[Specification] [Title of the Invention] TRANSFORMATION PLASMID [Technical field] [0001] The
present invention relates to a plasmid for transformation used for the production of a transformed
anaerobic bacterium useful as a gene transfer carrier for treating an anaerobic disease such as solid
tumor, the plasmid comprising an expression cassette containing a secretory signal peptide that
functions in the anaerobic bacterium, and the plasmid being a non-shuttle plasmid. The invention also
relates to dpeatfivatimyir carrier consisting of an anaerobic bacterium which has been transformed
with said traRgiesming mlasipishjand to a pharmaceutical composition comprising the gene transfer
carrier, as well as to an agent for treating an anaerobic disease comprising the gene transfer carrier.
[0002] THAENRYEHR A Pletatd kb a DNA fragment useful for the production of the transformed
anaerobic Preigsida firldfeating the anaerobic disease, consisting of a nucleotide sequence encoding
a novel se retorjy signal peptide. [Background Art] [0003] Recently, in the therapies of a malignant
tumor, me Hof using a transformed anaerobic bacterium as a carrier for gene transfer have been
highlighted. For inBlancesenetheds tidrsueatas wsing s thah sdo timed fGlosttidium dafératsferring to the
o one RSUSR cxaresses Alcldueise. ARSIV T LR pef s 1 odug ofn antiumor
substance 0 the antitumor su stance, has been proposea1 éeeﬂéaa}ént Eiteratures 1 to .r[0004]
Furthermotecatinthan sedersing dseesivewmhaerobid ivaoteridlsueh ssiSaimontsiiag enteroinvasive
Escherichi, ol hisiena.and shidsl ol Lenslaying 29505 pRAHING AUALIS Aeld that abolishes or

interferes the expression of a gene involved in an anaerobic disease by RNA interfering to tumor cells,

such as smaRFHIEHTERNA s SR ALTSEHE RS ety RIMAS Bl idrt RERPRH KRR, have been
investigategl{se8 Rataptl faaies#iie6)idPOOR]istingheyarthelass: siheecal Lthesrisnigmorganisms
are pathogenic bacteria which have been mutated to be. viruﬁl%ent, the possibility cannot be denied that
back mutalGFHORTBE HADBEREH S PAGFIP B HRE RAGTHAT dAbotaME BRI AAH exert harmiuiness,
Furthermorenfpsdiiein nvatibitys andt vasivanessicineseibgcterialinightd expresstthweitreffaaknat only in
the diseaseryasesr%gip t also iglor% noggnalt i%sueedect%grslisl}%acaslyét?mic side effect. Thus, their safety is still
a matter otaconcern.%{ﬁﬁa%ﬁ PHhe hventors focused on Bifidobacterium which is a non-pathogenic
enteric badf¥d3 being present in human intestine to form a flora and which is known to be an

extremely safe objigats, anacsobe. Apf deyeloned BNmed Al RIHNG A MRIIGRANELYRAF using a

transformed bacterium of this Bifidobacterium. The inventors then developed a Bifidobacterium

longum 108)% (WRIHBEAS BEeA ARG oA Tofekpieridng theinrageehin diss tnaidiniséiaofeterred to

as CD), whighlisfdeaRgyeir dhatsompestadidluetpcyssingtesginiaelow referred to as 5-FC) (a
prodrug of an antitumqr supstance 5-fluorouracil (hereinbelow referred to as 5-FU)) to 5-FU (see
Patent Lite ?ﬁaf“& %@?;#.)[0007] This transformed Bi f idobacterium is characterized in that
when beingpadshinistered into a model animal of solid tumor, which is an anaerobic disease, it
specifically coloniﬁe%e%rgp r{rlg)tifl%r%gg,ainl éh%f%n%eaﬁobicn i%ﬁ%%? thsls%owsh(i)glllgningpypoxic condition,
whereas it quickly (f‘lsap gars In a norral tissue which is not i a ﬁypoxm environment (see non-Patent

Literaturestiaan@2yed angyribierbaoreri thisasansforieicBikde bavrefiurhasedrserchighlegdtiobd in that it
does not exBibi aRtge NGt GYEHr WS aReI09 Ad IS M@ AAHRY rdt mayRereiors be

expected as an excellent therapeutic for malignant tumor. [0008] Since these transformed
bifidobactefts HAVE Rk ESHETER AT RIS R EFSEPBHERS Bt 2 Eub i harFaBBRE R idm shuttle

plasmid sugh @s:pBEESINAtInefe Bubstance to the antitumor substance, has been proposed (see
Patent Literatures 1 to 3).
[0004]
Furthermore, methods of using invasive anaerobic bacteria such as Sa/monella,
enteroinvasive Kscherichia coli, Listeria and Shigella for transferring a gene encoding
a nucleic acid that abolishes or interferes the expression of a gene involved in an

anaerobic disease by RNA interfering to tumor cells, such as small interfering RNAs



and pAV001-HU-eCD-M968, if they are horizontally transferred to an E cob; they might be replicated in
that E call Therefore, the inventors improved the plasmid to solve this problem and developed a
non-shuttle plasmid pBifiCD which does not have a replication origin that functions in E. coil (see
Patent Literature 9). [0009] On the hand, since these non-shuttle plasmids did not possess a
secretory signal, the transformed bifidobacteria could not secrete expressed CD extracellularly.
Therefore, (kIRA&\sbehdé siveftside RN asé stersrisignalipE ptideatrrabés csipaistécet ddietioning in
Bifidobactesiym and se¢teting gxgyessed proteins from the bacteria cell. As examples of secretory
proteins of Bifidobacterium, amylase of Bifidobacterium adolescentis, and Secl, Sec2 and Sec 3 of
BifidobactdPi!breve have been reported, and plasmids introduced their secretory signals have also
geen reporfted- [%‘N(Qflﬁrthel'éﬁg, @ﬁﬁf@}a&m@@@ﬁh@@%@uﬁﬁéﬁ{%mﬂmag’@a& lbéa@m%p@é;@ﬁ, which has
een transformed with an E coil - Bifidopbacterium shuttle plasmid pYBam in which a secretory
signal pepfidSgiie SHEHEG5a AR AT Hddid 8&&%@3&%@@% P ArRToHER TeHa Ehent
Literature 3)ight bAlsgBifidbhactentrto bheveidic £1200Bdgasibbeactseporielchxwitthahat hess.
transformegd with an E coil - Bifidobacterium shuttle plasmjd such as pESH86 or pESHS87 in which a
fusion gent LB R R A i actor
(FGF-2) hajfetewn odnsfethed]{sews Pritent bite raltiorend) njooadl] tissug gpnenaoreyshrenecisile been
reports of aELXPregsian: fassele FURININGAREPTOIE! &RF. a signal sequence derived from
Bifidobacterium, in particular an expression cassette containing a signal of BL1181 gene product or a
signal seqtﬁ%‘?ﬁ‘g of amyB gene product; indeed, a significant secretion of the expressed protein was
confirmed in B. brexe ardBeolongut{sae Biatent ddiaiatven k0)is [P8dR]pathoaviertheless, said
plasmids (a)gg all E. coil - Bifidobacterjum shuttle pJasmig. A nogf—)shuttl plasmid that doegﬂnot possess
a replicatiol OfgIH th T RERESIHE A E EaPArY SR RUP R AR 1808 & 6%/"’%}§n% tHATRENBhE iRe
BifidobacteniLkrtreuotl yasaée plaisgaic ahtheqgbre semdt davelbod avasthal kinanentMoreevidigitanas not been
ascertaineg Wf(})ether any, of these so?graectcggu%go iguglcfgigorbg(} 3 bacterial strain other than those

already con fglmlé&sﬁnu%tﬁ&?nngrgt \e secretion o target protein §1ﬁ11% transformed bacterium is

expected to be snidlk Miveréfoschitmdey elieesdeseditd devaion seuretdty/Sighahgeptidectar practical

use that is ¢apaRleRhexeiing & gpRdisedeinm NP eHoR iR URUCH LS A0 L3 dPpten;LifgLature 1] US
Patent No. 6416754 [Patent Literature 2] US Patent No. 6652849 [Patent Literature 3] US Patent

Applicatior® N8N 2008/de0 398 [bpelreinsrAps AR SR Nl Yo pefarsadbnas PAtEhta RE¥&tURes] P A

No. 2008-32956:\R2R06sA66043d Bataptddiatat e 6inbiR w08-H3434 2 {Rake) titerature 7] JP A
No. 2002-9714 [;(?Tt t Literatur% 8% ﬁ? 2007-136107 [Patent Literature 9] WO 2009-128272 [Patent
Literature 9]W SR EROL ]y[v on-Patent Literature 1] Yazawa et al., Cancer Gene Therapy,
Vol. 7, No.[20@T000: pp 269-274

This transformed Bifidobacterium is characterized in that when being
administered into a model animal of solid tumor, which is an anaerobic disease, it
specifically colonizes and proliferates in the anaerobic disease tissue which is in
hypoxic condition, whereas it quickly disappears in a normal tissue which is not in a
hypoxic environment (see non-Patent Literatures 1 and 2).

Furthermore, this transformed Bifidobacterium is also characterized in that it
does not exhibit antigenicity even when being administered intravenously. It may
therefore be expected as an excellent therapeutic for malignant tumor.

[0008]
Since these transformed bifidobacteria have been transformed using an

Escherichia coli (E. col)) - Bifidobacterium shuttle plasmid such as pBLES100-S-eCD



[Non-Patent Literature 2] Yazawa et al., Breast Cancer Research and Treatment, Vol. 66, 2001: pp
165-170 [Non-Patent Literature 3] Seong et al., Biotechnology Letters, 2006, Vol. 28: pp 163-168
[Non-Patent Literature 4] Shkoporov et al., Biotechnology Letters, 2008 Vol.30: pp 1983-1988
[Summary of the Invention] [Problems to Be Solved by the Invention] [0015] The object of the
present invention is to provide a transforming plasmid for the production of a transformed anaerobic
bacterium,ahe phadiid e pds 6% s it sec retohpigignad iyt fonsétiond in thefamadroibic bacterium and

that is a nqp;shile plagmich whigh daes ot ﬁﬂ%?@[%%e‘?‘%@ll‘f@él&%@@ﬂlﬁrﬂ%ﬁfﬁﬁcp%&%@6‘ bacterium

other than said anaerobic bacterium, and to provide a transformed anaerobic bacterium transformed

with said tEhstdiHfimgPiesriadagenersdaster shnféleddasisthpBifisdiathasis faen eatadrmerabic

bacterium,-apRatpaceisisahee MpRsItN oM pHsiRg-sridaensttansiergarrier, and an agent for
treating an_anaerobic disease comprising said transformed anaerobic bacterium. [0016] Another

object of u{80;9 sent invention is to provide a gene transfer carrier consisting of a transformed
anaerobic bacteriim transiadnedwithsaid drasisionimisigspladsnid] aophpassasauticateomposition
comprising, said) 9eN& [ansler. eatiel Adan.adent far eating an, anasiqie disease somprising said
transformed anderobic bactenum. Burt ermore, another oﬁjé)ct of the present invention is to
provide a novel sédretofyrsignbisizeis depeiolécolexdetirgsiterflinotionnial pegtiBifillebatterium longum
105A. [Meansiar. SoMngi e RroPemsd A00% F.m anth&.(DvERtors REeViaYsly BradkE e Rlasmids such
as pBLES100-S-eCD and pA\fOOl-HU-eCD-M%S which contains a gene that expresses CD, one of
proteins hé\ﬁﬁ@réﬁ%&ivity to convert a precursor of an antitumor substance to the antitumor

substance. The inyerigis Heufldpeband pepritec el RRigateRRasMmRICoDhacterium that
underwent a.recombination with these plasmids, e.g., Ri igobact rium. longum 105A/pBLES100-S-eCD
and Rifido ééféfﬁﬁﬁ%ﬁ@h i%%&ﬁx%ff%fk SEioe iy éﬁ&%@&%%@gﬁm@fm
therapeutidfon maplgtakh hiuhpdi(seds Ratartucité thiviresdrandy8) gf304 Bhve alddiecplasipidsed.
pBLES100-S-eCD and pAV001-HU-eCD-M968 used for the production of the transformed bacteria in
Patent LiteldPes 7 and 8 above were both E coil - Rifidobacterium shuttle plasmids, and therefore in

the case they are Rarigeiially, amsiasses . colb e mignihesaRicRietinhilPO1R been

Nevertheless, in a method of treating malignant tumor using a transforming gene transfer carrier, it is

critical that¥hesfamnstervitty gede iihelgéAetnaiesfarcehrtilssphuadorHornopdally taissférred to any
pathogenic bacteria or.agropis Qi dasultative ApnRIabic hasiea siber than said dene transfer carrier,
and that even if it was%orlzontally transferred, it will not be replicated in those other bacteria. Thus, the
plasmid shiwait:feeradieresPatitiet plasraicithad.does not have a replication origin that functions in a
bacterium other than the.t formed bacterium.J at is not mutually replicated in bath the
transformant and Qﬁ%r%é%%%ﬁ?%&ﬁ] bret gg@gé’%}%ﬁ% in?/eennt%er%o%egr’o&%%%ehsfac;br%?a to solve
this problemaantbolevélopdd anmdh-shlittleBplabmictphiiic Bhwtiiehpdaesidoiphsae ssk8H@6git of
replication t unctions in E. ¢oil (Patent Ljterature 9). . n the other hand, these plasmjds are all
transformir?g%ﬁ%ﬁa Wiﬁ}ﬁl’g% y'SeEr&taty g@nﬁ?‘ﬁﬁ@fﬁﬁ@fbﬁﬁﬁ%ﬁ%nﬁfé&%ﬂf ct®idthal underwent
the recomiypationfising-tiaseplagaids droroxthaceidatly-aasfatrexpressesheDisdhysrdhere still
remains the problem that the expression of CD does not directly reflect to CD enzymatic activity, i.e.,
the drug eﬁi)cacy. [0021] Moreover, in the case when the bacterium is not to produce an enzyme
such as Clpythat convert a prodrug to an antitumor substance but to produce an antitumor protein or

antitumor nucleic acid, it is necessary to induce the bacterium to
Furthermore, there have been reports of an expression cassette containing a

promoter and a signal sequence derived from Bifidobacterium, in particular an
expression cassette containing a signal of BL1181 gene product or a signal sequence of
amyB gene product; indeed, a significant secretion of the expressed protein was

confirmed in B. breve and B. longum (see, Patent Literature 10).



extracellularly release produced antitumor substance, and therefore the bacterium has to be killed
after its proliferation in the anaerobic disease tissue. Therefore, the inventors reached a conclusion
that a transforming plasmid having a secretory signal that functions in an obligate anaerobic
bacterium, especially in Bifidobacterium, is preferred. The inventors devotedly continued the research
and completed the invention. [0022] Namely, the present invention relates to the followings: [1] A
plasmid fofq@roglucing a transformed anaerobic bacterium, the plasmid comprising an expression
cassette containing a secretory signal that functions in the anaerobic bacterium, and the plasmid being

a non-shuttle plastHiderbpiene prdmiasieidsraitgd ] caherBififResteabrsbidvHiadanmig

Bifidea_CtQ!(iHHﬂr-si?tltﬁ'&%}é_%ﬂﬁf%ﬂ&@@o@ﬁ%ﬂES‘o@&a%@rQmlti?a[tlln?BE?Q_irYVc'B%’E%Q%ﬁ)ﬁQﬁEeEQ%ﬁiQna'
peptide is derived from Bifidobacterium. [4] The transforming plasmid according to [3], wherein the

secretory sigAatipdpiittenisateetord siomiBliridbactimen SHEded2[oe2e S| athastraplsfomsing plasmid
according {g apy.ong af BRIl Yhesein g sesision: sionalds & PHAAscarding i @hy:ARe of the
nucleotide sequences of SEQ ID No.: 6 to 28, or said sequence in which one or several nucleotide
thereof areadelefdtiesesstiteted eiadde dun[@]obhm trabatormmh gtpias mitiacBorditigte [B)eaderein the
secretory signal is a nuglegtide sequence of SE No,: 6, 7,.8,9,12,14, 15 17. 21, 25 or 28, or
caid sequa BT ok arL G SR seeTtas R R ki ooom
The transfasraingdptaistmideaseeidintefelomhareinsthéssetraiety sighablsp DN aocordinghto the
nucleotide sequence of eithe SE% ID No.: 8 aor 25 or a single nucleotide pglymorphism thereof. [8]
The transf(?ﬁ%qif'f]ﬁ ﬁ%ﬁéﬁﬁﬁ%@i&s& ]éattol%ﬁ@pélﬁe% ﬁi‘]ef(t}l'[lf’]?\ﬁﬂ%ﬁéﬁﬁ%?%rﬁ'd’?&”t?{}ntained in the
expressioncasaspita st DNA according to any one of nucleotide sequences of promoter regions of
SEQ ID Nos.: 29 to 44 or the nucleotide sequence of SEQ ID No.: 45, or said sequence in which one
or several H%dRbtide thereof are deleted, substituted or added. [0025] [9]The transforming plasmid

according tp 8], Wherein the prometes contdined igthe expression cassette is a nucleotide sequence
of a promoter region of SEQ ID No.: 35 or the nucleotide sequence of SEQ ID No.: 45, or said

sequence IRviAIEH-Snearisevlerdlhfeiatdéonebi4e deleted, substituted or added. f101The
transforming plasmid aceardig 9epyene A iRl Nihsppk)A i3gpinator contained in the

expression cassette is a DNA according to the nucleotide sequence of SEQ ID No.: 46, or said
sequence [RavhicH.aeeaomseteralhiidieotitestirdfdoRare deleted, substituted or added. [0026] fillThe
e R Sr o2 A el Db MO eraip g rGet gene contained in the
expression cassette IS a gene encoding a fluorescerit protein. he transforming plasmid
according {0 ey toniecoh Mi-tos] 10y vizensn e ttwget gene contained in the expression cassette is a
gene enco&i;n a protein having an antitumor activity. [0027] [13] The transforming plasmid according
to [12], wh é?ﬁ%glﬁ%%'i’ﬁ%ﬁviﬁ]gp Bhirtlor déiivity is one selected from the group consisting of
cytokines spgeheas interfeen §IFNyFoi atio-8ddd-y, granulocyte-macrophage colony-stimulating factor
(GM-CSF), interleukin (IL)-1a, IL-18, IL-2, IL-3, IL-4, IL-6, IL-7, IL-10, IL12, IL13, IL-15, IL-18, tumor
necrosis fagieptNeseEn iR Shoth o200 8RN -related apoptosis inducing ligand (TRAIL),
granulocytepcelony-stimuating fagierzdGSE)-macrophage colony-stimulating factor (M-CSF),
macrophage migration-inhibitory factor (MIF), leukemia-inhibitory factor (LIF), T cell activator
co-stimulatf3- 87 (CD80) and B7-2 (CD86), Kit ligand and oncostatin M, and anti-angiogenic agents

such as engpsiasin. APISIAHF NI 1 WHNGIGT2. KINUE B INBIRA ANAATN %73 $0988b:
pp 269-274
[Non-Patent Literature 2] Yazawa et al., Breast Cancer Research and Treatment, Vol.
66, 2001: pp 165-170
[Non-Patent Literature 3] Seong et al., Biotechnology Letters, 2006, Vol. 28: pp
163-168



[14] The transforming plasmid according to [13], wherein the protein having an antitumor activity is
either tumor necrosis factor (TNO-a or TNF-related apoptosis inducing ligand (TRAIL). [15] The
transforming plasmid according to any one of [1] to [10], wherein the target gene is a gene encoding a
protein having an activity to convert a precursor of an antitumor substance to the antitumor substance.
[16] The transforming plasmid according to [15], wherein the protein having an activity to convert a
precursor dNan-Batitotlaoteabstaride fhitvantitetads Sitstdnmodoy dmstsete881d Yohdthemroup
consisting pdeytasige deaminase, nitroreductase and Mglucronidase. [0029] [17] The transforming
plasmid according to any one of [1] to [10], wherein the target gene is a gene encoding a protein
having a therapeutic activity for an ischemic disease. [18] The transforming plasmid according to [17],
wherein thgspraigineeine Batatangutic activity for an ischemic disease is one selected from the
group consjsting of proteins having a proangiQgenic activity such as fibroblast growth factor 2 (FGF2),
endotheliai%é‘ﬂ%i%fﬂ E%%PYE& ,?/&%?H&OQ dothelial growth factor (VEGF) and hepatocyte
growth factoo(FIGO. [19] The transforming plasmid according to any one of [1] to [10], wherein the
target gene is a niyglelg, acid paving 2 inerapeutic actiity for an anastabic disease, (90301, [20] The
transforming plasmi accorcﬂng to 1§f wherein the nudleic aci having a t]hegrgpeutlc activity for an
anaerobic pisdaseds elpdiRN#agsutiateer ohith ickeastrond euriomod|throwdssksstor selected from the
group consisting,pf figrahlast granih facten RIRGEZLrodotheiaheell it fagiol (RGO, vascular
endothelial growth factor (VEGO and hepatocyte growth factor (HGE). [21] The transforming plasmid
according %W‘@)W@’@P{i}’%T?@B%é?ﬁﬁﬁﬁﬁ@ﬁéﬁﬁmoééﬁﬁéhééf&éé@%ﬁgntériﬁ’é‘cr?ﬁﬁl%’é‘tide sequence

of SEQ ID d¥per 2hoh Said S86MRBEELA:VRIG I ORRIG $a¥eId Auslantisiebiereataspiceleted, substituted
or added (pBifi-SP3B-TNF alpha). [Q031] rE22] 2 gene transfer carrier consiztin? of an anaerobic
bacterium WATSFSHRSEARIHRTRE TrAHEFSA A BRASHEP & araHTY Tosshy BRBUFTFS!E31). [23] The gene
transfer casoiesi stiagrdingi dof22¢favhertim tihechinaeraleid bactepinmanis e gviidemntpesitésabacterium.

[24) The gene fransfer samier aceording 1o 22101231, wherein the anasrobic bagterim, s
Bifidobacteniurn. f&.')%i? ?Zg‘f]n?he gene transfer carrier ccor((:)ilng to ][E%f]a wherein the Bifidobacterium is
a species seleptedrfgsiadheardopshaistingbef Bifitkybasteriurn adolescentis, Bifidobacterium angula
turn, Bifidoggtgrium animalis, Bifidobacteriurn asteroides, Bifidobacterium hi/Mum, Bifidobacterium
bourn, Bifidobacteriurn breve, Bifidobacterium catenulaturn, Bifidobacterium choerinurn,

Bifidobacterium cORPIERI AR BifldRSRIRTH N RURREINT BitRIBEEHS UBS RfeHiESI8hS2Bifdobacterium
dentium, Bifidohastesusn.galitme BifidebasiersmgahinaansoBilidphaciera globefing

Bifidobacterja indjcum, Bifidobacteriurn infantis, Bifidopacteria inopina turn, Bifidpbacterium lactis,
Bifidobact %Frﬂ“léci‘e%‘%f‘%"i‘ﬁa‘d%&iﬁté?mﬁ?T?B@Fb?ﬁ%?%ﬁi‘&%B%lé’téﬁﬂ?ntﬁ"é‘ﬁaft‘?ﬁfaéﬁ%‘“oﬁg 8fturn
magnum, BifidodactesitingreryeicershiB fidedactenipmishin ki ditna Bifidabacteriarnhicongoliense,
Bifidobact%rajltémrﬁ%vuIorum, Bifidobacterium pseudocatenulaturn, Bifidobacterium pseudolongum,
Bifidobacteriurn psychroaerophilum, Bifidobacterium pullorum, Bifidobacterium ruminale,
Bifidobacterium rdfniriherinaye Bifidoracbreuhvstucorasen Bifidonaetad drpseadiovinBifldobacterium
subtile, Bifidehagteriuen suis. Bifidohagtesiurn. thermacidaphileg angd Bifidohacteriim, t)as,%_rygph"um-
[0033] [26] The gene transfer carrier according to [25], wherein the Bifidobacterium is Bifidobacterium
longum. [ e gene transfer carrier according to any one of [22] to [26], being capable of growing
in a tumor tissue in an anaerobic environment and being capable of expressing and secreting at least
one protein or nucﬁgic id that is . useful for diagnosis or treatment of an anaerobic disease. [28] The
gene transrmeggﬁ F§§§6‘ﬂﬁﬁ eti)fﬂs';f'ﬂﬁj)erein the protein that is useful for diagnosis of an anaerobic
disease is BdiLidrescent protein. [29] The gene transfer carrier according to [27], wherein the protein
that is useful for trgatment of an anaeropic disease is a proteinhavin ity ctiyity. [0034]
130] The gene trar oy L O iy s one
selected fromViblel gaddip (CBrRdism i bichyiokiaas sugdneashinterterops RNDLCINFO{18;0fE NSy,
granulocytgzmacrophageicelanystimulaing AL GMiG REmtarswkin Mo thd dhetBnll2, IL-3, IL-4,
IL-6, IL-7, IL-10, IL12, IL13, IL-15, IL-18, tumor necrosis factor (TNO-ci, lymphotoxin (LT)-6,
TNF-relateBHdptSsis ThdR G Rgartheer RARD agrarrneity b thalomy Liitiatng el (G-CSF),
macrophage colony-stimulating factor (M-CSF), macrophage migration-inhibitory factor (MIF),
leukemia-inhibitory factor (LIF), T cell activator co-stimulators B7 (CD80) and B7-2 (CD86), Kit ligand
and oncostatin M, and anti-angiogenic agents such as endostatin, angiostatin, kringle-1, kringle-2,
kringlel, kringle-4 and kringle-5. [0035] [31] The gene transfer carrier according to [27], wherein the
protein that is useful for treatment of an anaerobic disease is a protein having an activity to convert a
precursor of an antitumor substance to the antitumor substance. [32] The gene transfer carrier
according to [31], wherein the protein having an activity to convert a precursor of an antitumor
substance to the antitumor substance is selected from the group consisting of cytosine deaminase,
nitroreductase and 6-glucronidase. [33] The gene transfer carrier according to [27], wherein the

nucleic acid that is useful for treatment of an anaerobic disease is an siRNA associated with an
anaarnhic diceace fartor [ODNORA]



[34] The gene transfer carrier according to [33], wherein the siRNA associated with an anaerobic
disease factor is an siRNA associated with at least one tumor cell growth factor selected from the
group consisting of fibroblast growth factor 2(FGF2), endothelial cell growth factor (ECGF), vascular
endothelial growth factor (VEGF) and hepatocyte growth factor (HGF). [35] A pharmaceutical
composition comprising the gene transfer carrier according to any one of [22] to [34]. [36] A DNA
encoding dseteretontkignal fsepide desivedbiromRifidtbiutesinmsiondum s [0687qofa7ieTharDNA
encoding g5661519ns SignaleRSils-seePrngindahl. £omAIRINg.APNA sequence according to any

one of the nucleotide seguences of SEQ ID No.: 6 to 28, or said seq{uence in which one or several

nucleotide tHeféprRPO HEIRkeS 13 bt ied bPaaderstest) ke seeratb iRt Bépittie encoded by the
DNA acconrding:t536]:a10i3Eke B2eAtranstarming plagmid comprising the DNA according to [36] or
[37]. [0038£I 40]The transforming plasmid according to [39], further comprising a DNA encoding a
protein or 1&ic acid that is useful for diagnosis or treatment of an anaerobic disease. LIDThe
transforming plasiic atcondisg RI AR evie@in thé padiein tHat-iCiksdfabioudiddnotis of an anaerobic
disease s a.fyorescent pralein. gl e ransiorming piasmid aceordingda TRl wherelp the protein
that is usefUl for treatment of an anaerobic disease 1s a protein Havmg an antitumor activity. [0039]

[43] The trankfofridgbpldsmidratesttindaeniii], avdefteirethee proteinc s thgvaar ahtitigporadlotivity is one
selected from the,9594R gppgftgﬂg{q{l%ﬁ%@{eespﬁgm@%rilgerferon (IFN)-a, IFN-6, IFN-y,
granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin (IL)-1a, IL-18, IL-2, IL-3, IL-4,
IL-6, IL-7, M)OE@J IL12, IL13, IL-15, IL-18, tumor necrosis factor (TNO-o0, lymphotoxin (LT)-6,
TNF-related apopiasis fHucing igand: (bR Ak} e gapuloayia aolenynstinHating faaor iene SF),
macrophage colony-stimulating. factor (M-CSF), macrophage migration-inhibitory factor (MIF),
|eukemia-iﬁﬁ%%?;?fg%%f'”(ﬁlﬁf),1%1%814188%318? e HARGISESB A5eDBS %\ﬁ&“@%ﬁnﬁ 86), Kit ligand
and oncostatiridyl jsanct antahgitgendpgemntsauch assegdestatyenanoposiatmkanglaéelgrkringle-2,
kringle-3, kyingle4,and, kiingle-; 100401, Ll The tansforming plasmidaccording o [T}, wherein the
protein that'is use UT for treatment of an anaerobic disease is a protein having an activity to convert a

precursor ofesrhantituadlysubstéertedoithvalantiturnoesitadtancethpss pitter tragtsformiddrptasmid
according E‘Hé‘h‘i =WRELRINI0S PRI HaMNG AR AEIVIIOR0 KB PESCHISRL Rl AN atiumor

substance to the antitumor substance is one selected from the %roup consisting of cytosine
deaminaselafirsdivemie abrr srghrerehientean e rredemeee hartg prRmit 488brdiRgf to [TO],

wherein the,auedeie aeiRcthial imusefitier iertsianof At atrerehitdisease is an siRNA associated
with an anﬁiqrg@ic disease factor. [004E [47] The transforming plasmid according to [46], wherein the

siRNA ass d with an anaerobic disease factor is an siRNA associated with at least one tumor cell
growth factor seleatedrfromlthehgrowpraonsisting afditire plastrgdowtiv Facthi 2B ), aantdothelial cell

growth factor (ECGQ, vascular,. endothelial gr. factor (VEGF) and hepatocyte growth factor (HGO.
i3] A en i R R e U & forming plasmia
according terdinp e R[] in[4drak gt lritasievisadier according to [48], wherein the

anaerobic bacterigp {5 & Jaifidabacteniuoe JRR4ALI20) 1he,Ae0R ARy %ﬁ&%ﬁl@hé}fﬁ%ﬂ@g to [49],
ido

wherein the Bifidobacterium is a species selected from the group consisting of Bi acteriurn

! gr
adolescenfisCBiEb BRI Hifgafaruthe Biftbarestibratarmting Bifitforatiurn asteroides,
Bifidobactedeum bifivition, @ifidohastepldanbas i, Rificakaciatilin psemeSHfigebactetwn catenulaturn,

Bifidobact Llém cgoerin n, Bifidob cteri% cc)C neforme, BiﬁdOb?f%é%Tﬂ%m cuniculi, ifidlfgﬁﬁagterium
denticolens, Bfiid Bgecféﬁli' hEPYEREGAT B RSB Rt GRIRSTH™ Bl P b &R
Bifidobactena& D enzymatic activity, i.e., the drug efficacy.
[0021]
Moreover, in the case when the bacterium is not to produce an enzyme such as
CD that convert a prodrug to an antitumor substance but to produce an antitumor

protein or antitumor nucleic acid, it is necessary to induce the bacterium to

6



globos urn, Bifidobacteria indicum, Bifidobacteri urn infantis, Bifidobacteria inopina turn,
Bifidobacterium la etis, Bifidobacteriurn lactentis, Bifidobacteri urn liberorum, Bifidobacterium longum,
Bifidobacteri urn magnum, Bifidobacteriurn merycicurn, Bifidobacterium minim urn, Bifidobacteriurn
mongoliense, Bifidobacterium parvulorum, Bifidobacterium pseudocatenulaturn, Bifidobacterium
pseudolongum, Bifidobacteri urn psychroaerophilum, Bifidobacterium pullorum, Bifidobacterium
ruminale, Bifidatsabterilnreleatinantidwme Bifidobacteiubstzaceutard Bififolrathe fantescamibes),

BifidobacterwmsHbiles BifidopasiRibi, s s Rildabaser iy, thefmacidophilug,and, Bifidobacterium

thermophilum. [0043] [Si]The gene transfer carrier according to [50], wherein the Bifidobacterium is

BifidobactdRtfhIoigaas b e bt alteanifasning Rompiishiy it fraredtdnstenarrier

according taaneae et [H8iolsl{EHestspidhe dnvantionl 10044) in Bl MaaRidRfithe present
invention is a pove] plasmid useful for producing a transLormed aqierobic balg%er'urg for treating an
anaerobic BISEALE s ucH S S ERIHTHISY LS FIIHG Wi dR B PSSE TS L ARG SRR ﬁ‘f‘gt “secretory signal,

and being mnaitishuttle plasmid. The plasmid of the present invention does not comprise a replication
origin thatf q?ﬁ ns in a bacterium other than the transformed bacterium, and it is a non-shuttle
plasmid which 1S not mutually replicated in both the transformant and other bacteria. It is therefore an
extremely safe vedlomdq30434 pres¢hiriheeniore refetemntctioblolbactegiim transformed with the
transforming plasigh of1he presetinueion sasaiiceln colonizesansproliferpies,iuan anaerobic

disease tissue, and is capable of producing and secreting a protein or nucieic acid having a
therapeuti€ABEVR S AR SERFSHIONIc RSt RO ENY BEiAG X peetett s hthRH ARy yen& transfer
carrier extrgrelynisefdias antherandutin fonaninae robic diseaseplasmioreover, the novel secretory
signal of the present inyention is not, onl be jnserted into a plasmid, but also is to be incorporated
directly inté“the g%ia8%§%8%g%ﬁ&&dl?ﬁﬁl%@ﬁ/ﬁ{ba?ﬁ%gb{ga&%b%fsa transformed

anaerobic Battriacrettiatis useful for treating an anaerobic disease. [Brief Description of Drawings]

[0046] [Figs,1] Figste 1 is aimap showing a summary, of the struction of a secretory.
GFP-sxpratbing P TR T D] L U MHARE S 8B Y
constructiarepfidesectettgd GRP-éifiredsirig:prasmid (0SPxB-GFP). [Fig. 3] Figure 3 is a map showing
a summary gf the RNSILICH %gﬁ&%@&%c%?ﬁgw'[%E%Qaféﬁ?fﬂ@s&?‘&%ﬁ@i%ﬂl [feigkidd Figure 4

is a picture showing the results ot western blotting of B. longum 105A/pSP3B-GFP, B. longum
105A/pSPTBIS AR IBn i otosKIFSP 23I83EP, B. longum 105A/pSP7A-GFP and B. longum
105A/pSedde2#P. In this figure, C indicates the lane for intracellular protein extract, T indicates the

lane for thiéiultur supern tant,con%antr te, and.the numbers o [ﬁe vlﬁj:jlc | axis iqldicates the
molecular Weight %a%afb%%‘f’[ﬁgp FRIGUIE™S Ihgﬁ?a%né'r?&ﬁ/iﬁg LimENERhE Eonstruction of a
secretory EblireaiphaiexpréssiDiNplasnoidl (pstxiusT bife afjtha)njlelgottd &igurertcés affARQ $Powing a
summary q{he gonairiction of.a secreiony INF albhaexpressinaplasTid (BPEAGNEAPha). [Fig. 7
Figure 7 is a map showing a suﬁnmary of the construction of a secretory a&fp%a-expréssmg
plasmid (pSdeitmigd aiphddefi-ig. 8] Figure 8 is a picture showing western blotting of B. longum

I0BAIDSP 1y TNF: ARl i I90EHI QB E SERANE DA B HONILORAPSRARITNG alpha B
longum /054/pSP7B-TNF alpha, B. longum /05A/pSP12B-TNF alpha, B. longum 105AIpSP16B-TNF
alpha, B. IaW§laeHtBR0msmo3pl PRR H%NQ;:@: %rﬁg@nﬂ?@@ﬁiﬁéﬂﬁAﬁNﬁé’l’bﬁ% 8haad longum
I05A/pSec-dhn@phaHr ks digrisev&aindicriasdthenaass o atread Wab pioteda extiaahdl indicates
the lane fot t61e ]:ulture supernatant concentrate, S indicates the lane for the culture supernatant and
the numbe % 3r4i the vertical axis indicates the molecular weight (kDa).

