a fragment (approximately
Apal dill0SchpyeanidituiagoaforvAld aagsetiasd pasetwvedpagineits were ligated
by T4 DNA ligase to produce pGFPuv-SpR. The addition of
[0059F pechnionyy ingiasiatgittécdropeiye stk |p 33/ df adpicitliric iesi staryoecinAbel and Scal
pGFPuv-SpR are respectively confirmed in E.coli. [0057] pGFPuv-SpR
(approxasatitye 2t With aedtiiction énzyimes Sl diobatachinthedipekiicfopERTOPO-APAI-
site upstream of GFPuv gene) and Spel (located in the multi-cloning site
1900- S/ iisprearinndt&i RO00 deneyde predeteopdt®d plassmd thaDd deighased@produce a
GFPuv gene. [0058] A sequence of approximately 1900 bp containing
BifidoRep& 1 ®bonRDCE Adlisbhttepeatsr 2AVANd Ripatotimndioky Aidtfdpyas
identified as a plasmid replication unit of Bifidobacterium longum from the
[0060FLomplete nucleotide sequence information of the Bifidobacterium
longum-derived plasmid pTB6. The approximately 1900-bp sequence that
2. CDcomaiospthssplaseuthrepcadinhlURaCOX Bifidobacterium longum was
amplified by PCR from pTB6 and subcloned into pCR-Bluntll- TOPO
(Constactoote peadussi@CRTOPO-Apal-1900-Scat Restriction enzyme
recognition sites of Apal and Scal were added to forward and reverse
pritders @3hESHVOKS-F0039Y & okgviedgmenteseidednbyrdigessiddgipdIN and Spel to
with restriction enzymes Apal and Scal
extract an approximately 2900-bp fragment containing an HU gene promoter, an E-coli-derived

CD gene, and an HU gene terminator. Similarly, the shuttle vector pAV001 was cleaved with
restriction enzymes HindIIl and Spel at the restriction sites in the multi-cloning site. The
obtained long fragment and the above approximately 2900-bp fragment were ligated by using T4
DNA ligase to produce pAV001-HU-eCD (approximately 7100 bp).
[0061]
3. Introduction of the CD gene expression vector pAVO001-HU-eCD into the genus
Bifidobacterium

Wild-type Bifidobacterium longum was cultured in MRS medium at 37°C under
anaerobic conditions and the resulting culture medium was centrifuged to isolate the bacterial
cells, which were then suspended in an appropriate buffer to prepare a bacterial suspension.

Next, the cytosine deaminase gene expression vector pAV001-HU-eCD was introduced into the
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(approximately 2400 bp) and a short fragment yielded by similarly
digesting pCRTOPO-APAI- 1900-Scal (approximately 1900 bp) were
ligated together by using T4 DNA ligase to produce a Bifidobacterium

cells ilomgnclerealssipaiid oreeios] pANPOk (@R RrRKiHRES M4 3H0an). MMEPteht Document
CD gene expression vector pAV001-HU-eCD (Construction of expression

23. TrasifyiniNdxic BIUnSh0BHRBR wast eaeawiliftesticieiuenanas/pAV001-HU-
Hind 11l and Spel to extract an approximately 2900-bp fragment

eCD) centaiclingednbiadd G enecpronyoternaridn-cali-glerigad iediganeoanthiag thd antibiotic
gene terminator. Similarly, the shuttle vector pAV001 was cleaved with

spectifiegifiction enzymes Hindlll and Spel at the restriction sites in the
multi-cloning site. The obtained long fragment and the above

[0062ppproRipaisiy 800y iiagedihwser igatach byintgifj dobaBdAgasg )
produce pAV001-HU-eCD (approximately 7100 bp). [0061] 3. Introduction
of Bi€idobageneueXpressipAMEIOF HBAQTL andlva(DryptoRiiel gertsium longum were
Bifidobacterium Wild-type Bifidobacterium longum was cultured in MRS

subcuhectiuespdcdirel ynd®fREnaedolic congiitiogstianantlite oes shingoatiyicen at 37°C under
medium was centrifuged to isolate the bacterial cells, which were then

anacrchispendiibis dor appropriatechddiar td ixdprterabadienadsuspansian(l x 10° CFU)
Next, the cytosine deaminase gene expression vector pAV001-HU-eCD

from tvasuhtiroduediintbythenZigeltsom thikidadtehah suspansiamdyollowed by extraction
electroporation method as described in Non-Patent Document 23.

of inffae¢idibnmecbreims miespentiBifidobddierivxtrdotgupriBifidobeaterisaparated by SDS-
longum/pAV001-HU- eCD) was selected based on colony formation on an

polyaaghmmizdigeh ctatadpingdiie. anfibéotispspscinahyciny{@062]dExpressigirotein was
of cytosine deaminase in recombinant Bifidobacterium longum)

confirBifitl dacteritem | drigitimgp AM0Y | dalbbie Ctaot avile tyjeerBifitebacteciclonal antibody
longum were

(Sawaday Technology) as the primary antibody and horseradish peroxidase-conjugated anti-

rabbit immunoglobulin G (Santa Cruz Biotechnology, Inc) as the secondary antibody. The
signals were visualized by ECL system and detected as luminescence signals with Fluo-S-MAX
cooled CCD camera (BIO-RAD). Signals were detected from Bifidobacterium longum/pAV001-
HU-eCD, showing the expression of cytosine deaminase proteins, while no signal was detected
from wild-type Bifidobacterium longum, showing the nonexpression of cytosine deaminase (see
Fig.2).

