6 September 2006 WD 03/074681 PCT/ GB03/ 00966 1 RECOVBI NANT SPORES Thi s

i nvention relates to the gernination of spores and in PafRSBRATAP0& 0 spores
of Bacillus species of bacteria and uses thereof. 5 Infection is the

| eadi ngyg adiegssef death in human popul ations. The twopcifghsdesgaor t ant
contributions to public health in the past 100 years have been sanitation
and vacci nati on, which together have dramatically reduced deaths from

i nfectious di sease. 10 The devel opment of inproved vaccination strategies
has al ways been of the utnost inportance for a number of reasons. Firstly,
to provide better |evels of TR Y &84F st pathogens which 15 enter the
body primarily through the mucosal surfaces. Vaccines are generally given
parenterally. However, many di seases use the gastrointestinal (G) tract

 as the prrABrinveslidmrelfesat the. geFMigatidiN8f Spéres ad fnyphraelagihs caused by
i ngestion of the pathogens Sal nonella typhi  and Vibrio cholera and

subsequenspotes B aallnospeaies pV/baatend andipsasrth@@of.r ansl ocation (S. typhi)
across; the nmucosal epithelium(lining the d tract). Simlarly, TBis
initially caused by infection of the lungs by Mcobacteriumtubercul osis.
| mmuni satlnfeetivh ais athei lepdiot | @osgefialeathe in dunmer popul imen The (thonor al
_inmmunity) which includes, a predom nanf 119G response which is |east

ef f ect | vemPsh [PPETER Fﬂ’@fnibﬁ?‘g‘@t fRub ‘Ieni"éalg’s“bﬂ@ past r@gsﬁ*}fﬂ/\h"}/" ®many vacci nes

are par tighh ¥afifdRn! dndCyREndlidE whRh ko tﬁ’érel?atvie%}amﬁii@ﬁr regfGandly, to

“provide needle-less routes of adm nisttation. maj or “probl em of current
vacci nat ideathpfogn amfieegoussditdsae. t hey require at | east 30 one injection. For
exanpfoe t etanus vacci ne. Although protection |asts

The development of improved vaccination strategies has always been of

the utmost importance for a number of reasons.

Firstly, to provide better levels of immunity against pathogens which

15  enter the body primarily through the mucosal surfaces. Vaccines are
generally given parenterally. However, many diseases use the
gastrointestinal (GI) tract as the primary portal of eniry. Thus, cholera

and typhoid are caused by ingestion of the pathogens Salmonella typhi and
Vibrio cholera and subsequent colonisation at (V. cholera) or

20 translocation (S. fyphi) across the mucosal epithelium (lining the GI
- tract). Similarly, TB is initially caused by infection of the lungs by
Mycobacterium wuberculosis. Tmmunisation via an injection generates a
serum response (ﬁumoral immunity) which includes a predominant IgG
response which is least effective in preventing infection. This is one

25 reason why many vaccines are partially effective or give short protection

" times.

Secondly, to provide needle-less routes of administration. A major
problem of current vaccination programmes is that they require at least
30 one injéction. For example tetanus vaccine. Although protection lasts

for 10 years children are initially given three doses by injection and this




for 10 years children are initially given three doses by injection and this
C e - ---- 6 Septenber 2006 WD 03/074681 PCT/ GBOF 5 20Mhoul d be
foll owed by a booster every 5 years. In devel oped countries nany people

will c to take boosters because of “fear of__jniection . In
cont rars‘?(?ﬁllﬁ?\ﬂ%ével oping countries where nortality frgﬁfat’%’ﬁlé%gs I's high the

problenms lie with using needles that are re-used or are 5 not sterile.
Thirdly, to offer inproved safety apd the mninmisation of adverse side
effects. Many vacci nes consi st of either |live organisns which are either
render ed /BeiLlghentndlomied Kyaethowsiar @tpryob jmass. i fmdevelapedcomtsone way. 10

While in prinpci I s.is.considered safe there is evidence show ng that
saf er net E‘f)a!&g hgéqqe b‘rgn%jec\}lgﬁ%epéﬁ’.% %’ortgl@}rﬁqftsr,s iPRCP§A 90l t 8T kYDt 0 i nci dent )
68 chi | dr énfecticed]. f TBrooREEs| inNgeval gpRhd %%ﬁﬁ%?%@r@%ﬂﬂﬂih? fpacci ne (Heal th
1996). Likew se, .in the Cutter incident of 1995 105 <children devel oped

polio. It SiaRusHigdigh thearoblsmsdin withwsing meedles dhatoire beewsedLbr e r ect | y
i nactiyat ggi Mififa formalin. Many other vaccines, for exanple the MWR
(measl es- nunps-rubel | a) vacci ne and the whoopi ng cough vaccine (Health,
1996) are plagued with runmours of side effects. Fourthly, to provide

econom ¢ iﬁcgfé{nes ff?r devel o igt% countries where 20 poor storage and
transport at1TBH FRCPHS PP oRfAty and dbe imigimigsiinn ehwrivarse sidsgr ammes. | n

 devel oI NGEFERIN LA v IS BSCEH BithdiNe SRR ald ol ASSUTRd that
the vaccine will be stored and distributed Correctly. € ‘aSsoci ated costs

of mai nt ajetlergdvaetpabeganic dritgrantedy gireaiec inacdnated i dnsomi@dedy.r ef ri gerati on
are signifieant for.a devel opi ng, country. 25 For. sone vacci nes such as the
or al %o(gl i@h\%lgcléig éncélﬂ%l’ %ﬁ’s‘s\/g‘g@ﬁjﬁée#ﬁ”éce thege ds rxudensa phasring thatr vi ve for one
year at 2saB ﬁfdﬂﬂidﬁshmuéltgﬁé)dev%ibﬁed.neﬁgr feRbmple! QRUEI40V §6E! Rfotbhat can be

stored indefinitely at anbien
~incident) 68  children died from receiving a contaminated diphtheria

vaccine (Health 1996). Likewise, in the Cutter incident of 1995 105
children developed polio. It was found that the polio vaccine had not been
15  correctly inactivated with formalin. Many other vaccines, for example
the MMR (measles-mumps-rubella) vaccine and the whooping cough

vaccine (Health, 1996) are plagued with rumours of side effects.

Fourthly, to provide economic vaccines for developing countries where
20  poor storage and transportation facilities prevent effective immunisation
programmes. In developing countries where a vaccine must be imported
it is assumed that the vaccine will be stored and distributed correctly.
The associated costs of maintaining vaccines in proper hygienic
conditions under refrigeration are significant for a developing country.
25 For some vaccines such as the oral polio vaccine and BCG vacciné the
vaccines will only survive for one year at 2-8°C (Health, 1996). The
need for a robust vaccine that can be stored indefinitely at ambient
temperature is a high priority now for developing countries. This type of
vaccine should ideally be heat stable, able to withstand great variations in

30 temperature as well as desiccation. Finally, a vaccine that is simple to




tenperature is a high priority now for devel oping counjypies. This type of
vacci ne should ideally be heat stable, able to wthst aé}gelﬁ?%l?ff%@ri ations
in 30 tenperature as well as desiccation. Finally, a vaccine that is sinple
to 6 Septenber 2006 3 produce woul d of fer enornous advantages to a

devel OP! neprGAA! fifuRNditeltbbAR! Aivahalkky 1% BERMARPIGBukey hat country.