[7] The transforming plasmid according to [6], wherein the secretory signal is a

DNA according to the nucleotide sequence of either SEQ ID No.: 8 or 25 or a single
nucleotide polymorphism thereof.
(8] The transforming plasmid according to any one of [1] to [7], wherein a promoter

contained in the expression cassette is a DNA according to any one of nucleotide
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[0048] [Fig. 9] Figure 9 is a picture showing the results of western blotting of B. longum 105A and B.
longum 105A/pTNF3. The numbers on the vertical axis indicates the molecular weight (kDa). [Fig. 10]
Figure 10 is a map showing a summary of the construction of plasmid pBifi-SP3B-TNF alpha. [Fig.
11]Figure 11 is a picture showing the results of western blotting of Bifidobacterium longum 105A1
pBifiSP3B-TNF alpha. The molecular weight markers of Lane 1 indicate, from the bottom, 20, 30, 40,
50, 60 ands8Qkeaesedperotivilyr. fedeprE]Figiel D2Ngsa Aéhiy dHowidy awdeomdrpofutirceohstruction of
TNFa-expregging mMasmid (PTNE ) I041{Riid3LRIQVE 13 48 AManHaanipg, A-summany of the
construction of a mock plasmid (quEshuttIe) having a protein-expression cassette that does not
comprise & iBHARIRIMIFigure 14 is a graph showing the results of cytotoxicity assay for TNFa.
[Fig. 15] Fimeees L5 is a graph showing the results of chronological changes in tumor volume in an in
vivo antitumor effect measyrement assay jn mouse for ?cr tory. TNFa-expressing plasmids B. longum
105A/pSP3B-TNF FF&%#&%%%@&?&% §§-¥ﬁfﬁ%¥8tf§:[ﬁb‘?r%] IS 18 R SOUABH ShBwing the
results of diwoeglogisminchanges in dumadevallaredieancnf\dorantitamepeiiedtIRepHNSMERR assay in
mouse for segretony INfR-expessing RS B Jangum 103ARRR3R-TNE.aloha uesd iy
combination with & namycm.é[gl'ffg. 17] Figure 17isamap s owcllng a summary o he construction of a
non-secretovylpemdarthen@deogsrdekivegl plabanithpid 0T wididHis. [Fig. 18] Figure 18 is a map showing a
summary qf e cnstieon, o g}:gsmwuwa&gf%w{mm RISMichBRR3B-hIL18mut.

[Description of Embodiments] [00 A non-shuttle plasmid used herein means a plasmid which
comprises 7apRTSIUAGI AR thaRTIsE I Te e M eFardiRese thenefskrbdout does not
comprises @ daplcatiop Ky gin that fanstions ik gibardaciativieans whishisineleaiudualyeplicated in
both the transt?er#ne%an%erobicé?acg%{éug and a bacterium other than the transformed anaerobic
bacterium.?® “TRE LSRRI GG RAAISES herein means a DNA fragment consisting of a nucleotide
sequence Eawding a secretory signal peptide (it may be referred to as a secretory signal peptide
gene). (000 _Herein, a PNA encoding & profeln haying.an antiumeraciyity. s N gpoding a
protein having an activity to convert a precursor of &n antitumor substance 1o the antitumor substance,
and a DN/gemcoditeizegroteie haphegsithersgstistic activityefoodmisedboiedisdayeter. may
collectively by refeired,i0,ag R ; ,Iﬁ'agaqmgcyaﬁd&)ﬁ%@dw bHerast I00P3] wheddlh SRR used

0

herein is meant to include any of followings: an siRNA that is referred to as a small interfering RNA or
a short int&iTBRIKGINGS daiRd BeSHHeRsiR PRI ShREERT WRFEALRE Gd0EdbY A & fyme such as a
Dicer withipdhetargeieaiito generate an siRNA. It may also collectively refer to those including a
modified s(iRNA]and an siRNA complex. [0053] An "expression cassette" used herein refers to a
set of gen g%? allowing the expression of certain protein or peptide fragment, and which comprises
expression 18iits slichtasrafporomatelsangeneendoding B protéiertonhé expresaddh (fageh gene) and a

terminator, ang which may optionall fucrtﬁefr corqprise other usg.ful upits. g.ther useful unit may include

antitumoyr activity 1s one selected from the raup consls ng o clyto 1nes sucﬁl as :
such as, for example, a gehe encoding a signal peﬁl € such as a’secretory signal or a gene encoding
a labeling pittﬁeﬁfﬂfpﬁ@ﬁg‘ﬂ)'a, IFN-B, IFN-y, granulocyte-macrophage colony-stimulating factor

(GM-CSPF), interleukin (IL)-1a, IL-18, IL-2, IL-3, IL-4, IL-6, IL-7, IL-10, IL-12, IL-13,

IL-15, IL-18, tumor necrosis factor (TNF)-a, lymphotoxin (LT)-8, TNF-related apoptosis

inducing ligand (TRAIL), granulocyte colony-stimulating factor (G-CSF), macrophage

colony-stimulating factor (M-CSF), macrophage migration-inhibitory factor (MIF),

leukemia-inhibitory factor (LIF), T cell activator co-stimulators B7 (CD80) and B7-2

(CD86), Kit ligand and oncostatin M, and anti-angiogenic agents such as endostatin,

angiostatin, kringle-1, kringle-2, kringle-3, kringle-4 and kringle-5.

[0028]



The present invention relates to a transforming plasmid for producing a transformed anaerobic
bacterium, comprising an expression cassette comprising a secretory signal that functions in the
anaerobic bacterium, and being a non-shuttle plasmid. A transforming gene transfer carrier used
for the treatment of a disease in which the disease site is in an anaerobic environment (hereinbelow
referred to as an anaerobic disease) such as solid tumor or ischemic disease is required to be
avirulent frorl the Badenp pefinmoigesmid Morebvertdtlis motesisféheprtdebe lobligateranaerobic
bacterium which.gelapizes AR RiRlifetates AholRhe disease tizsveritn prag ghis:coRdition, and
neither colonizes nor proliferates in a normal tissue that is not in an anaerobic condition. [0055]

The invent%%?é%iB&%ﬂ%fEﬁfé@on the method for treating malignant tumor using an obligate
anaerobe BififlobagieritinRncHevalonsd Biidrhasterimg laratm105A tansfermedhwith-geplasmid in

which the gene of CD, an enzyme that c.or}yer,ts a prodrug 5-FC to an antitumor supstance 5-FU, has
been incorpOtatEd EBY FRIERTIRERIGIEY 7AAHAST AU Y48 CONtirha PTRAHHRESE Hansformed
bifidobacteriaispecificaliytaateniz ebeandipialide kaied ian@n anaerobic disease tissue in a hypoxic

condition b intravenously administered, into, a ;ngdel animal, of solid. tumor, i.e., an anaerobic
Ciabase, Wi S eas HHey e B % o (see
Non-patengditerstihies b vant2)rf0056} of arNavevtiredessibshaoedihe tharsfotmedrisifibigioactada have
been transfagmefl using.f, ¢RY & BififaRRcEHUT ShHLS Plasimits sUGhas BRKESL0:$-eCD or
pAVOO1HU-eCD-M968, they might be replicated in E. coli when being horizontally transferred to E.
call THsgdterRN RS faventors improved the plasmid in order to solve this problem and developed a
non-shuttléglgsgimid pBifiCD which does not comprise a replication origin that functions in E. cob (see
Patent literatyre 9), [0057] .In methods for treating malignant tum ing these transformed
bacteria. 1L i B ISHREASE CEPEIE 1Pl L aa Ll At R substance
5-FU acts getierizoi-fisselerspénificamentnar hindrdes tharipinize dtsisidefeffestmchbmindantoks therefore
transformeﬂgmes Hg@%{% O§d ibifid?é)s%:ltggacg%qg tﬁ?%ﬁ}?’ﬁ‘sﬁd%noQEeOfr‘é‘Q%iChh%%@lgrgses a secretory
signal, such that the expresse iS N0t 10 be secreted from the bactefia cell but to‘convert
intracellulaifeinpenpioratedit: K@ am Sseigaidlesgaettii fronsaleetbdétenatbelreonisanStiuexerts its
antitumor agtivity, Op Whin ImQs Jissie ale058] such Theifidabacteria tiapsiosned wih these

plasmids without a secretory signal was characterized in that they colonize and proliferate specifically
in an anacfABRtSehee imare infagioa BSEE voruinssaaritrbe Hesos i Y fEridingdnside of the
bacterium thateqlpnizeswancproliferaes. specifically in the anaerobic disease tissue. From these

characteristics, the bifidobacteria has an.advantage that they could avoid.the systemic side-effect of
anitomor JURLtan LR GRS BIHGP HLHIoS DGOV S WL oL s B idticton <
not equal tgethei COnprdelia ctoodh loroiaigee chbyathe tiansforinyeid Bifidokectdiltdisbatecorrelates to the
amount of %dzg uptake by the bacteria cell, thus the enzymatic function of the produced CD was not
fully exerted. 659] Moreover, in a case of a bacterium which produces not an enzyme that
converts algfddrugisuthagCoins atpantitumeorndibstantel buhpreddesransistitcichbrpregein or nucleic
acid, it Wa%Hle‘%ﬁgéﬁﬁEYaEQi‘J%thMH%E&éﬁré‘gﬁ%rdﬁ%&%@%“ﬁ%ﬂ%@%é@é@f@@%@ﬁ&é‘%%%ﬁ@’ in order to

release the produced antitumor substance from the bacteria cell. In order to solve these problems,

the inventdt¥ta At gravde barbpmielse il imsthfaseermsositigtng sl idbsrh larjrrintt fafictions in an
anaerobic bautgriynanpeekeIalyean i aatablgatFanasiie bagterislm] RoriRwip@ithe secretion

of the prod ctive substance, and the inventors developed a signal peptide useful for the
production@%ﬂ ‘Féi]ﬁ‘?%‘%}t\ﬂﬁ%’itb%gﬁ?ﬁ"c%ﬁ§t8f @%ﬂn the anaerobic bacterium and exhibits an

excellent seadetoryleffeanefdheieyplessad prateiind@606@)y one dFEltherd2@iresinmisiethod 1A treating
such as solid tumor sing adransformant gene fransfer pamien aaieptioned Above, it is,also very
important that the transform%ng gene In the gene transfer carfier to be Used is not to be horlzontally
transferreditblehanh oy eenerohoterienhi & trersefotyic sl dtachisative taledlitivddaAaerobic bacterium other
than said qgggitr@p§§q‘gqfqg§hgpd that it is not to be replicated in that bacterium even if it was
horizontally transferred. ccordingly, said plasmid comprising a secretory signal is preferred to be
a non-shut ﬂésmid that does not have a replication origin that functions in an bacterium other than
the transformed bacterium. [0061] The plasmid of the present invention is a plasmid for producing
a transformed anaerobic bacterium, comprising an €xpression cassette comprising a secretory signal
that functions at least in the anaerobic bacterium. Moreover, it is a non-shuttle plasmid, which does not
comprise a replication origin that functions in a bacterium other than the transformed bacterium and
which is not mutually replicated in both the transformant and other bacteria. More specifically, it is
a plasmid for producing a transformed anaerobic bacterium, which functions at least in
Rifidobacterium, and which comprises an expression cassette having a secretory signal exhibiting an
excellent secretory effect, and which does not comprises a replication origin that functions in a
bacterium other than the transformed bacterium and which is not mutually replicated in both the

transformant and other bacteria. [0062] The transforming plasmid of the present invention is
charactarized in that hv 1icina thie it ic ahle to nrodiice a trancformed anaarobhic hacterinim that ic



[0063] To date, Bifidobacterium adolescentis amylase and Bifidobacterium breve Secl, Sec2 and
Sec3 for example have been reported as a signal peptide that functions in an anaerobic bacterium,
especially in Bifidobacterium, and the plasmids with their secretory signals transferred therein have
also been reported. However, in the bifidobacteria transformed with these plasmid, the expected
secretion of the protein of interest was small. [0064] Moreover, no GFP-secreting function was
exhibited if28lfidobazstesitrmnisfyg ommtearsioristéaeding anplesiiidhaeivedtbynsioninedtatbecretory

signal andﬂg@m%;%giigg?lggm §$ﬁ8’ﬂﬁﬁ§t&)r%'9 gaolgsseplimamylase and incorporating these with
a gene encoding an UV-optimized green fluorescent protein mutant (GFPuy: CLONTECH

Laboratorié&3linc hersen deinrstarrsisaseerdmnegtoRelionhsran ExprassaabitbasteurPy assuming
that this segretenurighahpepbse dogs not afford secreting any protein of interest. [0065]

Furthermote, prevjously reported plasmid vectoys for rc%iuci transformed anaerogic bacteria which
extraceuu@%rﬁf secl %eémacégeca%{&ﬁ% Iap il |8§rf%%isw%§a‘é%§%§m@eao {&smid derived
from E. cobbdeterplasimi@deivectdrammthe transformed bacterium, which function both in E. coil and the
transforme@ teria. No report has been made on a transforming plasmid which functions only in the
transformed bacterium other than E colt. [0066] As a secretory signal peptide that functions in an
anaerobic Badterilinecsmptisedioy therieanstordiirgytplEsthidlofrdie Preddfdirvertisndny secretory
signal peplge. Mayne43ad.as (R0 eg,88 it ANSUORS &t JSASLELING ARG IRRIC Aagierium, although those

which function in Bifidobacterium are preferred. In view of the toxicity to the transformed bacterium and
functionalitff/ifebesettinrsiyrat peptid Edenied srorrsintBractéitidiasirsreprateigdeand a
secretory sighabpaptisie serivad 1om/RilkiRbasten walanguiiss fushenpretewed. Examples of
secretory sjgnals derived from Bifidobacterium longum include, for ex le, a secretory signal peptide
encoded bﬁﬁ%%%@fﬁf@%@%tﬁ %Woréé@rlo%tﬁﬁ]&%f%oeeﬁ’@éfﬁér%é%;n%g%%@qﬁ No.: 6 to 28, or said
sequence wonvhichrene Biftiverabnueteotide th eBetidre defetedcuthstitnte Bididatidedriimong these,
a secretory signal peptide, encoded by,a DNA expressed.by the nucleotide sequence of SEQ ID No.: 6,
7 B o 12 B e tneveot are
deleted, subfstingtan diiddeleis prefalivadn. aididodactertany sifaaliseflitdbndededinpa DN,
expressed By;thg NLCIEotids SRAUEARSHILSERL Do NO R Ob 2Ri Bk 531G, SE IHERSS,IH, Which one or

several nucleotide thereof are deleted, substituted or added is most preferred. [0067]

Furthermot@ 4t fotemdare @ réédidaaasena e sriphsBH I hIe 6 HEISRMIRG s mid of the
present iNVBRBAPRY- 08 ahsh ERIROBI/ RS IAPEA6 1 THPEHEINS: Y, aB ARcIIEbIe hagierim.ang functions
as a promoter. of the secretory signal peptide. Ex les include su ?%%s a promoter adjacent to the
upstream cé)lé[z)oebﬁﬁetfgfﬁlgiﬁﬁ%’%%cﬁﬁﬁ‘gu tﬁ%d%@%%ﬁfﬁ%ﬂ@?ﬁ 6%&&%,0%705J6%%0ter of a
gene encoging/adiistopkHike, (BN dhackieg propeitiviivat, fitittiohs tarBifid ebbadcterim (HU promoter).
Specifically, a. promoter encoded hy.a DNA..of omoter region of ucleotide sequence
xpressed B O L R M P D PR RS SEOTTE et vy
any one of SE@heriouas vhEidRIld G e semcSifidebickeonanisenraalinpiibatidadnereof are
deleted, substiited:oragreR s, nsluged. Among these, a promoter or HU promoter encoded by a
DNA of a promater region of the nucleotide sequence expressed by SEQ ID No.: 35 or a single
nucleotide [Bgﬁ%orphism thereof is preferred, and a HU promoter is more preferred, and a promoter

encoded bjpg] DNAexgsasseschbithamuslastidaisequdnse whekQ tReNais 4D fisaighsaguence in
which one rfsg?veral nucleotide thereof are deleted, substituted or added is most preferred. [0068]
Furthermof&@ 8 W8 HHALEH Bi¥ifised in the transforming plasmid of the present invention may be any
terminator 2§llondlas o ctiongeincBifictobactediny @mnchfunatioh2kta [Réhbrdatercapatdeofetory signal
peptide. alifiough3,erINAICY 12 dene .snceding aisione:ike PNABinding proteln fnal fynctions in
Bifidobactérlu‘%g?ﬁt?termlnator IS preaferre , and in partlcrl].?lar, a e%<pr ssed yl%e nucleotide
sequence oh$EOrHDNRt kB e e e guenceusi svhiciddhe tos sevirbfarstitides tereof are deleted,
substituted Q,added J8 JRostRIEELred . 1Q069] A "single nucleotide mutant" herein means a single
nucleotide polymorphism in which at least one nucleotide has been mutated (hereinbelow referred to
as SNPs), including a SNP at one site as well as SNPs at several sites. Accordingly, it is
interchangeable with a "sequence in which one or several nucleotide thereof are deleted, substituted
or added". [0070] As a gene encoding a proteirbor nucleic acid of interest to be secreted (i.e., a
target gene) comprised in the transforming plasmid of the present invention, any gene may be used
such as a gene encoding a fluorescent protein, a gene encoding a protein having an antitumor activity,
a gene encoding a protein having a therapeutic activity for an ischemic disease and a gene encoding a
protein having an activity to convert a precursor of an antitumor substance to the antitumor substance.
A fluorescent protein includes such as green fluorescent protein (GFP) and red fluorescent protein
(RFP) of various types. [0071] A protein having an antitumor activity includes, for example, a
cytokine, and the examples of specific cytokines include such as interferon (IFN)-ci, 8, y,
granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin (IL)-1a, 18, 2, 3, 4, 6, 7, 10,

12 12 15 12 titmor nhecroc<ic factar (TNO-c1 wvmphotovin (1 TY-Q TNE-related anontocic indiicina



Proteins having an activity to convert a precursor of an antitumor substance to the antitumor
substance may include such as cytosine deaminase (hereinbelow referred to as CD), i.e., an enzyme
that converts 5-florocytosine (hereinbelow referred to as 5-FC) to an antitumor active substance
5-fluorourasil (hereinbelow referred to as 5-FU); nitroreductase, i.e., an enzyme that converts
5-aziridino-2,4-dinitrobenzamide (hereinbelow referred to as CB1945) to an antitumor active alkylating
agent; herp2¥ simpPlexevirasgmpder tayrivdire Ridiaset ¢HaTdindelovinrieweet¢tnab HSVBERY, i.e., an
enzyme thﬁ&%ﬁgﬁ&ﬂwMAE?W&%EH&QB%M%WQHJF&@M 8-glucronidase, i.e., an enzyme

that convert a glucronate-conjugated antitumor active substance to the antitumor active substance.
[0073]  [RbreoVbe gsrendir psvicrrdeharapding Rdiity roeraindbsamtetisdasdsiasiifclude a
protein having.a fraangineene activily usefut fartigating apvschemie diseaseadpesifically it may
include such as.fibroblast growth factor 2 (FGF2), endothelial cell growth factor (ECGF), vascular
endotheliaﬁfﬂ%ﬁlth factor (VEGF) and hepatocyte growth factor (HGF). The sequences of these
proteins arB®howhha gariouaoiganianisy anadalDi o épglodihgrthie firoteinahihterest may be obtained
by utiizing, kquip, Bracedyres sueh g RGR methods. andaridialaenc sunihesisapased on the
sequence information theraof, f&&ﬁﬁ Aucleicaci having a hergpeutlc activity Yor a disease in
an anaerobigeafrrivor F&Nt on BYNNG| HHN an SRR assoorteu bvite avl anagiobitatisedsedactor. More

specifically R4 dirpciRd kaatumen celt orpwin saefoss gushiasdibroblast gsowi sagfos 2(FGF2),
endothelial cell growth factor (ECGF), vascular endothelial growth factor (VEGF) and hepatocyte

growth faclbf {RdLhayBerineriera factor GiNHkayhimekefgsindel & NEs platesiariersire known
ar]:d can qu@@?ﬂ[g%&?MML?nmﬂﬂ&%ww@ﬁﬁuﬁm@%ﬁ%fmﬁh@aﬂs&sgﬂamgabﬁa@@qulence
information thereof, [0075] The plagmi the present invention may be produce xample, as
follows: cc}&@ﬁﬁttﬂg ﬁ%igﬁﬁ%@%%&%@&%ﬁ%@aﬁﬁlﬁ@tﬁ’&ﬂ}yﬂﬁﬁ%%&tl% rocedures, by
inserting irtakeshiatiehphasmid-deavinf 1 repheltion origincthat funetionsBn €zoR0dhadrBAsformant and
other bacteria, (2 y 1,600 @ secreton siongl that unctions at least in Bifidobacterium and ts
promoter gene, ahlé,1 in their downstream, at feast one geﬁe r nucfeic acid encoding & desired protein
useful for dingnesisiorkreagindnkoimieshderoble diseaslqthrget anele-and, in further downstream, a

terminator ggRg) of the secretory signal peptide that functions in the anaerobic bacterium. [0076]
Furthermore, if desired, the replication origin of the bacterium other than the transformed bacterium

may be remidVed frBmeene Srumgfeasrtac pidagds RRbmBatrinthrRrign thattrassiakation in

each step maybeprifosNed 0 acebiclancawilh Kpawameitiog as deseiibesd doditeratures. The
gene transfer carrier for treating an ar;baerobic disease of the pr@?ent invention may be produced by
transformikg SHY R8RSR BRERS TP RS RE Grigndro AR B TR G kit Bhsforming plasmid of the
present ind8ation, Taecerding doaowinrinethodslinghe Brtlofvenstic ke ginearito o7 Because
the anacropic hactarlum,iR1siermed i3 tansiorming pasmid ofihe presen venians,fo be used
fora therapeutlcyagent or an Anaerobic disease such as So |c]iltumor, it must be an o igate anaerobic
and avirulextedtaddrinnihy BeoupvianientibactesitnyisacleanCiostridiupnedusainondlla that has been
made avirgemntphiidRay be a facultative anaerobic bacterium such as Lactobacillus that has been
mutated to an obli[ﬁ]g%e anaerobic. Preferably it includes an avirulent anaerobic bacterium, more

preferably B avirdBhEertdrapatterrIrcaAtr At <k BirasBatiemissy #dtprtfsred. [0078]
Bifidobacteriyrlingyelesnion £xammplaa ibisio lasiesiny A0gRRRe atiss RifiiDhati g argbiatum,
Bifidobacteyium animalis, Bifidobacterium asteroides, Bifidobacterium bifidum, Bifidobacterium boum,
BifidobactéMtifcBraie T Bifidobacterium catenulaturn, Bifidobacterium choerinum, Bifidobacterium
corynefornie)®Bifidobacterium eunieuli Bifidobacterium den ticolens, Bifidobacterium dentium,
Bifidobacterjusm gallicurn, Bifidobacterium gallinaru ifidohacteria,glo rn, Bifidohacteria indicum,
Bifidobaciam I D e B ot
Bifidobacteviuandityeraeuhse Bifi datiac ierimslidNgurs Bifitlsbacte rid re anbgirri M BIficdbaxteitiim
merycicurn, Rifidohaster i, Bifidabacterinp pargelisnas cRilidobagiesium parvulorum,
Bifidobacterium pseudocatenulaturn, Bifidobacterium pseudolongum, Bifidobacterium
psychroaerophilum, Bifidobacterium pullorum, Bifidobacterium ruminale, Bifidobacterium ruminantium,
Bifidobacterium saeculare, Bifidobacterium scardovii, Bifidobacterium subtile, Bifidobacterium suis,
Bifidobacterium thermacidophilum, Bifidobacteriumithermophilum, and Bifidobacterium longum is most
preferred. [0079] These bacteria are all commercially available or readily available from a
depository organization. For example, those such as Bifidobacterium longum ATCC-15707,
Bifidobacteri urn hifidurn ATCC-11863 and Bifidobacterium infantis ATCC-15697 can readily be
obtained from ATCC (The American Type Culture Collection). Strains of each bacterium are not
particularly limited For example, strains of Bifidobacterium longum may include strains of
Bifidobacteriurn longum 105-A, Bifidobacterium longum aE-19413, Bifidobacterium longum bs-601 and
Bifidobacterium longum M101-2, among which Bifidobacterium longum 105-A strain is preferred.

[0080] Strains of Bifidobacterium breve may include for example Bifidobacterium breve standard
ctrain (1CNM1102)Y Rifidobacteri 1irn breve a<-1 and Rifidohacteriiirn breve 1-RBR_-Q\A/ ctraine amona



[0081] Strains of Bifidobacterium lactentis may include for example Bifidobacterium lactentis
standard strain (JCM1210). The gene transfer carrier of the present invention is a gene transfer
carrier consisting of said anaerobic bacterium transformed with the transforming plasmid of the present
invention, being capable of growing in a tissue in an anaerobic environment, and being capable of
expressing a protein having an activity of interest, and having no possibility of being horizontally
transferrectoletbdinbedhitr o defoitio 6F €4chltativedmaerdbib YadterivrthoimsethFEHR radsformed
bacterium.}{g)[g)a%l3 te gJoQ&lPEQQ&d?Q%@ﬁ.the gene transfer carrier of the present invention may be
carried out according to methods described in commercially available experiment protocols such as
"IDENSHI M2INUAPHRERRES IR compredion SONUSKINEIRE RepROEAn sferegaairas condtato-sha),
"MolecularsGlonias @gld.SpLng Harbor Laboratory, 1982, "Molecular Cloning", 2nd ed., Cold Spring
Harbor Laboratory, 9 and Methods in EnzymoI}., 194, 1991. [%8&3] _.The pharmaceutical
composmotﬁ% f theé ﬁ%ﬁ?ﬁ?é\ﬁ?ﬁiaﬁﬁgfﬁmgaﬁea AP tEer A oLt BRSHEEEA gene transfer
carrier of thengtesent invention. Also, the therapeutic agent of the present invention for an anaerobic
disease is R)%%H rticularly limited as long as it comprises a gene transfer carrier of the present
invention. Iso, the pharmaceutical composition or therapeutic agent for an anaerobic disease of
the present3flven{lre PR conadiise awectrtonp e afdhecyere arapstorecar s oftineipresent invention.
[0084]  pe(eQyRinthePhRIMACRUlIcRbRomIRRSIionOsdheraRpUlicAgp R @Mmanagtabig disease of

the present invention may be used in combination with a pharmaceutical composition or therapeutic
agent for tRE WA EPEHRNETSBaEBIER PRI S mposdcedisianbraadeleisdutiebstiéetad Pthe
anaerobic gigrase other than the gene transfer carrier of the present invention. Moreover, the
pharmaceuytical composition or therapeutic agent for a obic djsease,0f the present invention
may complI'I an OSHOITAPTN 8RR A BH%? ?ﬁ&%&ﬁ‘ge 5&%8 %F%é#lﬂ rt?)i[%ﬁioﬁr@g nt invention as
long as it déek notintenfesentitlh theseffécboafitiei praderid M entionig ehdpitian@l7ihgredient includes
for examplﬁ)g%gr as a pharmacologically acceptable carrier, excipient or diluent. [0085] The
dosage form of the pharmaceutical composition or therapeutic agent for an anaerobic disease of the
present indéftion hadtaeficolirydliaviteid znordiag tndhfdeftohex apmmeisinigopuiaMoh solid formulation
comprising.a g&ne YanslehcarisrRidheiRresant ivantian AluidInay.be: praduged, by purifying the
culture medium of an anaerobic bacterium of the gene transfer carrier of the present invention, adding
thereto an #psioPifatéspRifsiological saline or fluid replacement or pharmaceutical additives as

lrequoilred, ther fillingit ﬂfuaﬁ&am@@amﬂ?ﬁ?csammmmﬁimu b&lb Ef?@éi%&%bﬁ’il@dgmimz a

iquid an apprqpriate protective agent and filling it jnto an ample or vial before lyophilizing or L-drying it,
or by addir?@iafﬁgg?rﬂ%ﬂigﬁ ﬁﬁﬁ?g%ﬁ%?ésﬁ?ﬁ?e]c%ﬁlé‘é?f@ﬁ(feéﬁc%%%ﬁilizing or L-drying it before filling it
into an ampie] or Vidle Methdd fomgdiinisidatiagrtiegptodh ceutieah chmpositiontort thersgfaltic agent
for an anagrebie diseaseof e presentinvention may be either, oral or parenteral administration,
although parenter:ff1 administration 1s preFerredl, suth as, for ex§mple, an mtravenou%injection,
subcutaneBi¥8fjection, topical infusion or intraventricular administration, and an intravenous injection

is most prefgyred. 100861, srorAifl9596Ah9L06 RS LAl PEthenRhamAc eUlicas gemposition or

therapeutic agent for an anaerobic disease of the present invention is not particularly limited as long as
it is an am8bht SBicRET IS AR e AT 4 e aue Srsisha s exprdeioiet fite active protein

of a therapeytigatiyneffestive amopntralthoughunMiennofeoshand-anigdingthesside efasts as much

as possible, it is preferred to be mall as po _i?l vy'thr[i arange su il h :[I]%e ir ]g erapeutic
effect can %%'l\ic 'ﬁ/e&tﬂrlﬁggéﬁzf{ji é%’n@t}ghi ’é’fﬁ&’e %ﬁh@‘p%&ﬁn% ]é‘u]atllé:‘ ﬁng si on or
therapeutidlagéniforsmanaetobicsiifecse GINHR-préeephitventidT o dpprejatiedelpdpesadected
according tQ the severit isease, the body weight ang sex of | atient, and may
el A e AR TR T S
instance, whlsnatharalpsimiciagent ¥ € brasemitheentivsforianiahddtobidaivedd8 8 .used as a
therapeuti¢agentiforseldJumet. Jhe dpsageds satwith ieshechio suchasdnr@nitdmeractivity of the
anaerobic bacterium itself to be used, the type of the protein having an antitumor activity produced by
the anaerobic bacterium to be used, the therapeutically effective amount of the antitumor substance
converted from the antitumor substance precursor, and the production of the active protein by the
anaerobic bacterium to be used. [0088] In spetffic, in the case of an intravenous administration,
for example, it is particularly desired to decrease the risk of embolization by bacterial mass. Therefore,
a preference is given to either a plurality of separate injection of an injectable formulation at a
concentration as low as possible, or a continuous infusion of a dilution with an appropriate fluid
replacement. For example, in an adult, the bacterial cells of the anaerobic bacterium of the invention
are administered at 106 to 1012 cfu per lkg of the body weight, once to several times per day, for one
to several days, either continuously or with appropriate intervals. More specifically, 1 to 1000 mL per
an adult of a formulation containing the bacterial cells of Bifidobacterium of the invention at 101 to