[0063] (Measurement of enzymatic activity of cytosine deaminase (5-FC—5-FU conversion
activity) in Bifidobacterium longum/pAV001-HU-eCD)

Bifidobacterium longum/pAV001-HU-eCD and wild-type Bifidobacterium longum were
respectively subcultured in MRS medium containing the antibiotic spectinomycin at 37°C under
anaerobic conditions for two or more days. The bacterial cells were separated from the culture
solution by centrifugation (2 x 10° CFU), resuspended in 4.5ml of MRS medium, and 0.5 ml of

5-FC (20 mg/mL) was added to the final concentration of 2 mg/mL, and then cultured at 37°C
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subcultured respectively in MRS medium containing the antibiotic
spectinomycin at 37C under anaerobic conditions for two or more days.
The bacterial cells were separated (1 x 109 CFU) from the culture
under NaggkiusBibycoadititugationfterhizh4s $emngsomdater angtfoltawedlayre solutions were
extraction of intracellular proteins respectively. The extracted proteins
centrifiged sepaiaiag dyisdas-pealyactdamidefgehele dicophacasiscellodvere removed. The
expression of a cytosine deaminase protein was confirmed by western
convehlaithpuising ¢atbitoanii-dydcsing deaimi nasenieaivedonagantibeilyatography analysis
(Sawaday Technology) as the primary antibody and horseradish
(5-FUpe®xithse-thodi) @Ned) arthe phiit ¢nomuiabil @bllicom(Sania Gz is shown in Fig.3.
Biotechnology, Inc) as the secondary antibody. The signals were
5-FU visialinaddys Bfelsisysiem RigldetectecbasiumiBeSdebagesignalsnaiim/pAV001-HU-
Fluo-S-MAX cooled CCD camera (BIO-RAD). Signals were detected from
eCD, Bifdokasté¢iveretbingBozZpsovinlaftdll4cliobisssivaiviing 0Dd exgsneissifier 4 hours, while
cytosine deaminase proteins, while no signal was detected from wild-type
extren@ifidiobastesivimddsiglimy shdevieg:thie nahkxpreBsiatobdaytnsine
deaminase (see Fig.2). [0063] (Measurement of enzymatic activity of
cytosine deaminase (5-FC-*5-FU conversion activity) in Bifidobacterium
longum/pAVO00I-HU-eCD) Bifidobacterium longum/pAVvV001-HU-eCD and
Examp¥idd-type Bifidobacterium longum were respectively subcultured in MRS
medium containing the antibiotic spectinomycin at 37C under anaerobic
[0064 Londifidris-fesikrmianitome gaysnd hé Bidctebialtaells WereusepAldo d-fHareCD]
the culture solution by centrifugation (2 x 109 CFU), resuspended in
4. Bifi o6 MRS 1o dlonguand AVDM B 2EQ (@8amgink) ikaseacided Exdheple 1 was
final concentration of 2 mg/mL, and then cultured at 37C 23 under
inoculatederabic odnditibiRS Afteliin 408tal@ingritle2ahhibintsc tpectidtungsolatidtd pg/mL of
were centrifuged and the supernatants were collected, of which the
5-FC, Haliterial bellsnaadrenotred.at 3& °CofoveifeblodskU Tharcehtrhtiinthe théture medium
supernatants was measured by gas chromatography analysis (5-FU
was si@JaNySimoetihadd, 1 BM P )mThe piEfierciviabl@oeincog tiie/ensbsotimepitinomycin and
shown in Fig.3. 5-FU concentrations are shown in Fig.4. As a result, In
50 pg/BifidubiatiEranm tottguwd/foAYH0buHnder the same culture conditions. This inoculation

step was repeated three rounds to produce the 5-FU-resistant Bifidobacterium longum/pAV001-
HU-eCD. Next, the 5-FU-resistant growth of the produced 5-FU-resistant Bifidobacterium
longum/pAV001-HU-eCD was confirmed by inoculating into MRS medium containing 20
pg/mL of 5-FU and the antibiotic spectinomycin and culturing for 24 hours under the same
culture conditions as above. Then, the bacteria were suspended with glycerol and stored at —
80°C as glycerol stocks. The stored bacteria sample and wild-type Bifidobacterium longum
were inoculated respectively into MRS media containing 250 pg/mL of 5-FU and the antibiotic
spectinomycin and growths thereof were compared. The growth of bacteria from the stored
sample was observed on the following day, indicating the maintenance of 5-FU resistance, while
the wild type did not grow. Viable cell counts of the post-culture bacterial culture were

determined by plate count method. The viable cell count was 2 to 3 x 10° CFU/mL for the
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eCD, 5-FU was detected in 39.2 pg/mL after 4 hours and in 102.1 pg/mL
after 24 hours, while extremely low amount of 5-FU was detected in
wild-type Bifidobacterium. Example 1 [0064] [5-FU-resistant
bacterii@igargosishes o &ifidapastani ton admpAN@Qlptiae 68w the limit of detection
Bifidobacterium longum/pAV001-HU-eCD obtained in Reference Example
(belowl WASHUGeWAted into 5 mL of MRS medium containing the antibiotic
spectinomycin and 50 g/mL of 5-FC, followed by anaerobic culture at 37C
[0065For 7 PMeusisemlaan olivi-Ial tbencutittiel dnechuwhidtashsirfiEUtésReiaBdidobacterium
into 9 mL of MRS medium containing the antibiotic spectinomycin and 50
longupdénesafamdFC, and cultured for 24 hours under the same culture
conditions. This inoculation step was repeated three rounds to produce
thes 3-BUertsistami Bistabaelatiuloniangprpoy H0U- 0D ebRindéXh theample 1 and
5-FU-resistant growth of the produced 5-FU-resistant Bifidobacterium
wild-tigredBifidobMd&luhUeagihwascarfenad pysinealtatddn NMREI RSdinedis$7°C under
containing 20 pg/mL of 5-FU and the antibiotic spectinomycin and
anaerchittwongit@mn4dromws underrthéagam@heulitiltieebroliions asrakibleed Meth anaerobic
the bacteria were suspended with glycerol and stored at - 80C as glycerol
diluenstopkadldiecsRiteghactelia sanpiéngrid 260y BitisaEie oo, ong0d ug/mL of
were inoculated respectively into MRS media containing 250 pg/mL of
5-FU, kdJcaitdrtite amatiibital lspecaftth e atod3gdayehsThere diaveisble cell counts were
compared. The growth of bacteria from the stored sample was observed
deternandde TditowxperthagntindstadidgitiefirrmiBle ngncaafid-Feta gsidtancel, inhjl@ntuplicate
the wild type did not grow. Viable cell counts of the post-culture bacterial
and theudtte wererichetesnoriegl HF platenconimgnithagrhr Thedidableecplirfountdriastriplicate.
2 to 3 x 109 CFU/mL for the 24 bacterial culture of the stored sample,
The revhite thatsbbthe wilthblpe Wés BelowsitihmtiBifidbbatection 1(relaw188001-HU-eCD)
CFU/mL). [0065] [Measurement of 5-FU concentration, to which the
and b-RiidsigiantBiididhbatcienom lémggur is résistalmips-Fl-rékibtantl, 5-FU-resistant
Bifidobacterium longum/pAV001-HU-eCD obtained in Example 1 and
Bifidobacterium longum/pAV001-HU-eCD has a resistance to 5-FU, the concentration of which

is at least 2000 pg/mL. On the contrary, the wild-type Bifidobacterium longum did not grow in
the presence of 5-FU at a concentration of at least 25 pg/mL or higher (Table 2).