Di scl osed "herein is a spore i n whic I d spore e genetically

modi fi ed twoudd pdtentialdy bherapeabledalthat cavtitye protei n upon gernination into
a vegetative cell. Accordingly, the present invention provides Bacillus
spores which conprise a pronoter and at | east one genetic construct that

i s under Misclos@hthefdinOf 4 RPobE anOWAIChaBaldt iire angpdes genétiesibpeut i cal |y
active protein and: a) a signal sequence for said protein; b) a vegetative

" cel | prot aredified daiprodaed kI therapsutical]y apdve REgiEHY uppR g PWe. The use of
spores to.adm ni sietr vag ines will elimnate the need for injections and

t he probl NS LEEFEREE Wi t h needl es in devel opi ng countries. In addition
to this, spores are stable and are resistant to heat and desiccation,
therefore overcom ng problens of storing vaccines in devel oping countries.
Spores arecerdinglyo theopuesent dandemtion hwodlisiee Bacillow spores makialg t he

i nal Ty, *emrisk i SioRehL A fbart One arpek Corew it B STafECHRD: o o™"tne

use of Baghhdr¥Sof fHYirbhioter BltPthat BhéodesSAftRFapEARCAINE aslipd protbian t hose
currently avail able.” The spores further can'elicit” an i nmune response at

t he mucosahd: nenbranes. This nakes the vaccination nore effective against
mucosal pat hogens e. g. a? typhi, V.chqlera.and M tubercul osis. Thus, the
antigen may bé) der AFEEnd seHenckiRD S DrafeH  gen.

b) a vegetative cell protein of said Bacillus; or
c) the rRNA of the rrnO gene.

The use of spores to administer vaccines will eliminate the need for
injections and the

‘problems associated with needles in developing countries. In addition to
this, spores are stable and are resistant fo heat and desiccation, therefore
overcoming problems of storing vaccines in developing countries. Spores
are easy to produce, and can be done at low cost making the production
of vaccines in accordance with the invention economical and finally, as a
non-pathogen and its current use as an oral probiotic, the use of Bacillus

subtilis makes this a safer vaccine system than those currently available.

The spores further can elicit an immune response at the mucosal
membranes. This makes the vaccination more effective against mucosal
pathogens e.g. S.typhi, V.cholera and M.tuberculosis. Thus, the antigen

may be derived from a mucosal pathogen.

A vaccine delivered at the mucosal surfaces will be more effective in
combating those diseases which infect via the mucosal route. The
mucosal routes of vaccine administration would include oral, intra-nasal

and/or rectal routes.




A vaccine delivered at the mucosal surfaces will be rmgg etfff)achi 866 in
conbati ng those di seases which infect via the mucosal fRigmberz06 1y c osal
routes of vaccine adm nistration would include oral, intra-nasal and/or

rectal wooli©gss: 6 Sept enber 2006 WO 03/ 074681 PCT/ GBpatBe&afost
Addi tionally, when the spore disclosed herein is admnistered to an

animal, said spore can germnate into a vegetative cell, said vegetative
cel | expresses said chimeric gene, $herein said chineric gene encodes an
antigen in order to elicit an imune response agai nst said antigen.

Mucosal immunity can al so be achieved using B. subtilis cells. It had been

assuned tAdditBnalybtildrs 116 lshsraraitctbsea Ve ' ephance their
ability to int ergct W th phggocyt icc SceI I slef(%lng%%!ggﬁg{gsgégf%ce{ﬁdgﬁti c cells) of

“the nucodimaiisaid sperepani germinairaidd aupegetitve teliitsaidabgstative vacci ne
systens usj het er ol ogous anti gen esentation use col oni sing bacteria
(such as ‘?S_"Af;?’%gﬁﬁqsl%a“gFﬁﬁ?fé%tgg%c@fl?r%Falaln%hlg@ﬁwd@ﬂwdeﬂs 5 800 821
has specidd sgtdey int : elr.shni esti s invasion
protein (Inv) é| n 1%.&2%0}%?&9%@%@%?%4%#?%% Eelgjiﬁﬁ te{ag‘![cgiiltg%&w th the mucosa.

Qur present invention has shown this assunption to be unfounded and

_ unnecess%. Preferably the therapeutically active protein is an antigen or
a medi cafbesalpngunity: cap dlsp eoackvevas tusenBosubilismells dibad been ef erably the

gene conskdidedd 4 i } ore i.s of Bacjllus.. The genetic
nodi f i cafa{son cat;\létbb; %@%%En%g?i@%hﬁ&}%reﬁ?%@? FRling aﬁ%‘%er cel | using
a vect or womttedani ngith hehagbeytier cellg dnacrophagey/dehandar eklispesads known to
persons skilled if.the art . and then inducing the nother cell to produce

spores di SEfG8ed 1T ATUMEHRP deriesediporuthe fiaey et semer vadsinecont rol of one
8; og{ :r Os;yrsteﬁﬂcﬁki@g hetdt6RRBINGR b pARedBNE Rb ISR Hactedfa @ StToNg

- (such as Lactobacilli or Streprococci) for antigen delivery. US 5 800 821
has specifically stated the need to express the Yersinia pestis invasion
protein (Inv) in B. subtilis cells to promote interaction with the mucosa.

Our present invention has shown this assumption to be unfounded and

unnecessary.

‘Preferably the therapeutically active protein is an antigen or a
medicament or a precursor to an antigen or a medicament. Preferably the

gene construct is a chimeric gene. The spore is of Bacillus.

The genetic modification can be accompolished by transformation of a
mother cell using a vector containing the chimeric gene, using standard
methods known to persons skilled in the art and then inducing the mother

cell to produce spores disclosed herein.

The gene construct may be under the control of one or more of, each or

independently, an inducible promoter, or a strong promoter or




6 Septenber 2006 WD 03/074681 PCT/ GB03/00966 5 nodi flg ormt er The
gene construct may have one or nore enhancer el enment s° ?P%b
activator sequences and the |like associated with it. The gene construct

may co | i nduci bl e expression system The 5 ip i expressi on
systemrqlaé g’ﬁ%‘%ﬂt hat when said spore germ nates into g*l’@g&’é‘t%%ﬁﬂ ve cell the

therapeutically active conmpound is not expressed unless exposed to an
external stimulus e.g. pH or a phabmaceutical. GCenerally the spore
germnates in the intestinal tract. Mre preferably 10 the spore germ nates
in the duBefigthpinaesr. tThe gueuenRgiraet MAR hake o8¢ jof anoretqiaRcer The geneti ¢

code Y SR 3P dPDANIL R s Qifherbls W el ABRIRE g that the Lerm

genetic co 13T Afended: fo e eneracy codon usage. It
has surpri si ngly been found not to be necessary to prine the spores to
ger m nat rior to oral adm ni stratlon This is artlcul arbﬁ?true of spores

of the Badif BERE SPRALGUSE MayOCOmRFiss, AR dadyf n‘ii"tpr L0 SYTEDR ed prior to

adni nisst a4 iMe e ?es!i%ﬁ% SehVR ﬁ%h'th&“w!v}{eﬁ&(ﬁ&% 5&5%&nﬁmtgsefdt8 gene product
after germ natln froma spore. This nmay be a d tor exanpl e by,

maki ng 25 vegejehinet icell dbﬂghcnapeutwhlly heetiant ¢opeproumil tis motgexperessed construct of a
. proteln ex ressed n t eget ative stat e.g. .t he nenbrane ‘
associ at ¢ esfﬁreﬁl’%ﬁeﬁqéﬁﬁfterﬁl "%?%teégnpﬁ ehagmgg%'rnggﬁt:oat protein. The

anti gen is preferably at |east a fragnment of tetanus toxin fragnent C 30

or labile toxin B sub unit. 6 Septenber 2006 ww uiyoo. rt,tn nw vvvoo 6
Generally the spore germinates in the intestinal tract. More preferably

10  the spore germinates in the duodenum and/or the jejunum of the intestinal '

tract,

The genetic code may comprise DNA and/or cDNA. Ii will be
appreciated that the term genetic code is intended to embrace the

15  degeneracy of codon usage.

It has surprisingly been fountl not to be necessary to prime the spores to
germinate prior to oral administration. This is particularly true of spores
of the Bacillus species.