1010 cfu/mL is administered, either directly or in dilution with an appropriate fluid replacement, once to
caveral timece ner dav for one to ceveral dave [ONOKRO] In cace Nnf 3 tonical adminicetration for direct



of the invention at 104 to 1010 cfu/mL is administered, several times per day, for one to several
continuous days as required. [0090] If the loss of bacteria is confirmed during the treatment
period, the treatment is temporally suspended, and bacteria are administered as above. A
"combination of X and Y" herein encompasses both cases in which X and Y are in different forms and
in which X and Y are in the same form (for example, a form comprising X and Y). In the case in which
X and Y ariciidsnigonthsndithersh et ¥hrhaytivrtizerscom pisetotheting redieststifo091]

The pharmagetical, composition.anheraneulia agentionan anasiohigdisease of the present
invention may be applied to a disease in an anaerobic environment, preferable to various solid tumors.
Solid tumo @ include such as, for example, colorectal cancer, brain tumor, head and neck cancer,

breast canpef), lunpheansgEfQeRRIR3IeahCR RS AASHILI saN G IMartaRNsate BRllRladdgsFancer, bile
duct cancey, pancreatic cancer, pancreatic islet cell carcinoma, choriocarcinoma, colon cancer, renal
cell carcindMhad HEFRHECOr B AR f&ﬁ%&ﬁ%ﬁrﬁ?@?ﬂgif’c‘ﬂ% AR Br S 6 5 her, testicular
tumor, ovapigimaancef autarnecancaibstioriocantinamai thyrnoidlesnaes, malignant carcinoid tumor,
skin cancer, naligant melanoma, GRISesAIeOMa, 2l {BRUS saLcomA, heyiaplasioma, ilms' tumor
retinoblastoma, melanoma and s&d’amous cell’carcioma. [ er diseases in'an anaerobic
environmenttngy heclodecsugipasufispesbanmiatisohentivliisowsds shehrdsimyocawbidhirfarstion or
arteriosclerasis abliter afn hlowst J o lsahemie disraseasinch a3 Buergetsdiseases ~ The
present invention also encompasses a novel secretory signal peptide useful in particular for a use in
foregoing @r&é‘ﬁﬁlf@?g(@r%-transfer carrier or pharmaceutical composition. The inventors first performed
a genomic[apgplysipneftRifideRasteripmslanomro 1054 whia), is Repaiett SHadof fereaeingstransformed
Bi f idobacteri in order to discover a seké:re ory signal g&ﬁ% that f,unciaion in Bi f idobacterium and
exerts an eXcel ﬁ?f%%?‘@%er?it 8L BIIRE ]fﬁ!r‘éggéfdlﬁraorf G TREALE AT BRSSP broteins
which had éisesretanpsignal but not have a transmembrane region, therefore being assumed to be
secretory prot ins. Of the 25 proteins, 16 had a secretory signal adjacent to a promoter, whereas 9

had a secretory signal not adjacent to a promoter. [0093] The nucleotide sequences of the coding
region of thé725 pidteinsneérenimeptigaed aTtediagionk! 6l ydeted ndresebre torspsigiedl svithd

promoters yyerg clpngrdqas feseringd Lelowr fex 2258GHeloR A AanS (NS tdmlf 8 #dsaR) out of 25

excluding 3 (Nos. 17, 18 and 20) which were assumed to be defective protein coding sequences

(CDSs). [0Bsr seleqted frgmpridemrow amelsanst-BRanp bghaiqe dufacen2d @ Homoter, the regions
expected teaaihaiRresIoieswRRALR(Kr el sascalaresiiaklhewinbalaw refeved 1 asiSPXA) were
cloned angllgombined to a %::'fne eng&;@' g UV-optimized green fluorescent protein mutant (GFPuy;
CLONTECH R ARt SR8 e stah rminator of histone-like peptide (HU) of Bifidobacterium used
in plasmid [g&lductiarede scritsée icn Rate nhditesaturesaérich @ aboveei torgenersdtenseplasthichand the
secretory function of the expressed protein (GFP) w. firmed for Bifidobacterium transformed with
the plasmiélJr ?E)lg%g(n,&}nfo%%g%ldsacﬁ?é%ﬁ%# %h%ogfo?%ﬁr@%&umcﬁhg the 9 rest proteins in which a
secretory ditfHal isTheteatjatemstoraprorctesonhiaseciéfdryvbigna thgisnsenehinbhstintypramoters
(hereinbelowefersed to;as, SPxB) were cloned and combined to a promoter of histone-like peptide
(HU) of Bifidobacterium above, a gene encoding green fluorescent protein and the terminator of
histone-likéoﬁéﬁlide (HU) of Bifidobacterium above (HU terminator) to generate a plasmid, and the
secretory flpgtionofdbereXREessacRieig A désFdih smas soinfirmaesl iah B ifidehactiedumiransformed with
the plasmid (pSPxB) as described above. [0096 e results.confirmed that 12 plasmids
(PSBTA P B BR L HA G B D EP DB G BB APAE R GLPIE P pSPTB.GFP,
pSP9B-GFB:fig3ROB B2 pER 2B BER,pSietiob: Ghikhadikd HERABBIRR) shewedesecreting
tendency, St BB (DRI 0BT, R SR RS GL T A SR 298 CFP) demonsirated
an excellent secreting function of the expresseclilproteln.’ Flrt ermore, in the genomic
analysis of/HedBhidetracteruirniohgum B8fobadesron Wasnvade B phatésowing a nucleotide
sequence with,a RGN NIMRISLY. AL AMING, ATt eNal 19r2 8520818 WHERC HRIRR. P Bifigpbacterium

breve has been reported (Laura E. MacConaill et al., Applied and Environmental Microbiology, 2003
Vol. 69: ppoyaurpdiifidargsteréet stdhr SrnBiiabaare iae SRGR7EE JREPINSIHER), a gene
encoding said secretory signal peptide was cloned in combination with a promoter of histone-like
peptide (HU) of Bifidobacterium above (HU promot&r), and combined with a gene encoding green
fluorescent protein (GFP) and the terminator of histone-like peptide (HU) of Bifidobacterium above (HU
terminator) to generate a plasmid, and the secretory function of the expressed protein (GFP) was
confirmed for Bifidobacterium transformed with the plasmid (pSec2-GFP) as described above,
confirming an excellent secreting function of the expressed protein. [0098] Next, for 13 plasmids
whose secreting tendency was confirmed above, plasmids in which the gene encoding GFP was
replaced with an insert of a gene encoding human TNF-a, another protein of interest, which were then
used to transform Bifidobacterium and their function to secrete the expressed protein was confirmed

The results confirmed that 9 plasmids (pSP7A-TNFa, pSP1B-TNFa, pSP3B-TNFa, pSP4B-TNFa,
NP7R-TNIEa n<P12R-TNEa n<P1AR-TNIEa n<P22R_-TNEa and n<er?2R-TNEA3) chowed cacretina



[0099] Furthermore, from these plasmids, plasmids in which replication origins that function in
bacteria other than Bifidobacterium, e.g., pUC OH, were removed were generated. These plasmid was
used for transforming Bifidobacterium and their secreting function of the expressed protein was
confirmed It was confirmed that the plasmids in which pUC OH, a replication origin that functions in
bacteria other than Bifidobacterium, has been removed could also exert a similarly excellent secreting
function of dfvdexipne £86dohrotieinia [0 m, Bifidebrdiegyntheamienidnidizcteareternavelizecretory
signal peptjsig Whichunstians.atseastin Bifidnhacternm angwhich.exibitan sxcellent secreting

function of the expressed protein. As mentioned above, the secretory signal peptide of the
invention hA¥I8pbagtatiemt Sastatorf Aealig cartTuresiona P Bifaotragterum caF & lent, obligate

anaerobic BRgIRIHRRe26h IS thanelareopeatislasly. sHitablRd0r AUt plasmidy senganster
carrier or pharmaceutical compgsition described, ve, Accordingly, the plasmid, gene transfer carrier
or pharma&é&%ﬁ%ﬁ%&ﬂ%ﬁ%@éE%@%tgﬁb%ﬁ%b%%ﬁtgﬁﬁ%d?ﬁ%%%@dﬁﬁﬁs' Mg%%ﬂgécretory
signal peptidecai-therppésknt, Bigatibacare alsp@hcampBssédbir the presentrialiention. [Examples]
[MOE inbelow, the present inveptjon js illustrated mare specifically by production.examples
and workin L A e by
these exarfplabHBre2) RefebérisBEidrhptéctium SilicolBtdeéaine oiS doratory Righdisn and For 1941

amino acidgagyengesnentiedansiational region predicted from the whole genome sequence of
Bifidobacterium longum 105A, signal peptides prediction using PrediSi was performed and 188 signal

peptides w@t‘@%lredicted. The prediction employed a parameter set for Gram Positive Bacteria.

Among the[3i8 signalgeaptidasspiedictes 22mMnich @idhoptiaveia e BRI aeetagion were
chosen as gpre ory protein candidates. Their putative secretory protein coding regions are shown in
Table 1. [0% 2441518 Y Bo8io1E and directions of secretory protein candidates in the genome
Candidate [b2). OpergdnRositoncdirectipositiheadn2020 ¢ *H02682 2-heddr 182462 acedd3YBH 3

any one of [48] to [51].

[Effects of the Invention]
[0044]

The plasmid of the present invention is a novel plasmid useful for producing a
transformed anaerobic bacterium for treating an anaerobic disease such as solid tumor,
comprising an expression cassette having a secretory signal, and being a non-shuttle
plasmid. The plasmid of the present invention does not comprise a replication origin
that functions in a bacterium other than the transformed bacterium, and it is a
non-shuttle plasmid which is not mutually replicated in both the transformant and
other bacteria. It is therefore an extremely safe vector.

[0045]

Furthermore, the anaerobic bacterium transformed with the transforming
plasmid of the present invention specifically colonizes and proliferates in an anaerobic
disease tissue, and is capable of producing and secreting a protein or nucleic acid
having a therapeutic activity for anaerobic disease, thereby being expected as a
high-quality gene transfer carrier extremely useful as a therapeutic for an anaerobic

disease.
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head 781649 -> 782512 4 head 842877 -> 844577 5 head 1433216 -> 1433650 6 head 1662965 ->
1664209 7 head 1917150 -> 1917836 8 head 164213 <- 165142 9 head 636847 <- 637464 10 head
752108 <- 752839 11 head 839663 <- 841006 12

Moreover, the novel secretory signal of the present invention is not only to be
inserted into a plasmid, but also is to be incorporated directly into the genome of an
anaerobic bacterium, allowing the production of a transformed anaerobic bacterium

that is useful for treating an anaerobic disease.

[Brief Description of Drawings]

[0046]

[Fig. 1] Figure 1 is a map showing a summary of the construction of a secretory
GFP-expressing plasmid (pSPxA-GFP).

[Fig. 21 Figure 2 is a map showing a summary of the construction of a secretory
GFP-expressing plasmid (pSPxB-GFP).

[Fig. 3] Figure 3 is a map showing a summary of the construction of a secretory
GFP-expressing plasmid (pSec2-GFP).

[Fig. 4] Figure 4 is a picture showing the results of western blotting of B. longum
105A/pSP3B-GFP, B. longum 105A/pSP7B-GFP, B. longum 105A/pSP23B-GFP, B.
longum 105A/pSP7A-GFP and B. longum 105A/pSec2-GFP. In this figure, C indicates
the lane for intracellular protein extract, T indicates the lane for the culture
supernatant concentrate, and the numbers on the vertical axis indicates the molecular
weight (kDa).

[0047]

[Fig. 5] Figure 5 is a map showing a summary of the construction of a secretory TNF
alpha-expressing plasmid (pSPxA-TNF alpha).

[Fig. 6] Figure 6 is a map showing a summary of the construction of a secretory TNF
alpha-expressing plasmid (pSPxB-TNF alpha).

[Fig. 7] Figure 7 is a map showing a summary of the construction of a secretory TNF
alpha-expressing plasmid (pSec2-TNF alpha).

[Fig. 8] Figure 8 is a picture showing western blotting of B. Jongum 105A/pSP1B-TNF
alpha, B. longum 105A/pSP3B-TNF alpha, B. longum 105A/pSP4B-TNF alpha, B.
longum 105A/pSP7B-TNF alpha, B. longum 105A/pSP12B-TNF alpha, B. longum
105A/pSP16B-TNF alpha, B. longum 105A/pSP23B-TNF alpha, B. Jlongum
105A/pSPTA-TNF alpha and B. longum 105A/pSec2-TNF alpha. In this figure, C
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head 1201317 <- 1202642 13 head 1744372 <- 1744605 14 head 1958176 <- 1958493 15 head
2225694 <- 2227349 16 head 2258216 <- 2258665 17 not head 58769 -> 59881 18 not head 471365
-> 472411 19 not head 768637 -> 768834 20 not head 695274 <- 696701 21

indicates the lane for intracellular protein extract, T indicates the lane for the culture
supernatant concentrate, S indicates the lane for the culture supernatant and the
numbers on the vertical axis indicates the molecular weight (kDa).

[0048]

[Fig. 91 Figure 9 is a picture showing the results of western blotting of B. longum
105A and B. longum 105A/pTNF3. The numbers on the vertical axis indicates the
molecular weight (kDa).

[Fig. 10] Figure 10 is a map showing a summary of the construction of plasmid
pBifi-SP3B-TNF alpha.

[Fig. 11] Figure 11 is a picture showing the results of western blotting of
Bifidobacterium longum 105A/ pBifiSP3B-TNF alpha. The molecular weight markers
of Lane 1 indicate, from the bottom, 20, 30, 40, 50, 60 and 80kDa, respectively.

[Fig. 12] Figure 12 is a map showing a summary of the construction of
TNFa-expressing plasmid (pTNF3).

[0049]

[Fig. 13] Figure 13 is a map showing a summary of the construction of a mock
plasmid (pBEshuttle) having a protein-expression cassette that does not comprise any
insert.

[Fig. 14] Figure 14 is a graph showing the results of cytotoxicity assay for TNFa.

[Fig. 15] Figure 15 is a graph showing the results of chronological changes in tumor
volume in an in vivo antitumor effect measurement assay in mouse for secretory
TNFa-expressing plasmids B, Jlongum 105A/pSP3B-TNF alpha and B
brevelpSP3B-TNF alpha.

[Fig. 16] Figure 16 is a graph showing the results of chronological changes in tumor
volume in an in vivo antitumor effect measurement assay in mouse for secretory
TNFa-expressing plasmids B. longum 105A/pSP3B-TNF alpha used in combination
with adriamyecin.

[Fig. 17] Figure 17 is a map showing a summary of the construction of a non-secretory
human IL-18-expressing plasmid phIL18mut-His.

[Fig. 18] Figure 18 is a map showing a summary of the construction of a secretory

human IL-18-expressing plasmid pSP3B-hIL18mut.
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not head 708157 <- 708966 22 not head 930317< 931657 23 not head 1115148<- 1116155 24 not
head 1326094 <- 1327137 25 not head 1867821 <- 1868807 [0104] Production Example 1:
Construction of a Secretory GFP-expressing Plasmid (PSPxA-GFP) We constructed a plasmid
that expresses secretory GFP by a promoter of a signal peptide candidate. A summary is shown in
Fig. 1. Details are provided below. [0105] Insert Preparation Among the 25 secretory protein
candidates, for 16 whose gene are located on the head of the operon (Table 1, Nos. 1 to 16), putative
signal peptiggPAHMISFHRIFIG AR omoter and 60 to 90 nucleotides downstream thereof were
amplified by PCR method as described below. Forward primers were designed 300bps upstream
of the transPR9h start site and reverse primers were designed 60 to 90 bps downstream of the DNAs

encoding the signal peptiges+BOmNg whihegsaomiecRNACHRIfidghasctaduRmHRRgYIMEPRAWAS used as
template for PCR using 2 x Phusion Flash PCR Master mix (FINNZYMES). [0106] The PCR
program W@H&#&%%%‘s@%?‘ﬁ%&%%& B SE HIHRE B BB e SRS Heto s 5

seconds phust ¢2@fas& seeaplistandorigG firal mimtien PR thiemessttaieachgignalcheptite are
shown in Table 2:1. 15 pudleotides op 5 side, ofieach primer have, a homologoys sgquence to those of
the vectors slhownybe‘TBw.a[ f%ﬂ?’a%?e%.l fimers for amgh ication of signal peptides F Bxg\’)

other than the transformed anaerobic bacterium.

The secretory signal used herein means a DNA fragment consisting of a
nucleotide sequence encoding a secretory signal peptide (it may be referred to as a
secretory signal peptide gene).

[0051]

Herein, a DNA encoding a protein having an antitumor activity, a DNA
encoding a protein having an activity to convert a precursor of an antitumor substance
to the antitumor substance, and a DNA encoding a protein having a therapeutic
activity for an ischemic disease, etc. may collectively be referred to as "DNA encoding
the protein of interest".

[0052]

An "siRNA" used herein is meant to include any of followings: an siRNA that is
referred to as a small interfering RNA or a short interfering RNA, and a short hairpin
RNA (shRNA) which is cleaved by an enzyme such as a Dicer within the target cell to
generate an siRNA. It may also collectively refer to those including a modified siRNA
and an siRNA complex.

[0053]

An "expression cassette" used herein refers to a set of genes for allowing the
expression of certain protein or peptide fragment, and which comprises expression
units such as a promoter, a gene encoding a protein to be expressed (target gene) and a
terminator, and which may optionally further comprise other useful units. Other
useful unit may include such as, for example, a gene encoding a signal peptide such as
a secretory signal or a gene encoding a labeling protein.

[0054]
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No. Primer Name Sequence (5' -> 3') PCR product name 1 SP1 Fl primer
cttttctacggatccTCTCGTGTACGCGAATACG SP1 R1 primer
ctcetegeecttggaTTCCACGCGCTCCTTGG SP1A 2 SP1 F2 primer
cttttctacggatccCGCGCTGCAATGGCGTCGG SP2A SP1 R2 primer
ctcectegeecttggaCAAAAACAGCACGCGGGTG 3 SP1 F3 primer
cttttctacggatccGGUB PEFSE CASTGOAREBAS to a transforming plasmid for producing a

transformed anaerobic bacterium, comprising an expression cassette comprising a
secretory signal that functions in the anaerobic bacterium, and being a non-shuttle
plasmid.

A transforming gene transfer carrier used for the treatment of a disease in
which the disease site is in an anaerobic environment (hereinbelow referred to as an
anaerobic disease) such as solid tumor or ischemic disease is required to be avirulent
from the safety point of view.

Moreover, it is more preferred to be obligate anaerobic bacterium which
colonizes and proliferates only in the disease tissue in an anaerobic condition, and
neither colonizes nor proliferates in a normal tissue that is not in an anaerobic
condition.

[0055]

The inventors previously studied on the method for treating malignant tumor
using an obligate anaerobe Bifidobacterium, and developed Bifidobacterium
longum105A transformed with a plasmid in which the gene of CD, an enzyme that
converts a prodrug 5-FC to an antitumor substance 5-FU, has been incorporated (see
Patent literatures 7 and 8).

It was confirmed that these transformed bifidobacteria specifically colonized
and proliferated in an anaerobic disease tissue in a hypoxic condition upon being
intravenously administered into a model animal of solid tumor, i.e., an anaerobic
disease, whereas they quickly disappear in a normal tissue that is not in an anaerobic
condition (see Non-patent literatures 1 and 2).

[0056]

Nevertheless, since the transformed bifidobacteria have been transformed
using . coli - Bifidobacterium shuttle plasmids such as pBLES100-S-eCD or
pAV001-HU-eCD-M968, they might be replicated in . coli when being horizontally
transferred to £. coll.

Therefore, the inventors improved the plasmid in order to solve this problem
and developed a non-shuttle plasmid pBifiCD which does not comprise a replication

origin that functions in Z. coli (see Patent literature 9).

18



SP3A SP1 R3 primer ctcctcgeecttggaGGCGATGGTCAGCTTGC  SP1 F4 primer
cttttctacggatccCATCAGAGGAGCCGGTGC 4 SP4A SP1 R4 primer
ctcectegeecttggaGCCGAACAGACGCGGGGG SP1 F5 primer
cttttctacggatccCTCGCGGGCTTGGCGGTC 5 SP5A SP1 R5 primer
ctcetegeecttggaTTGGTCGATGATGGCCTTG SP1 F6 primer
cttttctacggdBeBTTCGGGTCCGGGTGCGG 6 SP1 R6 primer

CtCCthCCCttggaA-EQ%%TPAYGt@AQJg ;E-gf%glaﬁjcj ﬁﬁ‘norﬁf) h Zh%gmﬁnsformed bacteria, 1.e.,
cttttctacggatccAGGCGGTCCATGGTGGATG 7 SP7A primer

ctectcgeccRBGRAETFOAnE TRy fERE %@th@Wﬁﬂéﬂ%ﬁ?@fﬁéd@&fc%ﬁ@e@WmG GACGCGCAG
8 SP8A SRbRSRdparCicatcgreeogdcAEGHLIE Glahte Gl e r to minimize its side

effects. The inventors therefore transformed these transformed bifidobacteria using
the plasmids none of which comprises a secretory signal, such that the expressed CD is
not to be secreted from the bacteria cell but to convert intracellularly-incorporated
5-FC to 5-FU and export it from the bacteria cell, so that 5-FU exerts its antitumor
activity only within tumor tissue.

[0058]

The bifidobacteria transformed with these plasmids without a secretory signal
was characterized in that they colonize and proliferate specifically in an anaerobic
disease tissue in an anaerobic condition and that the enzyme CD remains inside of the
bacterium that colonizes and proliferates specifically in the anaerobic disease tissue.
From these characteristics, the bifidobacteria has an advantage that they could avoid
the systemic side-effect of antitumor substance 5-FU. On the other hand, a problem
was also found that the 5-FU production is not equal to the CD production produced by
the transformed Bifidobacterium but correlates to the amount of 5-FC uptake by the
bacteria cell, thus the enzymatic function of the produced CD was not fully exerted.
[0059]

Moreover, in a case of a bacterium which produces not an enzyme that converts
a prodrug such as CD to an antitumor substance but produces an antitumor protein or
nucleic acid, it was necessary to destroy the cell after its expansion in the anaerobic
disease tissue, in order to release the produced antitumor substance from the bacteria
cell.

In order to solve these problems, the inventors started the development of a
plasmid comprising a secretory signal that functions in an anaerobic bacterium,
preferably an avirulent, obligate anaerobic bacterium, for allowing the secretion of the
produced active substance, and the inventors developed a signal peptide useful for the
production of said plasmid, which functions at least in the anaerobic bacterium and

exhibits an excellent secretory effect of the expressed protein.
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SP1 F9 primer cttttctacggatccCCAGGGCCCGAAGGAAGAG 9 SP1 R9 primer
ctcectegeecttggaGACGATCTGATGCGCCAGC SP9A SP1 F10 primer
cttttctacggatccCAGCCCATCGCTATGGAG 10 SP1 R10 primer
ctcetegeecttggaTCGCTGCTTGAGTTTGCCG SP10A SP1 F11 primer
cttttctacggatccTCTGTAGCGGGAGGTTGCG 11 SP1 R11 primer
ctectcgecctt§@CAGCGTGGGCTCCCAAGCC SP11A

Furthermore, in a method for treating such as solid tumor using a
transformant gene transfer carrier, as mentioned above, it is also very important that
the transforming gene in the gene transfer carrier to be used is not to be horizontally
transferred to a pathogenic bacterium or an aerobic or facultative facultative anaerobic
bacterium other than said gene transfer carrier, and that it is not to be replicated in
that bacterium even if it was horizontally transferred.

Accordingly, said plasmid comprising a secretory signal is preferred to be a
non-shuttle plasmid that does not have a replication origin that functions in an
bacterium other than the transformed bacterium.

[0061]

The plasmid of the present invention is a plasmid for producing a transformed
anaerobic bacterium, comprising an expression cassette comprising a secretory signal
that functions at least in the anaerobic bacterium. Moreover, it is a non-shuttle
plasmid, which does not comprise a replication origin that functions in a bacterium
other than the transformed bacterium and which is not mutually replicated in both the
transformant and other bacteria.

More specifically, it is a plasmid for producing a transformed anaerobic
bacterium, which functions at least in Bifidobacterium, and which comprises an
expression cassette having a secretory signal exhibiting an excellent secretory effect,
and which does not comprises a replication origin that functions in a bacterium other
than the transformed bacterium and which is not mutually replicated in both the
transformant and other bacteria.

[0062]

The transforming plasmid of the present invention is characterized in that, by
using this, it is able to produce a transformed anaerobic bacterium that is capable of
expressing any protein or nucleic acid of interest and exerting an excellent and
practical secretory function by the action of the secretory signal peptide contained in
the expression cassette.

Moreover, the transforming plasmid of the present invention is characterized in

that it is a non-shuttle plasmid vector which does not comprise a replication origin that
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SP1 F12 primer cttttctacggatccGCGTTACTTCCATGTTCGC 12 SP1 R12 primer
ctcectegeecttggaGGAACGGGTCCACAGGGTG SP12A  SP1 F13 primer
cttttctacggatccCCTTCTCAACGCCAGCGGC 13 SP1 R13 primer
ctcectegeecttggaAGACTCGCTAGCACAGCAC SP13A SP1 F14 primer
cttttctacggatccGACATAGCGCGGTTTCATACC 14 SP1 R14 primer
ctectegeccfiyydiPies @ CCACTATREFCENCt ISRk formed bacterium and which is not

mutually replicated in both the transformant and other bacteria.
[0063]

To date, Bifidobacterium adolescentis amylase and Bifidobacterium breve Secl,
Sec2 and Sec3 for example have been reported as a signal peptide that functions in an
anaerobic bacterium, especially in Bifidobacterium, and the plasmids with their
secretory signals transferred therein have also been reported. However, in the
bifidobacteria transformed with these plasmid, the expected secretion of the protein of
interest was small.

[0064]

Moreover, no GFP-secreting function was exhibited in Bifidobacterium longum
transformed using a plasmid produced by cloning the secretory signal and promoter
regions of the Bifidobacterium adolescentis amylase and incorporating these with a
gene encoding an UV-optimized green fluorescent protein mutant (GFPuv:
CLONTECH Laboratories, Inc.), when being confirm its secreting function of an
expressed protein (GFP), assuming that this secretory signal peptide does not afford
secreting any protein of interest.

[0065]

Furthermore, previously reported plasmid vectors for producing transformed
anaerobic bacteria which extracellularly secrete the expressed protein are shuttle
plasmids made by fusing a plasmid derived from £ coli to a plasmid derived from the
transformed bacterium, which function both in £. coli and the transformed bacteria.
No report has been made on a transforming plasmid which functions only in the
transformed bacterium other than Z. coli.

[0066]

As a secretory signal peptide that functions in an anaerobic bacterium
comprised by the transforming plasmid of the present invention, any secretory signal
peptide may be used as long as it functions at least in the anaerobic bacterium,
although those which function in Bifidobacterium are preferred. In view of the
toxicity to the transformed bacterium and functionality, a secretory signal peptide

derived from Bifidobacterium is more preferred, and a secretory signal peptide derived
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SP1 F15 primer cttttctacggatccACCGGCACCTGCGCCGGCG 15 SP1 R15 primer
ctcctegeecttggaCTTGCCTGAGGCATCTTG SP15A  SP1 F16 primer
cttttctacggatccCATCGCAACACCTCCATATTGTTCC 16 SP16A SP1 R16 primer
ctceectegeecttggaGGCCAACGGAGTCGTCTCG [0108] Analyses of a part of PCR product using
2% agarose gel (I x TBE buffer, with ethidium bromide) confirmed a single band of putative size.
When a sifigle bZidedast eraticolfisnedisdongeling téanpdratiire wabelhlpeedtioynissdsto 60C and

performed REGR QMG b actEA BRI NRIR L WA HSINY PR AR MH&%@ kit
(QlAquick PCR purification kit, QIAGEN) and purified PCR products were quan fledr#/ absorption
&

photomete?ncodedw@r%l\b%ﬁfw@%@%%&amf%n@wdﬁm&éﬁ?é@f&ﬁ@ Rarhved %§0a signal

peptide XAz@B%eal%eh&@ﬂc@)u{Qm%\e{ﬁ@tﬁr Rieparationotide Yiesloss e abasning SBthivesa prepared
as follows. As r of the preparation is shown in Flg l. Pla%§M§ -GFPuy (ictor (Fig. I, top

panel, r.gh?rf@ T A S A T e SHIATC oY Hom
Fermentas)uaemﬂageml@dﬁmf BAEQ iHasooreldnce dvitl2 the, m&tmz;tinn d6r0u28 afrtheiénzymes.
Digested plasmld was fractioned b electro Qre % a rificati x TBE
buffer, with y ethidium romlgc]i Ofle Ofa@%e ra;gr{%gn S?Iapper%eﬁrr?g% %kbugswé%%cét ou(t()]llaae(néld1 DNA was

extracted fropfearrakoselantt petifiodigsinlgp BN excadid ki @@M ambé%@t@e GedlBotidiction Kit,
QIAGEN). Ryuifigtk B4 Ot VECRN)Wasi §I8LHTRRPOTRSPL AN 8% 891988 QglLt 4l BE buffer,

with ethldlum bromide 52\ with a DNA concentration marker to estimate its concentration. For GFPuy
coding sediei¥ HpasiyBlcEbitvirdsr eddrshis merd Pedereistimized (GenScript) for
Bifidobactdpigen] [on 0] Recombination Reaction The vector and insert prepared above were

mixed in I: 3to 10 ar ratio, and linked hy recombination reaction (CIoneIﬁZ Ki GenScript).
Reacting condtion S HBFE Y Ko OHFCE Wi BhE RS SRR Ao T

transforming plasmid of the present invention may be any promoter as long as it
functions in an anaerobic bacterium and functions as a promoter of the secretory signal
peptide. Examples include such as a promoter adjacent to the upstream of a secretory
signal peptide derived from Bifidobacterium (promoter X), or a promoter of a gene
encoding a histone-like DNA binding protein that functions in Bifidobacterium (HU
promoter). Specifically, a promoter encoded by a DNA of a promoter region of the
nucleotide sequence expressed by any one of SEQ ID No.: 29 to 44, and a DNA of the
nucleotide sequence expressed by any one of SEQ ID No.: 45 or said nucleotide
sequence in which one or several nucleotide thereof are deleted, substituted or added is
included. Among these, a promoter or HU promoter encoded by a DNA of a promoter
region of the nucleotide sequence expressed by SEQ ID No.: 35 or a single nucleotide
polymorphism thereof is preferred, and a HU promoter is more preferred, and a
promoter encoded by a DNA expressed by the nucleotide sequence of SEQ ID No.: 45 or
said sequence in which one or several nucleotide thereof are deleted, substituted or
added is most preferred.
[0068]

Furthermore, a terminator comprised in the transforming plasmid of the
present invention may be any terminator as long as it functions in Bifidobacterium and

functions as a terminator of a secretory signal peptide, although a terminator of a gene
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Transformation of E. coil E call TOP10 chemically Competent Cell (Life Technologies Japan)
was transformed using 21IL of the recombination reaction solution above, smeared onto a LB
(containing 751.1g/mL spectinomycin) plate and cultured overnight at 37C. Transforming conditions
were in accordance with the product instruction. The transformed E. coil colonies were cultured
overnight in a LB (containing 751.1g/mL spectinomycin) liquid medium at 37C, and plasmid was
extracted feonedhez cultister(QlikprBp & pimditigi propeitt I ABENINT he Fisdrbgetpréncd iithis plasmid

was determingel, A e, AAUE WA | %Q%ﬁﬁﬂ%ﬁ&&%&%&é%ﬁ)e [Q4dedfganstormation of

Bifidobacterium 3 t0 5'IL of the plasmid DNA extracted from transformed E coil above was used

for transfofititg BRSNS fot bt ARy e SR SBFRIBY 8y sttt tEedeptifethereib-Rad

Laboratorigs). denpedisteyt afterdan elertiicssheskpamixtdre of 80011L of IMR liquid medium and
5011L of v'ttamiT C additive solution was added to the cuvette, which was then collected in a sterilized

2mL microttB®’' similar manipulation was performed for each tube, before loosening the lid of these
2mL tubes and placiam gleandeksicatan uthett e ssitatne wvasadeagraibed] byt @ & aclyunophism and filled
with carbo digxide 1015 manjeiationauas,iepeaied (e mes o, eplage e alfdp th dessicator
with carbon dioxide, betore placing the déssicator in an incubator Set to 37C and incu ating for 3
hours. [01iB}ludingAfteNiRetinoalsatiors ealrbadiBral sespensiveswasaizxddghondughly, and 10011L

thereof wag, RAsEd Bid SR SAeH IR RUAANIR: A9 BR MR LR LCANRINING: 42 Tt 8B 2Rk T hese

plates were placed in a sealed vessel with deoxygenating/carbon dioxide-generating agent (Anaero
PacO-AnaéiPsitrsdprsdielAs CHEMICAL, INC.) and cultured for two days in an incubator set to
37C. [on 4]ddraduction Example 2: Construction of a Secretory GFP-expressing Plasmid
(DSPxB-GFP) A plasmid that expresses secretory. GFP_gy histone-like promoter (HU promoter) of
Bifidobacterium. A*SGmmary1s° RROESY 9F BIEsie 209 givaiebaibo. 5fﬁ%r]efﬁge(hepraeparation
Among the 2z searatd iy proteid candidatesfuboveg ol 22 idasfdidates o snilei tipi 9224 £2b) excluding
3 (Nos. 17,18 kgeoglstggtsyl\é%rg assumed t(z{prel daeffilcientc?ro ein%%oglin&g sequences, DNAJ{ai ments

containingl%ha putative &gnafﬁe%eﬁlcfee(r:lgo|ﬁggpartlsm§%8 B0 {0 96 nucIotides downstleam thereof were

amplified ByaPBRaFeviHranorersitye regdusicmed iagtheteaeisl diomstartisite ravdieeeerséyprimers
were desigged af LN RUEIROHLES Q&&’&%?I&@&’%Wgoi Zﬂ?%ghlﬁf dipgihaisigpabRentides. PCR
L. nucie

primers for each signal peptide are shown in Table 2.2. otides at 5' side of each primer have a
homologo ¥ SagERIMie b ANE a5 P Y RSRRCB AR e BRI DTLTIPSAINE2. 2 Primers for amplification of

signal peptides (SR xudreepertNhasie SBRUanESs (2h-2s3 een fluorescent protein (GFP) and red

fluorescent protein (RFP) of various types.
[0071]

A protein having an antitumor activity includes, for example, a cytokine, and
the examples of specific cytokines include such as interferon (IFN)-q, B, v,
granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin (IL)-1a, 18, 2,
3,4, 6,17,10, 12, 13, 15, 18, tumor necrosis factor (TNF)-a, lymphotoxin (IL'T)-B,
TNF-related apoptosis inducing ligand (TRAIL), granulocyte colony-stimulating factor
(G-CSF), macrophage colony-stimulating factor (M-CSF), macrophage
migration-inhibitory factor (MIF), leukemia-inhibitory factor (LIF), T cell activator
co-stimulators B7 (CD80) and B7-2 (CD86), Kit ligand, oncostatin M.