[0066] [Table 1] 5-FU-resistant Bifidobacterium longum/pAV001-HU-eCD

5-FU
Content Growth
(ng/mL) 1 2 3 4 5 Average sd CV (%) |Rate (%)
0 144 | 126 | 175 | 138 | 165 149.6 20.0 13.4
25 116 | 148 | 124 129.3 16.7 12.9 86%
50 129 | 129 | 128 128.7 0.6 0.4 86%
100 118 | 139 | 107 121.3 16.3 13.4 81%
250 100 | 107 | 114 107.0 7.0 6.5 72%
500 175 | 116 | 153 148.0 29.8 20.1 99%
1000 168 | 123 | 147 146.0 22.5 15.4 98%
2000 127 | 128 | 124 126.3 2.1 1.6 84%
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wild-type Bifidobacterium longum were respectively subcultured in MRS
medium at 37C under anaerobic conditions for two or more days. The
cultured solution were diluted with anaerobic diluent, spread onto BL agar
sd: stamedibdeottadning 0, 25, 50, 100, 250, 500, 1000, or 2000 g/mL of 5-FU,
and cultured anaerobically at 37C for 2 to 3 days. Then, the viable cell
CV: cegtfinisnvefeadatimined. The experiments using 5-FU-free BL agar
media were performed in quintuplicate and the other experiments using
[0067p-FU Tatitad)img 1BliypgadiMmestiaceeiigroiigumed in triplicate. The results
are shown in Tables 1 (5-FU-resistant Bifidobacterium
s-FongdmépfAV001-HU-eCD) and 2 (wildrtype Bifidobacterium longum). As | Growth

shown in Table 1, 5tFU-regsistant Bifidpbacterium . o
($840RIpAVA01IHU-e€D has a redfstance td EEI285e |conténtratfol bf) [Rate (%)

WNIN 1S at 1eashg00q palMioON 156 COMIFATY. MRWITIYRE 43 | 11.34

Bifidobacterium longum di row in the presence of 5-FU at

cordéentration oftat leat 25 gy/mL or higher (Tabfe02). [D068P[Table 1] 0%
5-FR{J-resistant Bifidpbgcterugrtongumy/pAVO0 I 'i.\?-eCD SgfP Gontent 0%
Growth (g/mL) 123845 Average sd GV (%)|Rate (%) D 144126 175 138
168)049.6 20|0 03.4 25 116 048|124 129.3 16.7 VA9 86% B0 129 129 0%

129290 190 7 N2 N A Q0/ 1M 11Q1120 41N 7 149D 210 2 12 A Q104 2uzr\4nn

L 0.1 U.QO U.4 0 7 LUU 1O LOI LI 1LZ21.9O LOL.H O (0] IV J._LIU )
107914 107.0 70 6.5%296 200175 116 153 1488 20.8 289 090 1000 | 0%

1680023 147 146.0 226 15.4098P0 2000 1271280k P4 126.8.8.1 1.6 84% 0%

Nt nf viariation
vt

T

\AWL

28 cd ctandAard-deviat \/*
0.0 - 0%

1000

ation offict
29 oU —Startdagra— ot viation vV Qe HHciertot
.0 0.0 - 0%

o O

2000 0 0 0

sd: standard deviation
CV: coefficient of variation
[0068] [Maintenance of 5-FU-resistant trait in 5-FU-resistant Bifidobacterium longum]
5-FU-resistant Bifidobacterium longum/pAV001-HU-eCD obtained in Example 1 was
subcultured anaerobically in MRS medium containing the antibiotic spectinomycin at 37°C for
two or more days. 5 pL of the cultured solution was inoculated into SmL of MRS medium that is
free of the antibiotic spectinomycin, and cultured anaerobically at 37°C for 24 hours. The
cultured solution was subcultured similarly for 30 days continually. After the 30-day continual
subculture, the cultured solution was diluted with an anaerobic diluent, spread onto a BL agar
medium containing 250pg/mL of 5-FU or a 5-FU-free BL agar medium, and cultured
anaerobically at 37°C for 2 to 3 days. Then the viable cell counts were determined. The
experiments were performed in quintuplicate. The results are shown in Table 3. As known from
Table 3, the 5-FU-resistant trait of 5-FU-resistant Bifidobacterium longum was maintained at

least after the 30-day continual subculture.
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[0067] [Table 2] Wild-type Bifidobacterium longum 5-FU Content Growth
(g/mL) 1 2 345 Average sd CV (%) Rate (%) 0108 117 104 126 137
118.413.4311.34250000.00.0-0% 500000.00.0-0% 100000
[0069P.0 0:0ab[R%] 250000 0.0 0.0-0% 5000000.00.0-0% 1000000
0.00.0-0% 20000000.00.0-0% sd: standard deviation CV:
5-FU cegfigient of variation [0068] [Maintenance pf 5-FU-resistan@faith Rate
psistant Bif U-resistant Bifidobacterium

4 ZILTe]

or more days. 5 pl_of the cultured solu

two .
2i%to smU 6 MRS migdiurh3thatl i fred Bk éhe|adtiBidt clﬁpé%tilnom%% and

sd: stao e obicalty at 37C for 224 hours. The cuttured sotution was
" subcultured similarly for 30 days continually. After the 30-day continual

CV: Cgéiiﬁ%&gdmrgf\;gﬁaqwhured solution was diluted with an anaerobic diluent,
" “spread onto a BL agar medium containing 250pg/mL of 5-FU or a