20

The spores are not heat inactivated prior to administration.

The vegetative cell only expresses a chimeric gene product after
germinating from a spore. This may be achieved for example by, making

25 a genetic construct of the antigen with a genetic construct of a protein
| expressed only in the vegetative state (e.g. the membrane associated

protein OppA). This protein is not a spore coat protein.

The antigen is preferably at least a fragment of tetanus toxin fragment C

30 or labile toxin B sub unit.




Thi s enbodi nent of the invention enables the antigen t6o be expgsed to the
human or ani mal body such that said antigen can elicit®3PSm5a54806 r esponse.
The ant1'Q&N " preferably an antigen which, in use, FSYHBYPPES to elicit an
I mmune response. The antigen may be tetanus toxin fragnent C or E. coli

| abile toxin B. The protein used ngy be any that are expressed only in the
vegetative state. The protein may be expressed in the cell barrier or may
be a solllbs embpdispertsed thevinyention weallek ithpantigimto Bbexpogickion my be a
protein i s expr.essed .in the cell barrier. Wen we say a protein that
i s expr esté‘gghmnt?fe %‘Qal?%ﬂgﬁﬁué thak said-antigen cagrelicdt an imweynedi ng

|'i popr ot ekdpongdld gl ycoproteins) that are expressed in, or in association
with, the cell nenbrane, either intra-cellularly or extra- cellularly of

the sane; a protein expressed integrally with the cell nenbrane, a protein
associ at ethevdrtizeh H8 pe@biabRhh anfl i 5. the Liplasmc space or
external |y of !tghe cgfl Walyf1 oﬁnaé%dpg?g?ﬂhglg%g?'elgsagagt%fiﬁ&ggfg}alny of the cell

wal | . A JpBRdiceasporsegi ven orally to deliver the antigen. Alternatively,
the spore may be administered via an intra-nasal or rectal route. The
antigen may be a chinmera with different vegetative cell proteins. By

havi ng t eheOBRRlehGn&PHS LMt | i jth a genetic construct
encodi ng one o;%%norge}pd?%feresntt%gl\grggjgggl[elhggO%re}%'fsglgﬁ]@tl%tﬁémf “may be possible
to provide a tenporal expression of the antigen. For exanple, the

t her apeuti cal | ¥ .acti %ﬁfrﬁtei n ma%: be expressed as a chinmera with a
veget at i VECPfeiR isedimay Rgranysthak gre expressad onlyeint theevegetagiveOppA or

al t er nat igpgd vy RN erefore providi.ng a constant "dose" of
anti gen. G%Seg{lg?gé@wg&g%' b\?\ogﬁg}: gsfﬁng]lt F@EBIE%T‘ Bemay be a -

soluble cytoplasmic vegetative cell protein. The protein may be a protein

that is expressed in the cell barrier.

When we say a protein that is expressed in the cell barrier, we mean any
protein (including lipoproteins and glycoproteins) that are expressed in,
or in association with, the cell membrane, either intra-cellularly or extra-
cellularly of the same; a protein expressed integrally with the cell
membrane, 2 protein associated with the cell wall, either within the
periplasmic space or externally of the cell wall or protein expressed

integrally of the cell wall.

A spore can be given orally to deliver the antigen. Alternatively, the

spore may be administered via an intra-nasal or rectal route.

The antigen may be a chimera with different vegetative cell proteins. By
having the genetic construbt.encoding the antigen with a genetic construct
encoding one or more different vegetative cell proteins it may be possible
to provide a temporal expression of the antigen. For example, the
therapeutically active protein may be expressed as a chimera with a
vegetative cell protein that is expressed all the time, e.g. OppA or
_alterna,tively the rR_NA of rmO, therefore providing a constant “dose” of

antigen.




cdintermt

Al ternatively, the genetic construct encoding the antiﬁgn mag/ 2 wWith a
genetic construct encoding a vegetative cell protein t®afPI§raosE ﬁqﬁessed

intermttently and-therefore upon expression of the chinmera said chinera

i's capal @ufssfdm nistering the therapeutically acti Y& /E;%%@B&, inatine-

controll ed manner. The genetic construct encoding the %‘ erapeut;cal ly

active protein may also be with a genetic construct of a vegetative cell

protein that is expressed initially at a high concentration but which then

decreases oven-tinme, thus upon expression, the chinera is capable of

adni ni st SUeRRALTRLY, e ganeie sANSBLE SCoding the A0SR ML PG W 3t ve cel |

protein h ! IS0 € : i or
en%t{cyeélsrﬁsfn?{?g ‘5‘38@?‘ gt ?\C%é‘g?te tilﬁre e‘lbﬁre%'?iﬁnglo?g%t éﬁjﬁm Iiteg"{"tgrﬁati on of doses

coul d beintestitendydntsthersforg, upoorexpessaivpl of, therghimera said ehifierahe above

genetic constructs. Alternatiyely, the, genetic construct epncoding the

anti gen ’f?ﬁﬂ}apééﬂ?vxpf ﬁdﬁﬂmﬁt@ﬁégi'ée(,tgﬁ‘@PF‘ERﬁ%ﬁé‘n%’d'Fr@%FI%'oﬂnuBItgn%'yt opl asni ¢

veget at i prokei r o Ik jgen is

expr esseg égﬁgdc'g{aﬂn{é&énrv&%{ ﬁe%&;&olcwgﬁ %y%%({oqd%%ﬁt%@%g? o?g?%glggi d sol uble

cyt opl asagtbvedpait€inmanalicibe twith at geretic gRinstruet vhalvegeRfivehdellera to the

periplasm c space for subsequent secretion by a passive nechanism (e.qg.

~ di f f usi opgotein| that isaexpressgd inftallyntubhighpeancentiatieny but ahdeh thate chinera for

secretion by an active hani sm for exanpl e, .b Type. . Type |1 or Type
1T secresthies o iiien diis Bt expressio s shimegndt KaR0IS ot ne sol ubl &
cytopl asgy "in‘?it_@fiﬁ%@nﬁﬁﬂial"ﬁ%h'dbs@bftl?@ﬁﬁﬂi@éd.y conprise a signal sequence.
Di scl osed herein T's a signal sequence which directs the therapeutically

active protein for secretion or for post-translational processing by
- vegetatiye cells of said Bacillus. The signal sequence nmay be adapted to
t ar get sxﬁ@ vagetatus ccl protgie angy E,he;sgfrtzwgw QOgew ich s expresséd afl

the time or intermittently in the vegetative cell.

-

The temporal administration of doses could be customised by using, for

example, one or.more of the above genetic constructs.

Alternatively, the genetic construct encoding the antigen may be with a
genetic construct encoding a soluble cytoplasmic vegetative cell protein or
the rRNA from rrnO.

 When the antigen is expressed as a chimera with a soluble cytoplasmic
protein, said soluble cytoplasmic protein may function to target the whole

20 chimera to the periplasmic space for subsequent secretion by a passive
mechanism, (e.g. diffusion). Alternatively, the soluble protein may
target the chimera for secretion by an active mechanism, for example, by

Type I, Type II or Type Il secretion.