It also includes anti-angiogenic agents such as endostatin, angiostatin,
kringle-1, 2, 3, 4 and 5.
[0072]
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PCR product SP1 F2 primer caagaaggatgctttATGGCGGAAACTACCGTTAAGC 1 SP1 R1 primer
ctcectegeecttggaTTCCACGCGCTCCTTGG SP1 5P2 F2 primer
caagaaggatgcttGTGGGTATGACTGAGAACG 2 SP1 R2 primer
ctcectegeecttggaCAAAAACAGCACGCGGGTG SP2 5P3 F2 primer
caagaaggatgctttATGTTCAATAAGCGACAC 3 SP1 R3 primer

ctcctegeccttggaG EOGARGESTCAGCGTREE 8R@nvert a precursor of an antitumor substance to

the antitumor substance may include such as cytosine deaminase (hereinbelow
referred to as CD), i.e., an enzyme that converts 5-florocytosine (hereinbelow referred
to as 5-FC) to an antitumor active substance 5-fluorourasil (hereinbelow referred to as
5-FU); nitroreductase, i.e., an enzyme that converts 5-aziridino-2,4-dinitrobenzamide
(hereinbelow referred to as CB1945) to an antitumor active alkylating agent; herpes
simplex virus type 1 thymidine kinase (hereinbelow referred to as HSV1-TK), i.e., an
enzyme that convert gancyclovir to an antitumor active metabolite; and B-glucronidase,
1.e., an enzyme that convert a glucronate-conjugated antitumor active substance to the
antitumor active substance.

[0073]

Moreover, proteins having a therapeutic activity for an ischemic disease may
include a protein having a proangiogenic activity useful for treating an ischemic
disease. Specifically it may include such as fibroblast growth factor 2 (FGF2),
endothelial cell growth factor (ECGF), vascular endothelial growth factor (VEGF) and
hepatocyte growth factor (HGF).

The sequences of these proteins are known in various organisms, and a DNA
encoding the protein of interest may be obtained by utilizing known procedures such as
PCR methods and artificial gene synthesis, based on the sequence information thereof.
[0074]

A nucleic acid having a therapeutic activity for a disease in an anaerobic
environment may include an siRNA associated with an anaerobic disease factor.

More specifically, siRNAs directed to tumor cell growth factors such as fibroblast
growth factor 2(FGF2), endothelial cell growth factor (ECGF), vascular endothelial
growth factor (VEGF) and hepatocyte growth factor (HGF) may be included.

Similarly, the sequences of these nucleic acids are known and can be obtained
by utilizing known procedures such as PCR methods based on the sequence
information thereof.

[0075]

The plasmid of the present invention may be produced, for example, as follows:

24



5P4 F2 primer caagaaggatgcttATGACCACTCACAACAGC 4 SP1 R4 primer
ctcctegeecttggaGCCGAACAGACGCGGGGG SP4 SP5 F2 primer
caagaaggatgctttATGACCGCGATTGACGAG 5 SP1 R5 primer
ctcetegeecttggaTTGGTCGATGATGGCCTTG SP5 6 5P6 F2 primer
caagaaggatgctttATGAAGATTGCGGTTGCAGG SP6 SP1 R6
primerctcctcgecctyghATIE BASAR TAG BADTITFRAE G0y eSPRIHE, according to the routine

primercaaqgg&g@%g’gt%{%@}&%%gg Qﬁ?&%@a%{%ﬁ Klaving a replication origin that

functions in each of a transformant and other bacteria (e.g., £. coli) a secretory signal
that functions at least in Bifidobacterium and its promoter gene, and, in their
downstream, at least one gene or nucleic acid encoding a desired protein useful for
diagnosis or treatment of an anaerobic disease (target gene), and, in further
downstream, a terminator gene of the secretory signal peptide that functions in the
anaerobic bacterium.

[0076]

Furthermore, if desired, the replication origin of the bacterium other than the
transformed bacterium may be removed from this shuttle plasmid to produce a
non-shuttle plasmid.

The operation in each step may be performed in accordance with known method
as described in literatures.

The gene transfer carrier for treating an anaerobic disease of the present
invention may be produced by transforming any anaerobic bacterium to be transformed
using said transforming plasmid of the present invention, according to known methods
in the art of genetic engineering.

[0077]

Because the anaerobic bacterium transformed with a transforming plasmid of
the present invention is to be used for a therapeutic agent for an anaerobic disease
such as solid tumor, it must be an obligate anaerobic and avirulent. Thus, it may be a
virulent bacterium such as Clostridium or Salmonella that has been made avirulent, or
it may be a facultative anaerobic bacterium such as Lactobacillus that has been
mutated to an obligate anaerobic.

Preferably it includes an avirulent anaerobic bacterium, more preferably an
avirulent enterobacterium, and among those Bifidobacterium is most preferred.

[0078]

Bifidobacterium includes, for example, Bifidobacterium adolescentis,

Bifidobacterium angulatum, Bifidobacterium animalis, Bifidobacterium asteroides,

Bifidobacterium bifidum, Bifidobacterium boum, Bifidobacterium breve,
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SP1 R7 primerctcctcgeecttggaGGTGGAGGTGGATTCGG 8 SP8 F2
primercaagaaggatgctttATGGTTGGTGACGACACC SP8 SP1 R8
primerctcctcgeecttggaCATCGTTGCCTCGCCCG 9 SP9 F2
primercaagaaggatgctttATGGGCACCATGATGCG SP9 SP1 R9
primerctcctcgeccttggaGACGATCTGATGCGCCAGC 10 SP10 F2
primercaadddggbtgbttATGAPGASTGCHECRSAG G S PAGr8RmRAYidobacterium

prlmerCtCC%ﬁﬁgm%Tgﬁngggg— TL@#@ILTL@%I%O%;C@? Jdnf gentzco]ens Bifidobacterium
pr|mercaagaaggatgctttATGAAGTTCACCGTTGC SP11 SP1R11

primerctcclyt&itygtherEron eticeckkidderteyum gallinarum, Bifidobacteria

globosum, Bifidobacteria indicum, Bifidobacterium infantis, Bifidobacteria inopinatum,
Bifidobacterium lactis, Bifidobacterium lactentis, Bifidobacterium Iliberorum,
Bifidobacterium longum, Bifidobacterium magnum, Bifidobacterium merycicum,
Bifidobacterium minimum, Bifidobacterium mongoliense, Bifidobacterium parvulorum,
Bifidobacterium pseudocatenulatum, Bifidobacterium pseudolongum, Bifidobacterium
psychroaerophilum, Bifidobacterium pullorum, Bifidobacterium ruminale,
Bifidobacterium ruminantium, Bifidobacterium saeculare, Bifidobacterium scardovil,
Bifidobacterium subtile, Bifidobacterium suis, Bifidobacterium thermacidophilum,
Bifidobacterium thermophilum, and Bifidobacterium longum is most preferred.

[0079]

These bacteria are all commercially available or readily available from a
depository organization. For example, those such as Bifidobacterium longum
ATCC-15707, Bifidobacterium bifidum ATCC-11863 and Bifidobacterium infantis
ATCC-15697 can readily be obtained from ATCC (The American Type Culture
Collection).

Strains of each bacterium are not particularly limited. For example, strains of
Bifidobacterium longum may include strains of Bifidobacterium longum 105-A,
Bifidobacterium longum a¥.-194b, Bifidobacterium longum bs-601 and Bifidobacterium
longum M101-2, among which Bifidobacterium longum 105-A strain is preferred.
[0080]

Strains of Bifidobacterium breve may include for example Bifidobacterium
breve standard strain (JCM1192), Bifidobacterium breve aS-1 and Bifidobacterium
breve 1-53-8W strains, among which Bifidobacterium breve standard strain and
Bifidobacterium breve aS-1 strain are preferred.

Strains of Bifidobacterium infantis may include for example Bifidobacterium
infantis standard strain (JCM1222) and Bifidobacterium infantis I-10-5 strain, among
which Bifidobacterium infantis standard strain and Bifidobacterium infantis 1-10-5

strain are preferred.
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SP12 F2 primercaagaaggatgcttATGGTGTCTTTCAATAAACTGACC SP12 SP1 R12
primerctcctcgcccttggaGGAACGGGTCCACAGGGTG 13 SP13 F2
primercaagaaggatgctttATGGTCGCCGTCCTCAGG SP13 SP1 R13
primerctcctcgcccttggaAGACTCGCTAGCACAGCAC 14 SP14 F2
primercaagaaggatgctttTTGCCGGGACCTATATGTCC SP14 SP1 R14
primerctcct8g8ttitggaTTGGGCCACTATTGTCTTC 15 SP15 F2

primercaagaaggalgetitN AN L L AT ALIIALGY MG de fdPebb B Wt dobacterium
primerctcctcgeccttggaCTTGCCTGAGGCATCTTG 16 SP16 F2

primercaadadggatiantraiteRATeMIBOATCATCG SP16

The gene transfer carrier of the present invention is a gene transfer carrier
consisting of said anaerobic bacterium transformed with the transforming plasmid of
the present invention, being capable of growing in a tissue in an anaerobic
environment, and being capable of expressing a protein having an activity of interest,
and having no possibility of being horizontally transferred to a pathogenic or aerobic or
facultative anaerobic bacterium other than the transformed bacterium.

[0082]

The production of the gene transfer carrier of the present invention may be
carried out according to methods described in commercially available experiment
protocols such as "IDENSHI MANUAL" (Kodan-sha), "IDENSHI-SOUSA JIKKEN
HOU", Y. Takagi ed., (Kodan-sha), " Molecular Cloning", Cold Spring Harbor
Laboratory, 1982, "Molecular Cloning", 2nd ed., Cold Spring Harbor Laboratory, 1989
and Methods in Enzymol., 194, 1991.

[0083]

The pharmaceutical composition of the present invention is not particularly
limited as long as it comprises a gene transfer carrier of the present invention. Also,
the therapeutic agent of the present invention for an anaerobic disease is not
particularly limited as long as it comprises a gene transfer carrier of the present
invention.

Also, the pharmaceutical composition or therapeutic agent for an anaerobic
disease of the present invention may comprise two or more of the gene transfer carriers
of the present invention.

[0084]

Moreover, the pharmaceutical composition or therapeutic agent for an
anaerobic disease of the present invention may be used in combination with a
pharmaceutical composition or therapeutic agent for the anaerobic disease comprising
a compound exhibiting a therapeutic effect for the anaerobic disease other than the

gene transfer carrier of the present invention.
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SP1 R16 primerctcctcgeecttggaGGCCAACGGAGTCGTCTCG 19 SP19 F2
primercaagaaggatgctttTTGGCAAGATGGGTCACTC SP19 SP19 R2
primerctcctcgeccttggaGCCCATGACCGGCATGAAC 21 SP21 F2
primercaagaaggatgctttATGGCATTGACTGATGAACAGG SP21 SP21 R2
primerctcctcgcccttggaACGTGCAGTGGTATGGATG 22 SP22 F2
primercaagaaggaidettTeG GTRIETMIGHGAAG SR S§P2R1RPeutic agent for an

pnmerctcc%gggg(ﬁgfg %@gﬁgé%@ﬁ-\lgrggn %?h? E(%ﬁﬂ: %A M'mﬁ{onal ingredient other
gaaggatgctttATGAACAAGCGATGGAAC SP23

than the gene transfer carrier of the present invention as long as it does not interfere
with the effect of the present invention. Such optional ingredient includes for example
such as a pharmacologically acceptable carrier, excipient or diluent.

[0085]

The dosage form of the pharmaceutical composition or therapeutic agent for an
anaerobic disease of the present invention is not particularly limited, and may include,
for example, a liquid or solid formulation comprising a gene transfer carrier of the
present invention. A liquid may be produced by purifying the culture medium of an
anaerobic bacterium of the gene transfer carrier of the present invention, adding
thereto an appropriate physiological saline or fluid replacement or pharmaceutical
additives as required, then filling it into an ample or vial. A solid formulation may be
produced by adding into a liquid an appropriate protective agent and filling it into an
ample or vial before lyophilizing or L.-drying it, or by adding into a liquid an
appropriate protective agent and lyophilizing or L-drying it before filling it into an
ample or vial. Method for administrating the pharmaceutical composition or
therapeutic agent for an anaerobic disease of the present invention may be either oral
or parenteral administration, although parenteral administration is preferred, such as,
for example, an intravenous injection, subcutaneous injection, topical infusion or
intraventricular administration, and an intravenous injection is most preferred.

[0086]

A dosage of gene transfer carrier of the pharmaceutical composition or
therapeutic agent for an anaerobic disease of the present invention is not particularly
limited as long as it is an amount sufficient to allow the growth in a disease site and
the expression of the active protein of a therapeutically effective amount, although, in
view of cost and avoiding the side effects as much as possible, it is preferred to be as
small as possible within a range such that a desired therapeutic effect can be achieved.

A dosage of gene transfer carrier of the pharmaceutical composition or
therapeutic agent for an anaerobic disease of the present invention may appropriately

be selected according to the severity of the disease, the body weight, age and sex of the
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SP23 R2 primer ctcctcgeecttggaGATCGTCTTGAGAATCTTCAGAC SP24 F2 primer
caagaaggatgcttATGGTCGGCATGCGCGAC 24 SP24 R2 primer
cteectegeecttggaGTTGGTGCGGTTCCGGTAG SP24  SP25 F2 primer
caagaaggatgctttGTGATGTTATCCACACC 25 SP25 SP25 R2 primer
ctcectegeecttggaCTGCTCATGATCGGCCCAG [on 8] PCR was performed in a similar way to
ProductiorpExantpiad mibw\apranplrthtelrbpanetkRERoprdduetsaderecordmed aths Ryw¢keafl -16, 19,
21-25). [orhglj}/o%ii%ﬁr_eparation Vectors for cloning SPx were prepared as follows. A summary
of the preparation is shown in Fig. 2. Plasmid pScHuGFPuy vector (Fig. 2, top panel, right figure; SEQ
ID No.: 2) \L@Q§?hlly digested with Hindlll (Fermentas). Reacting conditions were in accordance to the

instruction of the amzymeaRigaste plassigwar Hashivoemh Oy RlecttopRarasis P £h8% agarose gel for
purification (1 x TBE huffer, with ethidium bromide), andéa st@igr%t chain DNA fragment of,
&

approximafel§ A8 REPE RS THE B Shth BFRACHAS B h B Atori Rydrd8s SRt putiied Withg DNA
extraction kiisfremnta gell @Ahe okt Behbxtradtion dith®hedrdbicPuarifeet DNAdBEghenisfdector) was
electrophoresed on 0.8% agarose gel (1 x TBE buffer, with ethidium, bromide) with a DNA
Concentrati R b B B e L pscHuGFPuy
vector, codwutehiave tedenueptintireth(GarStriptlyfelf@ifide bavteniunt L1020} Revorsbisttizre Reaction

The vector gng Inse i e BA G ARONE-WEFS THEE 0l dr 30 1A MR!BFJAHA: ANGE iRkSd R

recombination reaction (CloneEZ Kit, GenScript). Reaction conditions were in accordance with the
product indtratiBiythe apaesphirhasitidnotebedied:

[0088]

In specific, in the case of an intravenous administration, for example, it is
particularly desired to decrease the risk of embolization by bacterial mass. Therefore,
a preference is given to either a plurality of separate injection of an injectable
formulation at a concentration as low as possible, or a continuous infusion of a dilution
with an appropriate fluid replacement. For example, in an adult, the bacterial cells of
the anaerobic bacterium of the invention are administered at 106 to 1012 cfu per 1kg of
the body weight, once to several times per day, for one to several days, either
continuously or with appropriate intervals. More specifically, 1 to 1000 mL per an
adult of a formulation containing the bacterial cells of Bifidobacterium of the invention
at 104 to 1010 cfu/mL is administered, either directly or in dilution with an appropriate
fluid replacement, once to several times per day, for one to several days.

[0089]

In case of a topical administration for direct administration to a disease tissue,
it is desired that the bacteria colonizes and proliferate throughout the disease tissue as
broadly as possible. Therefore, it is desired to administer an injection at a high
concentration to a plurality of sites in the disease tissue. For example, in an adult,
the bacterial cells of Bifidobacterium of the invention are administered at 106 to 1012
cfu per 1kg of the body weight, once to several times per day, for one to several days as
required, either continuously or with appropriate intervals. More specifically, 1 to

1000 mL per an adult of a formulation containing the bacterial cells of Bifidobacterium
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E coil TOP10 chemically Competent Cell (Life Technologies Japan) was transformed using 21IL of the
recombination reaction solution above, smeared onto a LB (containing 751.1g/mL spectinomycin) plate
and cultured overnight at 37C. Transforming conditions were in accordance with the product
instruction. The transformed E. coil colonies were cultured overnight in a LB (containing
751.1g/mL spectinomycin) liquid medium at 37C, and plasmid was extracted from the culture (QIAprep
Spin Minipeéphikitn GINGE N 1Phéoin8ETtkeadencal mithisqukab itenas dete raintd; Endtieetplasmid
was name@e@éx@?‘?&ﬁ%rﬁ%ﬁs(&‘aﬁs 11@1"3’(%.112&125) [0122] Transformation of Bifidobacterium

Bifidobacterium was transformed in a similar way as Production Example 1 above. [0123] Production
Example 3¢ [08AMstruction of a Secretory GFP-expressing Plasmid (uSec2-GFP) A secretory

peptide Sec2 haspera1taportestivBifidebasiaiiambiaya niCred003 il para £ thdactenatat al.,
Applied and EnV|r % ental rob &gy, 2003 Vo 69; pp6994-7001). From the genomic sequence of

B. longum i e‘ﬁ’tf@ﬁ?: 1t?1 RS Rt LeYoa 8%&%% 238RP¥fed and its secretory signal was
linked to a codingﬁeqmmﬁetmfrﬁﬁlx A@MSMWMﬁmﬁwme&ml&bysmHkhpﬂometeer

constructed u the plasmid S(:HQﬁ1 tor of roductlo Ie 2. amary is shown in
Fig. 3. Detalléf ?r%%qgé%r%lelowdgf}ﬁ nsert ?gﬁgeré%g}ﬁ tn gmp?f(r%rél aeﬁél SeC2-R2 primer

were designetbaisihe ¥randlat ]onlﬁahtesnt@@f@éb'@}gm%ml@@bffﬁ@a@t/\fnmea@ﬁhﬁrthé%lgnal
peptide cogingwaanencen.of Bl hirhdeanaauvely. Primer sequences are shown in Table 2.3.

15 nucleotides at 5" side of each primer have a homologous sequence to the vector shown below.
[0125] TabiR091 Primers for amplification of signal peptides (Sec2) Primer Name SequencePCR (5'

-> 3)product SecPhelREMEIcaAGAAGSHGH0N § GANPATATSZAMNEA HE RheG bR S862 Sec2-R2
primer ctcct r?rr&cttggaGTCGAGTTTC TTGgATCG 0126 PCR was performed in a similar way

to Producti BIADIB 1ROV RA%RE PRERSTes P ﬁGBFSdH&IWe{?ﬁ%? 8&%‘@@88? Yo127]

preferable to various solid tumors. Solid tumor may include such as, for example,
colorectal cancer, brain tumor, head and neck cancer, breast cancer, lung cancer,
esophageal cancer, gastric cancer, liver cancer, gallbladder cancer, bile duct cancer,
pancreatic cancer, pancreatic islet cell carcinoma, choriocarcinoma, colon cancer, renal
cell carcinoma, adrenocortical cancer, bladder cancer, testicular cancer, prostate cancer,
testicular tumor, ovarian cancer, uterine cancer, choriocarcinoma, thyroid cancer,
malignant carcinoid tumor, skin cancer, malignant melanoma, osteosarcoma, soft
tissue sarcoma, neuroblastoma, Wilms' tumor, retinoblastoma, melanoma and
squamous cell carcinoma.

[0092]

Other diseases in an anaerobic environment may include such as, for example,
ischemic diseases such as myocardial infarction or arteriosclerosis obliterans, or lower
limb ischemic diseases such as Buerger's disease.

The present invention also encompasses a novel secretory signal peptide useful
in particular for a use in foregoing plasmid, gene transfer carrier or pharmaceutical
composition. The inventors first performed a genomic analysis of Bifidobacterium
longum 105A which is a parent strain of foregoing transformed Bifidobacterium, in
order to discover a secretory signal peptide that functions in Bifidobacterium and

exerts an excellent secretory effect of the expressed protein. The inventors then chose
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Vector Preparation Preparation was in a similar way as Production Example 2 above, using a plasmid
pScHUGFPuy vector (Fig. 3, top panel, right figure; SEQ ID No.: 2) [0128] Recombination Reaction
The vector and insert prepared above were mixed in 1:10 molar ratio, linked by a recombination
reaction (CloneEZ Kit, GenScript). Reacting conditions were in accordance with the product
instruction. [0129] Transformation of E coll E coil TOP10 chemically Competent Cell (Life
Technologfésniaprany whslrbadfereedtaosing il bof the hecermbbinatiorerdaeticrregiution above.
Transforming condiions Wele:ln Acs Hranee WM (DR AIOAOE RStCMeins, 10 Redransformed E. cal
colonies were cultured overnight in a LB (containing 751.1g/mL spectinomy cin) liquid medium at 37C,
and p|asmW@K@@W%&%ﬁé&#&@?ﬁ%@@R{ﬂ@q@m}w@ﬁ@@%iﬂﬁ]wéﬁrmrmﬂe@myt?ﬁ@ﬁ%ért
sequence g Ehtﬁ(ﬂ{ﬁﬁgﬂd was determined, and the plasmid was named as pSec2-GFP (SEQ ID No.:
3). [0130] ran formation of Bifidobacterium Bifidobacterium was transformed in a similar way as
Production £X: pIe 1 above. [0131] Working ExampleGFP Protein Expression of Recombinant
Bifidobacteria  Thé¢he¢kootidbirgnthifid obactendiaptaiged tOtheP® duations kxamples 1 to 3
(Blfldobacterlum Iongéjm 05A/ %Es eA (%FP )‘éo% % t|f)|ltﬂ:iosk,)1actr;ir|umdlonigm(r)rtle%g)SA/ SFXB -GFP
(x=1-16, 1§n ﬁg;% and }f‘ ctenum fongum Al pSecz-GEP npg cerin stock sofl%dn were
inoculated &t d%wbﬂ@@@&i@gz %Wﬁtmg/mtom)e@momﬂchﬁ) liguid ﬁ'@mumﬁﬂfﬁmmﬂm i
anaerobic gandion At Al AR AR FHIME el ipRk R cEel yently, the
activating culture solution was inoculated at 0.5% in a medium (for each 20mL of APS-25-2.55E

(751. 1g/m|<_C§B%%)tlnomyC|n) liquid medium, 4mL of 1M sodium phosphate buffer (pH6.8) was added).

This was ciltgrgd in anaerobic condition at 37C for 18 hours. This culture solution was used to
prepare culture sypern gtant and intr ce lular proteins.as follows. [0133]
or 16 proteins in w a secretory signal is a Ja ent to a promoter, the

regions expected to be the promoter (promoter X) and secretory signal (hereinbelow
referred to as SPxA) were cloned and combined to a gene encoding UV-optimized green
fluorescent protein mutant (GFPuv; CLONTECH Laboratories, Inc.) and a terminator
of histone-like peptide (HU) of Bifidobacterium used in plasmid production described in
Patent literatures 7 to 9 above to generate a plasmid, and the secretory function of the
expressed protein (GFP) was confirmed for Bifidobacterium transformed with the
plasmid (pSPxA).

[0095]

Also, for all 22 proteins including the 9 rest proteins in which a secretory signal
1s not adjacent to a promoter, the secretory signal regions not including promoters
(hereinbelow referred to as SPxB) were cloned and combined to a promoter of
histone-like peptide (HU) of Bifidobacterium above, a gene encoding green fluorescent
protein and the terminator of histone-like peptide (HU) of Bifidobacterium above (HU
terminator) to generate a plasmid, and the secretory function of the expressed protein
(GFP) was confirmed for Bifidobacterium transformed with the plasmid (pSPxB) as
described above.

[0096]

The results confirmed that 12 plasmids (pSP7A-GFP, pSP12A-GFP,

pSP1B-GFP, pSP2B-GFP, pSP3B-GFP, pSP4B-GFP, pSP7B-GFP, pSPI9B-GFP,
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The culture solution was centrifuged and then culture supernatant was collected. Proteins in this
culture supernatant were precipitated by trichloroacetic acid (TCA), washed with acetone, dissolved in
an electrophoresis buffer, and the proteins in the culture supernatant were concentrated. Besides,
intracellular proteins were extracted as follows. 1mL of the culture solution was mixed with 4mL of

PBS, centrifuged at 12,000rpm for 5 minutes at 4C, and the supernatant was removed. The
precipitatiarBR&eBs (S nuE ABSRHP PED 4618 6dMrifudarPR2 g ol B thleosiedererataintg which was

repeated tyigg. ARCLWRSHNGLNG GRUPYeterD BLYoHHTE P! Il WishpRerppmogenized

with a sonicator. After cen?rifugation, the supernatant was collected to provide an intracellular extract.
[0134]  domnomsirteparmeritivad preiime i ritiviiehype Bwitrspet ittt tongum 105A for a
negative c@uipal. For a positive control for GFP protein, recombinant GFPuy (Clontech) was used.
The culture superpnatant concentrate (corresponding to 1mL culture solution) and intracellular protein
extract (corresporgdfﬁfﬁgn?%i’llﬂ SREF R %%%951%@% é’é%tﬁﬁlé’r'@s}@ﬂgéﬁ”fé)%% fris-glycine
gel (ATTOscargoratiomaddthGEhOkih hisowasst ranstersed d 6 dy RMBPFwithmbrgheh(mvilsggan, iBlotO
Transfer Stacks) using iBJotQ, Transfer Device (Invitrogen). After blotting, the membrane was blocked,
then rencta T e SR Ry lostenr o L e rimary
antibody anebariidRabbitl FoMREoCatj ey ale (Saied @nedBivtertmeisglMaer deiobrayaid@htibody, and

developedyyihs&:Cl, ddvonss WERIGHD @%%?g'l%g?éﬁﬁfiBQp‘ﬁM%ﬁs‘iﬁ%“i‘ﬂ%@ga@@ WagARlyzed by

an imaging analyzer (Fluor S Max, Bio-Rad). ' As a result, 13 bacteria (B. longum
105A/pSP B BEP B UsE G 10BARISPEBAG LS| 5idg HATKIS A SR BEPYBh B ngum
105A/pSP4Bskabtey Bt hesteHeNkaAMRRR (BB P S dopeiiarLabAY R PF GFoth JBelo ngiwn
105A/pSP10B-GFP, . longum 105A/pSP12B-GFP, B. longum 10 SP]&f}E;GFP"B' Ion%lm
105A/pSPS3BLEER "B hgtih TSRS B AGIER BO9Bh 5 To PISKGIEEHRE® Yongum
105A/pSed2sGhP)iklkeqwet keGidiing wiidehey S abtest(Waktparformed twigscand prominent

secretory effect was confirmed particular.in 5 (B. longum 105A/pSP3B-GFP, B. longu
A e L B
105Np5ec@iz@@baqqa@uw)tqms"6qwdnvﬁﬁg earhpienid: PRediBR) ofsal SseietdmboNer .
alpha-expressing; BifidobacigrimdRa Ryl alBbaand ReEsBsIEalpha) Construction of

Plasmid Vector DTNF1 The codons of coding sequence of human TNFa (Accession No.
X01394) w@tcéq%btimized for Bifidobacterium and inserted into pUC57vector (outsource synthesis to

GenScript). This plasmigwaspisadias amplaefonRCRnRIeSIARBE S £ ey, JAKARA BIO,

Inc.) targeting to TNFa coding region ysing TNF-F1 primer and TNF-R1 primer (Table 3). PCR product

was punﬂelal?émgafi%swﬁm kA S AR a45 ?@7&%5&%% gel, and

a DNA fradgiméhitofapproxinoatelyo Oid kpstywalsi cutweut. thbhhAnabtexiracttchirdiithisage(@Q@bAquick Gel

Extraction Ki% %IAGfENC) to provide Eh% insert.JOl%?ll Tgble 3 Primers fo& constructing plasmid vector
an rrunct e sse ed.

DTNF1 Primar gequenéoen( §§c§ he@xpr rotein’was confirm
The results confirmed that 9 plasmids (pSP7A-TNFa, pSP1B-TNFa,
pSP3B-TNFa, pSP4B-TNFa, pSP7B-TNFaq, pSP12B-TNFa, pSP16B-TNFq,
pSP23B-TNFq, and pSec2B-TNFa) showed secreting function, and 2 plasmids

(pSP3B-TNFa, pSP23B-TNFa) demonstrated particularly good secreting function of

the expressed protein.
[0099]

Furthermore, from these plasmids, plasmids in which replication origins that
function in bacteria other than Bifidobacterium, e.g., pUC Ori, were removed were
generated. These plasmid was used for transforming Bifidobacterium and their

secreting function of the expressed protein was confirmed. It was confirmed that the
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TNF-F1 primer TNF R1 primer gaaggatgctttATGTCCACCGAATCCATGATCCG
acgagcagaaggTCACAGGGCGATGATGCCGAAG [0138] Besides, the vector was prepared as
follows. 1011L each of the restriction enzymes FastDigest Bsp119 |, FastDigest Pst |, FastDigest Nde |
and FastDigest Ad | (Fermentas) were added to IOug of plasmid pCDshuttle (Patent literature 9;
W02009/128272A1) and incubated at 37C for 4.5 hours to fully digest the plasmid. This was
electrophorésedidnm8vbiahardSeQyel aanedlxDNA dragymimtdbapproximdiedyedia «ies thas cut out.
DNA was extrasted fiom, ihis, 06b(Q \AmickiGelipdiastion Kits QIAGEN ) Larpiavide thg, yector. [0139]

20 ng of the vector and 36ng of the insert above were linked by recombination of terminal sequences
using ClonBrgtiei eERIeSERses BRIt aiere in accordance with the product instruction of CloneEZ Kit.
21IL of thigdab# was used for transforming E. coliTOP10 chemically Competent Cell (Life
Technologies Japan). Transforming conditions were in accordance with the product instruction.
Transformed £ oo OIMRED wibfe BYREIE §%Féf‘ﬂ¥u‘ffﬁ€liﬁ PEVECSRETHIRY 781 §ht Spetifomycin) liquid
medium atf3Z&jcardc plasmich \Basdektrereted frond this dultiieh (€ lApsepeBain dMenipiep KitctIAGEN).
This plasm(;gt\ﬁ/agxnamed as iQCTNFl (Fig. 5, top panel, right figure; SEQ ID No.: 4). [0140] The

; d . . )
construction suemn%ﬁésseoi% asmids pSPxA-TNF alpha and pSPxB-TNF alpha in which the GFP

portion of plasmid8pSPxACBRP Ve, (EPBGIOP Isanbbreptetstadétcoy T algies were shown in

Figs. 5 and G, ie3RESHYElYr ac,ti%lé]\f'&ifél PINGIWaS BSedasemplata o RGRACIMRREARO HS
Premix, TAKARA BIO, Inc.) using TNFvec FI primer and TNFvec R1 primer (Tabie 4), and PCR

product of psteshinaaskr ks Wb erstentarpts provide i blscier ajp1a 1} thorasydetor primers

for construgéingtPSRrA-dNFealphghanth RIEXBTNm s Saskena hove 3) Adrvassh), préner
GTGCGCTSCTCCTCCCGTAC TNEvec R1 primer GCCGTAGTTAGGCCACCACTTCAAG [0142]
Besides, tRA5EERIPSBRASGER (KET Graby 158 piis’ GEpraiion “rsg i 156 dABE) which

showed seatrdtidgnientenayiizMiorkingoksiarapia drnva srid e asdie of plate fesedR Clr vantiification

(PrimeSTARO HS Premix TAﬁlAéRA BIICI)C,iIrpV%I)lt?&ghe insert using primers of Table 5, to provide the

insert. [Olﬂiqreargi%nép?ﬁggtrltlgrlmepﬁ%? constructing pSPxA-TNF alpha, pSPxB-TNF alpha and
pSec2-TNF alpha PCR product for Primers Sequence

[Examples]
[0101]

Hereinbelow, the present invention is illustrated more specifically by
production examples and working examples, although the technical scope of the
present invention is not to be limited by these examples.