[007OE'FU[6%EU?J‘ %ﬂars’lﬁ?-' st@H{j %M@&c"f‘é}ﬁﬁﬁ)bﬁfﬁgxrﬁt 3&?19 f%r-%}o Ron-resistant

ays. Then the viable cell counts were determined. The experiments

Bifido¥E R PGHBMER A .ﬁﬂﬁﬂgﬁcmﬁiﬁﬁé‘rgﬁ&fhom in Table 3. As

known from Table 3, the 5-FU-resistant -FU-resistant

B'fﬁféb@ﬁi%%&é?ﬁ%%ﬁ’gﬁﬁﬂﬂﬁ%@'ﬂ%ﬁﬁéd%ﬁfﬁ%ﬁ%ﬁ%?&%e Example 1 (5-FU

continual subculture. 26
non-resistant Bifidobacterium longum) and the Bifidobacterium longum/pAV001-HU-eCD

obtained in Example 1 (5-FU-resistant Bifidobacterium longum) were respectively subcultured
under anaerobic conditions at 37°C in MRS media containing the antibiotic spectinomycin for
two or more days. Then, 50 puL of each of the cultured solution was inoculated into MRS media
containing 5-FC at the concentration of 5, 25, 50, 100, 250, or 500 pg/mL and cultured at 37°C
under anaerobic conditions for 24 hours. After the culture, the growth of each bacteria was
determined by measuring the turbidity of the post-culture solution (OD=600nm)(Table 4). The
growth of the 5-FU non-resistant Bifidobacterium longum was remarkably inhibited in media
containing 50 pg/mL or more of 5-FC. In contrast, 5-FU-resistant Bifidobacterium longum grew
for all 5-FC concentrations.

[0071]  [Table 4]

Turbidity Measurement 5-FC Content (ng/mL)
(OD=600nm) 5 25 | 50 | 100 | 250 | 500
Reference 5-FU non-resistant

_ 6.43 4291192 1]0.68 | 0.19 | 0.09
Example 1 | Bifidobacterium longum

5-FU-resistant
Example 1 5.73 538 | 4.11 | 541 | 5.15 | 4.29
Bifidobacterium longum
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[0069] [Table 3] 5-FU Content Growth Rate (pg/mL) 12 3 45 Average sd
CV (%) (%) 0 146 197 134 153 149 155.8 24.10 15.47 250 166 152 124
137 194 154.6 27.09 17.52 99% sd: standard deviation CV: coefficient of
ExampRriation [0070] [Culture of 5-FU-resistant Bifidobacterium longum and
5-FU non-resistant Bifidobacterium longum in liquid media containing
[0072p-F(J5Tie -Bifidaba¢iasica lohBufidghAMea i UoaGhopiaired iINU-eCD produced by
Reference Example 1 (5-FU non-resistant Bifidobacterium longum) and
using hEBfidnbiaatgrineditjngum/pAV001-HU-eCD obtained in Example 1
(5-FU-resistant Bifidobacterium longum) were respectively subcultured
unBéfi dutaeratiienchngdiiions &t BéculntddRGaredia cdNERSingckie anitaiaiig 1, 5, 10,
spectinomycin for two or more days. Then, 50 pL of each of the cultured
50, 16@lutosovaggnocutdtedintoaMR&mediaasaishiualgySat G Zthidr one to five days.
concentration of 5, 25, 50, 100, 250, or 500 pg/mL and cultured at 37C
Turbiditidewaraarabioaedndibens(fomn? foh@uch. Afierdhe exdiuine the growtn @fable 5). For
each bacteria was determined by measuring the turbidity of the
the mpdisicubureisokitind (QDaE0hMHTalkle djowithewgrovhbeofdihetefrdfter 5 days and
non-resistant Bifidobacterium longum was remarkably inhibited in media
resistaportacnirigrb Gpgiimeoatdnanetaf bbkdhdd cdoirasheb-meldigsiataviiich the growth was
Bifidobacterium longum grew for all 5-FC concentrations. [0071] [Table 4]
observedrbidity Méasigte ofethicSpb -G ontentnglin Ly afQrealaiminto2% b0 .1II0MRS media
250 500 Reference 5-FU non-resistant 6.43 4.29 1.92 0.68 0.19 0.09
contaifixgnmintesinkifictoloantertiom ddnglitd, and cultured for 24 hours under the same culture

conditions.  This inoculation step was repeated three rounds to produce S5-FU-resistant
Bifidobacterium longum in each 5-FU concentration. Next, each 5-FU-resistant Bifidobacterium
longum was inoculated into MRS media. Each of post-culture solution was inoculated into MRS
media containing 250 pg/mL of 5-FU. After 24 hours of incubation, turbidities were measured
(OD=600 nm) to determine the growth (Table 6). As a result, the 5-FU-resistant Bifidobacterium
longum produced from media containing 1 to 100 pg/mL of 5-FU have the same level of 5-FU
resistance as the 5-FU-resistant strain obtained in Example 1.

[0073] [Table 5]

5-FU concentration used for grant of resistance (pg/mL)

OD=600nm 1 5 10 50 100 500 1000

1| 4.94 0.22 0.09 0.00 -0.05 | -0.05 | -0.06
4.94 4.39 5.51 0.44 0.01 -0.07 | -0.08
4.94 4.39 5.51 4.99 0.12 -0.08 | -0.06
4.94 4.39 5.51 4.99 5.88 0.07 0.01
4.94 4.39 5.51 4.99 5.88 0.08 0.02

Culture days

DN B W N

[0074]  [Table 6]
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5-FU-resistant Example 1 5.73 5.38 4.11 5.41 5.15 4.29 Bifidobacterium
longum 27 Example 2 [0072] [5-FU-resistant bacteria of Bifidobacterium
longum/ pAV001-HU-eCD produced by using 5-FU containing media]