6 Septenber 2006 WD 03/074681 PCT/ GB03/00966 8 vegetative cell. For
exanpl e, the signal sequence may direct the medi camenf SPRIFMREZORE i on, for
exanpl e active secretion (Type |, Type 11 or Type IIll secretion), or for
post-translational processing by the vegetative cell, e.g. glycosylation.
5 The vegetative cells may |yse ir)]the intestinal tract and subsequently
rel ease the antigen as a chinera. ‘fhen the antigen is expressed with a
vegetative cell-barrier protein the 10 antigen may generally elicit a

| ocal i sed i nmune response by the imune systemin the imediate vicinity
of the v tafli | Luel wher i } il @xpressed in
~the cytop esgérge:ﬁ% %@gﬁ\t}gﬂé‘gﬁ gtgél‘g&éhté% ?%Oplsubsegibgﬁtﬁ{}&hﬁygg' gnd rel ease the
antigen Opartifiey agthpdena isignabeagetred. by the vegetative cells said antigen
may generally elicit a diffuse i mMmmune 15 response over a |arger area than
the imediate vicinity of the vegetative cell. The spore as disclosed may

be genetigal i neered to conprise of. _nor.e gnzyne abl e of

t ransf or rﬁﬁ&i%g%?gg‘scaalmg&agéﬁ?wg,v%e&ghélf%ﬁ ﬂ??pﬁﬁ%”@?ﬁf%@fi on said one
or nore eﬁiﬂ%@%@t‘éhﬁﬁi‘%&?&ﬁﬂl FAfEy %Bﬁﬁ‘aﬁﬁaﬁﬂﬁalobrdﬂééﬁngnbjr gens by
transformati on of said biological precursors. For exanple Dy a) processing
a bi ol ogi vegetgiex neloof seidyBacillusr Thasigilseqasndwmayrie adapted a chineric
protei n expressed in t.ge veget ative cell .e.g..fa cel |l -barri Zﬁ pr ot ein,

whi ch red8i r @18¢hhsetfient ﬁ??’@@@ssitﬂg (. eSPYIiEasd? rofft hél€el I via an
enzyne cl eavage site) to be activated, or b) the biosynthesis, or

processi ng, of a non-protein conpound, 30 e.g. steroid hornones and
pai nkil | ers synthesi sed- from avai |l abl e 6 Septenber 2006




WO 03/ 074681 PCT/ GB03100966 9 biol ogical precursor materials, or
processing of a pro-drug into an active drug. Accordlﬁéemt@nb?féw@ﬁmwl ment ,
the spores as disclosed conprises at |east one genetic construct that is
under the control of a pronoter and that encodes a therapeutically active
pr ot ei W¥7468V eget ati ve cell protein, as a chineri ECHEBAI00Té6e,

- therapeutically active protein may be one or nore of: a) Proteins,

i ncl udi ng enzynmes, antigens, antibgdi es, hornones or netabolic precursors;
b) Vaccines; c) Endorphins and the like. According to a further enbodi nent,

the 8p0r%gasnﬂa s@lpswrcmdﬁeg‘ Othe WipRal Nseljhéncer aglymaiiecdf tha medi cal
condition. Disclosed further herein is a conposition co I sing at | east
two di ff@d&@megbé?regecampn. i egaBIpley activepsesretione (Kype r%YP&cHept abl e

exci i enbe ol ehsaRilel diedst bR ehliAben! PRRLET, SPr RS 2 1 cast two

di fferent antigens or 4l canen especra use reatment of a

medi cal oegulaitveocell, [3. s.cilpsmglativh. further is a use of a spore in the
manuf acture of a nedicanent for the treatnent of a nedical condition. 6

Sept efrber 2006 WO 03/ 074681 PCT/ GB03/00966 , 10 Accordi ng to a anot her
soBct i3 SRR, LSl RO I TiA R ARG, by 1 on o
associ at releaseithé antigdnaasnaclenteraal | y acceptabl e exci pi ent or carrier.
Sui t abl e pharmaceutically acceptable carriers would be well known to a
When the antigen is expressed with a vegetative cell-barrier protein the
10 antigen may generally elicit a localised immune response by the immune
system in the immediate vicinity of the vegetative cell. Alternatively,
when the antigen is expressed in the cytoplasm and the vegetative cells
subsequently lyse and release the antigen or the antigen is secreted by the
vegetative cells said antigen may generally elicit a diffuse immune

15 response over a larger area than the immediate vicinity of the vegetative

cell.

The spore as disclosed may be genetically engineered to comprise one or
more enzymes capable of transforming

20 biological precursors, such that upon germination said one or more
‘enzymes are expressed and synthesise one or more antigens by

transformation of said biological precursors. For example by

a)  processing a biological precursor, e.g. a hormone. The

25 hormone may be a chimeric protein expressed in the vegetative cell e.g. a
cell-barrier protein, which requires subsequent processing (i.e. release

from the cell via an enzyme cleavage site) to be activated, or

b) the biosynthesis, or processing, of a non-protein compound,

30 e.g. steroid hormones and painkillers synthesised from available




~person of skill in the art. According to one enbodi nent, the present

i nvention provides Bacillus spores of the invention f B PeRjember 300t
treatment for the human or aninmal body by therapy. According to a further
aspect, the present invention provides a use of Bacillus spores of the

i nventWVO3PH68he manufacture of a nedi canent for t hePCHEBEHMMWAt, of chol era,
typhoi d, tuberculosis, tetanus or E.coli infection. Medicanents nay be
adm ni stered as a vacci ne. Medical qconditions for treatnent as disclosed
herei n include, for exanple, inflagnation, pai n, hornonal inbal ances

and/ or i ploRgidal Predlirsor AREcrialbF gtosdssiiy Wa%}ofﬁ%ﬁ'%f}:ﬁ%ﬂt&tﬁé di scl osed nmay
or a

involve: a) Oally admnistration to a perso imal in need of nedical
treat nerffu8b) the spores germinating into a vegetative cell in the
intestinal tract; c) Said vegetative cell expressing a therapeutically
active conpound for use in the nedical treatnent. The invention will now

be descra I e f et acconpanyi ng
fi gures,Agﬁmﬁ:%ﬁ%ﬁi e;ﬁggggb%‘éﬂocg%ggfgﬁ%%&w%g966 11 Figure
1 shows cnenggnetic ¢orstudGikat is| wdenghe avhnanl Sfavprenbdiee anduthiat pl e ¢l oni ng
site, catgene and front and rear portions of the anyE gene. Restriction
sites tfRCodema &Efﬁg@al JotiYE PieN ABA agyagetaliviens] n, Avicl eoti de
positio ] in brackets. Figure 2 illustrates the doubl e-crossover
reconbi n%sa?}?%l%&%(%\?}ght that generates a partial diploid using the cloning
vector pDG364. 10 Figure 3a shows Western blotting of size fractionated
(12% SDS-PAGE) proteins. A polyclonal antiserumto TTFC was used.

The therapeutically active protein may be one or more of:-

a) Proteins, including enzymes, antigens, antibodies, hormones
or metabolic precursors;
b) Vaccines;

c) Endorphins and the like,

According to a further embodiment, the spores as disclosed can be for

use in the treatment of a medical condition.

Disclosed further herein is a composition comprising at least two
different spores and, optionally, a pharmaceutically acceptable
excipient, in which said at least two different spores express at least two
different antigens or medicaments, especially for use in treatment of a

- medical condition.

Disclosed yet further is a use of a spore in the manufacture of a

medicament for the treatment of a medical condition.