[0102]
Reference Example 1: in Silico Screening of Secretory Signals

For 1941 amino acid sequences in entire translational region predicted from the
whole genome sequence of Bifidobacterium longum 105A, signal peptides prediction
using PrediSi was performed and 188 signal peptides were predicted. The prediction
employed a parameter set for Gram Positive Bacteria.

Among the 188 signal peptides predicted, 25 which did not have a
transmembrane region were chosen as secretory protein candidates. Their putative

secretory protein coding regions are shown in Table 1.

[0103]
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(5" -> 3") Template Plasmid pSP7A-TN F pUC ori F 2 primer g t gcctaactacggctacac pSP7A -GFP
5P7-TNF R1 primer ggaggaggagcgcacGGTGGAGGTGGATTCG GCGAAC pSP12A-T NF pUC ori F
2 primer tggcctaactacggctacac pSP12A -GFP  SP12-TNF R1 primer
ggaggaggagcgcacGGAACGGGTCCACAGG GTGAT pSP1B-TN F pUC ori-F 2 primer
tggcctaactacggctacac pSP1B -GFP SP1B-TNF R1 primer

ggaggaggdgbiac THECAGCGEGETCOIFRBZECGATGprotein candidates in the genome

Candidate No. Operon Position, direction

head 20020 -> 20982

—

2 head 762462 -> 763787

3 head 781649 -> 782512

4 head 842877 -> 844577

5 head 1433216 -> 1433650
6 head 1662965 -> 1664209
7 head 1917150 -> 1917836
8 head 164213 <- 165142

9 head 636847 <- 637464
10 head 752108 <- 752839
11 head 839663 <- 841006
12 head 1201317 <- 1202642
13 head 1744372 <- 1744605
14 head 1958176 <- 1958493
15 head 2225694 <- 2227349
16 head 2258216 <- 2258665
17 not head 58769 -> 59881

18 not head 471365 -> 472411
19 not head 768637 -> 768834
20 not head 695274 <- 696701
21 not head 708157 <- 708966
22 not head 930317 <- 931657
23 not head 1115148 <-1116155
24 not head 1326094 <- 1327137
25 not head 1867821 <- 1868807

[0104]
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pSP2B-TN F pUC ori F 2 primer tggcctaactacggctacac p SP2BGFP SP2B-TNF R1 primer
ggaggaggagcgcacCAAAAACAGCACGCGG GTG pSP3B-TN F pUC ori-F 2 primer
tggcctaactacggctacac pSP3B -GFP SP3B-TNF R1 primer
ggaggaggagcgcacGGCGATGGTCAGCTTG C pSP4B-TN F pUC ori-F 2 primer tggcctaactacggctacac
pSP4B GRP SP4B TNF R1 prlmer ggaggaggagcgcacGCCGAACAGACGCGGG GGAA pSP7B-TN

tion of a Secretory GFP-expressing Plasmid

(pSPxA- GFP)

We constructed a plasmid that expresses secretory GFP by a promoter of a
signal peptide candidate. A summary is shown in Fig. 1. Details are provided below.
[0105]

Insert Preparation

Among the 25 secretory protein candidates, for 16 whose gene are located on
the head of the operon (Table 1, Nos. 1 to 16), putative signal peptide portions
comprising a promoter and 60 to 90 nucleotides downstream thereof were amplified by
PCR method as described below.

Forward primers were designed 300bps upstream of the translation start site
and reverse primers were designed 60 to 90 bps downstream of the DNAs encoding the
signal peptides. 30ng of the genomic DNA of Bifidobacterium longum 105A was used
as template for PCR using 2 x Phusion Flash PCR Master mix (FINNZYMES).

[0106]

The PCR program was as follows: 98°C for 10 seconds, then 30 cycles of 98°C for
1 second plus 55°C for 5 seconds plus 72°C for 9 seconds, and 72°C for 1 minute. PCR
primers for each signal peptide are shown in Table 2.1. 15 nucleotides on 5' side of

each primer have a homologous sequence to those of the vectors shown below.

[0107]
Table 2.1 Primers for amplification of signal peptides (SPxA)
No Primer Name Sequence I]‘i))gECt
. (5v -> 3|) p
name

SP1_F1_primer cttttctacggatccTCTCGTGTACGCGAATACG SPIA
1 P1
SP1_R1_primer cteetegeeettggaTTCCACGCGCTCCTTGG

SP1_F2_primer cttttctacggatccCGCGCTGCAATGGCGTCGG P2
2 2
SP1_R2_primer ctectegeccttggaCAAAAACAGCACGCGGGTG

SP1_F3_primer cttttctacggateccGGCGTCTGGCAGCGCACAG SpaA
3 3
SP1_R3_primer cteetegeeettggaGGCGATGGTCAGCTTGC
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pSP7B -GFP SP7-TNF R1 primer ggaggaggagcgcacGGTGGAGGTGGATTCG GCGAAC pSP9B-TN

F pUC ori-F 2 primer tggcctaactacggctacac pSP9B -GFP SP9B-TNF R1 primer
ggaggaggagcgcacGACGATCTGATGCGCCA GCGCATC pSP10B-T NF pUC ori-F 2 primer
tggcctaactacggctacac pSP10OB -GFP SP10B-TN F R1 primer

ggaggaggagcgcacTCGCTGCTTGAGTTTGC CGGAAATC

tgg Cctaactacgg Cta%%b—gm% F[ptttctacggatccATCAGAG AGCCGGTGC

SP12B-T NF pUC ori-F 2 primer

SP1_R4_primer ctectegeecttggaGCCGAACAGACGCGGGGG SpPaa
SP1_F5_primer cttttctacggatccCTCGCGGGCTTGGCGGTC

° SP1_R5_primer ctectegeecttggaTTGGTCGATGATGGCCTTG SPoA
SP1_F6_primer cttttctacggatccGTTCGGGTCCGGGTGCGG

: SP1_R6_primer ctectegeecttggaATCGACAATAGGACTTTTCC SPeA
SP1_F7_primer cttttctacggatccAGGCGGTCCATGGTGGATG

! SP1_R7_primer ctectegeeettggaGGTGGAGGTGGATTCGG SPTA
SP1_F8_primer cttttctacggatccAACCATTCGGACGCGCAG

i SP1_R8_primer ctectegeecttggaCATCGTTGCCTCGCCCG Spea
SP1_F9_primer cttttctacggatccCCAGGGCCCGAAGGAAGAG

i SP1_R9 primer ctectegeecttggaGACGATCTGATGCGCCAGC SPoA
SP1_F10_primer cttttctacggatccCAGCCCATCGCTATGGAG

10 SP1_R10_primer -ctectegeecttggaTCGCTGCTTGAGTTTGCCG SP104
SP1_F11_primer cttttctacggatccTCTGTAGCGGGAGGTTGCG

H SP1_R11_primer -ctectegeeettggaCAGCGTGGGCTCCCAAGCC SP11A
SP1_F12_primer cttttctacggatccGCGTTACTTCCATGTTCGC

- SP1_R12_primer -ctectegeecttggaGGAACGGGTCCACAGGGTG SP124
SP1_F13_primer cttttctacggatccCCTTCTCAACGCCAGCGGC

' SP1_R13_primer -ctectegeecttggaAGACTCGCTAGCACAGCAC SP13A
SP1_F14_primer cttttctacggatccGACATAGCGCGGTTTCATACC

H SP1_R14_primer -ctectegeecttggaTTGGGCCACTATTGTCTTC SP14A
SP1_F15_primer cttttctacggateccACCGGCACCTGCGCCGGCG

o SP1_R15_primer -ctectegeecttggaCTTGCCTGAGGCATCTTG SP154
SP1_F16_primer cttttctacggatccATCGCAACACCTCCATATTGTTCC

16 SP16A

SP1_R16_primer

ctectegeeettggaGGCCAACGGAGTCGTCTCG

[0108]
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SP12-TNF R1 primer ggaggaggagcgcacGGAACGGGTCCACAGG GTGAT pSP16B-T NF pUC ori-F 2
primer tggcctaactacggctacac pSP16B -GFP SP16B-TN F R1 primer
ggaggaggagcgcacGGCCAACGGAGTCGTC TC pSP23B-T NF pUC ori-F 2 primer
tggcctaactacggctacac pSP23B -GFP SP23B-TN F R1 primer
ggaggaggagcgcacGATCGTCTTGAGAATCT TCAGACG pSec2-TNF Sec2 outl primer
tacGGATCCgtcttettgdrggeS€epa@RP PCR product using 2% agarose gel (1 x TBE buffer, with

ethidium bromide) confirmed a single band of putative size.

When a single band was not confirmed, annealing temperature was changed
from 55°C to 60°C and performed PCR once more.

PCR products were purified using PCR product purification kit (QIAquick PCR
purification kit, QITAGEN) and purified PCR products were quantified by absorption
photometer.

A signal peptide fragment comprising its own promoter region is named as a
signal peptide xA (SPxA) (x=1 to 16).

[0109]

Vector Preparation

Vectors for cloning SPxA were prepared as follows. A summary of the
preparation is shown in Fig. 1. Plasmid pAmyB-GFPuv vector (Fig. 1, top panel, right
figure; SEQ ID No.: 1) was completely digested with BamHI and Eco1471 (both from
Fermentas). Reacting condition was in accordance with the instruction for use of the
enzymes. Digested plasmid was fractioned by electrophoresis on 0.8% agarose gel for
purification (1 x TBE buffer, with ethidium bromide), a large fragment of
approximately 4.2 kbps was cut out, and DNA was extracted from agarose and purified
using DNA extraction kit from a gel (QIAquick Gel Extraction Kit, QTAGEN).

Purified DNA fragment (vector) was electrophoresed on 0.8% agarose gel (1 x TBE
buffer, with ethidium bromide) with a DNA concentration marker to estimate its
concentration.

For GFPuv coding sequence in pAmyB-GFPuv vector, codons have been
optimized (GenScript) for Bifidobacterium.

[0110]

Recombination Reaction

The vector and insert prepared above were mixed in 1: 3 to 10 molar ratio, and
linked by recombination reaction (CloneEZ Kit, GenScript). Reacting conditions were
in accordance with the product instruction.

[0111]

Transformation of £. coli
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Sec2a R1 primer GTACGGGAGGAGGAGCGCACGTCGAGT TTCATTGTATCG pSec2-TNF Sec2a
Fl primer CGATACAATGAAACTCGACGTGCGCTCC TCCTCCCGTAC pTNF1 TNF outl primer
aggACTAGTccggaataatacgg [0144] 100ng of the vector and 40ng of the insert above were
linked by lirFusionTM Advantage PCR Cloning Kit (TAKARA BIO, Inc.). 21IL of this DNA was used for
transforming E coil TOP10 chemically Competent Cell (Life Technologies Japan). Transforming
conditions were infacedrbaRa8 witmteelbréoumedtettuetid LIRS hTrkmesdapd woli colonies were

cultured overnightin. kB {eQNUAN NG He e d i SAECHRLMREIR A eI} b3 Co e Plasmids
were extracted from this culture (QIAprep Spin Miniprep Kit, QIAGEN). These plasmids were fully

sequenced-EngmEIRETRIR R ERefHEtedRHlats e ps prRIed L IHHEL hSPYPK-TNF alpha,
PSP1B-TNf aRhanRSP BrdilNmakviae RSR3BIENF apiasHSR4B NI atkhig RSP 7B-TNF alpha,

pSP9B-TNF alpha, pSP10B-TNF alpha, pSP12B-TNF alpha, pSP16B-TNF alpha, pSP23B-TNF alpha.
[0146] Transformatitsntts %ﬁgggﬁéﬂﬁ%%%%?@rﬂﬂ%ﬁﬂ&‘éﬁ&lﬁ W%ﬁgcgmﬁéﬂ%smids
pSPxA-TNRalphd.apdcpBPxBeiiN Ealpha sdénenusetl 161 trad plammindgilas grtratQoAdmatsinilar way as

Production Exam .[01 .ng{erence a - Construction of Plasmid pT.NF .- We
o R N R S A IS BT
sequence igdodatethtonthstraebtheafl Frumidomstenter e FBrABIIbGECteridM. A summary is shown in
Fig. 12. Detgilspre as follows. [0148] Insert Preparation

Transformation of Bifidobacterium

3 to 5 pL of the plasmid DNA extracted from transformed Z. coli above was
used for transforming Bifidobacterium longum 105A by electroporation system (Gene
Pulser II, Bio-Rad Laboratories). Immediately after an electric shock, a mixture of
800uL of IMR liquid medium and 50uL of vitamin C additive solution was added to the
cuvette, which was then collected in a sterilized 2mL microtube. Similar
manipulation was performed for each tube, before loosening the lid of these 2mL tubes
and placing in a dessicator. The dessicator was deaerated by a vacuum pump and
filled with carbon dioxide. This manipulation was repeated three times to replace the
air in the dessicator with carbon dioxide, before placing the dessicator in an incubator
set to 37°C and incubating for 3 hours.

[0113]

After the incubation, each bacterial suspension was mixed thoroughly, and
100pL thereof was measured and smeared to two IMR agar media (containing 75ng/mL
SPCM). These plates were placed in a sealed vessel with deoxygenating/carbon
dioxide-generating agent (Anaero Pac®-Anaero, MITSUBISHI GAS CHEMICAL,
INC.) and cultured for two days in an incubator set to 37°C.

[0114]

Production Example 2: Construction of a Secretory GFP-expressing Plasmid

(pSPxB-GFP)
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We constructed a plasmid human TNFalpha in pUC57 containing an artificial DNA having human
TNFa (Accession N0:X01394; from 153th to 854th nucleotides of an immature TNFa coding sequence)
of which codons are optimized for Bifidobacterium, and Hu promoter derived from Bifidobacterium
located upstream thereof and Hu terminator derived from Bifidobacterium located downstream thereof
(custom-synthesized by GenScript). Dig of the plasmid human TNFalpha in pUC57 was used as
template for PCR Awmiplifiodtibnatof:thee saetises TNER GBRIbN lbthecTiEavoditer sEddence by
PrimeSTAROLHE et TAKABABIOANGLINE ELRR TN 1 orimers vere yaed, wherein the
15 nucleotides of the 5' side of each primer had a homologous sequence to the vector terminal (Table
6). The Pdﬁlﬂ%gram consisted of 30 cycles of 10 seconds at 98C, 5 seconds at 60C and 30 seconds
at 72C, follpwes] by 30 seconds at 72C. A part of PCR product was electrophoresed with DNA
concentrat'on marker on 2% agarose gel (1 x TBE buffer, containing ethidium bromide), confirming a
single banggéﬁ'a%%%ﬁ%ﬁ%ﬁ/ 0.5kbp and estimating its concentration. [0149] Vector Preparation

Dig of the plasmid\p@bshhttleswas etieed @ tempiatéi dat RGRoam filifizaiandf dhes dctoriskeletal by
PrimeSTARD 15 Rremi [LAKARA 810, Inod) Brimers pCRshUlle FlLand aebshulie Ry ere used.
wherein the 1 eotides oh the " side of eacpn primer fomo ogous seduence to t]hglnsert
terminal (Testalec6¥eTHaNPORgrogremeccdaBistedlof B@tesi@lesimalloaset;dﬂ@gdan%@fts se¢6Ads at 55C
and 4 minuytesat 736 fRlowsd 0% 30,5 FAEE AL rb3m hﬁea%quéﬁf PCR product was
electrophoresed with DNA concentration marker on 0. % agarose gel (1 x TBE buffer, containing
ethidium bromide ) GO¥HHERHGCLSINGTEe 4R BT chphibkifrelgtDoRbH. %i%ﬁ?&b‘t}ésﬁ Primers for
PTNF3 corpit&ﬁ@t@%[@%lg%mwd@&mg RhhenesiaandEany FitthennsedRbave were ligated by
recombination ter aI sequences using In-Fusion Advantage PCR Clo Klté AKARA BIO, Inc.).
At this timé& €fori ﬁan gﬁwﬁf{l&ﬁ BB %I\ﬁ]agegfé% % SHINB tﬂﬂgggac% g sbiution,
concurrenttmdlegmkémgtth‘e:idamﬁleﬁetpiﬁmd leontaihechifodie vectore acdtthéh inseattioDdiails were in
accordance with the product instruction of In-Fusion Advantage PCR Cloning Kit. 21IL of the
In-Fusion reaction solution above was used for transforming E. coil TOP10 chemically Competent Cell
(Invitrogen). Transforming conditions were in accordance with the product instruction. Transformed E.
coil coloniggweregtyred overnight at 37C in LB (containing 7511g/mL spectinomycin) liquid
medium, and the plasmld was extracted from thls culture (IApr Spln Mlnlprep Kit, QIAGEN) This
plasmid wasftfilséqudited aAt HaH 3 TSEE POPNGEE
Bifidobacterium The plasmid pTNF3 was used for tg@gﬁgqlr(@mg B. Iongum 105A using@similar
method as ProduineExiste 1. [0153] Production Exagipless: Production of a Secretd#pdudt

alpha-expressing Bifidobacterium (pSec2-TNF alpha)  Summary of the construction of

pSec2-TNF alphg&Pa maspmdqmr whichaide Sk B poridaG o6 AlATTAOEEEPTAAB Gvas replace by TNF
alpha, is shéwn i Rshuttle was fully digdted with

a . 2 8
instruction of thesmzmqmﬁ@estedagl&ggﬁdgamﬂﬂmmm@ﬁmmﬂl@@ls on 1% agarose gel for

purification @ x tter WI'[h etnldltum DE%)mI s e TEE%%%SE ;f,t i,’;_\pprommately$1§24kbps

was cut o
Extraction Kit, QB&GENZ)_KJ?hﬂ&ed DA Fsggmerttt VBGTTOWAT aleGitophorssed on 0.8% agarose gel (1

x TBE buffe?, W|t§Pe1tﬁ|{q3|nggH%r&m|dce% (thétgréclgt'%'g%a 8&‘&%?&%@2 é&&,&pG%stlmate its conceritration.

SP4_F2_primer caagaaggatgctttATGACCACTCACAACAGC Sp
4 4
SP1_R4_primer ctectegeecttggaGCCGAACAGACGCGGGGG

SP5_F2_primer caagaaggatgctttATGACCGCGATTGACGAG Sp
5 5
SP1_R5_primer ctectegeecttggaTTGGTCGATGATGGCCTTG

6 SP6_F2_primer caagaaggatgctttATGAAGATTGCGGTTGCAGG SP6
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[0155] Insert Preparation Plasmid pSec2-GFP was used as template for PCR amplification of
Sec?2 signal peptide coding sequence including HU promoter with Sec2 outl primer and Sec2a R1
primer (Table 5) (PCR product 1). Besides, plasmid pTNF1 was used for PCR amplification of TNF
alpha coding sequence including HU terminator with Sec2a FI primer and TNF outl primer (Table 5)
(PCR product 2). PCR products 1 and 2 were purified with PCR product purification kit (QIAquick PCR
purification kit, QYREBR) parkethe aierdearceit PR Hrbd\efs\AS ERaEEd 6Y absorption
measurement. P& mgdmhgelandcg ) a@g&@%@m@@m@@@mm@l@@amount This PCR product
mixture solutionBigptu A ABIO, was-mad&8rag 491IL
with 0.1 x TE buff&rl _RrispssRaton Wﬁ@%ﬁﬁﬁta%@ﬁﬁﬁf%w@rTgﬁd\mﬁ@R fragments were linked by
the reaction of 5§yglqsz %Qﬁgegyclg Q) 5@5}%&&%&@@@@@@@9@@ @@Q@@C for 36 seconds. Then,
the linked PER-produet-w y mer; re@eng 25
cycles, each cyc%’étﬁ@sﬁfﬁ@@f 98@?&?&@%@9%%@@%9@@@%@%nd 72C for 70 seconds,

before elongatiog g @:JHET%Q Se@&%g@t@@m ATGE'@%A’@@ A@g m@@y electrophoresis on 1%
agarose geldorp ap@bgimately

1.2kbp was cut (ﬁlflaﬁa_lDqu}f/as@Wf&&@é@ﬁ&%ﬁﬁ@@ﬁ@ﬁﬁﬁ@@&&@%&el using DNA extraction kit
(QlAquick Gel Exjragtion ﬁ'fm@%@%a@%@cQ&EU@P@N@X@@G@@@@%@M&X}d'geStEd with BamHI and
Bcul. Reacting W Ay y stedjplasmid
was fractioned B3PaIdeHbphBresis @fﬁcl%ca@agéé@%p@@ﬁ@ﬂﬁéﬁﬂﬁ PG EEE buffer with ethidium
bromide), and adphA ﬁcggfgpﬁgglof %&g&%@%%@%\@ﬁ%@ﬁ@@&@ﬁé@NA was extracted and
purified fromiagarese-gelusing DNA-extraction-kit{QtAquick-Gel-Extraction Kit, QI AGEN B IPwrified
DNA fragment (P8erl Waprakatropisoresssel sig 0 8% @gafosé gd (@ CAPBECbuffer, with ethidium
bromide) with D%‘ﬁ‘l‘z‘oﬁﬁe&tﬁ%‘?” %@%&?ﬁ%@%@%ﬂf%@k@ﬂ@@” The vector and
the insert abpve-w olar-ratio-fo —Fermesitag). Details
were in accordaﬁBéAHiiﬂih@rp%dmﬁmﬁgﬁe@ﬂéﬁam%}fﬁ@ﬁ&@%%ﬁ@ﬁ@@on 21IL of the
ligation reactlonsspftgtlpg QH}{&W%&'&Q&@%5@&%@@}@@@@@6@}‘1‘8@@@%&'@?“03”3/ Competent Cell
(Life Technojogie 3 onditions-v da A product §Estruction.
Transformed E &Bﬂcﬁfkﬁu@@me e@M@W%ﬂ@@MM%&Aﬂg/mL spectinomycin) liquid
medium at 37C gl pfasEleT, SIARIEAITO e CLllica (URiamRdiniprep Kit, QIAGEN)
The insert partefth W LTy 0 1 W 0 R-errggpamnd the
plasmid was naﬁ%ti_gé‘fwe@eﬂwFteﬁrﬂgacqtmsg]?Tféﬁl@@ﬂﬁMMﬁﬁﬂ&ctenum with pSec2-TNF

alpha P'asﬁ%lo%? 5 @é’f a@&%ﬂgﬁ&g@&&f&%@%ﬁ@éeg@m&féﬁaé similar way as
Productlon ng mple A by-Recgmbinant

Production ExarggIIGGSF@ ) 0N Ra},&)g.fcéZ) Bifidobacterium
longum 1054/p5PxB 9 :

105A/pSec2- TN‘FPdeﬂhh@mrgf}@enntmmmtamﬁ(ﬁ\ié@é\mﬁﬁﬁé@@ @GT‘%TG(AP 25-2 5SE (751.1g/mL

spectlnomycm) QL | @@@&%&M@4 hours (activation
1 on-was-toculatedni ©.5% in a

sodium phosph@ﬁﬂu ), : ged), adltlon at 37C for 18
hours. 2Afte ng-the-culture-sélution—culty ed—Protemsg in this
culture supernaﬁxﬂ%w&gmsmpnatemm%whfagem%t@QTG@T%éaleth acetone, dissolved in a

butfer for electraghpyepls AdLprOGR ARSI R PRI UEES SerEenated. 0162
22 P22
SP22_R2_primer ctectegeeettggaGATGCGCTCACGCTTGG

SP23_F2A primer gaaggatgctttATGAACAAGCGATGGAAC S
23 P23
SP23_R2_primer ctectegeeettggaGATCGTCTTGAGAATCTTCAGAC
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Besides, intracellular proteins were extracted as follows. 1mL of the culture solution was mixed with
TraL of PBS, centrifuged at 12,000rpm for 5 minutes at 4C, and the supernatant was removed. The
precipitation was suspended in 5mL PBS and centrifuged to remove the supernatant, which was
repeated twice. After washing, the cells were made to the total volume of 1mL with PBS, homogenized
with a sonicator. After centrifugation, the supernatant was collected to provide an intracellular extract,

which was then 3HBfedtécPtémessteasivneasasrsts A3 CGGCAEar Gpération was p('aé?ﬂwd for
alpha,

wild type Bifidobasiarige jangum ok ferapeaaineeonic Geraagaiugcontrol for T
human rec i HANC - was used. {0164 —Theculture-supernatant

(correspongjing fPEEIP Romee solagenggetaetrecdiindhiatdrt dehéértfdte (correspondi o 1mL
culture solution)ggig intsageliplar prolein &Xirach (CRresRARNgrecRIdEQyture solutiorr%q?al ove were
eIectropho&seé%%%éH%ﬁeh&gﬁﬂwﬁege%Nﬁe%H&H&ﬂﬂ%gﬁmﬂeﬂﬁﬂmum
applied was adjusted as follows. The supernatant of SP3B-TNF alpha corresponding to 0.151.iL
culture solgiipny the intracellular protein extract of SP16B-TNF alpha corresponding to 0.1511L, the
intracellular protein extract of SP23B-TNF alpha corresponding to 0.7511L, the culture supernatant

concentrate of theP§dmBaedrespBrdit a6 Poiam waydta oaductiidisapjelad ahoveléeddbRoresis.
These werg ignsiereR to-bi mambranas(Arvittagen.,iBlotOoTrapsfer Stacks) using iBlotO
Transfer vaic (Invitrogen). After blotting, the membranes were blocked, then reacted with
anti-huma -alpha (goat) (R&D Systems) as primary antibody and anti-Goat IgG HRP Conjugate
(Santa CrueBiatdehpatacgighas secondary antibody, and developed with ECL Advance Western
blotting Detection Kit (GE.Healthcarg), These were anal by an, imaging anglyzer (Fluor S Max,
Bio-Rad). The res\u%ft%% the (é?ﬁ)g}{/l egsijgrg% eo%%plarl\r&%}%&)?g)l‘%%] AR S 3qf e%%% ,esecretion was
confirmed in@eadierias(Bhdomgoniig03A/pSRiEd PRAaPRRUB vienguthis 05 AmSR3EL, TKiE alpha, B.
longum 108pS R4, TEARNG, B anaun J0SARERAR TN Alpha. ) TG A05A/PSP12B- TNF
alpha, B. longum 105A/pSP16B- TNF alpha, B. longum 105A/pSP23B- TNF alpha, B. longum
105A/pSPPAANMAHRES dhdBoISHSHOTOSANSBEEHOTINE AIH ATy With JAREMSBIFTEMAEt
expressiorsiRcish clbyre1supssnatant ohd BecteriadR. Jenev PulARARRIB I NETAkRNR 206t longum
105A/5P23B-TNF alpha). [0166] Reference Example 3: Confirmation of Secretion by a

non-TNFo-S8& 818ty BERtST AT IbAG A LoBRT NE'S rasm G RRRHTREIBLRE S8 Bh i
105A/pTNEG: obitaimed IMNReferenaedciaintil e 2 andsyitahdyipe Betbngumn NRBAweretinokidated at 1%
to APS-25-2.5SE (7 /mL s inomycin) liqui ium, cultured erobic condition at 37C for
22 nours (At e B e R R o
medium (782slgteiropheceirromydi)’fogamsh KOHILCF AR Buffer2vE 8 Eeliidich médiumdativath 4mL of 1M
sodium phgspkate ufiar. 6 -8 mbighwas cwltyred in.apagrobic condition at 37C for 18 hours.
Note that wild-type was cultured in a medium which was not supplemented with spectinomycin. This
culture solution wHSCENFRYFadRE ssnEgheednRirerSUpE it anti MerdNiBaghbptFacellular extract
was prepagppd as/tall aws, Skmbpfdh Seritne #efution was washed with PBS buffer, then the cells were
suspended in PBS buffer to make 1mL and homogenized with a sonicator. This was centrifuged, and
the supern was collected to give an intracellular extract. [0167] A sample obtained from wild-type
was used &zandgativencRedrolo\s a positive control, human-derived recombinant TNF alpha (PEPRO
TECH, INC.) was e%JtQFa%JétH{s‘? %t“§em6‘t8{5§%°£r%s Orﬁ%‘;?e%l‘i%{:%l%%}f&%?a%‘%ﬁﬁ%e 385;“0”) and
intracellular extratr:#g(%orrespon ing to 0.07515L of the Culture so ution) above were electrophoresed on
15% polyabnkafide erinfAinTtoCospotatid®)oThiilds FansStaisd toReRYVDFcmehtbramedtavitrogen,
iBlotTransfer Stacks) LsingHBIQt JransisnBevigs (nvitrogen). After blotting, the membrane was
blocked and reacted using anti-human TNF-alpha(goat) (R&D Systems) as a primary antibody and
anti-Goat IE))(.};?FihP Conjugate (Santa Cruz Biotechnology) as a secondary antibody, and developed by
ECL Advanegnifesteradpiettingetection Kit (GE Healthcare). It was analyzed with an imaging
analyzer (Fluor S Max, Bio-Rad). The results of the analyses are shown in Fig. 9. [0168] As a
result, when the intracellular extracts of B. longum 105A/pTNF3 and wild-type B. longum 105A were
compared, a band indicating TNFa expression was confirmed in B. longum 105A/pTNF3 but not in
wild-type B. longum 105A. Thus, it was shown that the cells transformed with the plasmid pTNF3
normally express TNFa. However, comparing both4dulture supernatants confirmed no TNFa in either
culture supernatant, indicating that TNFa is not extracellulary secreted from B. longum 105A/pTNF3.
[0169] Production Example 6: Construction of pl3ifi-SP3B-TNF Plasmid pBifi-SP3B-TNF was
constructed from plasmid pSP3B-TNF alpha (E. colt - Bifidobacterium shuttle vector) by removing the
origin of replication in E. call Details of the construction are shown in Fig. 10. [0170] Preparation of
DUCori-removed Fragment 2.4ug of plasmid extracted from the recombinant E. colt.
TOP10/pSP3B-TNF alpha (shuttle vector) was digested by BamHI and Bglll at 37C. This was
fractioned by electrophoresis using 0.8% agarose gel for purification, and a DNA fragment of

approximately 3.8kbps was cut out. DNA was extracted and purified from the cut-out gel (QIAquick Gel
Fvtractionon Kit OIAGCGFEN)Y and DNA concentrationn wace meaciired by meaciirina the aheorbance 01711




tube, 50ng of pUCori-removed fragment was used for self-ligation in 50111 reaction system at 25C for
5 minutes (RAPID DNA LIGATION KIT, Fermentas), then Ligase was deactivated by heating at 65C
for 5 minutes. 6 ligation reaction solutions were assembled to one tube, and subjected to protein
degradation by Proteinase K and subsequent protein removal by phenol/chloroform extraction and
ethanol precipitation thereafter. DNA was dissolved in 1011L 0.1 x TE. [0172] Transformation of
Bifidobacterium £. c@itioBattdrimicidhgGmmiescOnlpdiifntlechwoissteadsiormeragelectroporation,

Gene Pulsgr || Bi2:RadLAPIAIQNER. IREHFING QORI Al Rlis dprodugt aftsrathe ligation
above. Immediately after an electric shock, a mixture of 80011L of IMR I%&d medium and 5011L of

vitamin C AddIlGoBtaEHRRD RANEE doRas IRy S Slate AR FUNAESAh ereEBirktad 3L sterilized 2mL

microtube. ﬂbﬁsh!&rﬂﬁﬂéh%ﬁ&ﬁﬁdﬁ@%e@H@é&t&duh&%&ﬁiﬁ&@%kﬁh@tdﬁmmh which was then
deaerated by a vacuum pump a s{’g”e carbon dioxi hIS ma ulatl as repeated three
times to replace 'ﬁ Vﬁﬁrﬁ%%‘éé 4t f?ﬁ CAB6R S Hf@ 5)8%&883151 ‘boégélﬂ@é{’c?r in an
incubator setig 837G madinakaindiiad 3nedius: BB, and;ﬁmmhbwm@watmﬂedrfeohadﬁenal
suspensmn thor u and s MR a edla containing 751.1g/mL SPCM).
These plate;/i/ were% in %géhg ed r%ﬁfﬁ \%ﬁ é%gé\?()ygéﬁr}fat?ngfcarsbg %Il oxﬂgggrﬁ’e?ratlr% agent
(Anaero PWAMEH@HWT@@BI@MIB@W@ GREMICA] 24M8PxEnd ERiIteradl forlflv81das in an incubator
set to 37C;{Qd414] Confirmation of the Transformant and Production of a Glycerin Stock of
Recombinant Blfldobacterlum ' The colonies of candidate recombinant formed on the IMR agar
media (CORtEARMELS PLPENNeBE7e were streaked on BL-bS agar media (BL agar media
containing Spectlngﬁwsmc%@wﬂlﬂgmasg@ﬁﬁ@anat@dlmggahmﬁrwua&mmym@hwnh
deoxygenat,ong/carbon dioxide-generating agent (Anaero Pac0O-Anaero, MITSUBISHI GAS
CHEMICARYIRC.) and cultured for one day at 37C. The streak-cultured bifidobacteria was cultured in
anaerobic foradition in APS-25-2.55E (751.1g/mL spectinomycin) liquid medium at 37C for one day,
and plasmig Dd\lAtwa%extra te:)d fr8m tlcusC %IAtr S it lAGglNg The extracted DNA
was used a plate To amplifica ) : )andCheck
primer R2 {pBepRGItBioter), and PCR product size was conflrmed by agarose-gel electrophoresis.
Primer sequence%asr&l%wﬁmaa@@@z hQ&%BQH%éHo?t@&H%}%éb%%?WWQVE'90%2*863:3 product

size was approximately 0.5 ﬁs confirming the exclusion of pUC on fragment. This result confirmed

that this reetEinantBr ¢ rashhcfetturtpilicband Spsimampera\Eanidoayp &M h fhich puC on
has been rgpaoyedtom PBR3IBtANEAHMR QLeakd able Rsmersiar axprtjunadionioh shettle and
non-shutt vec ors Primers Sequence (5'-> 3) Check primer FIT T GAATTACTACCTG
Check prl 52’ GEB %&@é&%‘&&é"fﬁi‘*f&mgna ?{&Ssﬁﬁs@éﬂgéﬁlﬁﬁ% S BLIBE &har
medium WaﬁmuIMmeﬁﬁmzﬁﬁ&s{@é&@mh Hié ptinamycinh iquichtmedidnoang dwtured at
37C for 24 hours this cpjture solutlo lycerin selution was a ded to make a final cencentration of
0% 0 a1 L R e e
glycerin stdtkaiBifielobgotéelow longum 105A/pBifi-SP3B-TNF was cultured in anaerobic condition in
APS-2S-2.p354(751.1g/mL spectinomycin) liquid medium. Bacterial cells were collected from the
culture solution bé centrifugation, suspended in 30m1VI GTA buffer, then treated with /V-acetyl
muramida reated with Proteinase K (QIAGEN) before purification by plasmid DNA

purification it (Qlaqrep SpitmMiripeB dit; Rélﬁt(ﬁﬁé\l)wzféﬁ@éagsmwawﬁ wassisgehiofrdeteraination of
full nucleotlgg %qg uence fonflr ng Ctihe exclusion o UCor Q.ID No.: 5).
ecC ene an P (0)

SE
at 12 wnstream of t s1gna eptide colﬂlng sequence of B.

longum 105A, respectively. Primer sequences are shown in Table 2.3. 15 nucleotides

at 5' side of each primer have a homologous sequence to the vector shown below.