Bifidobacterium longim wWag dasHiRed i tomb MR Sdnedifg/mL)
containing 1, 5,10, 50,100, or 500 pg/mL of 5-FU and cultured

anaerobically at 37C for orfe to flvelaay< Ttbiditiesdere ndé@8sured 000

lﬂr\ o000 1 L + - +1 N i e M | =\

Ul1 II) Ul Tdull UItuIT U TAAITITT Ui gl VLT \ I AIT J} | LY t:IC
W urjarﬁ 8onta|ning 500 g/mL of 5-FU, np growth|was observed even after
S-Hﬁmﬁs&mﬂ resig@rit bacsefium st6als coultionset be eftained OFor athe)s
me%ia in whigh the growth wag observed, 1 mL|of each of the

poSs -acﬁl}fture media was inoculated into 9 mL of MRS media contajning the

same concentration of 5-FU, and cultured for 24 hours under the same
culture conditions. This inoculation step was repeated three rounds to
Examplkosluce 5-FU-resistant Bifidobacterium longum in each 5-FU
concentration. Next, each 5-FU-resistant Bifidobacterium longum was
[0075]nocdtedrinistidRSramedisbtiiach of Postpldtore selttostvrasihbeulaiedme method
into MRS media containing 250 pg/mL of 5-FU. After 24 hours of
as Refireubatiaanipidbiditiesveaneproeastl ket y{QinraRammido wiedeoniirentide The produced
growth (Table 6). As a result, the 5-FU-resistant Bifidobacterium longum
cytosipeattaagdayerx predia g Einirgidtdot 360ipghmecf 51U kaiserilce satmiarly as the 5-
level of 5-FU resistance as the 5-FU-resistant strain obtained in Example
FU-redis{@d 73tdihakibtdhbdFR EeacphtratioRutedniorgréiet Hildsistanaee was maintained
(pg/mL) OD-600nm 15 10 50 100 500 1000 1 4.94 0.22 0.09 0.00 -0.05
for at HrE5/- @6 0P MPd4. 4.39 5.51 0.44 0.01 -0.07 -0.08

Example 4

[0076] 5-FU-resistant strains were produced from Bifidobacterium breve, Bifidobacterium
infantis, and Bifidobacterium lactentis by the same method as Example 1. A list of 5-FU-
resistant Bifidobacterium strains is shown in Table 7 below.

[0077] [Table 7]

List of resistance-required strains produced by the same method as the example 1

Species Strain Introduced Plasmid
B. longum 105-A pBLES100-S-eCD
B. longum 105-A pAV001-HU-eCD
B. longum aE-194b pAVO001-HU-eCD
B. longum bs-601 pAV001-HU-eCD
B. longum MI101-2 pAV001-HU-eCD
B. lactentis Type strain JCM 1220 pAV001-HU-eCD
B. infantis Type strain JCM 1222 pAV001-HU-eCD
B. infantis I-10-5 pAV001-HU-eCD
B. breve Type strain JCM 1192 pAV001-HU-eCD
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Culture days 3 4.94 4.39 5.51 4.99 0.12 -0.08 -0.06 4 4.94 4.39 5.51 4.99
5.88 0.07 0.01 54.94 4.395.51 4.99 5.88 0.08 0.02 [0074] [Table 6] 28
5-FU concentration used for grant of resistance (pg/mL) 1 510 50 100

B. bre290 1000 Gr y

- strains Exam

B. breare transforh
expression of cytosine deaminase was confirmed. The produced cyfosine
deaminase-expressing, 5-FU-resistant strains have a 5-FU resistance

similarly as the 5- FU-rgsjgiaRtrsifains\@paioecsin pemple 1.
Furthermore, the 5-FU resistance was maintained for at least 7 days or

[o078norerfxapplent [AXBloUragistant siraingavers RIRINCef &R  5-FU-resistant

ifidobacterium breve, Bifidobacterium Infantis, and Bifidobacterium

microREiaNRsby e §§tm§c%ﬁm@1aﬁg%ag?rwlﬁlé Aozt OB FrEdBasesiSi@Nmaintaining CD

Bifidobacterium strains is shown ble 7 below. [0077] [Table 7] List of

act1v1t$§kﬂaﬂﬁﬁviﬁg@[?@%ﬁ%}§rﬁéomﬁ ByetRersamernmeatiioshasiyen ?fsﬁﬂlﬂlﬁg therapy
1 Species Strain Introduced Plasmid B. longum 105-A pBLES100-S-eCD

emploBin@ UYL £O5-ARAYAAH ] dfRe B BHRAHIBET 124BRAMOBEIHIRE the genus

Bifidobacterium maintaining CD activity and showing 5-FU resistance to a cancer patient, the
bacteria belonging to the genus Bifidobacterium proliferate in tumors. If 5-FC is administered
orally while the bacteria exist in tumors, the 5-FC will be absorbed through intestinal tract and
converted to 5-FU by the CD activity in tumors and the resultant 5-FU can kill the tumor cells.
However, the 5-FU-resistant bacteria belonging to the genus Bifidobacterium can survive in the
presence of 5-FU at a concentration that is high enough to kill tumor cells, and can maintain the
CD enzyme activity. Therefore, an excellent antitumor drug that contains the bacteria belonging
to the genus Bifidobacterium as an active ingredient can be obtained.

[0079] 5-FC will not be converted to 5-FU in places other than tumors where a CD-
expressing, S-fluorouracil-resistant microorganism of the present invention proliferates. Thus,
the adverse effects of 5-FU can be remarkably suppressed in low level, compared with the
administration of 5-FU by itself. Furthermore, a therapeutic agent for treating solid tumors in
accordance with the present invention has antitumor effects of high specificity to tumors.
Therefore the agent can achieve remarkably high concentration of 5-FU in tumors, resulting to