Lane 1, non-reconbi nant strain PY79 vegetative cells, Lane 2, strain PY79
carrying anyE: : oppA- TTFC. Lane 3, purified TTFC prot e? feptamber?fift e 3b
shows Western blotting of size fractionated (12% SDS-PAGE) proteins
extracted fromeither the spore surface of non-reconbi nant PY79 spores
(Lane WO 03434m8ks expresssing CotA: :LTB (Il ane 2) andPEUGBIYWHOS.TB pr ot ei n.
[note: The strain 20 used for Lane 2 had the genotype anyE:.: oppA-TTFC
thrC.: cotA- LTBJ Figure 3c shows stern blotting using a polycl onal
anti-TTFC serumto size fractionaled proteins from sonicated extracts of
25 veget Abéotdinee! 405 a Laiifhek: aRPett! ' ool de@ng 2, anyE::
OppA-TTFC t hr cr:fge '{??)t%\- LTB e(1:rel S a’ngﬁﬁa eé%?i pﬁl;éiz'l?tiugg ﬂn?“l"}gc‘%gpr%ot ein. Figure
4 shows plrrinaddiRCat evomposgion fort erad ddotihiswiatign @Maprising Baciltusneal

i mruni sation w.th reconbinant B, subtj]is _vegetative cells. |ndividual
sanpl es SHOEGH §F RfpBvsptien dm@ssociation weh e ppamasoitrallygcoentabless 1

PCT/ GB03 Laruni sed intraperitoneally (T) with 1x10' wld-type (0)
or Cppé’&&%%%e%%}slégmng B. subtilis cells (A) were tested by ELISA for
TTFC-specific 1gG Sera froma naive control group (0) were also assayed.
The end-point titer was calculated as the dilution of 5 serum producing the
same optuitable phermgecaticallyl pa@ptible chiers ftweuld heowell kmosimntruae serum
Figure 5 shovvsf%hi.-?TFC serumlgGtiters followng oral immunisation with
1 ecombi iFATOTEC R e hor es. I ndividual 10 sanples from groups of ei ght
m ce imunised orally (T) with

According to one embodiment, the present invention provides Bacillus
spores of the invention for use in the treatment for the human or animal

body by therapy.

According to a further aspect, the present invention provides a use of
Bacillus spores.of the invention in the manufacture of a medicament for the

treatment of cholera; typhoid, tuberculosis, tetanus or E.coli infection.

Medicaments may be administered as a vaccine. Medical conditions for
treatment as disclosed herein include, for example, inflammation, pain,

- hormonal imbalances.and/or intestinal disorders.

Administration of medicaments as disclosed may involve:
a) Orally administration to a person or animal in need of

medical treatment;

b) the spores germinating into a vegetative cell in the intestinal
tract;
) Said vegetative cell expressing a therapeutically active

compound for use in the medical treatment.

The invention will now be described merely by way of example, with -

reference to the accompanying figures, of which:




1. 7x1070 wi l d-type (0) or QppA-TTFC reconbi nant B. subtilis gor es (A
were tested by ELISA for TTFC-specific 1gG Sera frorf SCHEmRE 28t r ol
group (0) were al so assayed. The end-point titer was cal cul ated as the

di | ut| rum produci ng the sane 15 opti cal S a 1140 dilution
of a po g "73?% i mmune serum  Figure 6 shows anti -TTHLC:‘yEE ﬁ'f’ﬁPgG titers
followng oral inmunisation with reconbinant B. subtilis spores.

| ndi vi dual sanples from groups of1eight mce inmmunised orally (T) with 20

1. 7x1010 wild-type () or OppA-TTFC Cot A-LTB reconbi nant B. subtilis spores
(A were tested by ELI SA for TTFC-specific 1gG Sera froma naive control

group (0) wer gl 501 3550V Shnar! IE e BB Mol SherdSnsphgpated as the

dilution of sér cin e Sa tica ensi 40 dilution of

a pool ed prei mdHigle asmagrmm datg@ué eand ﬁrbmrancaméar-wﬂoﬁeraﬁrmege titers
following oral inmmunisation w th reconbi nant B, subtilis spores.

| ndi vi dual  s&myFegener oResiiginsssisrs Bagean b weed; ﬁ?ﬁé‘r‘i‘ieéré%ﬁtwpér?y (T) with 30
1. 7x1% 0 wl dn’ié{ ec( O&dm%ougpég %’ %}&Bﬁa @rbi nant  B. subtilis

spores (A) were ste speci c 6 Septenber 2006 WO
03/ 074681 PCT/ GB03/ 00966 13 IgG Sera froma naive control group (0) were

al so assayed. _The oi nt t|t was cal cul ated as the I tion of serum
produci ng  t hEBE? ﬂg{sﬁ”@ﬁf ﬂb"e?]m C%S%Veif%ﬁ’“?hwad’toﬂi%evcﬁ“ ool ed

- preinmune . se %Braés & &ﬁlﬂﬁdgpléﬂoﬂﬁngsﬂfevdlifﬁh%@fecﬂﬂ? pim@kive cells vs spores
in GT of a use no Goups of inbred BALB/C mce were orally dosed

with vegetative cells or spores of B. subtilis strain SC2362. Faecal

10 : Figure 3a shows Western blotting of size fractionated (12%
SDS-PAGE) proteins. A polyclonal antiserum to TTFC was used.
Lane 1, non-recombinant strain PY79 vegetative cells, Lane 2,
strain PY79 carrying amyE::oppA-TTFC. Lane 3, purified TTFC
protein. | ”

15

Figure 3b shows Western bloiting of size fractionated (12%
SDS-PAGE) proteins extracted from either the spore surface of
non-recombinant PY79 spores (Lane 1), spores expresssing
CotA::LTB (lane 2) and purified LTB protein. [note: The strain

20 used for Lane 2 had the genot&pe amyE::o0ppA-TTFC thrC::cotA-
LTB] '

Figure 3c shows Western blotting using a polyclonal anti-TTFC

serum to Size fractionated proteins from sonicated exiracts of

25 : vegetative cells, Lane 1, non-recombinant PY79 cells. Lane 2,

| amyE::oppA-TTFC thrC::cotA-LTB cells and Lane 3; purified
TTFC protein.

Figure 4 shows anti-TTFC serum IgG titers following
.30 intraperitoneal immunisation with recombinant B. subtilis

vegetative cells. Individual samples from groups of eight mice -




and intestinal sanples were assessed for total viable gounts at 10
indicated tinme points. Panel A oral dose of 2.4 x 10 §§§@?}%ﬁri29@ cells;
Panel B, oral dose of 2.1 x 101 spores. Data were presented as arithnetic

means %?8/ el bars were standard deviations. Figure 9 shows survival of
veget atT V& &Pl s and spores in sinulated 15 gastric COHEPPRN® vegetative

cells of B. subtilis, E. coli, C rodentium and spores of B. subtilis
(Panels A to D respectively) werejgreated () in similated gastric
conditions, and viability was assessed at indicated tine points in
conpari son w ithmunisedaimtrhpédjonesiynpMgs . willer DEiot agaa-type e(egoygpt s conpared to
~original i nocgpa. Zﬁgaata wer e grese_n.t ed as arithnmetic nmeans of duplicate
i ndependent Ber THERteXPrassiggrd subtighopls $k wevmtestsd yeBbISA i ve cells and
spores in sipgyl _J-pl.estd pal i tion. Vegetative s of B. subtilis,”
2" 35 col i D FERC pPHERUEDS! sER it snllare BRR ety BBMARA 1o D
respecti vel y) aenesayeeat Bk é1d-poins tirar| wdsechlén)4ies tas RS daof6h bf on, and
viabi lLity was assessed at indicated tine points in conparison wth
untredted (o) EERpPrOduCciBE ibeREIGepticRl densiyntss a P alition of ®ri gi nal

i nocul a. Dat apyREEpRiRaRALSErds, ari thnetic neans of 30 duplicate
i ndependent experinents. 6 Septenber 2006 WD 03/074681 PCT/ GB03/ 00966 14

Figure 11 shows spore germnation in simulated intestinal condition. Spore
suspensi ons of, B. subtilis strain . PY79 we exam ned for germnation in

~ AXK sol ut i onol\%\ﬁgflﬁe (§l 5#10%- t%ﬁ?&'gg) SCife 1 eskiite %ﬁomqge &l ts, - 0D600NM
readings wer cinirifutit Sviltn tob@hdaltl BE MBS SsfAbl OWrRgidig addi tion of
L-alanine to trigger gernination. Percentages re of ODreadi ngs conpared
to @Piginal néioshErogps &f sightpmécse immdnized aoratlpined) witheans of

1.7x10" wild-type (®) or OppA-TTFC recombinant B. subtilis

spores {A) were tested by ELISA for TTFC-specific IgG. Sera

from a naive control group (O) were also assayed. The end-point

titer was calculated as the dilution of serum producing the same

15 ~ optical density as a 1/40 dilution of a pooled preimmune serum.