[0125]
Table 2.3 Primers for amplification of signal peptides (Sec2)
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[0178] Working Example 3: Confirmation of TNF alpha protein secretion from recombinant
Bifidobacterium The glycerin stock of Bifidobacterium longum 105A/pBifi-SP3B-TNF alpha
obtained in Production Example 6 was inoculated at 1% in APS-2S-2.5SE (751.1g/mL spectinomycin)
liquid medium and cuItured in anaerobrc condltlon at 37C for 24 hours (actrvatrng culture solution). The
activating OR-W 5% ii m il
AP5-25-2. 58E(75u%émL S ctrnomycrn) Irqurd medlum,%mieﬁﬁelM sodlum phosphate rdfer (pH6.8)
was added), which 5318 u?‘gﬁ?rn anaerobic condltlon étt'3?®)for18 hours This cultum@hiuttron was
centrifuged-a epared

as follows. gﬁfé of ﬁ%%@tme@@mtron%ae%ﬁmwwﬁﬁﬁ%ﬁé&h’ﬁqﬂﬁ@tb mag - JmL, then
homoglclenlrz a §9&'@i95nﬂ%&5 “@&9&%&%@&@3%@@@@@@% Wollected t grve the

intracellula v
105A/ pSP3B- TNF alpha and wild type Brfrdobacterrum Iongum 105A (wild type) Note that the wild
type was cpﬁ%qd in a medium excluding spectinomycin. A sample obtained from the wild type was
used as a negative control. For a positive control, human-derived recombinant TNF alpha (PEPRO

TECH, INC.) was KisBdV foProformedripen sy Wetné’raﬁpeém&walﬁd fpovesand tture
solution) apebintrageiuiap RIGieinextiash éaorsesrending to 1.511L culture solution) above were
electropho esed[ on 15% polyacrylamide gel (ATTO Corporation). This was transferred to a PVDF
membrane (v itrogen, iBlotO Transfer Stacks) using iBlotO Transfer Device (Invitrogen). After
blotting, th¥artemPrane avam blocked, then reacted with anti-human TNF-alpha (goat) (R&D Systems)
as primary antlbod,% and antl -Goat | SlleP Con agalt a anta %ruz Bio gchnolo as secondary
antibody, and dev oBecfl fh‘ﬁaéLnAdvance &dtern B?otl%mg f(ecltlg f %&\E a}ﬁtcare) This was
analyzed hylzmimagiguinaRrer (EudF8 MakBiouRad) 2 ThE sesu B BRAP afwiyRis is shown in Fig.
11. [0180] \yprking Example 4: Transformation of E coil with td3ifi-SP3B-TNF alpha and DSP3B-TNF
Plasmids obtained from Productron Example 6 (pBifi-SP3B-TNF alpha and pSP3B-TNF alpha) were
used for traYsEasRk HIRCHOIP 10 strain. Transformation was performed in accordance with

the product Instruqmry@ttﬁp Rl ih QR Qrgmratepb el teifenf.echnologiasolapaioandikadiiL each
was smeared ontoE‘a LB (containing 751.1 mL S r'térnomz/crn agar medium in duplicate, cultured
&

overnight & %76 PIBRIHBL SsH R (Hierek VS RTRE Wt EGRHEE SEB3BRRE AfpHh was
introducedA@66tiu@nel 22 ofprodhdei isteattionvhich pBifi-SP3B-TNF alpha was transferred formed
no colony p&fgée selection medium. [0181] Reference Example 4: Construction of Plasmid DBE shuttle
We constru pBEshuttIe as a mock vector having a protein expression unit containing no insert, as
follows. A dinamsig niydiredZig. 13. [0182] PCR fragment Preparation 5ng of the plasmid
pCDshuttle was usegﬁﬁtem%t?emrcaﬁyp@mm BGR{TAIMERIR DA B J5ing RImeSTARO HS
Premix (TAKARA BIO, Inc.). MCS FI primer and TNFvec R1 primer were used for the amplification of
PCR fragni&HAoTanef S HAHEOb i 6P ePNIEEO R TeAtASr SR 08 SR F5¢-thd "ARHRIERRSN of PCR

fragment B.{fakled)were me(;kamlegﬂdqseqﬁ&i@dglgmmlpﬂmer for the amplification of PCR
fragment A was §|gned hav&g,homol gous sequence t the terminal o R fragment B, while

the 15 nucleotides Bh B28H8 G A pfFASP 1ﬁ"°lé”§ﬁ%ﬁﬂ8&t? Kol it Cﬁ%@d@srgned to
have a hommkggoﬂ&ﬁequenﬁectﬁ)thqdermmhof E’tCHR"Eagmiep]aAmld wak ketPLR dfagrarheconsisted of

30 cycles of 10 se ds at secon t onds PCR fra t A; X=3.minutes 20
seconds, pC Frag n)t%) g\ﬁ 19 Q?%E}%Eﬁ %yn§8rse03u‘3ls atmieﬁ%s plas H]art of PCR
product Waisaeléetmphoﬁésedtbﬂlamlag@ndseageté(medTSB@We@ﬂﬁ)rﬁ&ﬁrih@ Rimidium bromide; 0.8%
agarose gehfapPCR product A, 2% agarose gel for PCR product B) with DNA concentration marker,

confirming a srnle band (PCR product A approximately 3.3kbps, PCR product B; approximately
0.6kbps) akERBSIHE of o 84H6%40183] Table 8 Primers for pBEshuttle Construction

SequencePCR Prm%&%&@@ﬂ%twas transformed in a similar way as Production Example 1

above.
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NICS J'1 primerAAGGTTATecICICAGTGACCITUFGCTCGTAGCOAA INFree RI primer
C(CCGTAGTTAGGEICACCACITCAAG pUG on 12 primer TGGCCIAACIACCIGGIAGAG .NICS...R1
primerCTGCAGGATAAGCTTCAFAAAGCATCCTFCTTG [0184] Cloning 100ng of the PCR
product A and 35ng of the PCR product B above were ligated by recombination of terminal sequences
using In-Fusion Advantage PCR Cloning Kit (TAKARA BIO, Inc.). At this time, Cloning Enhancer
(TAKARA BI3inc.) was also added into the reacting solution, concurrently degrading the template

plasmid cogtain g&iﬁé&%gﬁng BT g 1a5e i Rlalls eieeln ARGOIHRRGRAMI IR product instruction
of In-Fusion Advantage onin e In-Fusion reaction solution above was used
for transforming ET%%HQF@MO%H&%%@ hy toisdienr e ambitrsisipTixasiindtonditions were
in aCCOfdaUBﬁ%%&P&M@%ﬁgmttusn%Bﬂﬂ@@m@dEGF%’&&@&@Q&@§rW@EQ&i§B)ﬁEd overnight at
37Cin LB antai /mL_spectinom cm) liqu edium, and the plasmld cted from
this culture Pé%gijﬁ%fgﬁp ifiprefy ki, 6“& %ﬁégg LT R AR éa?é/ rﬁﬁé med
pBEshuttle{ SEQ:th NQQE@M{ﬁib&S}Ja'mnﬁfmmmmmtaP/Biﬁdm&@@mBﬁE (75ﬁgﬂmplasmld pBEshuttle
was used for transform B. I m 105 using a, method as.used j .Pro le 1. [0186]
gty Bleic RIS b e e el
Bifidobactdietivasiege JOMd $92tivas. transformed with the plasmid pSP3B-TNF alpha in a method as
used in thgdrapsformation of Bifidobacterium in Production Example 1. [0187] Working Example 5:

Confirmation of TNFa protein expression by Recombinant Bifidobacterium The glycerin stocks of
B. longum 105A/pBPSRUHIE OhiEIRSG TN FerR FAHE BlHie YaBnerdaiidosAHSPEB-TNF alpha

obtained imi%mdup(i@fl £w&m&&%&ﬂswma§iﬁ%@iﬁ?§%&ﬁi&@% H@&@H‘Iﬁ@dmR{Od uction
Example 642%%}2 / SP %‘g‘ﬁ OP gﬁ i %ﬁ mple inoculated at 1%
to APS-25 1754 ﬂ?FHL ﬁ'FB i) ﬁﬁﬁ ﬁh 37E 16 tﬁ‘ﬁ dlirs in anaerobic
condition (aﬁavmbag(mmldi]wﬂh Ih&7a€tf¢am8g10utwre solutlon was inoculated at 0.5% to a medium
(751.1g/mL specti Jrg ﬁ)ql%v%mLS%f AE\(I)DS -25- 26%1 gléll(lj @%glcuq Q?gtA'mL]OfllM sodium
phosphate buffer ?ql]o-lg g;? WhIC was cu?tureg at 37€%or 18 hoursin'anaerobic condition. This culture
solution wasaentsifugeti o collect a culture supernatant. TNFa content in the culture supernatant was
measured fyf &3ISA of the culture supernatant (Quantikine Human TNF alpha/TNESF1A
Immunoassay, R&D Systems, Inc.). The measurement results are shown in Table 9. [0188] Table 9
Sa ctipin name (Cm%%.dﬁﬁ{é fﬁ}gtlweggmfuged and then culture supernatant was

collected. Proteins in this culture supernatant were precipitated by trichloroacetic

acid (TCA), washed with acetone, dissolved in an electrophoresis buffer, and the
proteins in the culture supernatant were concentrated. Besides, intracellular proteins
were extracted as follows. 1mL of the culture solution was mixed with 4mL of PBS,
centrifuged at 12,000rpm for 5 minutes at 4°C, and the supernatant was removed.
The precipitation was suspended in 5mL PBS and centrifuged to remove the
supernatant, which was repeated twice. After washing, the cells were made to the
total volume of 1mL with PBS, homogenized with a sonicator. After centrifugation,
the supernatant was collected to provide an intracellular extract.
[0134]

A similar operation was performed for wild type Bifidobacterium longum 105A
for a negative control. For a positive control for GFP protein, recombinant GFPuv

(Clontech) was used.
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TNFaipha conc. (mal B. lorigum IOM tnEIEshot9e B. 1009um 165AtpSP3S-INF alpha B. lon gum
105A1p808P3B-TN9 alpha B. breve/Of:3394W aipha 18 18 18 12 2.539 1206 1.509 6.864 0 0.69 0,42
1.94 [0189] TNFa secretion was observed in the culture supernatant in either of B. longum
105A/pSP3B-TNF alpha, B. longum 105A/pBifiSP3B-TNF alpha and B. breve/pSP3B-TNF alpha, but
not in B. longum 105A/pBEshuttle. [0190] Working Example 6: The Physiological Activity of TNFa
Protein Secreted Eﬂpemebgmmﬁam@mmanv@nmtaﬁrmr@m@imzaﬂimL@ﬁlﬂherehg&sitimgical Activity

with Anti-h LN AUREAY. ke Of -1 EStRaceiYm %ﬁm&é&%bﬁ?a%ﬂ%%@@m The
glycerin stocks of B. longum 105A/pBEshuttle obtaine |n eference ExamE e 4, B. longum

105A/pSP3BH1erhafsHe ah%ééhFrpraaﬁetﬁaaetmﬂé?&raﬁaaeomg%% 1pBSPEE-TNE alpha

obtained lrhamw@aam&wmph Iﬁéﬁﬂfﬁaﬁpﬁﬁlﬁwgg@h1%1&@@”@511%5;2&5@(@75@%@@0‘5@6“'”0"13/0'n)
liquid medi ured at BZ&C for 2419 aeroblc cond (activati ). The ac ivating
culture sol %]hs L MBI IRERES % ?ﬁjﬁ?( %lb%&ﬁ»?@ﬁg? ‘% LA SEmL of

APS-25-2.55h hcmadhmélﬂmmdld&dr@m&&i\/lﬁsmdmmmhmmhmgrklutferg(ﬁblﬁxs))ammmas cultured
at 37C for 18‘[‘%1’35 in nacerlggb%ﬁqn Eﬁ Oll%cultﬁ %Ittjatlﬁhuvzv%soe r];[rlf (g%%’d to colle%laculture

supernatant Cylotoxicht e physiological activity and neutralizatton of
rhTNFa wa?slabséssedibiﬁ@lamm mghtﬁ@y&ﬂmmWW%WNﬁdQ’@U@MtGNh{Gthta%EyS|oIoglcal

activity of TNERKAS teghgelya NumanRieashaancsh eahins K Rinb relhas sed,fPL-1 cell was
cultured in a DMEM medium (a DMEM medium supplemented with 10% (v/v) FBS and 0.1% (v/v)

penicillin (é@b%ﬁU/mL)/streptomycm (50mg/mL) solution) at 37C, in 5% CO2 condition. This cell was
seeded onto 96 wgll plate,at 1xHlecalipasivel m@w@m@@@pnﬁ%@@% for 24 hours to give
confluent cells T was remoyv cells by a ly added thereto
were 801108 EE’M%%QP%W)@ %I][% ffi\%%’t t}ﬁgé@g ﬁ@%ﬂ# e an actinomycin
D final contentratiotsof EIPTRGERNE Didivh nisdiiyE Riptidehtéchpitthh 00520 PP OBHGFP,

(50000U/ )/ trepto sglytion. S %%i re, as samples for
measurerh%nt & rlrlqe ium f%%r?g gﬁ}fej%l?mﬂfﬁgsq Bﬁé@@g rh Fy? hlg prepared at 100ng/mL as
rhTNFa stdfdardSids Birhdd diutio ofmB Olhgom 7206 K BE dhusttle d@ﬁd/e%ﬁb‘é‘kr@lﬁha@@ times

dilution of %Agﬂ&%é@?%@&ﬁ?ﬂh@@%@:ﬁﬂl esliRaEyatankand g mesitionof B. longum
105A/pBifiSP3B-TNF alpha culture supernatant, 101IL each per well. Added thereto in order to

measure thRetRRREHRY SSershesy tHocER s BroRtdap artirmy wiBre dhtasNira antibody

(anti- humam%%mhmﬁﬁ@%ﬁmm@iﬁ)we mglﬂ)@ﬁwmabembml@iaqsmfl gﬁat IgG( /Rc;iD
Sytems, 0.0125 - 0.1m % (y/v) FBS an supplemented with 0.1%(v/v
penicillin (2 /]r%f“}? %%%%%@ﬁ%#n@ﬁﬁ%%?g%ﬁ giﬁgﬁﬁlﬁe well. This plate was cultured
at 37C in 5% CO2 for 48 hours. [0192] Measuring cytotoxicity employed Cell Counting Kit-8
(DOJINDO@ Ejereln 101IL per well of this solution was added to each well, before further culturing for
4 hours at |n 5% COZ and measurlng of the absorbance at wavelength of 450nm and 630nm
(630nm wa¥arseeRds erf ‘ The FYhalprealypsessragshown in Fig. 14, in which
the cultureﬁmm@%% iBs#%OM“QBBQ%@%@ﬁcﬂoﬁﬁmlﬁﬂéﬁlpsP3B -TNF alpha and B. longum

105A/pBIifiSP3B-T F alpha showed CytOtOXICIt against KPL-1 cells while being neutralized by
anti-TNFa aftEé8$ ARG mbinant hTNFa secreted in the culture supernatant had a

physiological aCUVﬂh’e [Qa&@él. of codlng sequence of human TNFa (Accession No. X01394) were

optimized for Bifidobacterium and inserted into pUC57vector (outsource synthesis to
GenScript). This plasmid was used as template for PCR (PrimeSTAR® HS Premix,
TAKARA BIO, Inc.) targeting to TNFa coding region using TNF-F1 primer and TNF-R1
primer (Table 3). PCR product was purified (QIAquick PCR purification Kit,
QIAGEN) and electrophoresed on 0.8% agarose gel, and a DNA fragment of
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Working Example 7: Measurement of Antitumor Effect of B. lon gum 105A/p5P3B-TNF alpha and B.
brevelp5P3B-TNF alpha The antitumor effect of B. longum 105A/pSP3B-TNF alpha prepared in
Production Example 4 and B.breve/pSP3B-TNE alpha prepared in Production Example 7 were
measured. [0194] (1) Culturing of transplant tumor cells Human breast cancer cell line KPL-1
cells were cultured in a DMEM medium supplemented with 10% (v/v) FBS and 0.1%(v/v) penicillin
(50000U/rapistesprovsycit. (Bdpsgia yeotution N3 7 ire 5896C 02 fonditivnge) pahresickifglconfluent,
the cells wgtg detachgrel %MWQ&/\M&&% BBSGland adding trypsin-EDTA, and the cells were
collected by centrifugation (1000 spins/5 minutes) and appropriately diluted with DMEM medium and
subcultured. Cells after 5 passages were used for transplantation experiments. The number of viable
cells whichjyygrg not stained with trypan blue was counted on Thoma hemocytometer (Thoma deep

, Tokyo), suspended in Hank solution and ell number was adjusted to at 2.5 x
106 cells/ 1851 S SRIEBH HELTEY. ‘e house and measurement of tumor
volume 0 2mL of the prepared KPL 1 cggq%égggnsmn was subcutaneously transplanted to a nude
mouse on theldd¥4Fside of the right anterlordfmla € x 105 cells/mouse). Tumor volume after
transplantation-w short axis and thickness) using
calipers anq‘mdqujated by followm quatlon Tumor volume ﬁmmrl) long axis (ram) x short axis (ram)
x thickness{mm)2 [0196F{8F &8 WQ&T&SK&GG%@&E% GATCEf3m KPL-1 cancer-bearing nude
mice, 24 mice whose tumor volumes were around approximately 80 to 135 rara3 were selected and
divided intol3\greups (8 animals for e r@% # ﬁ tt % verage tumor volume would be similar.
This day W@alaeirto Day @Cgagcagﬁaggo% {ﬁﬁ(g %ﬁ ) g’i‘% %b%%é shown in Table 10. That is,
Group L a A i : 105A/pSP3B-TNF alpha,
Group IlI: a group recelvmg B breve/pSP3B TNF alpha [0197]

[0138]

Besides, the vector was prepared as follows. 10uL each of the restriction
enzymes FastDigest Bsp119 I, FastDigest Pst I, FastDigest Nde I and FastDigest Acl 1
(Fermentas) were added to 10pg of plasmid pCDshuttle (Patent literature 9;
W02009/128272A1) and incubated at 37°C for 4.5 hours to fully digest the plasmid.
This was electrophoresed on0.8% agarose gel, and a DNA fragment of approximately
3.9 kbps was cut out. DNA was extracted from this gel (QIAquick Gel Extraction Kit,
QIAGEN) to provide the vector.

[0139]

20 ng of the vector and 36ng of the insert above were linked by recombination of
terminal sequences using CloneEZ Kit (GenScript). Details were in accordance with
the product instruction of CloneEZ Kit. 2uL of this DNA was used for transforming £.
coli TOP10 chemically Competent Cell (Life Technologies Japan). Transforming
conditions were in accordance with the product instruction.

Transformed Z. coli colonies were cultured overnight in LB (containing
75pg/mL spectinomycin) liquid medium at 37°C, and plasmid was extracted from this
culture (QIAprep Spin Miniprep Kit, QTAGEN). This plasmid was named as pTNF1
(Fig. 5, top panel, right figure; SEQ ID No.: 4).
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Table 10: Group constitution Group Group | Given substance BA or:gum Dosage Number of Urn
dreage ore' au../! Administration date K!) 8y 0O.21  05AIpS1)38--TNF

[0140]

The construction summaries of plasmids pSPxA-TNF alpha and pSPxB-TNF
alpha in which the GFP portion of plasmids pSPxA-GFP and pSPxB-GFP has been
replaced by TNF alpha were shown in Figs. 5 and 6, respectively.

Plasmid pTNF1 was used as template for PCR (PrimeSTAR® HS Premix,
TAKARA BIO, Inc.) using TNFvec F1 primer and TNFvec R1 primer (Table 4), and
PCR product of approximately 3.8 kbps was obtained to provide the vector.

[0141]
Table 4 Vector primers for constructing pSPxA-TNF alpha and pSPxB-TNF alpha
Primers S(?Iieg?)e

TNFvec_F1_primer = GTGCGCTCCTCCTCCCGTAC
TNFvec_R1 _primer = GCCGTAGTTAGGCCACCACTTCAAG

[0142]

Besides, the plasmid pSPxA-GFP (x=7 or 12) or pSPxB-GFP (x=1-4, 7, 9, 10, 12,
16 or 23) which showed secreting tendency in Working Example 1 was used as template
for PCR amplification (PrimeSTAR® HS Premix, TAKARA BIO, Inc.) of the insert

using primers of Table 5, to provide the insert.

[0143]
Table 5 Insert primers for constructing pSPxA-TNF alpha, pSPxB-TNF alpha and
pSec2-TNF alpha

PCR
roduct Primers Sequence Templgte

For (5'->3) Plasmid
pUC_ori_ F tggectaactacggcetacac

pSP7A-TN | 2 primer g8 g8 pSP7A

F SP7-TNF_ | ggaggaggagegecacGGTGGAGGTGGATTCG | -GFP
R1 primer | GCGAAC

pSP12A-T pUC_ori_F pSP12A

NF 2 primer tggectaactacggcetacac -GFP
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[, S. 11 Group |

200 Maltose alpha 0.2 U
SP12-TNF_ | ggaggaggagegcacGGAACGGGTCCACAGG
R1 primer | GTGAT
pUq_orl_F tggcctaactacggetacac
pSP1B-TN | 2 primer pSP1B
F SP1B-TNF | ggaggaggagegecacTTCCACGCGCTCCTTGG | -GFP
_R1 primer | CGATG
pUq_orl_F tggcectaactacggetacac
pSP2B-TN | 2 primer pSP2B-
F SP2B-TNF | ggaggaggagcgecacCAAAAACAGCACGCGG | GFP
_R1 primer | GTG
pUq_orl_F tggcectaactacggetacac
pSP3B-TN | 2 primer pSP3B
F SP3B-TNF | ggaggaggagegcacGGCGATGGTCAGCTTG | -GFP
_R1 primer | C
pUC_ori_F
pSPAB-TN | 2 primer tggcctaactacggetacac pSP4B
F SP4B-TNF | ggaggaggagegecacGCCGAACAGACGCGGG | -GFP
_R1 primer | GGAA
pUQ_orl_F tggectaactacggcetacac
pSP7B-TN | 2 primer pSP7B
F SP7-TNF_ | ggaggaggagegecacGGTGGAGGTGGATTCG | -GFP
R1 primer | GCGAAC
pUQ_orl_F tggectaactacggcetacac
pSP9B-TN | 2 primer pSP9B
F SPI9B-TNF | ggaggaggagegecacGACGATCTGATGCGCCA | -GFP
_R1 primer | GCGCATC
SUS;;)Z;—F tggcctaactacggetacac
pSP10B-T Sng_TN pSP10B
NF F Rl ggaggaggagegeacTCGCTGCTTGAGTTTGC | -GFP
= CGGAAATC
primer
pUq_orl_F tggcectaactacggetacac
pSP12B-T | 2 primer pSP12B
NF SP12-TNF_ | ggaggaggagegecacGGAACGGGTCCACAGG | -GFP
R1 primer | GTGAT
SUE;;I) g:F tggcectaactacggetacac
pSP16B-T er>)1 BTN pSP16B
NF F Rl ggaggaggagegcacGGCCAACGGAGTCGTC | -GFP
pI_'imer TC
SUE;;)Z;—F tggcctaactacggetacac
pSP23B-T 811;233_TN pSP23B
NF F R1 ggaggaggagegcacGATCGTCTTGAGAATCT | -GFP
= TCAGACG
primer
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alts  Group llI 2'00 Maltose uzglbioSy  [0198] (4) Culturing of bacteria and preparation of
bacterial suspension for administration Culturing of bacteria

Se'c 2_outl_ tacGGATCCgtcttectgetg

pSec2-TNF primer pSec2
Sec2a_R1_ | GTACGGGAGGAGGAGCGCACGTCGAGT | -GFP
primer TTCATTGTATCG
Sec2a_F1_ | CGATACAATGAAACTCGACGTGCGCTCC

) primer TCCTCCCGTAC

pSec2-TNF TNF outl_ pTNF1
primer aggACTAGTccggaataatacgg

[0144]

100ng of the vector and 40ng of the insert above were linked by In-Fusion™
Advantage PCR Cloning Kit (TAKARA BIO, Inc.). 2uL of this DNA was used for
transforming £. coli TOP10 chemically Competent Cell (Life Technologies Japan).
Transforming conditions were in accordance with the product instruction.

[0145]

Transformed Z. coli colonies were cultured overnight in LB (containing
75pg/mL spectinomycin) liquid medium at 37°C, and plasmids were extracted from this
culture (QIAprep Spin Miniprep Kit, QIAGEN). These plasmids were fully sequenced
and their plasmid names were assigned as pSP7A-TNF alpha, pSP12A-TNF alpha,
pSP1B-TNF alpha, pSP2B-TNF alpha, pSP3B-TNF alpha, pSP4B-TNF alpha,
pSP7B-TNF alpha, pSPI9B-TNF alpha, pSP10B-TNF alpha, pSP12B-TNF alpha,
pSP16B-TNF alpha, pSP23B-TNF alpha.

[0146]
Transformation of Bifidobacteria with pSPxA-TNF alpha and pSPxB-TNF alpha

Plasmids pSPxA-TNF alpha and pSPxB-TNF alpha were used for transforming

B. longum 105A in a similar way as Production Example 1.
[0147]

Reference Example 2:  Construction of Plasmid pTNF3

We constructed a shuttle vector (Bifidobacterium - E. coll) in which the mature
human TNFa coding sequence is located downstream of Hu promoter derived from
Bifidobacterium. A summary is shown in Fig. 12. Details are as follows.

[0148]

Insert Preparation
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The glycerin stocks of the bifidobacteria B. longum 105A/pSP3B-TNF alpha prepared in Production
Example 4 and B. breve/pSP3B-TNF alpha prepared in Production Example 7 were inoculated at 1%
to APS-2S-2.5SE (751.1g/mE spectinomycin) liquid media, cultured at 37C for 23.5 hours in anaerobic
condition (activating culture solution). Next, the activating culture solution was inoculated at 1% to
20mL of APS-25-2.55E (751.1g/mL spectinomycin) liquid medium, cultured at 37C for 18 hours in
anaerobic conditioMe(maitoulede sdhstiod)h {0199 INEpatstion ol didflredtviable ealksrfdicial
administaga0( Rl O A5 NRORE:LNEn RPH®Ls0.: bl ORGSR LG Selutign obtained

as above was measured by a measuring pipette and added to a conical tube containing 40mL of
well-cooled'PBYIRGHE?, FaiRa dasyanvel SowhighradenscaimArigairsd £rentrifuge cooled at 4C, at

gogfo rpm foé?g@;&Bk%'ﬁﬁﬁnﬁﬂﬁr H@g&%&mﬂpaeihfq@&mngiﬁal@wafemmmgt@@gg&mmf fresh PBhS )
uffer was ed and gently mixe a vartex. This manipulation was repeated four times to wash the
cells. The §ﬁ£&8§§%@?&%ﬂ§&éﬁ’é€8’?§ S @@%@ﬁf P St APaRr Gt B Tor
administratiant (@260} tRreparmtipdeh8alipted viable cells for administration (R brevelpSP3B-TNF
alpha) 10mL of the,main culture soluti tained a ve was measured b ring
Sipette and added B & R s e HOPLE G M o D A r i ATEe
inversion, amlﬁ@ﬁté@nnffdgemﬂm%%@itﬂmgmé@@kédm I8 Fatcado® gearforce ®minutes. After
centrifugatisg,{hersupenataptwasramaved sng 40mL of psiRES Puffat wasadded.and gently

mixed by a vortex. This manipulation was repeated four times to wash the cells. The washed cells
were suspéfitibdviberomthe 8BS mirrstidegiobtbaIf radeshpic ranyer hadrisimaioryp201] (5)
Administragiiueidbeonetesis? anchmaltoreRANINBIIPORNG hasiaridiisted JFOD Gfaepdt and Group

11, 0.2mL per mouse of each cultured viable cells (Group Il :R lon 05A/pSP3B-TNF alpha, Group
IR breveligg‘;ﬁgga‘?ﬁﬁ:ggléﬁg)s\%§l %ﬁ%iﬁ?sélaéﬂii(ﬁ?ré‘?fé)ﬁgﬁﬂgl?a% g?gﬁﬁﬁﬂ?%i%ﬁgl\ﬁ?cgflgsp {ce of twice

a week (Dag°L.4, 8, 11), for two weeks. The cultured viable cells were administered in the
administered total yvolu 6mL, i e, the total cell number of 3.1, x 109 cfu/mouse for R longum
LOBAIPSPaB-TNF A e e o e B e sy b TS SRR e o
administerdt vigdleseaks WasTREdsififer esntalining. efbRizinbeemsidingevizibteroe| msimber The
cultured vighle; cells, wete Hitieh 1 fmes withananaeehicdiluaph, 1001.iL of which was smeared
to three BLFS plates each and cultured in anaerobic condition in a sealed vessel (Anaero Pac
Rectangule[\q)]jé ,]MITSUBISHI GAS CHEMICAL, INC.) with a deoxygenating/carbon dioxide-generating
agent in arvieesioptep aladibe for three days. For each plate in which colonies of 30 to 300 were
detected, the numper of the cells admjnistered was calculated by the formula below. Number of the
cells agrminicteredt () SR ABEH S POGIOE {2 GHIGH i Tt e o G SR to e
plate (b) x denversioskebeafidietfonSTA RRAIRUPechita il EARA B DOdbsage thabp(a): (P1+P2+P3)/3
[average nu r c% nies o la 1.P2 P3)] {b);x 106 [106 times dilution] (g); %,10,[ smeared
00t per LT DRa A e el b e R e oo
was admiméeaduninirgdritd neziy dsgsarbestuydizte todhcimspit seandap  EBOrsModYaap R

Adminisuayian perod s otk leve e vl s ingos s el el (02 1-

21). [0204 Confirming tumor-growth su%ressing effect
at 72°C, followed by 30 seconds at 72°C.