excellent antitumor effects.
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B.longum bs-601 pAV001-HU-eCD B.longum M101-2 pAV001-HU-eCD
B. lactentis Type strain JCM1220 pAV001-HU-eCD B. infantis Type strain
JCM1222 pAV001-HU-eCD B. infantis 1-10-5 pAV001-HU-eCD B. breve
Type strain 7CM1192 pAV001-HUECOM® 1B. breve aS-1
pAV001-HU-eCD B. breve 1-53-8W pAV001-HU-eCD INDUSTRIAL
1.  APRIGABIET YpiRQUBInEhe: pigsesihinvestinmipakeprisppgsibleflacasiitil-resistant
produce 5-FU-resistant microorganisms such as bacteria belonging to the
micro@@atiBifidodtaciargonniainiasiticChmactivieandisbpring Sytddine deaminase, and
resistance, which are very useful for an enzyme/pro-drug therapy
has a @RigMia e COTbekrdurkdl #xacoptenatiesacminisiration afdbevbdoieriaitumor activity,
belonging to the genus Bifidobacterium maintaining CD activity and
whereihawingdthtd cesistiineeitm adanessthatelsitied Racieria-bepoaging i@icroorganism
the genus Bifidobacterium proliferate in tumors. If 5-FC is administered
whichasallgroiia thedabie iamexigtindsinpesfdhacd-MGhyiiroscadsof Sefhibiayabsine.
intestinal tract and converted to 5-FU by the CD activity in tumors and the
resultant 5-FU can kill the tumor cells. However, the 5-FU-resistant
bacteria belonging to the genus Bifidobacterium can survive in the
2. Tiweseticel dob-ptddaicangomnaesitatiomiicatdgehiginenocgldit kit teiaior delisherein the
and can maintain the CD enzyme activity. Therefore, an excellent
cytosiagideamindeugxirai iogtaisohgdnaate rid iohl cagipgpwoithengerulsc tumor tissues is a
Bifidobacterium as an active ingredient can be obtained. [0079] 5-FC will
cytosinot dencdmsertag e SrgUnticptacemotine ptiodnckdnbys wdsferan@B-a microorganism
expressing, 5-fluorouracil-resistant microorganism of the present invention
whichprahfegates il huserthtecadwarse teffeets ofd-dddscantbexpemarkgtlyine deaminase by
suppressed in low level, compared with the administration of 5-FU by
introditself, Feytbermdeenartiserggeutic agent for treating solid tumors in

3. The method for producing a resistant microorganism according to claim 1 or 2, wherein the
subculture or acclimation culture is performed with a medium supplemented with 2 to 5000

pg/ml of 5-fluorocytosine.

4. The method for producing a resistant microorganism according to any one of claims 1 to 3,
wherein the cytosine deaminase-expressing microorganism which can grow in anaerobic tumor
tissues is a bacterium which can grow in anaerobic tumor tissues and expresses cytosine

deaminase.

5. The method for producing a resistant microorganism according to claim 4, wherein the
bacterium which can grow in anaerobic tumor tissues and expresses cytosine deaminase is an

enteric bacterium expressing cytosine deaminase.
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accordance with the present invention has antitumor effects of high
specificity to tumors. Therefore the agent can achieve remarkably high
concentration of 5-FU in tumors, resulting to excellent antitumor effects.
6. ThethEthodMS plodumeihoddieraptaniceidgeartyiosttedaaminaatreXpressiing the enteric
5-fluorouracil-resistant microorganism which can grow in anaerobic tumor
bacterligaUusreain@xprestmeyiasiiaeaminaseramnd bbrm gitgsistasgedas Bifidobacterium
5-fluorouracil at a concentration that is at least effective for antitumor
expre|dilyitytosiedeiranasdculture or acclimation culture of a cytosine
deaminase-expressing microorganism which can grow in anaerobic tumor
tissues is performed in the presence of 5-fluorocytosine. 2. The method
for producing a resistant microorganism according to claim 1, wherein the
7. Tleytogitheddampradec o te ssiiganticroargapisimsmhictoeingowinim 6, wherein the
anaerobic tumor tissues is a cytosine deaminase-expressing
bacteriniarobeganisiy produceddeyisanBffidobagtainmcranigamany whickitandeaminase is
grow in anaerobic tumor tissues and does not express cytosine
Bifidotheetetinas &obyumiBdiduiber e Gyiosire « eaBifidedgeneurs idiaatinekpoesdorg cytosine
producing a resistant microorganism according to claim 1 or 2, wherein
deamitiage subculture or acclimation culture is performed with a medium
supplemented with 2 to 5000 pg/ml of 5-fluorocytosine. 4. The method for
producing a resistant microorganism according to any one of claims 1 to
3, wherein the cytosine deaminase-expressing microorganism which can
8. Tlgraneth@hderqhigltuwingr atissuesrs mivasierimivnyhiclocinggtovweimm 7, wherein the
anaerobic tumor tissues and expresses cytosine deaminase. 5. The
bactermethodlforgmgducintha resistanBifidobaerganiem agpording taytasmel, deaminase  is
wherein the bacterium which can grow in anaerobic tumor tissues and
Bifidobrpressed @ytosirnaplessinipaseisnanicantarscbacterium expressing
cytosine deaminase. 31

9. A method for producing a cytosine deaminase-expressing, S-fluorouracil-resistant
microorganism which can grow in anaerobic tumor tissues, can express cytosine deaminase, and
has a resistance to 5-fluorouracil at a concentration that is at least effective for antitumor activity,
wherein the method comprises the steps of (1) performing a subculture or acclimation culture, in
the presence of 5-fluorouracil, of a microorganism which can grow in anaerobic tumor tissues
and does not express cytosine deaminase to generate a S-fluorouracil-resistant microorganism;

and (2) transforming the 5-fluorouracil-resistant microorganism by introducing a cytosine

deaminase gene.

10. The method for producing a resistant microorganism according to claim 9, wherein the
subculture or acclimation culture is performed with a medium supplemented with 1 to 100 pg/ml

of 5-fluorouracil.
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6. The method for producing a resistant microorganism according to claim
5, wherein the enteric bacterium expressing cytosine deaminase is a
bacterium belonging to the genus Bifidobacterium expressing cytosine
11. Thieaineseor/probecmgthesfainromtiongmignistavidigroaBanionr 10, wherein the
according to claim 6, wherein the bacterium belonging to the genus
micro&ifdahacienich expressingmeyinsindideamionsadteBifitdhhienisn express cytosine
longum, Bifidobacterium breve, or Bifidobacterium infantis expressing
deamigiytesine deastinasevicl hameibwdifonrodbaingmdsesistasd and does not express
microorganism according to claim 7, wherein the bacterium belonging to
cytosithalganim®ifidobacterium expressing cytosine deaminase is
Bifidobacterium longum expressing cytosine deaminase. 9. A method for
producing a cytosine deaminase-expressing, 5-fluorouracil-resistant
microorganism which can grow in anaerobic tumor tissues, can express
12. Tawasinkodefminasacmgda has stare sisianoetmisHi uetoudagl &t alaim 11, wherein the
concentration that is at least effective for antitumor activity, wherein the
bacterinaildddorapises ihasiepdof (i @aitotetng bdoubovlivrk@esacpliriat deaminase is
culture, in the presence of 5-fluorouracil, of a microorganism which can
an entgrievbdotanaearehicuner tgsueseany Wors ded@kpress cytosine
deaminase to generate a 5-fluorouracil-resistant microorganism; and (2)
transforming the 5-fluorouracil-resistant microorganism by introducing a
cytosine deaminase gene. 10. The method for producing a resistant
13. Ticroatigantempacdocdip g toesistimt Inwhergmibe sedocditigrecoclaim 12, wherein the
acclimation culture is performed with a medium supplemented with 1 to
enterid GAcggminofBithodotsacit. 832ilcks Tlyeopnethizd fongrodueibgaerasistieibnging to the
microorganism according to claim 9 or 10, wherein the microorganism
genus \Bhficio learegnow whahakrabio turpoessues andedoessot express cytosine
deaminase is a bacterium which can grow in anaerobic tumor tissues and
does not express cytosine deaminase.