Figure 6 shows anti-TTFC serum IgG titers following oral
immunisation with recombinant B. subtilis spores.  Individual
samples from groups: of eight mice immunised orally {A) with
20 1.7x10%* wild-type (®) or OppA-TTFC CotA-LTB recombinant
B. subtilis spores (A) were tested by ELISA for TTFC-specific
IgG. Sera from a naive control group {O) were also assayed. The
end-point titer was calculated as the dilution of serum producing
the same optical density as a 1/40 dilution of a pooled preimmune

25 serum.

Figure 7 shows anti-LTB serum IgG titers following oral
immunisation with recombinant B. subtilis spores. Individual
samples from groups of eight mice immunised orally (4) with
30 1.7x10" wild-type (®) or OppA-TTFC CotA-LTB recombinant
B. subtilis spores (A) were tested by ELISA for TTFC-specific.




duplicate independent experinments. 10 Figure 12 shows expression and
quantification of expressed b- gal actosi dase. Panel A: 6 Seiginkss 2896 py79 and
SC2362 (rrnO-lacZ) grown in LB were | abelled with nouse

anti-(3-gal act osi dase antibody foll owed by anti-nouse |1 gG TRI TC conj ugat e
(red f\vgtgi"%@@éi n). Panel B: Coommssie stained 10% S%T’ﬁg@“?ﬁépper 15

panel ) and O0-gal act osi dase-specific Western blot (lower panel) profiles of
fractionated cell extracts from PYy9 (spo+), SC2362 (rrnG-lacZ) and DL169
(gerD-cwBD D::neo rrnOlacZ). Arrows indicate (3-gal actosidase at the
predi cted mat IgGf Setd fidnna Rveetonu®l ghatp (O pverxgso iassapeds [aef or med with
the indicated 20 concentrations_of 0- gtﬁle&:ﬁglgi;i dase (in %1 in cell extracts

from strains ePYPYINESHET Hyas egteybfed @s _ F An¥FTEMBYUGEED- cwi BD
D::neo rrnG- | %ﬁe,z);am@fdz\%@né@; 9@5@&@%@%@ oflial pEd1O Preifthun@9) are spotted

on the left (lane + -gal actosi dase primary “anti bodi es and
secondary ant iseradpbi t per oxi dase-conj ugated 25 anti bodi es were used.
Reactié\ﬁns were visualized by ECL as described in the Material and Met hods

secti of Exanple 2. Figure 13 shows systenm c responses after oral

delivery of spes@a% 8 GROWY SRSVl P Jepehtigeells ¥ Qpdresah GITbsed BALB/ C mice
were 30 orally dosed (-) with 2 x 1010 spores/dose or 3 x 1010 vegetative -

S e e mouse ngdsbpt@eups op dgged \NA IO rigs vercrraizodysed 966 15
cells/dose of B, subtilis..|ndividyal ser um. | e ed by ELISA
for anti-(3- gﬁlg’cY%gEaalé’gecelslf)é)gis??rgkj%g § élfﬁé? Folr%egcyr\%zvgfdg&?\on-i nmuni sed,

control groupah®)inwstigalabsnpled chdideghsesedveol afl vieble cased ani th PY79
spores (0), PY79 v?e‘fet ative cells (u), 5 SC2362 spores (1), SC2362

vegetdt i ve cefndicaied tinp peoiss FgpelsA¢ Aral dose of 2.4 x 10" vegetaiive
- cells; Panel B, oral dose of 2.1 x 10® spores. Data were presented

as arithmetic means and error bars were standard deviations.

Figure 9 shows survival of vegetative cells and spores in simulated
15 gastric condition. Vegetative cells of B. subtilis, E. coli, C.
rodentium, and spores of B. subtilis (Panels A to D respectively)
were treated (o) in simulated gastric conditions, and viability was
assessed at indicated time points in comparison with untreated (o)
samples. Percentages were counts compared to original inocula.
20 Data were presented as arithmetic means of duplicate independent

experiments.

Figure 10 shows survival of vegetative cells and spores in
_ simulated intestinal condition. Vegetative cells _of B, subtilis, E.
25 coli, C. rodentium, and spores of B. subtilis (Panels A to D
respectively) were treated (e) in simulated intestinal condition, and
viability was assessed at indicated time points in comparison with
untreated (o) samples. Percentages were counts compared to
original inocula. Data were presented as arithmetic means . of -

- 30 duplicate independent experiments.




and DL169 vegetative cells (black triangle). Data were presented as
arithmetic means and error bars were standard devi ati chSePEReEdPd 14 shows

anal ysis of anti-(3-gal actosidase |1gG subcl asses. 10 Groups of inbred

BALB/ C mi.ce were orally dosed (-) with 2 x 1011 spores/dose of B. subtilis
strai n ¥@IEE ¥ panel A), or 3 x 1010 vegetative cel PSHEBEHW strain
SC2362 (Panel B), or vegetative cells of strain DL169 (Panel C).

I ndi vi dual serum sanples were testegd by ELISA for anti-(i-gal actosi dase
specific 1g@ (Q), 15 Ig&xRa(A), and Ig&b (0) subcl asses. Data were
presented as &fgunenekli cshewanspened germinatibar Sn weineulsiednd@estimievi at i ons. The

1t ng. Examp a0ty iRl Bhpenilnd Secky RGRALY oM Ramergenes | n the
fol | owi ng Exanekeintid So0paiaRiit HARCKEEHER TPl RS Ad?a(gi) 25 gene
or an

constuction. This gene is well studied an orns par eron. QOppA
acts as the reH@pPsesepenr ofhbile ndalisal ODEOGce cadingpt wekes tdkent he

[ tid e . eininB btilis i |1
oxprossby and” TAREE ik FfowbBInE safloh o Lusleafibrte tisemmc i on (it i
referred to asg&pﬁﬂﬁon.SOP&c&@g@THﬁreZQPGODV\Q:;‘?{%{LFQM&QQMIJ@Q{OCBO?’/ 00966 16

In the cytoplasn c nenbrane, fusion of a gene sequence to the 3'-end of
oppA woul d al | B8 Fuwpenypnsef Dafar areoptssenied asr withineti¢ Pnednsi ofX) wher e

b o R AR A AL e
a Gampositive this neans that the antigen woul d be
10 - - Figure 12 shows expression and quantification of expressed b-
galaciosidase. Panel A: Samples of PY79 and SC2362 (rrn0-lacZ)
grown in LB were labelled with mouse anti-B-galactosidase
antibody followed by anti-mouse IgG-TRITC conjugate (red
fluorescein). Panel B: Coomassie stained 10% SDS-PAGE (upper
15 panel) and B-galactosidase-specific Western blot (lower panel)
profiles of fractionated cell extracts from PY79 (spo+), SC2362
(rrn0-lacZ) and DL169 (gerD-cwIBD D::neo rrnO-lacZ). Arrows
indicate (-galactosidase at the predicted mwt. of 117 kDa. Panel
C: Dot blot experiments performed with the indicated
20 - concenirations of B-galactosidase (in mg) in cell extracts from
strains PY79 (spo+), SC2362 (rrnO-lacZ) and DLI169 (gerD-
cwiBD D::neo rrmQ-lacZ). Purified B-galactosidase dilutions (in
ng) are spotied on the left (lane +). Anti-fB-galactosidase primary
antibodies and  secondary antirabbit peroxidase-conjugated.
25. - antibodies  were -used. Reactions were visualized by ECL as

described in the Material and Methods section of Example 2.