A part of PCR product was electrophoresed with DNA concentration marker on
0.8% agarose gel (1 x TBE buffer, containing ethidium bromide), confirming a single
band of approximately 3.9kbps.
[0150]
Table 6: Primers for pTNF3 construction
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For all mice, tumor diameter was measured before the initiation of the treatment (at grouping) and for
22 days after the initiation of the treatment, at frequency of once in 3 to 4 days, to confirm the effect
against tumor growth. The average tumor volume SD for each group of mice was calculated, and
antitumor effect was assessed using relative tumor volume ratio to the control group (Group I) [T/C
(%)] as an index. Also, statistical analyses (comparison between two groups: t-test) between Group |
and Groupl®laabl between Group | and Group 1l were performed. The tumor volume for each group
(average §B),isshown in Table 11 below. Chronological variation of tumor volume at the time was

also shown in Fig. 15. [0205] Table 11: Average tumor volume of each grou o
100ng of the vector and 50ng of the insert above were ligated by recombination

of terminal sequences using In-Fusion Advantage PCR Cloning Kit (TAKARA BIO,
Inc.). At this time, Cloning Enhancer (TAKARA BIO, Inc.) was also added into the
reacting solution, concurrently degrading the template plasmid contained in the vector
and the insert. Details were in accordance with the product instruction of In-Fusion
Advantage PCR Cloning Kit.

2uL of the In-Fusion reaction solution above was used for transforming £. coli
TOP10 chemically Competent Cell (Invitrogen). Transforming conditions were in
accordance with the product instruction. Transformed E. coli colonies were cultured
overnight at 37°C in LB (containing 75ug/mL spectinomycin) liquid medium, and the
plasmid was extracted from this culture (QIAprep Spin Miniprep Kit, QTAGEN). This
plasmid was full-sequenced and named pTNF3 (SEQ ID No: 51).
[0152]

Transformation of Bifidobacterium

The plasmid pTNF3 was used for transforming B. longum 105A using a similar
method as Production Example 1.
[0153]
Production Example 5: Production of a Secretory TNF alpha-expressing

Bifidobacterium (pSec2-TNF alpha)

Summary of the construction of pSec2-TNF alpha, a plasmid in which the GFP
portion of the plasmid pSec2-GFP was replace by TNF alpha, is shown in Fig. 7.
[0154]
Vector Preparation

Plasmid pCDshuttle was fully digested with BamHI, Bcul and PstI (all from

Fermentas). Reacting conditions were in accordance with the instruction of the
enzymes. Digested plasmid was fractioned by electrophoresis on 1% agarose gel for
purification (1 x TBE buffer, with ethidium bromide), and a large fragment of
approximately 3.4kbps was cut out, and DNA was extracted from the agarose gel by
DNA extraction kit (QIAquick Gel Extraction Kit, QIAGEN). Purified DNA fragment
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(vector) was electrophoresed on 0.8% agarose gel (1 x TBE buffer, with ethidium
bromide) with DNA concentration marker to estimate its concentration.
[0155]

Insert Preparation

Plasmid pSec2-GFP was used as template for PCR amplification of Sec2 signal
peptide coding sequence including HU promoter with Sec2_outl primer and Sec2a_R1
primer (Table 5) (PCR product 1). Besides, plasmid pTNF1 was used for PCR
amplification of TNF alpha coding sequence including HU terminator with Sec2a_F1
primer and TNF_outl primer (Table 5) (PCR product 2). PCR products 1 and 2 were
purified with PCR product purification kit (QIAquick PCR purification kit, QTAGEN),
and the amount of PCR products was estimated by absorption measurement. PCR
product 1 and PCR product 2 were mixed in equimolar amount. This PCR product
mixture solution 1ng plus 2 x PCR Solution PrimeSTAR HS (TAKARA BIO, Inc.) was
made to 49puL with 0.1 x TE buffer. This solution was set in a thermal cycler, and two
PCR fragments were linked by the reaction of 5 cycles, each cycle consisting of 98°C for
10 seconds and 72°C for 36 seconds. Then, the linked PCR product was amplified by
adding Sec2_out1 primer and TNF_outl primer, reacting 25 cycles, each cycle
consisting of 98°C for 10 seconds, 55°C for 5 seconds and 72°C for 70 seconds, before
elongation at 72°C for 30 seconds.

[0156]

This was fractioned by electrophoresis on 1% agarose gel for purification (1 x
TBE buffer, with ethidium bromide), and a fragment of approximately 1.2kbp was cut
out, and DNA was extracted and purified from the agarose gel using DNA extraction
kit (QIAquick Gel Extraction Kit, QTAGEN). This purified DNA fragment was fully
digested with BamHI and Bcul. Reacting conditions were in accordance with the
instruction of the enzymes. Digested plasmid was fractioned by electrophoresis on 1%
agarose gel for purification (1 x TBE buffer, with ethidium bromide), and a DNA
fragment of approximately 1.2kbp was cut out, and DNA was extracted and purified
from agarose gel using DNA extraction kit (QIAquick Gel Extraction Kit, QIAGEN).
Purified DNA fragment (insert) was electrophoresed on 0.8% agarose gel (1 x TBE
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buffer, with ethidium bromide) with DNA concentration marker to estimate its
concentration.
[0157]
Ligation

The vector and the insert above were mixed in 1:3 molar ratio for ligation
(Rapid DNA Ligation Kit, Fermentas). Details were in accordance with the product
instruction.
[0158]

Transformation of £. coli

2uL of the ligation reaction solution above was used for transforming £. colr
TOP10 chemically Competent Cell (Life Technologies Japan). Transforming
conditions were in accordance with the product instruction.

Transformed E. coli colonies were cultured overnight in LB (containing
75pg/mL spectinomycin) liquid medium at 37°C, and plasmids were extracted from this
culture (QIAprep Spin Miniprep Kit, QTAGEN). The insert part of this plasmid was
fully sequenced to confirm that there was no PCR error, and the plasmid was named as
pSec2-TNF alpha.

[0159]
Transformation of Bifidobacterium with pSec2-TNF alpha

Plasmid pSec2-TNF alpha was used for transforming B. Jongum 105A in a
similar way as Production Example 1.
[0160]
Working Example 2: TNF alpha Protein Expression by Recombinant Bifidobacterium
The recombinant bifidobacteria obtained from Production Example 4 and
Production Example 5 (Bifidobacterium longum 105A/ pSPxA-TNF alpha (x=7, 12).
Bifidobacterium longum 105A/pSPxB-TNF alpha(x=1-4, 7, 9, 10, 12, 16 or 23) and
Bifidobacterium longum 105A/pSec2-TNF alpha) in glycerin stock solution were
inoculated at 1% in APS-2S-2.5SE (75ug/mL spectinomycin) liquid medium and
cultured in anaerobic condition at 37°C for 24 hours (activation culture solution).

[0161]
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Subsequently, the activating culture solution was inoculated at 0.5% in a
medium (for each 20mL of APS-2S-2.5SE (75ng/mL spectinomycin) liquid medium,
4mL of 1M sodium phosphate buffer (pH6.8) was added). This was cultured in
anaerobic condition at 37°C for 18 hours.

After centrifuging the culture solution, culture supernatant was collected.
Proteins in this culture supernatant was precipitated by trichloroacetic acid (TCA),
washed with acetone, dissolved in a buffer for electrophoresis, and proteins in the
culture supernatant were concentrated.

[0162]

Besides, intracellular proteins were extracted as follows. 1mL of the culture
solution was mixed with 4mL of PBS, centrifuged at 12,000rpm for 5 minutes at 4°C,
and the supernatant was removed. The precipitation was suspended in 5mL PBS and
centrifuged to remove the supernatant, which was repeated twice. After washing, the
cells were made to the total volume of 1mL with PBS, homogenized with a sonicator.
After centrifugation, the supernatant was collected to provide an intracellular extract,
which was then subjected to westernblot analysis.

[0163]

A similar operation was performed for wild type Bifidobacterium longum 105A
for a negative control. For a positive control for TNF alpha, human recombinant TNF
alpha (PEPRO TECH, INC.) was used.

[0164]

The culture supernatant (corresponding to 7.5uL culture solution), culture
supernatant concentrate (corresponding to 1mL culture solution) and intracellular
protein extract (corresponding to 7.5uL culture solution) above were electrophoresed on
16% Tris-Glycine gel (Invitrogen). Note that, for following samples, the amount
applied was adjusted as follows. The supernatant of SP3B-TNF alpha corresponding
to 0.15pL culture solution, the intracellular protein extract of SP16B-TNF alpha
corresponding to 0.15uL, the intracellular protein extract of SP23B-TNF alpha
corresponding to 0.75pl,, the culture supernatant concentrate of the same
corresponding to 20pL and 100uL were subjected for electrophoresis. These were

transferred to PVDF membranes (Invitrogen, iBlot® Transfer Stacks) using iBlot®
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Transfer Device (Invitrogen). After blotting, the membranes were blocked, then
reacted with anti-human TNF-alpha (goat) (R&D Systems) as primary antibody and
anti-Goat IgG HRP Conjugate (Santa Cruz Biotechnology) as secondary antibody, and
developed with ECL Advance Western blotting Detection Kit (GE Healthcare). These
were analyzed by an imaging analyzer (Fluor S Max, Bio-Rad). The results of the
analyses are shown in Fig. 8.
[0165]

As a result, secretion was confirmed in 9 bacteria (B. Jongum 105A/pSP1B- TNF
alpha, B. longum 105A/pSP3B- TNF alpha, B. longum 105A/pSP4B- TNF alpha, B.
longum 105A/pSP7B- TNF alpha, B. longum 105A/pSP12B- TNF alpha, B. longum
105A/pSP16B- TNF alpha, B. longum 105A/pSP23B- TNF alpha, B. longum
105A/pSP7A- TNF alpha and B. longum 105A/pSec2-TNF alpha), with particularly
prominent expression in the culture supernatant of 2 bacteria (B. longum
105A/SP3B-TNF alpha and B. Jongum 105A/SP23B-TNF alpha).
[0166]
Reference Example 3: Confirmation of Secretion by a non-"TNFa-secretory bacterium

B. longum 105A/pTNF 3

The glycerin stocks of B. longum 105A/pTNF3 obtained in Reference Example 2
and wild-type B. longum 105A were inoculated at 1% to APS-2S-2.5SE (75ng/mL
spectinomycin) liquid medium, cultured in anaerobic condition at 37°C for 24 hours
(activating culture solution). The activating culture solution was inoculated at 0.5%
to a medium (75pg/mL spectinomycin) (for each 20mL of APS-2S-2.5SE liquid medium
added 4mL of 1M sodium phosphate buffer (pH6.8)), which was cultured in anaerobic
condition at 37°C for 18 hours. Note that wild-type was cultured in a medium which
was not supplemented with spectinomycin. This culture solution was centrifuged to
collect a culture supernatant. Meanwhile, an intracellular extract was prepared as
follows. 1mL of the culture solution was washed with PBS buffer, then the cells were
suspended in PBS buffer to make 1mL and homogenized with a sonicator. This was
centrifuged, and the supernatant was collected to give an intracellular extract.

[0167]

A sample obtained from wild-type was used as a negative control. As a
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positive control, human-derived recombinant TNF alpha (PEPRO TECH, INC.) was
used. The culture supernatant (corresponding to 7.5uL of the culture solution) and
intracellular extract (corresponding to 0.075uL of the culture solution) above were
electrophoresed on 15% polyacrylamide gel (ATTO Corporation). This was transferred
to a PVDF membrane (Invitrogen, iBlotTransfer Stacks) using iBlot Transfer Device
(Invitrogen).  After blotting, the membrane was blocked and reacted using
anti-human TNF-alpha(goat) (R&D Systems) as a primary antibody and anti-Goat IgG
HRP Conjugate (Santa Cruz Biotechnology) as a secondary antibody, and developed by
ECL Advance Western blotting Detection Kit (GE Healthcare). It was analyzed with
an imaging analyzer (Fluor S Max, Bio-Rad). The results of the analyses are shown in
Fig. 9.

[0168]

As a result, when the intracellular extracts of B. longum 105A/pTNF3 and
wild-type B. longum 105A were compared, a band indicating TNFa expression was
confirmed in B. Jongum 105A/pTNF3 but not in wild-type B. longum 105A. Thus, it
was shown that the cells transformed with the plasmid pTNF3 normally express TNFa.
However, comparing both culture supernatants confirmed no TNFa in either culture
supernatant, indicating that TNFa is not extracellulary secreted from B. Jongum
105A/pTNFS3.

[0169]
Production Example 6: Construction of pBifi-SP3B-TNF
Plasmid pBifi-SP3B-TNF was constructed from plasmid pSP3B-TNF alpha (Z.

coli - Bifidobacterium shuttle vector) by removing the origin of replication in Z. coli.
Details of the construction are shown in Fig. 10.
[0170]
Preparation of pUCori-removed Fragment

2.4pg of plasmid extracted from the recombinant Z. coli. TOP10/pSP3B-TNF
alpha (shuttle vector) was digested by BamHI and BglII at 37°C. This was fractioned

by electrophoresis using 0.8% agarose gel for purification, and a DNA fragment of

approximately 3.8kbps was cut out. DNA was extracted and purified from the cut-out
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c.t.

gel (QTAquick Gel Extraction Kit, QTAGEN), and DNA concentration was measured by
measuring the absorbance.
[0171]

Self-ligation of pUCori-removed fragment

The pUCori-removed fragment above was self-ligated in 6 tubes. For each
tube, 50ng of pUCori-removed fragment was used for self-ligation in 50puL reaction
system at 25°C for 5 minutes (RAPID DNA LIGATION KIT, Fermentas), then Ligase
was deactivated by heating at 65°C for 5 minutes. 6 ligation reaction solutions were
assembled to one tube, and subjected to protein degradation by Proteinase K and
subsequent protein removal by phenol/chloroform extraction and ethanol precipitation
thereafter. DNA was dissolved in 10pL 0.1 x TE.

[0172]

Transformation of Bifidobacterium

Bifidobacterium longum 105A competent cell was transformed (electroporation,
Gene Pulser II, Bio-Rad Laboratories, Inc.) using 150ng (5pL) of the purified product
after the ligation above. Immediately after an electric shock, a mixture of 800uL of
IMR liquid medium and 50pL of vitamin C additive solution was added to the cuvette,
which was then collected in a sterilized 2mL microtube. The lid of tube was loosen,
and the tube was placed in a dessicator, which was then deaerated by a vacuum pump
and filled with carbon dioxide This manipulation was repeated three times to replace
the air in the dessicator with carbon dioxide, before placing the dessicator in an
incubator set to 37°C and incubating for 3 hours.

[0173]

After the incubation, the bacterial suspension was mixed thoroughly and
smeared to two IMR agar media (containing 75pg/mL SPCM). These plates were
placed in a sealed vessel with deoxygenating/carbon dioxide-generating agent (Anaero
Pac®-Anaero, MITSUBISHI GAS CHEMICAL, INC.) and cultured for two days in an
incubator set to 37°C.

[0174]

Confirmation of the Transformant and Production of a Glycerin Stock of Recombinant

Bifidobacterium
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The colonies of candidate recombinant formed on the IMR agar media
(containing 75pg/mL SPCM) above were streaked on BL-bS agar media (BL agar media
containing spectinomycin, excluding horse defibrinated blood), placed in a sealed vessel
with deoxygenating/carbon dioxide-generating agent (Anaero Pac®-Anaero,
MITSUBISHI GAS CHEMICAL, INC.) and cultured for one day at 37°C. The
streak-cultured bifidobacteria was cultured in anaerobic condition in APS-2S-2.5SE
(75pg/mL spectinomycin) liquid medium at 37°C for one day, and plasmid DNA was
extracted from this (QIAprep Spin Miniprep Kit, QIAGEN). The extracted DNA was
used as template for PCR amplification with Check primer F1 (on AAD9 cassette) and
Check primer R2 (on HU promoter), and PCR product size was confirmed by
agarose-gel electrophoresis. Primer sequences are shown in Table 6. Locations of
PCR primers are shown in Fig. 9. PCR product size was approximately 0.5kbps,
confirming the exclusion of pUC ori fragment. This result confirmed that this
recombinant Bifidobacterium possesses pBifi-SP3B-TNF alpha, a plasmid in which
pUC ori has been removed from pSP3B-TNF alpha.

[0175]

Table 7 Primers for confirmation of shuttle and non-shuttle vectors

. Sequence
Primers (5 -> 3)
Check primer F1 TGACTTAGAGGAATTACTACCTG

Check primer R2 AAAGTGGCGGAAAGCGCCAC

[0176]

The streak culture on BL-bS agar medium was inoculated in APS-2S-2.5SE
(75ng/mL spectinomycin) liquid medium and cultured at 37°C for 24 hours. To this
culture solution glycerin solution was added to make a final concentration of 20%, to
give a glycerin stock.

[0177]
Nucleotide Sequencing of Plasmid pBifi-SP3B-TNF
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The glycerin stock of Bifidobacterium longum 105A/pBifi-SP3B-TNF was
cultured in anaerobic condition in APS-2S-2.5SE (75ng/mL spectinomycin) liquid
medium. Bacterial cells were collected from the culture solution by centrifugation,
suspended in 30mM GTA buffer, then treated with N-acetyl muramidase. It was
further treated with Proteinase K (QIAGEN) before purification by plasmid DNA
purification kit (QIAprep Spin Miniprep Kit, QIAGEN). This plasmid DNA was used
for determination of full nucleotide sequence, confirming the exclusion of pUCori (SEQ
ID No.: 5).

[0178]
Working Example 3: Confirmation of TNF alpha protein secretion from recombinant
Bifidobacterium

The glycerin stock of Bifidobacterium longum 105A/pBifi-SP3B-TNF alpha

obtained in Production Example 6 was inoculated at 1% in APS-2S-2.5SE (75pg/mL

spectinomycin) liquid medium and cultured in anaerobic condition at 37°C for 24 hours
(activating culture solution). The activating culture solution was inoculated at 0.5%
in a medium (for each 20mL of APS-2S-2.5SE(75ng/mL spectinomycin) liquid medium,
4mL of 1M sodium phosphate buffer (pH6.8) was added), which was cultured in
anaerobic condition at 37°C for18 hours. This culture solution was centrifuged and
the culture supernatant was collected. Besides, the intracellular extract was
prepared as follows. 1mL of the culture solution was washed with PBS, suspended in
PBS to make 1mL, then homogenized by a sonicator. This was centrifuged and the
supernatant was collected to give the intracellular extract. Similar manipulation was
performed for a shuttle vector Bifidobacterium longum 105A/ pSP3B-TNF alpha and
wild type Bifidobacterium longum 105A (wild type). Note that the wild type was
cultured in a medium excluding spectinomycin. A sample obtained from the wild type
was used as a negative control. For a positive control, human-derived recombinant
TNF alpha (PEPRO TECH, INC.) was used.
[0179]

The culture supernatant (corresponding to 0.75uL culture solution) and
intracellular protein extract (corresponding to 1.5puL culture solution) above were

electrophoresed on 15% polyacrylamide gel (ATTO Corporation). This was transferred
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to a PVDF membrane (Invitrogen, iBlot® Transfer Stacks) using iBlot® Transfer
Device (Invitrogen). After blotting, the membrane was blocked, then reacted with
anti-human TNF-alpha (goat) (R&D Systems) as primary antibody and anti-Goat IgG
HRP Conjugate (Santa Cruz Biotechnology) as secondary antibody, and developed with
ECL Advance Western blotting Detection Kit (GE Healthcare). This was analyzed by
an imaging analyzer (Fluor S Max, Bio-Rad). The result of the analysis is shown in
Fig. 11.

[0180]

Working Example 4: Transformation of £. coli with pBifi-SP3B-TNF alpha and

pSP3B-TNF
Plasmids obtained from Production Example 6 (pBifi-SP3B-TNF alpha and

pSP3B-TNF alpha) were used for transforming Z. co/i. TOP10 strain.

Transformation was performed in accordance with the product instruction of £.
coli. TOP10competent cell (Life Technologies Japan), and 100pL each was smeared
onto a LB (containing 75ug/mL spectinomycin) agar medium in duplicate, cultured
overnight at 37°C. Colonies were formed only when the shuttle vector pSP3B-TNF
alpha was introduced (266cfu and 226¢fu), while Z. coli in which pBifi-SP3B-TNF
alpha was transferred formed no colony on the selection medium.

[0181]

Reference Example 4:  Construction of Plasmid pBEshuttle

We constructed pBEshuttle as a mock vector having a protein expression unit
containing no insert, as follows. A summary is shown in Fig. 13.
[0182]

PCR fragment Preparation

5ng of the plasmid pCDshuttle was used as template for amplifying two PCR
fragments A and B using PrimeSTAR® HS Premix (TAKARA BIO, Inc.). MCS F1
primer and TNFvec R1 primer were used for the amplification of PCR fragment A, and
pUC ori F2 primer and MCS R1 primer was used for the amplification of PCR fragment
B (Table 8).

The 15 nucleotides on 5' side of the primer for the amplification of PCR

fragment A was designed to have a homologous sequence to the terminal of PCR
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No treatment

fragment B, while the 15 nucleotides on 5' side of the primer for the amplification of
PCR fragment B was designed to have a homologous sequence to the terminal of PCR
fragment A.

The PCR program consisted of 30 cycles of 10 seconds at 98°C, 5 seconds at
55°C and X seconds (PCR fragment A: X=3 minutes 20 seconds, PCR fragment B: X=35
seconds) at 72°C, followed by 30 seconds at 72°C.

A part of PCR product was electrophoresed on an agarose gel (1 x TBE buffer,
containing ethidium bromide; 0.8% agarose gel for PCR product A, 2% agarose gel for
PCR product B) with DNA concentration marker, confirming a single band (PCR
product A: approximately 3.3kbps, PCR product B: approximately 0.6kbps) and
estimating its concentration.

[0183]
Table 8 Primers for pBEshuttle Construction

Sequence PCR
Primers
(5'-> 3" product
MCS_FI1 primer AAGCTTATCCTGCAGTGACCTTCTGCTCGTAGCGA A
TNFvec_R1_primer GCCGTAGTTAGGCCACCACTTCAAG A
pUC_ori_F2 primer TGGCCTAACTACGGCTACAC B
MCS_R1 primer CTGCAGGATAAGCTTCATAAAGCATCCTTCTTG B
[0184]
Cloning

100ng of the PCR product A and 35ng of the PCR product B above were ligated
by recombination of terminal sequences using In-Fusion Advantage PCR Cloning Kit
(TAKARA BIO, Inc.). At this time, Cloning Enhancer (TAKARA BIO, Inc.) was also
added into the reacting solution, concurrently degrading the template plasmid
contained in the vector and the insert. Details were in accordance with the product
instruction of In-Fusion Advantage PCR Cloning Kit.

2uL of the In-Fusion reaction solution above was used for transforming £. coli

TOP10 chemically Competent Cell (Invitrogen). Transforming conditions were in
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accordance with the product instruction. Transformed . coli colonies were cultured
overnight at 37°C in LB (containing 75ug/mL spectinomycin) liquid medium, and the
plasmid was extracted from this culture (QIAprep Spin Miniprep Kit, QTAGEN). This
plasmid was full-sequenced and named pBEshuttle (SEQ ID No: 50).

[0185]

Transformation of Bifidobacterium

The plasmid pBEshuttle was used for transforming B. Jongum 105A using a
method as used in Production Example 1.
[0186]
Production Example 7: Production of Recombinant Bifidobacterium B.
brevelpSP3B-TNF alpha

Bifidobacterium breve JCM1192 was transformed with the plasmid

pSP3B-TNF alpha in a method as used in the transformation of Bifidobacterium in
Production Example 1.

[0187]

Working Example 5: Confirmation of TNFa protein expression by Recombinant

Bifidobacterium

The glycerin stocks of B. longum 105A/pBEshuttle obtained in Reference
Example 4, B. longum 105A/pSP3B-TNF alpha obtained in Production Example 4, B.
longum 105A/pBifiSP3B-TNF alpha obtained in Production Example 6 and B.
brevelpSP3B-TNF alpha obtained in Production Example 7 were inoculated at 1% to
APS-28-2.5SE (75pg/mL spectinomycin) liquid media, cultured at 37°C for 24 hours in
anaerobic condition (activating culture). The activating culture solution was
inoculated at 0.5% to a medium (75pg/mL spectinomycin) (for each 20mL of
APS-2S-2.5SE liquid medium added 4mL of 1M sodium phosphate buffer (pH6.8)),
which was cultured at 37°C for 18 hours in anaerobic condition. This culture solution
was centrifuged to collect a culture supernatant. TNFa content in the culture
supernatant was measured by ELISA of the culture supernatant (Quantikine Human
TNF alpha/TNFSF1A Immunoassay, R&D Systems, Inc.). The measurement results
are shown in Table 9.

[0188]
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Table 9

sample name Cu"?r:?s;ime OD(600nm) TNFS:Z;ESOHC'
B. longum 105A /pBEshuttle 18 2.539 0
B. longum 105A/pSP3B-TNF alpha 18 1.806 0.69
B. longum 105A /pBifiSP3B-TNF alpha 18 1.509 0.42
B. breve /pSP3B-TNF alpha 12 6.864 1.94

[0189]

TNFa secretion was observed in the culture supernatant in either of B. Jongum
105A/pSP3B-TNF alpha, B. longum 105A/pBifiSP3B-TNF alpha and B.
brevelpSP3B-TNF alpha, but not in B. longum 105A/pBEshuttle.

[0190]

Working Example 6: The Physiological Activity of TNFa Protein Secreted by
Recombinant Bifidobacteirum and the Neutralization of the Physiological Activity with
Anti-hTNFa Antibody

Culture of Test Bacterium and Preparation of Culture Supernatant

The glycerin stocks of B. longum 105A/pBEshuttle obtained in Reference Example 4, B.
longum 105A/pSP3B-TNF alpha obtained in Production Example 4 and B. longum
105A/pBifiSP3B-TNF alpha obtained in Production Example 6 were inoculated at 1%
to APS-2S8-2.5SE (75ug/mL spectinomycin) liquid media, cultured at 37°C for 24 hours
in anaerobic condition (activating culture). The activating culture solution was
inoculated at 0.5% to a medium (75pg/mL spectinomycin) (for each 20mL of
APS-2S-2.5SE liquid medium added 4mL of 1M sodium phosphate buffer (pH6.8)),
which was cultured at 37°C for 18 hours in anaerobic condition. This culture solution
was centrifuged to collect a culture supernatant.

[0191]

TNFa Cytotoxicity Assay

The physiological activity and neutralization of rhTNFa was assessed by
examining the cytotoxicity via TNFa receptor, which is a physiological activity of TNFa.
As a test cell, a human breast cancer cell line KPL-1 cell was used. KPL-1 cell was

cultured in a DMEM medium (a DMEM medium supplemented with 10% (v/v) FBS and
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0.1% (v/v) penicillin (50000U/mL)/streptomycin (50mg/mL) solution) at 37°C, in 5%
COz condition. This cell was seeded onto 96 well plate at 1 x 104 cells per well,
cultured at 37°C in 5% COz for 24 hours to give confluent cells. The old medium was
removed from these cells by aspiration, and freshly added thereto were 80uL each per
well of 10% (v/v) FBS supplemented with actinomycin D to make an actinomycin D
final concentration of 5pg/mL and DMEM medium supplemented with 0.1% penicillin
(50000U/mL)/streptomycin (50mg/mL) solution. Subsequently added were, as
samples for measurement, a medium for Bifidobacterium (APS-2S-2.5SE), rthTNF
alpha prepared at 100ng/mL as rhTNFa standard, five times dilution of B. longum
105A/pBEshuttle culture supernatant, five times dilution of B. Jongum
105A/pSP3B-TNF alpha culture supernatant and five times dilution of B. Jongum
105A/pBifiSP3B-TNF alpha culture supernatant, 10uL each per well. Added thereto
in order to measure the neutralizing ability against thTNFa physiological activity were
anti-hTNFa antibody (anti-human TNF alpha, R&D Systems, 0.0125 - 0.1mg/mL),
normal goat IgG (normal Goat IgG, R&D Sytems, 0.0125 - 0.1mg/mL), and 10% (v/v)
FBS and DMEM medium supplemented with 0.1%(v/v) penicillin (50000U/mL)/
streptomycin (50mg/mL) solution, 10uL each per well. This plate was cultured at
37°C in 5% COzq for 48 hours.
[0192]

Measuring cytotoxicity employed Cell Counting Kit-8 (DOJINDO), wherein
10pL per well of this solution was added to each well, before further culturing for 4
hours at 37°C in 5% COgz and measuring of the absorbance at wavelength of 450nm and
630nm (630nm was used as reference wavelength). The results of the analyses are
shown in Fig. 14, in which the culture supernatant of the recombinant bacteria B.
longum 105A/pSP3B-TNF alpha and B. longum 105A/pBifiSP3B-TNF alpha showed
cytotoxicity against KPL-1 cells while being neutralized by anti-TNFa antibody,
confirming that the recombinant hTNFa secreted in the culture supernatant had a
physiological activity.
[0193]

Working Example 70 Measurement of Antitumor Effect of B. Jongum
105A/pSP3B-TNF alpha and B. breve/pSP3B-TNF alpha
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S.1) X..

The antitumor effect of B. longum 105A/pSP3B-TNF alpha prepared in
Production Example 4 and B.breve/pSP3B-TNF alpha prepared in Production Example
7 were measured.

[0194]
(1) Culturing of transplant tumor cells

Human breast cancer cell line KPL-1 cells were cultured in a DMEM medium
supplemented with 10% (v/v) FBS and 0.1%(v/v) penicillin (50000U/mL)/streptomycin
(50mg/mL) solution at 37°C in 5%COs condition.

Upon reaching confluent, the cells were detached by washing with 1 x PBS(-)
and adding trypsin-EDTA, and the cells were collected by centrifugation (1000 spins/5
minutes) and appropriately diluted with DMEM medium and subcultured.

Cells after 5 passages were used for transplantation experiments. The
number of viable cells which were not stained with trypan blue was counted on Thoma
hemocytometer (Thoma deep 0.1 mm ERMA, Tokyo), suspended in Hank's solution and
the cell number was adjusted to at 2.5 x 106 cells/mL.

[0195]

(2) Production of a cancer-bearing nude mouse and measurement of tumor volume
0.2mL of the prepared KPL-1 cell suspension was subcutaneously transplanted

to a nude mouse on the dosal side of the right anterior limb (5 x 105 cells/mouse).

Tumor volume after transplantation was assessed by measuring tumor
diameter (long axis, short axis and thickness) using calipers and calculated by
following equation:

Tumor volume (mm?3) = long axis (mm) x short axis (mm) x thickness (mm)/2
[0196]
(3) Grouping and group constitution

From KPL-1 cancer-bearing nude mice, 24 mice whose tumor volumes were
around approximately 80 to 135 mm3 were selected and divided into 3 groups (8
animals for each group) such that the average tumor volume would be similar. This

day was set to Day 0.
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The constitution of the test groups is as shown in Table 10. That is, Group I:
a group with no treatment, Group II: a group receiving B. Jongum 105A/pSP3B-TNF
alpha, Group III: a group receiving B. breve/lpSP3B-TNF alpha.
[0197]
Table 10:  Group constitution

Number IAdministration
. r date
Group Given substance Dosage dosoage
(times/day) (Day)
Group I 8
B. longum
0.2
105A/pSP3B-TNF 2 l; 458,11
mL/body/time
Group II al DhEl 8
200
Maltose 9 1~921
mg/body/day
B. breve/pSP3B-TNF 0
2 154,811
alpha mL/body/time
Group III 8
200
Maltose 2 1~21
mg/body/day
[0198]

(4) Culturing of bacteria and preparation of bacterial suspension for administration
Culturing of bacteria

The glycerin stocks of the bifidobacteria B. longum 105A/pSP3B-TNF alpha

prepared in Production Example 4 and B. breve/pSP3B-TNF alpha prepared in
Production Example 7 were inoculated at 1% to APS-2S-2.5SE (75pg/mL
spectinomycin) liquid media, cultured at 37°C for 23.5 hours in anaerobic condition

(activating culture solution). Next, the activating culture solution was inoculated at
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1% to 20mL of APS-2S-2.5SE (75pg/mL spectinomycin) liquid medium, cultured at
37°C for 18 hours in anaerobic condition (main culture solution).

[0199]

Preparation of cultured viable cells for administration (B. Jongum 105A/pSP3B-TNF
alpha)

10mL of themain culture solution obtained as above was measured by a
measuring pipette and added to a conical tube containing 40mL of well-cooled PBS
buffer, gently mixed by inversion, and then centrifuged in a centrifuge cooled at 4°C, at
8000 rpm for 10 minutes. After centrifugation, the supernatant was removed and
40mL of fresh PBS buffer was added and gently mixed by a vortex. This manipulation
was repeated four times to wash the cells. The washed cells were suspended in 5mlL.
PBS buffer to give a cultured viable cells for administration.

[0200]
Preparation of cultured viable cells for administration (B. breve/pSP3B-TNF alpha)

10mL of the main culture solution obtained as above was measured by a
measuring pipette and added to a conical tube containing 40mL of well-cooled PBS
buffer, gently mixed by inversion, and then centrifuged in a centrifuge cooled at 4°C, at
8000 rpm for 10 minutes. After centrifugation, the supernatant was removed and
40mL of fresh PBS buffer was added and gently mixed by a vortex. This manipulation
was repeated four times to wash the cells. The washed cells were suspended in 10mL
PBS buffer to give cultured viable cells for administration.