14. The method for producing a resistant microorganism according to claim 13, wherein the
bacterium belonging to the genus Bifidobacterium which does not express cytosine deaminase is
Bifidobacterium longum, Bifidobacterium breve, or Bifidobacterium infantis which does not

express cytosine deaminase.

15. The method for producing a resistant microorganism according to claim 14, wherein the
bacterium belonging to the genus Bifidobacterium which does not express cytosine deaminase is

Bifidobacterium longum which does not express cytosine deaminase.

16. A cytosine deaminase-expressing, S-fluorouracil-resistant microorganism which can grow in
anaerobic tumor tissues, can express cytosine deaminase, and has a resistance to 5-fluorouracil at
a concentration that is at least effective for antitumor activity, wherein the cytosine deaminase-

expressing, S-fluorouracil-resistant microorganism is produced by the producing method

33



12. The method for producing a resistant microorganism according to
claim 11, wherein the bacterium which can grow in anaerobic tumor
tissues and does not express cytosine deaminase is an enteric bacterium
accorditiliab gloesHeaifuipiasd eytbsine deaminase. 13. The method for
producing a resistant microorganism according to claim 12, wherein the
enteric bacterium which does not express cytosine deaminase is a
bacterium belonging to the genus Bifidobacterium which does not
17. Taxressiaytosingraearnpassinkd sSTiheroethet dasipiadhtingoacgtesisianhich can grow
microorganism according to claim 13, wherein the bacterium belonging to
in andéretgenus Bifiobagctexiprasviyebstieedcaoiiexeress gyiosine deasdinaseupplemented
Bifidobacterium longum, Bifidobacterium breve, or Bifidobacterium infantis
with anbicin Zipgsmeif BXhress pykisine dearmnases-flborboeasiethod for
producing a resistant microorganism according to claim 14, wherein the
bacterium belonging to the genus Bifidobacterium which does not express
cytosine deaminase is Bifidobacterium longum which does not express
18. ThytosinesteadeinasesdGxpreytioginéd-fleaminasd-expressingcroorganism according to
5-fluorouracil-resistant microorganism which can grow in anaerobic tumor
claim tisguesy cally expressiaytobine qjeasinia askeaanohhasxpresistance-fhiorouracil-resistant
5-fluorouracil at a concentration that is at least effective for antitumor
microagavitynuhergiodine dytosimesdespninsiag; BxXprassiragil-resistant bacterium.
5-fluorouracil-resistant microorganism is produced by the producing
method 33 according to any one of claims 1 to 15. 17. The cytosine
deaminase-expressing, 5-fluorouracil-resistant microorganism which can
19. THhrowyinsamaekabitniseroxpisssieg, Sxfresswytosing dagmmasergardsgrowcording to
in a medium supplemented with at least 2g/ml of 5-fluorocytosine or 1
claim pmibéisifiutdwo uracHint8ddene tysosie deamirfafearpragsimngistant bacterium is a
5-fluorouracil-resistant microorganism according to claim 16 or 17,
cytosimhdgaimthee erpsisenge drflimaserexipressitagt Safkrorbactribresistant
microorganism is a cytosine deaminase-expressing,
5-fluorouracil-resistant bacterium. 19. The cytosine
deaminase-expressing, 5-fluorouracil-resistant microorganism according
20. the cytosine deaminase-expressing, S-fluorouracil-resistant microorganism according to

claim 19, wherein the cytosine deaminase-expressing, 5-fluorouracil-resistant enteric bacterium
i1s a cytosine deaminase-expressing, S-fluorouracil-resistant bacterium belonging to the genus

Bifidobacterium.

21. The cytosine deaminase-expressing, S-fluorouracil-resistant microorganism according to
claim 20, wherein the cytosine deaminase-expressing, S-fluorouracil-resistant bacterium
belonging to the genus Bifidobacterium is a cytosine deaminase-expressing, S-fluorouracil-

resistant Bifidobacterium longum, Bifidobacterium breve, or Bifidobacterium infantis.

22. The cytosine deaminase-expressing, S-fluorouracil-resistant microorganism according to

claim 20, wherein the cytosine deaminase-expressing, S-fluorouracil-resistant bacterium