Figure 13 shows systemic responses after oral delivery of spores
~ carrying rrnO-lacZ gene. Groups of inbred BALB/C mice were

30 - orally dosed (-) with 2.x 10" spores/dose or 3 x 10' vegetative




exposed to the space between the nmenbrane and peptidoglycan wall. Since
oppA is involved in spore formation, any nodification '?ré%féeffﬂt?f?-?ﬁ% protein
must be made in trans to an intact copy. That is, one copy of 10 oppA nust
be held intact on the chronpbsone. To achieve this, we use the anyE | oci
(encodi WG ®¥YM##8ise) to carry chineric genes. Thus, a PEEEBMIMNANt oppA- genX
chinmera is placed at the anyE locus in cells <carrying an intact oppA gene
(and opp locus) at the normal chrompgomal position. An alternative |ocus
is thrC for which cloning vectors are 15 available. In the preferred
enbodi ment of tdells/doses ehBl awpiitihelnGivddnad asiuni \semplzachearitasteddei | | us
subtilis is us&&.SI gp? excel | ent genpetics assocjiated with this organi smand
the intense stJdy™>6f 19r antibngptectosidase ; specific kgG . openasrpey p oHi¥E. col i, t he
second nost st ydi.e ry, i gapi.Sm.kLS; r a

non- pat hogen az%h?@"g{ng{??f fcﬁgg'oggp%@ng@eﬁ%eooébvﬁ?{:uﬁg?sage‘gﬁ?%ént |y being
used as a probimite cddsed WithhPNIGaspoaskd (O PEY9 caesativet cely. (dhe singl e,

di stinguishing feature, of this mcroorganismis that it produces an

~ endospote as p&G236¢ speuss dBy SiCE3AR Reaatativer eellsyla) DIheh spaes {4 ved of
e T 0L ERL BAB RV BgdF c

‘survive in a ne 1 cal or man orm t housands of
years. a) Constas aritlinmeticomegasnandcditartaas weRlstindaep teviagsns2006 WO 03/ 074681
PCT/ GB03/ 00966 17 i) anyE::oppA-TTFC. TTFC (tetanus toxin fragment C) is a

47 kDa conponent of tetanus toxin produced by Clostridiumtetani. TTFC

vas Tused 10 Opginantl IsAbLOUERT:2r ML s EHE 108 Fifditas used 1o
anplify i) appropriate sequences o e't gene gcarrle i'h vector
‘pTet 8)1kencodi n@roiys ¢7inkRal BAEB/C rtigeravete otdl)y ddsed (-) with 2 x 10"
- spores/dose of B. subtilis strain SC2362 (Panel A), or 3 x 10v
vegetative cells/dose of strain SC2362 (Panel B), or vegetative
- cells of strain DL169 (Panel C). Individual serum samples were
tested by ELISA for anti-B-galactosidase specific IgGl (o),
15 IgG2a(A), and IgG2b (0) subclasses. Data were presented as

arithmetic means and error bars were standard deviations.

The invention is further illustrated by reference to the following non-
limiting Examples.
20 |
EXAMPLE 1

Construction of recombinant genes
In the following Example, the oppA gene has been used for recombinant
25  gene constuction. This gene is well studied and forms part of an operon.
OppA acts as the receptor for the initial uptake of peptides by the
oligopeptide permease (Opp). The OppA protein in B. subtilis is well
expressed and is involved in competence as well as spore fdrmatibn (it is
referred to as SpoOK).
30




5'-region of the oppA gene including its pronoter. The oppA and tetC PCR
products were fused using restriction digestion and |i@asRtepbsR08 and 5
ends (using enbedded cl eavage sites in the PCR priners). The 10 oppA-TTFC
fragnent was then cloned into the pD&64 vector (Figure 13 at the multiple
cl oni ngVQi%4%81 gure 1 shows the plasnid pDG364 andPYHEBIXM¥6or has been
descri bed elsewhere: The essential features of this vector are the right
and left 15 flanking arnms of. the gwE gene (referred to as anyE front and
anyE back). Cloned DNA (ie, the cot-Antigen chinera) is introduced into the
mul ti pl e dhohd nytoplasedc ueimbgarge fiesian oP@Rrdneckqueniceso tHh@ -endof val i dat ed
and the plasmd cl.o | i near | sed. by digestion w,th_enzynes recognising the
backbone. SEaRCHL Hoy RN e TPOOTER I GORKGA PO JUGEF 1 o 20
transf or moIPRifGh Kelid Ss@fbRd Sbtinkl Sebie éfﬁlpealte' @ltefRinal he antibiotic
resi stance carried by the plasm d (chl oranpheni col resistance). As shown

i n Fi gur e demaimhdcarryinarthe dsesl demiath) wédposeshliy thet@genfeeydf tie doubl e

anye ror PREEREROC 3 oRA Phuttls dfiac Boer B AT, woflh0duced 25 i nto
- the anyE g edndl thiespaderyétwgen thel Matibianata@d peptiddp@ydahaeass. This procedure
m ni m ses danage to the chronosone and does not inpair cell growh,

nmet abol i sm nor spore formation. The clone was verified by DNA sequenci ng
across junctions and the 30 vector |inearised and then introduced into the

chr onosong; PAbSH inUSH I r r i ion (Figure
) “Sel ety or PoAEI oSt kMg (AmAP TrE TR B BERTB 86 T

Chl or anpheriteinr mgstsbamadarid someenimdnthar capyy | Shet e gatei sopycall oni es

ensur a doubl e crossaver as_shqwn in Figyre 2 and is descr,i bed

el se\/\,ﬁﬂr ef’”ﬂ%m“gt ﬁﬁ?‘? i ACt PR Ehec‘g’ﬁg‘flpme'a# Oa?ﬁs’é"ﬁé]i“é’ VeLsethe or the
presence phyf Thfei bYen¥6dihgr Bmbladd)t 16 ety SBAWRrikN gEAGUT € TRyHSIaNg a

recombinant oppA-genX chimera is placed at the amyE locus in cells

carrying an intact oppA gene (and opp locus) at the normal chromosomal
position. An alternative locus is thrC for which cloning vectors are

15 available.

- In the preferred embodiment of this invention, the Gram positive
bacterium Bacillus subtilis is used. The excellent genetics associated with
this organism and the intense study of its genome make it, after

20  Escherichia coli, the second most studied prokaryote. This organism is
regarded as a non-pathogen and is classified as a novel food which is
currently being used as a probiotic for both human and animal

~consumption. The single, distinguishing feature, of this microorganism is
that it. produces an endospore as part of its developmental life cycle when

25 starved of nutrients. The mature spore, when released from its mother

- cell can survive in a metabolically dormant form for hundreds, if not

thousands of years.

a) Construction of gene chimeras
30




5 polyclonal antiserumto TTFC. ii) anyE::oppA-TTFC thrC: :cot AQ-LTB. This
construct carried two constructions placed at the arryﬁ éﬂﬁn‘?‘ﬁrzﬁoq oci. 10
In this construction, we used a plasmd carrying a chineric gene fusion of
the cot A gene fused to the Escherichia coli 11 kDa Labile toxin Fragnent B
(LTB). N8 nol ogy was used to anplify LTB and cofW/EBY(M¥Ees and fuse
these together, in frame. CotA encodes a najor protein 65 kDa fromthe
spore coat surface layers. In the 17rst step, the cotA-LTB 15 chi nera was
constructed using the vector pDGl664. pDGL664 is similar to pDG364 (Figure
1) but cdlri e€mpke ogpdr TFitay A FEG é@t@w&ﬁ%@ﬂgféﬁ‘ﬁéﬂf(f'érths a2 4hkRa sel ection for

a doubl e CrOsgﬁiﬁﬁﬁ’eﬁwm&%@hﬁ%ﬁmeﬁﬁ%@‘gﬁ”% ?e?cjn?CtT’fﬁt?for Ermi . The

second i nport ure o &Y 6% uses Yhe front and

back (| ef t andvasifgied)toappd anfl indreddded Gt timcausyR2capabl i ng i nsertion and
di sruption of the thrC locus. Using this strategy, we nmade thrC:.:cotA-LTB
cells, induced these to sporul ate and then exam ned the spore coat

pr ot eisns n serumto
T8 (P oty Gy AT E BRpEl, O Pl el oo B 3B PRI BP0, oA LT

chi mer a dparried Bpeectors pTEdE enveligd the ekf kDadTmE@nfmhgtﬂm tif thér C. - cot A-LTB
to transfQrm.co e&x?nt cells . { a strain carryhpg anyE: : OF) A- TTFC.