[0201]
(5) Administration of the bacterium and maltose
Administering the bacterium

For Group IT and Group III, 0.2mL per mouse of each cultured viable cells
(Group II : B. Jongum 105A/pSP3B-TNF alpha, Group I1I : B. breve/pSP3B-TNF alpha)
was administered intravenously twice a day (AM/PM), at a pace of twice a week (Day 1,
4, 8, 11), for two weeks. The cultured viable cells were administered in the
administered total volume of 1.6mlL,, i.e., the total cell number of 3.1 x 109 cfu/mouse for
B. longum 105A/pSP3B-TNF alpha, and 4.8 x 10%fu/mouse for B. breve/pSP3B-TNF

alpha. The number of administered viable cells was measured as follows.
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[0202]

Measuring viable cell number

The cultured viable cells were diluted 106 times with an anaerobic dilutant,
100uL of which was smeared to three BLFS plates each and cultured in anaerobic
condition in a sealed vessel (Anaero Pac Rectangular jar, MITSUBISHI GAS
CHEMICAL, INC.) with a deoxygenating/carbon dioxide-generating agent in an
incubator at 37°C for three days. For each plate in which colonies of 30 to 300 were
detected, the number of the cells administered was calculated by the formula below.
Number of the cells administered (cfu) = number of colonies (a) x dilution ratio at the
time of being smeared to the plate (b) x conversion coefficient for 1mL of cultured viable
cells (c) x dosage (mL)

(a): (P1+P2+P3)/3 [average number of colonies of 3 plates (P1,P2,P3)]
(b): x 106 [106 times dilution]

(0): x 10 [ smeared 100uL per plate]

[0203]

Administering maltose

For Group II and III, 1mL of 10% maltose solution was administered
intraperitoneally as carbohydrate source twice a day (200mg/body/day).
Administration period was for 21 days from the day of administering the cultured
viable cells (Day 1 - 21).

[0204]
(6) Confirming tumor-growth suppressing effect

For all mice, tumor diameter was measured before the initiation of the
treatment (at grouping) and for 22 days after the initiation of the treatment, at
frequency of once in 3 to 4 days, to confirm the effect against tumor growth.

The average tumor volume + SD for each group of mice was calculated, and
antitumor effect was assessed using relative tumor volume ratio to the control group
(Group D [T/C (%)] as an index. Also, statistical analyses (comparison between two
groups: t-test) between Group I and Group II and between Group I and Group III were
performed.

The tumor volume for each group (average + SD) is shown in Table 11 below.

68



Chronological variation of tumor volume at the time was also shown in Fig. 15.

[0205]
Table 111 Average tumor volume of each group
Tumeor volume (mm3) after grouping (Day0) TiC Two tailed
=
Grou g‘ (%)#1 East
P ® g_og 0 es
o ®om
Gi 11 g £
e e 2 g 0 3 7 10 14 18 22 i SpeEnluel
I 5
(D Day22 | GroupIvs
-} Average| 107.2 168.6 | 284.4 426.5 658.3 1347.7 2128.8
No treatment 8 ; B B
S.D. 19.6 33.0 52.1 139.0 248.3 | 647.2 1040.1
=) Average| 105.9 | 146.7 | 196.6 | 274.4 | 420.0 [ 690.2 | 1028.8
B m 05/ 2 <
FENBHIRN 8 lsp.|181 |236 |338 |64.7 | 12752250 | 3486 | 483 0.021
/pSP3B-TNF alpha
=) Average| 105.5 | 142.4 [ 151.7 | 181.9 | 201.6 | 337.3 | 579.4
B. breve * s
i 8 ls.p.|186 |488 |56.7 |64.5 |61.5 |146.6 | 202.2 | 272 0:004
/pSP3B-TNF alpha

#1:T/C(%)= Average tumor volume of Group II or Group III/ Average tumor volume of Group I x 100

[0206]

In either group receiving B. longum 105A/pSP3B-TNF alpha or B.
brevelpSP3B-TNF alpha, a significant decrease in tumor volume was observed
compared with untreated group.

[0207]
Working Example 8 Measurement of antitumor effect of B. longum
105A/pSP3B-TNF alpha

We measured the antitumor effect of B. Jongum 105A/pSP3B-TNF alpha

prepared in Production Example 4 in concomitant use with adriamyecin.

(1) Culturing of the transplant tumor cells
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Human breast cancer cell line KPL-1 cell was cultured in DMEM medium
supplemented with 10% (v/v) FBS and 0.1% (v/v) penicillin (50000U/mL)/ streptomycin
(50mg/mL) under the condition at 37°C in 5%COs.

Upon reaching confluent, the cells were detached by washing with 1 x PBS(-)
and adding trypsin-EDTA, and the cells were collected by centrifugation (1000 spins/5
minutes) and appropriately diluted with DMEM medium and subcultured.

Cells after 5 passages were used for transplantation experiments. The
number of viable cells which were not stained with trypan blue was counted on Thoma
hemocytometer (Thoma deep 0.1 mm ERMA, Tokyo), suspended in Hank's solution and
the cell number was adjusted to at 2.5 x 106 cells/mL.

[0208]

(2) Production of a cancer-bearing nude mouse and measurement of the tumor volume
0.2mL of the prepared KPL-1 cell suspension was subcutaneously transplanted

to a nude mouse on the dorsal side of the right anterior limb (5 x 105 cells/mouse).

Tumor volume after transplantation was assessed by measuring tumor diameter (long

axis, short axis and thickness) using calipers and calculated by following equation:

Tumor volume (mm?3) = long axis (mm) x short axis (mm) x thickness (mm)/2

[0209]

(3) Grouping and group constitution

From KPL-1 cancer-bearing nude mice, 18 mice whose tumor volumes were
around approximately 80 to 120 mm3 were selected and divided into 3 groups (6
animals for each group) such that the average tumor volume would be similar. This
day was set to be as Day 0.

The constitution of the test groups are as shown in Table 12. That is, Group I:
untreated group, Group II: the group receiving adriamycin alone, Group III: the group
receiving the combination of bacterium (B. Jongum 105A/pSP3B-TNF alpha) +
adriamycin.

[0210]
Table 12: Group constitution

70



=
Number Administration 5_
of date E
Group Given substance Dosage (mj:Sa"gde ; g.
(times/day .

(Day) ]

Bacterium - & g -
Group I Maltose e i - 6

Adriamycin - ", -

Bacterium — —_ =
Group 11 Maltose oy . - 6

Adriamycin 5 mg/kg 1 0 4§
0.2
Bacteri
acterium 9 1.5 8 12
mL/body/time
Group III 6
Maltose 200 mg/body/day 2 1 to 20
Adriamycin 5 mg/kg 1 0 ¥
[0211]

(4) Culturing of the bacterium (B. Jongum 105A/pSP3B-TNF alpha)

The glycerin stock of the Bifidobacterium B. longum 105A/pSP3B-TNF alpha
prepared in Production Example 4was inoculated at 1% to APS-2S-2.5SE (75ng/mL
spectinomycin) liquid medium, cultured at 37°C for 23.5 hours in anaerobic condition
(activating culture solution). Next, the activating culture solution was inoculated at
1% to 20mL of APS-2S-2.5SE (75ng/mL spectinomycin) liquid medium, cultured at
37°C for 18 hours in anaerobic condition (main culture solution).

[0212]
Preparation of cultured viable cells for administration

5mL of the main culture solution above was measured by a measuring pipette
and added to a conical tube containing 20mL of well-cooled PBS buffer, gently mixed by
inversion, and then centrifuged in a centrifuge cooled at 4°C, at 8000 rpm for 10

minutes. After centrifugation, the supernatant was removed and 20mL of fresh PBS
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0.00i

buffer was added and gently mixed by a vortex. This manipulation was repeated four
times to wash the cells. The washed cells were suspended in 2.5mL PBS buffer to give
a cultured viable cells for administration.
[0213]
(5) Administration of the bacterium, maltose and adriamycin
Administering the bacterium

For Group III, 0.2mL per mouse of cultured viable cells (test drug) was
administered intravenously twice a day (AM/PM), twice a week (Day 1, 5, 8, 12). The
cultured viable cells were administered in the total administered volume of 1.6mlL, 1.e.,
the total cell number of 3.0 x 109%fu/mouse. The number of administered viable cells
was measured as follows.
[0214]

Measuring viable cell number

The cultured viable cells were diluted 10¢ times with an anaerobic dilutant,
100pL of which was smeared to three BLFS plates each and cultured in anaerobic
condition in a sealed vessel (Anaero Pac Rectangular jar, MITSUBISHI GAS
CHEMICAL, INC.) with a deoxygenating/carbon dioxide-generating agent in an
incubator at 37°C for three days. For each plate in which colonies of 30 to 300 were
detected, the number of the cells administered was calculated by the formula below.
Number of the cells administered (cfu) = number of colonies (a) x dilution ratio at the
time of being smeared to the plate (b) x conversion coefficient for 1mL of cultured viable
cells (c¢) x dosage (mL)

(a): (P1+P2+P3)/3 [average number of colonies of 3 plates (P1,P2,P3)]
(b): x 106 [106 times dilution]

(0): x 10 [smeared 100uL per platel

[0215]

Administering maltose

For Group III, 1mL of 10% maltose solution was administered intraperitoneally
as carbohydrate source twice a day (200mg/body/day). Administration period was for

20 days from the day of administering the cultured viable cells (Day 1 - 20).
Administering adriamycin
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For Group II and Group III, 0.1mL adriamycin solution (1.0mg/mL) was
administered intravenously to mice only on a day before the first administration of
bacterium (DayO0).

[0216]
(6) Confirming tumor-growth suppressing effect

For all mice, tumor diameter was measured before the initiation of the
treatment (at grouping) and for 21 days after the initiation of the treatment, at
frequency of once in 3 to 4 days, to confirm the effect against tumor growth.

The average tumor volume + SD for each group of mice was calculated, and
antitumor effect was assessed using relative tumor volume ratio to the control group
(Group D) [T/C (%)] as an index. Also, in order to assess the antitumor ability of the
present bacterium secreting TNFa, a statistical analysis (comparison between two
groups: t-test) between Group II and Group III was performed.

The tumor volume for each group (average + SD) is shown in Table 13 below.

Chronological variation of tumor volume at the time was also shown in Fig. 16.

[0217]
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Table 13: Average tumor volume of each group

Tumor volume (mm3) after grouping (Day0) T/C Two taild
= [ 22
Group £ (%) t-test
¢ | ez
o | Fu
Given cell & g at (p-value
S s 0 4 ¥ |l |ag |19 21
= ” Day21] —)vs
(Day
—Jve =)
=) Average | 100,3 | 156.5| 238.5| 347.4| 613.5| 1002.2| 1337.0 =

No treatment | 8 =

S.D.| 13.8 | 44.4 | 77.5 | 157.2| 274.9| 561.6 | 726.0 =
43 Average| 97.7 | 133.6| 145.4| 257.9| 415.2| 625.2 | 852.6 0.168
st :
A 8 |s.p.|143 | 215 |25.3 | 42.5 |92.4 | 1375 | 190.0 | 838
adriamycing _
2) pversge| 97.8 | 96.9 | 100.7| 120.4 | 148.5| 220.4 | 265.0 FioiE
Receiving
ba‘éte““m 8 | s.n.|12.6 |30.0 [29.1 |26.8 |57.8 |57.7 |104.6 | 198 | 0.0003
an
adriamycins

#1: Adriamycin 5.0mg/kg
#2:T/C(%)=Average tumor volume of Group II or Group III/ Average tumor volume of Group I x 100

[0218]

In the group received a concomitant use of B. longum 105A/pSP3B-TNF alpha
and adriamycin, tumor volume was significantly reduced, not only when compared
with untreated group but also when compared with the group receiving adriamycin
alone. This means, namely, the concomitant use of adriamycin and B. Jongum
105A/pSP3B-TNF alpha may increase their effects.

[0219]

Production Example 8: Production of a Non-Secretory Human IL-18-Expressing

Bifidobacterium

Construction of Plasmid phIL.18mut-His

We constructed a shuttle vector (Bifidobacterium -E. col) having only the

human IL-18 located downstream of Hu promoter derived from Bifidobacterium but
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having no secretory signal. A summary is shown in Fig. 17. Details are as follows.
[0220]
Insert Preparation

We used a plasmid human IL18 opt_in_pUC57 having an artificial DNA of
human IL-18 (Accession No: NM_001562, 329th to 799th nucleotide sequence in

mature protein coding region) of which codons were optimized for Bifidobacterium, and
Hu promoter located upstream thereof and Hu terminator located downstream thereof
(custom-synthesized by GenScript). Upon synthesizing the artificial DNA, amino acid
substitutions were introduced to the mature human I1-18 at 2 sites, 1.e., at 7th amino
acid (from E to A) and at 54th amino acid (from K to A), to decrease the neutralization
with a IL-18-binding protein, and a histidine tag was added to the C-terminal (the
amino acid sequence of the mature human IL-18: SEQ ID No: 47).
[0221]

Added to 2pg of the plasmid human IL18_opt_in_pUC57 25unit of BamHI and
15unit of Beul (both enzymes from Fermentas), which was incubated at 37°C for 3
hours to allow a complete digestion. After the digestion, the plasmid was
electrophoresed on 1% agarose gel for purification (1 x TBE buffer, containing ethidium
bromide) to separate DNA fragments. A small fragment of approximately 1kbp was
cut out, and DNA was extracted and purified from the agarose gel by a DNA extraction
kit (QIAquick Gel Extraction Kit, QIAGEN). Purified DNA fragment (insert) was
electrophoresed on 0.8% agarose gel (1 x TBE buffer, containing ethidium bromide)
with DNA concentration marker to estimate its concentration.
[0222]

Vector Preparation

The plasmid pCDshuttle was completely digested with BamHI, Bcul, Pstl and
Bsp1191 (all from Fermentas; Pstl and Bsp119I has their recognition sites on CD).
Reacting conditions were in accordance with the instruction for use of the enzymes.
After the digestion, the plasmid was electrophoresed on 1% agarose gel for purification
(1 x TBE buffer, containing ethidium bromide) for separation, a large fragment of
approximately 3.4kbps was cut out, and DNA was extracted and purified from the

agarose gel by a DNA extraction kit (QIAquick Gel Extraction Kit, QIAGEN).
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#1111.11(%)= Average tumor volume of Group Il or Group IlI! Average tumor volume of (ilrottp | x 100
[0206] In either group receiving B. longum 105A/pSP3B-TNF alpha or R breve/pSP3B-TNF alpha,
a significant decrease in tumor volume was observed compared with untreated group. [0207] Working
Example 8: Measurement of antitumor effect of R lon gum 105A/DSP3B-TNF alpha We
measured the antitumor effect of R longum 105A/pSP3B-TNF alpha prepared in Production Example 4
in concomibamifissk WA dorianepsitv¢dtpOuitasirdeofrind orzneplant ditorgaitse gel EunBRbreast
cancer celllipg KBl sell wan et JmRMEM Mt siieniementewith 10% (e F RS and 0.1%
(v/v) penicillin (SOOOQU/rap/ streptomycin (50mg/mL) under the condition at 37C in 5%CO2. Upon
reaching cemtfis@ftatie cells were detached by washing with 1 x PBS(-) and adding trypsin-EDTA, and
the cells wgygpgpllected by centrifugation (1000 spins/5 minutes) and appropriately diluted with DMEM
medium angd sybcultured. Cells after 5 passages were used for transplantation experiments. The
number of ells which were not stained with trypan blue was counted on Thoma hemocytometer
(Thoma deep 0.1 Thw RidAaddk}ie)suspehded weHankisdalution andlihergel) amibiegamas adjusted
toat 2.5 x 206 c L;[0208 (f%. Production gf a,cancer-bearing nude mouse and measurement of
the turmor CHPED R BB e oA Ko B s e
to a nude msusetapnthe dorsal side of the right anterior limb (5 x 105 cells/mouse). Tumor volume after

transplantation was, pssessed by measing tumassiamsterlong 2xis,shestaxis.ang thickpess) using

calipers and calculated by following equation: Tumor volume (mm) = long axis (ram) x short axis (ram)
x thicknesd ORH)/sopdoyie) CresiRy dridlgrouptemsemutidiansiomipg kpiditienn %erBedring nude
mice, 18 mieeWhRase #PROIEOPIDRE INaEerateund appiisRiely8Q40 120HrwRs wekiRakested and
divided into 3 groups. (6 _animals for.each group) such.that the ayerage tumor volume would be similar.
This day wASSHER) B8 ACDAGBA 1N T8 HEHSAITO SPHa Ot BB A by i T bl 12.
That is, Gretiirh uhtreglteangdoum,sGeotrpdie dhéQirope e SpivinyladpamyEirt, alpheGEROUp Mhehe group
receiving the combination of bacter B..I SP3B-TNF alpha) + adriamycin. [0210]
Table 12: 8?%%%%%%%?&%%&3&??% %Stulﬂ%:llgnldggg he gct%%ﬁm (B. longum 105A/pSP3B-TNF
alpha) [0PRél glycerin stock of the Bifidobacterium B. longum 105A/pSP3B-TNF alpha prepared in

Productiondsxample Awas iese/aied @t 196 to APS-2S-2.5SE (75ng/mL spectinomycin) liquid medium,
cultured at 37C for 23.5 hours in anaerobic conditionéactivating culture solution). Next, the activating

culture solution wXeirfoRsiERsEeat 2061 BIsmIegPAR Si5dbastsriyrs rdinfokh dapmydimaruid
medium, cultugacat £iéedfof18 hagrsin ghagIoObicwasdition (sTaiR€ulitls sehutien)y 2 ¥dm

Bifidobacterium. A summary is shown in Fig. 18. Details are as follows.

Insert Preparation

5ng of the plasmid phIL18mut-His was used as template for PCR amplification
of hIL18mut coding region by PrimeSTAR® HS Premix (TAKARA BIO, Inc.). IL18 F2
and IL18 R2 primers were used, in which the 15 nucleotides on the 5' side of each
primer had a homologous sequence to the vector terminal (Table 14). Primers were
designed such that the PCR product would not contain the histidine tag from
C-terminal of IL-18. PCR program consisted of 30 cycles of 10 seconds at 98°C, 5
seconds at 55°C, 30 seconds at 72°C, followed by 30 seconds at 72°C.

A part of the PCR product was electrophoresed on 2% agarose gel (1 x TBE
buffer, containing ethidium bromide) with DNA concentration marker, confirming a
single band of approximately 0.5kbp and estimating its concentration.

[0225]
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Preparation of cultured viable cells for administration 5mL of the main culture solution above was
measured by a measuring pipette and added to a conical tube containing 20mL of well-cooled PBS
buffer, gently mixed by inversion, and then centrifuged in a centrifuge cooled at 4C, at 8000 rpm for 10
minutes. After centrifugation, the supernatant was removed and 20mL of fresh PBS buffer was added
and gently mixed by a vortex. This manipulation was repeated four times to wash the cells. The
washed ceVecteerBrepsratmeied in 2.5mL PBS buffer to give a cultured viable cells for administration.
0213] (5) Adminisegiioh fhe basieups maleseandhadiamyen Adminisiayngdng bagierum

For Group Ill, 0.2mL per mouse of cultured viable cells (test drug) was administered intravenously

twice a dajpRvieMioR e sigeekerila B 3andyert shitlotal RiabreneisAdBuRinitered in the

total administerekwoline Bicd.6Minel grithedealselpumberefos. &x +aA9cluénonsse Thg, number of
administerg&y'\ib#%cellsw s measured as follows. [0214] Mea ur'ngﬁ/iabl cell number The
cultured vidBNS'&ARS WRGIRHEECT 08 dhfe witly Sh KRSREBE Litath At BBl BI Wi Rss 8meared to
three BLFS$helateseachandculiReR] prgnasrebiccoeditid B incactealdd1vesselindnacgsRacs
Rectangular jar, Ml ISHI GAS CH  ING.) with a degxy. ing/carbon dioxide-generating
et n 2R e e A B 300 300 were
detected, the numberof tfidlee R Rdmirists red wedsctaiphiatsdbyrtiedoraaatertre kel (NuhB&r of the
cells adminjsiered. Ul T OUBRRL Ok calaish Ak ueivian atin.atihe ime Al heing smeared to the
plate (b) x conversion coefficient for 1mL of cultured viable cells (c) x dosage (nalL) (a): (P1-FP2+P3)/3
[average ntifte PRt SlommessiBairitedtrs, padresiimsyiReios QTs P ilution] (c): x 10 [smeared
100uL per [plg] [0215] Administering maltose For Group Ill, ImL of 10% maltose solution was

administered intraperitoneally as carbohydrate source twice a day (200mg/body/day). Administration
period Was%?&i?ié a@?ﬂjﬁﬁ? ¥ﬂ]é°83§7t6'|”(§b‘?ﬁiH%%’#ﬁ]aﬁh]eggﬂifured viable cells (Day 1 - 20).
Administering adriaravcin For Group IIand Group 111, 0.ImL adriamycin solution (X.0mg/mL) was
administered intrayenously to mice only on a day B&t6H°the first administration St Bacterium (Day0).
[0216] (6) Confirming tumor-growth suppressing effect 3) For all mice, tumor diaseeier was
measured before the initiation of the treatment (at grouping) and for 21 days after the initiation of the
treatment, At e 4aeNtY6f ondé in' 396 4 adyE 16Eshfirm the effect against tumol"§F&wth. The
average tumporveupe.SD foeash graup;efimicerwas caleulated; angantitumor;gffect was assessed
using relative-tumor-volume-ratio-to-the-controt-group-(GroupH) € -(%)}-asan-index:-Also, in order to
assess the afftitimiarrability of thepreSant Batéfilih\$écteting TNFa, a statistical “nalysis (comparison
between two.grouRS: f:igsh betwreprcrauplhand Giewptihwas pgrfeimed. The fumgr volume for
each group-(ave D) is shown in Table below:. ologi iation o rer-volume at the
time was aléz2shown in Fig. 16. [0217] Table 13: Average tumor volume of each group

V

Cloning
100ng of the vector and 40ng of the insert above were ligated by the

recombination of terminal sequences using In-Fusion Advantage PCR Cloning Kit
(TAKARA BIO, Inc.). At this time, Cloning Enhancer (TAKARA BIO, Inc.) was also
added into the reaction solution for concurrently degrading the template plasmid
contained within the insert and the vector. Details were in accordance with the
product instruction of In-Fusion Advantage PCR Cloning Kit.
[0228]

2uL of the In-Fusion reaction solution above was used for transforming £. coli
TOP10 chemically Competent Cell (Invitorogen). Transforming conditions were in

accordance with the product instruction. Transformed E. coli colonies were cultured
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Adriamycm Omg/kg #2:T/((%)=Average tumor volume of Group Il or ,7/roup Il Average tumor volume
of Group Ix 100 L02181 In the group received a concomitant use of B. longum 105A/pSP3B-TNF
alpha and adriamycin, tumor volume was significantly reduced, not only when compared with
untreated group but also when compared with the group receiving adriamycin alone. This means,
namely, the concomitant use of adriamycin and B. longum 105A/pSP3B-TNF alpha may increase their
effects. [02ve}EabduietidiB Ekantpieiss PradietiorspfcainonrSetrbangd Hurdan Ll SELpréssing
Bifidobactegiinh, Gopsiriction of Rlaseid AL IGMmytbiSspin MG GUStIctegia ghstle vpgior

(Bifidobacterium -E colz) having only the human IL18 located downstream of Hu promoter derived
from Bifidobasreiturnb itlinsomie pes deerd erpepap i 3Bk dsriasidum iR Ber. 4%. Details are as
follows. [02@83dnsert Preparation We used a plasmid human IL18 opt in pUC57 haying an
artificial DNA of hu ssion No: NM 001562, 329th to 799th nucleotide sequence in
mature pro RS Oy of AricH cotdons were optimized for Rifidobacterium, and Hu promoter
located upstream Therghisarid pPtEBrhiHatemocateddod fistteanfineteof @ustgmsyothesizéd by
GenScript) ,Upon s izing the artificial ino acid substitutions were introduced to the
mature hurﬁaﬁfﬁﬁ‘@? si;“telg,a}.g?lgta?tﬁ%r%%%ag%) r%f?g%rlﬁ) Illz'ﬁt%%p;% ‘at 54th amino acid (from K to
A), to decré¥®khe neutralization with a IL-18-binding protein, and a histidine tag was added to the

C-terminalyihe. aping agid seqwence gf,the matursshuman il - 18 SEQiIRA NBy 4 Relfdtlant Added
to 2ug of the plasmid human optinp unit of BamHI an unit of Beul (both enzymes
from Ferm@é@ﬁﬁ@%as incubated at 37C for 3 hours to allow a complete digestion. After the
digestion, theplaspishwasielectrophoresed on 1% agarose gel for purification (1 x TBE buffer,
containing ethidiugm bromide) to separate DNA fragments. A small fragment of approximately Ikbp was
cut out, and DNA Wi BX ARt %8 B%ﬁf?eﬁe %@5&&?@8@8&&%@ %%eﬂr}&gecffféﬁﬁb Rt {B1Aquick
Gel ExtractiofAKity SPIZEHN L3R urifielct HHBA ffagmdhb finaest) \Hasretdeti® phoreBéi/ohm e &Yuagarose gel
(1 x TBE buffer, ¢ (ni idiym bromide) with DNA concentratign marker tq estim goi )
concentrat i {0 a0] S B LA T R AN T IR it
BamHI, BotE P28 2A8 BSpigmials estinParminthsudsneha, Bepu1e] AngTHeiforazbynitisrisites on

CD). Reactingconditiang iver e, i AceREdanGE- YR RN SR foh HF & 0E e g MEstAiter the
digestion, the plasmid was electrophoresed on 1% a%aros el for purification (1 x TBE buffer,

containing HANAM O NNy Riedephrdtsh, 18 1arge Torappréitataly 3UKBF2waE cut out,
and DNA wasexttecisetanenpyified fiemthaiagarmse aeh by SENA sxbpHion kitfte! Aouick Gel

Extraction Kit, QIAGEN). Purified DNA fragment (vectar) was electrophoresed on.0.8% agarose gel (1
< TBE buttSRCBRSm ST SRORIGL) it ISNR cOhH e

I PR ‘fo"%%ﬁmé{?e it

concentratiot@223h Gdahing The vector and the insert above were mixed in 1:3 (molar ratio) and
ligated (Ra@' NA Ligation Kit, Fermentas). Details were in accordance with the product instruction.
21IL of the ligation reaction solution above was used for transforming E coil TOP10 chemically

Competent Cell (I/Hidedgeiey: rahstordialleonditionBRarELiBantordancd wittdiiie produdrinstruction.

Transformegl . qail GRlonies gy sHiturer averniahtin, kB (aantaining: 45k da/mL spectinomycin)
liquid medium at 37C, from which the plasmid was extracted (QIAprep Spin Miniprep Kit, QIAGEN).

The plasmid was haReCAsinaiBrbtiine (SEErIDS: Be)S 19249 @ SHEGIEEBR SRPRSP 38 - hiL 1
8mut 1R consttetagea shutteovgator(Bifidebagtesium LCrokm havnghpkpanial8wuy fused to
a signal pe@ de downstream of Hutf:orlg[ﬁg_oter derived from Bifidobacterium. A summary is shown in
Fig. 18. DERAIEHSE QLIS R I Prepariigitrement.

[0232]
I1.-18 Measurement

The protein content of the human IL.-18 in each supernatant was measured
using Human I1-18 ELISA kit (MBL). As a result, 986pg/mL of IL-18 was detected in
Bifidobacterium longum 105A/ pSP3B-hILL18 and 1632pg/mL in Bifidobacterium breve
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5ng of the plasmid phlL18mut-His was used as template for PCR amplification of hIL18mut coding
region by PrimeSTARO HS Premix (TAKARA BIO, Inc.). IL18 F2 and IL18 R2 primers were used, in
which the 15 nucleotides on the 5' side of each primer had a homologous sequence to the vector
terminal (Table 14). Primers were designed such that the PCR product would not contain the histidine
tag from C-terminal of IL-18. PCR program consisted of 30 cycles of 10 seconds at 98C, 5 seconds at
55C, 30 setioMdd &/ 72 3foitdedhnbyt 30 becshdwat 726 detectd] patthefrtie P CR product was
electrophoresed on 2% agarose gel (1 x TBE buffer, containing ethidium bromide) with DNA
concentration marker, confirming a single band of approximately 0.5kbp and estimating its
concentrat[l)?@‘fé??@]@é@f&bﬁ’«‘é’éaration 5ng of the plasmid pSP3B-TNFalpha was used as
template fqpgA3R amplification of a signal peptide SP3 and vector skeletal by PrimeSTARO HS Premix
(TAKARA BIO, Inc.). The primers vector F3 and vector R2 was used (Table 14), in which the 15
nucleotides on th &S Be B B‘Fﬁ??é?rﬁ’aélﬁr’f%n%%&%é’gééﬁe%ee“"?BttHé“fﬁEEﬂnte’ﬁﬁ?n&P PCR
program cerpistatbaf 3Gaytte wfblessenoniiiziah®8E;otse@cafdsmatesbtesdethiptiasmativats, followed
by 30 seconds at 72C. A part of the PCR.prodyct was.electrophoresed on 0.8% agarose gel (1 x
ThE b s bt B S e A Do
approximareltakbpb apckestinrtinglits soddbataterpi0226} abimbmPrineie foedonstemting
pSP3B-hILASmuL PR PILeWLElsHoct MIS RR G663TRE HEGRGALGMICRS KISR? site in
>scetQAGCAGRAGGIC.ATCAAT(..( 701-1( primcl CATGACCITCMCTCGTAGCG mex' "
rM.:GC(IARICHBIKERIT detase: Eistr 022 ershifih thosroes fgefardopsttsraril ey ksitse insert
above werg-higatedyrthairecambinativpgbteipuratsequences using In-Fusion Advantage PCR
Cloning Kit (TAKARA BIO, Inc.). At this time, Cloning Enhancer (TAKARA BIO, Inc.) was also added
into the reaction solution for concurrently degrading the template plasmid contained within the insert
and the vector. Details were in accordance with the product instruction of In-Fusion Advantage PCR
Cloning Kit. [0228] 21IL of the In-Fusion reaction solution above was used for transforming E. coil
TOP10 chemically Competent Cell (Invitorogen). Transforming conditions were in accordance with the
product instruction. Transformed E. call colonies were cultured overnight in LB (containing 751.1g/mL
spectinomycin) liquid medium at 37C, from which the plasmid was extracted (QIAprep Spin Miniprep
Kit, QIAGEN). This plasmid was fully sequenced and named as pSP3B-hIL18mut (SEQ ID No: 49).
[0229] Transformation of Bifidobacterium The plasmid pSP3B-hIL18mut was used for
transforming B. longum 105A and B. breve JCM1192 in a similar method as Production Example 1.
[0230]
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Working Example 9:Human IL-18 Protein Expression by Recombinant Bifidobacterium Sample
Preparation The glycerin stocks of the recombinant bifidobacteria Bifidobacterium longum 105A1
pSP3B-hIL18mut obtained from Production Example 9 and Bifidobacterium longum 105A/ pBEshuttle
obtained from Reference Example 4 were inoculated at 1% to APS-25-2.55E (751.1g/mL
spectinomycin) liquid media, cultured at 37C for 24 hours in anaerobic condition (activating culture
solution). SbsBdfently, the activating culture solution was inoculated at 0.5% to a medium (for each
20mL of APS-25-2.55E (751.1g/mL spectinomycin) liquid medium 4mL of 1M sodium phosphate buffer
(pH6.8) was added) which was cultured at 37C for 18 hours in anaerobic condition (main culture
solution). [231p 11" BifidbBAMetRAeBIEFes s RO EpE PRtk derisd i ultured in a similar
method as pizwBexeanh thakthgmain culture was cultured for 14 hours. 1.3mL of the main
culture solution was measured to a tube with a capacity of 1.5mL, centrifuged (14,000rpm for 5
minutes at 4C), and the supernatant was collected to give a sample for IL-18 measurement. [0232]
IL-18 MeasQieimezit Hh@NAtﬁiﬂo@bﬂ@%t@frdﬂahumﬂﬂ ﬁeﬁﬁdﬂ a&ﬁdfdﬁtg)am}iba?m was measured
using Human IL-18 Eléll?%lt As ar sult 986 f% detected in Eﬁgwacterium
longum 10%%} SP3B pg m %tlg fid bacterlum reve ‘CJZR/TJ%S%? § IL18mut,
although théTwaé tiet8ctecsindisearrrytie. irndisiriahA pplicabitity] JoRsdjle theﬂmf@dacidgtmb secretory
signal peptidg.efi thespsesaatinvention into an expression cassette enables an efficient secretion of an
expressed protein from a transformed bacterium without impairing its physiological activity.
Accordingly, the vector of the present invention and the anaerobic microorganism transformed with
said vector@rggagiable of ReretefliGRAlY pupMiding @ doerapestio Raeiw Adiseasaisite i an
anaerobic r%isease tissue compared with those of conventional use, thereby being capable of providing
a high therapeutic effect. CLAIMS [Claim I]JA DNA encoding a secretory signal peptide derived from
Bifidobacterium longum. [Claim 2]The DNA encoding a secretory signal peptide according to Claim |,
comprising a DNA sequence according to any one of the nucleotide sequences of SEQ ID No.: 6 to
28, or said sequence in which one or several nucleotide thereof are deleted, substituted or added.
[Claim 3]A secretory signal peptide encoded by the DNA according to Claim | or 2.
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