34



claim 18, wherein the cytosine deaminase-expressing,
5-fluorouracil-resistant bacterium is a cytosine deaminase-expressing,
5-fluorouracil-resistant enteric bacterium. 20. The cytosine
belonglagniinase-gxnreSsifigobalieradracikresistané raieranrgrrisprasterdtguorouracil-
to claim 19, wherein the cytosine deaminase-expressing,
resistantfBididebaaiigsidtananteric bacterium is a cytosine
deaminase-expressing, 5-fluorouracil-resistant bacterium belonging to the
genus Bifidobacterium. 21. The cytosine deaminase-expressing,
5-fluorouracil-resistant microorganism according to claim 20, wherein the
23. Théosinesiiradenagserexpipasiige SSldamnoiaaiiresistant bacteotiimism according to
belonging to the genus Bifidobacterium is a cytosine
claim dRaminasaraekpregsisige tdhinhioiseacilprasisig s -Bifisobacti@nusiviangBifidobacterium
Bifidobacterium breve, or Bifidobacterium infantis. 22. The cytosine
longutle&minap@sixpréssingas-tupressiagil-fefisianirmitreciganisBifadderdigim longum
to claim 20, wherein the cytosine deaminase-expressing,
105-ASstilniarcartaailrési planhbbpRiBR1 084Shalingingrimithe pasusd thereof.
Bifidobacterium is a cytosine deaminase-expressing, 5-fluorouracil-
resistant Bifidobacterium longum. 23. The cytosine
deaminase-expressing, 5-fluorouracil-resistant microorganism according
24. Tohectatos22, idaersimthexpyiasing defunminasedxpsssaingnicroorganism according to
5-fluorouracil-resistant Bifidobacterium longum is a cytosine
claim @8amwinaserekpregsisige Si¢huonmskackpresistan tSHifidohaatelitesidangBifidobacterium
105-A strain carrying the plasmid pBLES100-S-eCD or a mutant plasmid
longutiheseof cgthsiitre dytosinscdeqmesiase -Sxiressingeibktactantr difidebmttntum longum
microorganism according to claim 23, wherein the cytosine
105-Adgaminasetex tie pdasgyi b FHid00u rEidil-e€3istant iBifisiahdateridithetonfjum is
a cytosine deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium
longum 105-A strain carrying the plasmid pAV001-HU-eCD or a mutant
plasmid thereof. 25. The cytosine deaminase-expressing,
25. Baflugrosrecideesisiast-exiorasmygnsituacoordingde selatirmiRioovbareim thecording to
cytosine deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium
claim Brpvelisraivytiosing deaminasenesprepsingngs fludouraciebsesistant Bifidobacterium
Bifidobacterium breve type
breve is a cytosine deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium breve type

strain carrying the plasmid pAV001-HU-eCD or a mutant plasmid thereof.

26. The cytosine deaminase-expressing, S-fluorouracil-resistant microorganism according to
claim 21, wherein the cytosine deaminase-expressing, S-fluorouracil-resistant Bifidobacterium
breve is a cytosine deaminase-expressing, S-fluorouracil-resistant Bifidobacterium breve aS-1

strain carrying the plasmid pAV001-HU-eCD or a mutant plasmid thereof.

27. The cytosine deaminase-expressing, S-fluorouracil-resistant microorganism according to
claim 21, wherein the cytosine deaminase-expressing, S-fluorouracil-resistant Bifidobacterium

breve is a cytosine deaminase-expressing, S-fluorouracil-resistant Bifidobacterium breve I-53-
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strain carrying the plasmid pAV001-HU-eCD or a mutant plasmid thereof.
26. The cytosine deaminase-expressing, 5-fluorouracil-resistant
microorganism according to claim 21, wherein the cytosine
SW ste@ataiiaber exppeasiig paviloorodaeiCesistantiBifidabanigrberedireve is a
cytosine deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium
breve aS-1 strain carrying the plasmid pAV001-HU-eCD or a mutant
plasmid thereof. 27. The cytosine deaminase-expressing,
28. Bhllusrouiacideasisiast-axisradigansiuacentadingdsisalainmztovwwpaisim thecording to
cytosine deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium
claim EVRlisrainylosiogabamisastnesP R psiacing; fludiitacieibsisistaht Bifidobacterium
Bifidobacterium breve 1-53- 35 8W strain carrying the plasmid
infantiBAY 00 tbdie€ Reandnavgtarpieiasimid Itareaiu8il ThdseyiogBifidobacterium  infantis
deaminase-expressing, 5-fluorouracil-resistant microorganism according
type staiglaimyig b eieimttie Ay0&inH dediDinasenaxpiestingid thereof.
5-fluorouracil-resistant Bifidobacterium infantis is a cytosine
deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium infantis
type strain carrying the plasmid pAV001-HU-eCD or a mutant plasmid
29. Theregpfodfe Themyinsing tessingasefaxprestiiigeSsthrarmicacdrpasistandccording to
microorganism according to claim 21, wherein the cytosine
claim @damwinaserekpregsisige ai¢humnmskackpresistian SHifidohaatelitesistmiamisidobacterium
a cytosine deaminase-expressing, 5-fluorouracil-resistant Bifidobacterium
infantinfandisytokthd dtraminaacryipycisinplasiiic Aki00rddistea® BiGidabaustainin infantis 1-
plasmid thereof. 30. A pharmaceutical composition comprising a cytosine
10-5 sceammagaettprpbsing] pAN@IbtHALR(I@sistamumitrplasgadigmsatcording
to any one of claims 16 to 29. 31. The pharmaceutical composition
according to claim 30, combined with 5-fluorocytosine. 32. The
pharmaceutical composition according to claim 30 or 31, further combined
30. Awithrisctahtsel 88npotheoapeumior agent forttreati dgasoiic teHergne somsiStifigorouracil-
of a combination of a cytosine deaminase-expressing,
resistahtfluonoorgeilsesistantdmgreoagroisno fremam 6 un28ufficient for
expressing cytosine deaminase in an amount that can convert
5-fluorocytosine to a

31. The pharmaceutical composition according to claim 30, combined with 5-fluorocytosine.

32. The pharmaceutical composition according to claim 30 or 31, further combined with

lactulose.

33. A therapeutic agent for treating solid tumors consisting of a combination of a cytosine
deaminase-expressing, S-fluorouracil-resistant microorganism in an amount sufficient for
expressing cytosine deaminase in an amount that can convert 5-fluorocytosine to a
therapeutically effective amount of 5-fluorouracil, and 5-fluorocytosine in an amount to be
converted to the therapeutically effective amount of 5-fluorouracil, wherein the cytosine

deaminase-expressing, S-fluorouracil-resistant microorganism is a cytosine deaminase-
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therapeutically effective amount of 5-fluorouracil, and 5-fluorocytosine in
an amount to be converted to the therapeutically effective amount of
5-fluorouracil, wherein the cytosine deaminase-expressing,
expreBiflpofoliiacihresistasit MEARIGaRISAISIH accyidsiadeaminasécBims 16 to 29.
expressing, 5-fluorouracil-resistant microorganism according to any one of
claims 16 to 29. 34. The therapeutic agent for treating solid tumors
according to claim 33, further combined with lactulose. 37
34. The therapeutic agent for treating solid tumors according to claim 33, further combined with

lactulose.
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