Sel ect i o Wﬁ%‘ Frel PP Beneaingluding 1ts BIRUOE g omguf|aadct§ y two chinmeric
genes, OMUR pidducBNFeredidY dsl re-Eﬂ?ctanecﬁgéLQi%nchﬁldh@aﬁoﬁgf RELR$ was confirned
by Wéstern | otting of vegetative cells with anti-TTFC serum and for spore

“coats 36’ p¢rtstSe|(mngMembeéd¢d IcRBvager $ites einsém 8Bepring0®. WThO3/ 074681
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pDG364 and il ¥thipde ploamy steyect ors. One ch| meric gene

Figure 1 shows the plasmid pDG364 and this vector has been described

- elsewhere. The essential features of this vector are the right and left

15 flanking arms of the amyE gene (referred to as amyE front and amyFE
back}. Cloned DNA (ie, the cof-Antigen chimera) is introduced into the
multiple cloning sites using general PCR techniques. The clone validated

and the plasmid clone linearised by digestion with enzymes recognising

the backbone sequences {eg, Ps¢I). The linearised DNA is now used to

20 - transform competent cells of B. subtilis using selection for the antibiotic
- resistance carried by the plasmid (chloramphenicol resistance). As shown
.in Figure 2, the linearised plasmid will only integrate via a double
crossover recombination event using the front and back flanking arms of
amyE for recombination. In the process the cloned DNA is introduced

25 into the amyE gene and the amyE gene inactivated in the process. This
procedure minimises damage to the chromosome and does not impair cell

"growth, metabolism nor spore formation.

The clone was verified by DNA sequencing across junctions and the
30 vector linearised and then introduced into the chromosome of B. subtilis

using a double crossover recombination (Figure 2).  Selection for




5 1is nmade in pDG364 and the chinera introduced at the anyE | ocus and a
second chinera made in pDGL664 and introduced at the t®PePEBeEd006This can

be achi eved since each transfornational event requires a separate
10 W have used this approach to express LTB on

drug-res| sel ection.

t he sp?)&é%é@'}rl%séce and TTFC within the vegetative cePtHYCBHNSS: eqture is
attractive and could be wused for bivalent vaccinations. Alternatively we
could use TTFC expression on the spore (fused to CotA) and also fromthe
vegetative cells (fused to QopA) enabling even higher doses. 15 c) Strain
Val'i dat i of°hiorampherappesistent, and doremuingr é@s amylisatndghtive AREASSary (o

det er m ne t hinmeric gene product is surface displayed, ie, on the
sur f ace- m%%{]&édzc? Q@“@Ps COISSWE ebisowpTin &iggal 4 #rd 48 ndesoribedusi ng FACS

anal ysi s olseshere. otChtls ¢iPEn@®Tthisl MsEUEOTR LY EO i ' of | or scence).
Qur approach assunes tha?gign)teraction of t&%’ vgvgelébtsé{%/de%lrﬂ?es with the

mucosa nuBteseree ofc HilE e dyaMtestenn ddpitigg s, slsovil dngFigerean agihg gen is on or

near the sSMLERAS ankikerih ble to stinulate imunity. This may well
i ncl ude 2§ ?el |- r?éldlg%liméld{q ’Pﬁmﬁﬁrty deriving from phagocytosis of the spore

by macrophages or dendritic cells. In our rationale, it may actually be
beneficial,, for t antigen to be partially protected within the cel

| envel o_pe.“bemﬂ‘f@' PPORT HF Ci drGieedAck T8. v This messtaet carnigditwat i on is
Sept enber. 2006 DS o T FEE PR M SIS 1S Two i runi sat ons wer e
performed. First, intra-peritoneal imunisation of Black C57 inbred mce
(gr OURy OIfn tﬁ)s c}/gngt?ugt%%?%vlé I.I?S-eid naaglglér}{%tfg(rjry?fgl Lihimeric gene fusion of
the cozA gene fused to the Escherichia coli 11 kDa Labile toxin Fragment
B (LTB). PCR technology was used to amplify LTB and cotA sequences
and fuse these together, in frame, CotA encodes a major protein 65 kDa
from the spore coat surface layers. In the first step, the cotA-LTB
15  chimera was constructed using the vector pDG1664. pDG1664 is similar
to pDG364 (Figure 1) but carries the erythromycin-resistance gene (erm).
Thus, selection for a double crossover recombination event is made by
selection for Erm®. The second important feature of pDG1664 is. that
insertion uses the front and back (left and right) arms of the thrC locus
20  enabling insertion and disruption of the thrC locus. Using this strategy,
we made thrC::cotA-LTB cells, induced these to sporulate and then
examined the spore coat proteins for the presence of CotA-LTB using a
mouse polycional serum to LTB (Figure 3). Having demonstrated
adequate expression of the CotA-LTB chimera on the spore surface we
25_. used chromosomal DNA of thrC::cotA-LTR to transform competent cells
of a strain carrying amyE::oppA-TTFC. Selection was made for Erm® and
~the transformants would carry two chimeric genes, oppA-TTFC and
cotA-LTB. The presence of both chimeras was confirmed by Western
blotting of vegetative cells with anti-TTFC serum and for spore coats

30 proteins with ani-LTB serum.




(approx. 5x109) expressing OppA-TTFC. Figure 5 shows the serum I&G 5 levels
resul'ting fromthese i munisations and denonstrate the® Seriealas2(f6

presentation and i mnunogencity of the QppA-TTFC chinmera. To verify the

i mmunogeni ¢i of the double construct carrying OpA-TTEC and Cot A-LTB we
made bgﬁﬂ@ﬁ%}%&s and vegetative cells and i muni sed PEYEBFER?961x109) by the

| P route groups of 8 mce and followed the 10 i mmune responses. Again high
serum | gG |l evel s were obtained by bpgh routes. e) Micosal imunity 15 To
achi eve migosal immunity, we used oral dosing of groups of 8 inbred Black
C57 m ce. s%wt@é%ﬂﬂ%meemthﬁoﬁi gures 5-7. First, oral adm nistration
of high concentrations of spores (1.7x1010) expressing OpA-TTFC (Figure
5). As shown, we were able to achieve 20 serumanti-TTFC specific 1gG

responses Tat achiss@nhiipld/ aligeh §8édeHBLbR ! He @g&léaéola N Esf Ille%g#; by titres
hi gher than 101). The only way a 1gG responSe cou 'd* be Achieved is if a
si gni fi caf? UefdheropDGed and e 166d ipbasmiti astcoos uOmedchiveadt gend 0 | MuNi ty.

25 Secgnd; : } lhee (Figures 6 apnd 7) with spores carrying
Cot A LB ésng{%%ﬁAW‘g%%%h %4‘6‘1‘%9”58'&%“?’5&1 E!%?e%y fqusgndigot h - LTB and

TTFC. Thi secohdwhimetanadaint pIpGesENidORMSIGEM & HE rﬂicsmca%e%-sand used to
for devel opnent as ivafent vacci ne.

generate i mnf)ni t%/ .a‘%g opens the wa )

30 Ot her . &fpIPecathitwd ginee seehtiensibometionsd ©3h0 7a@slesPCReEBOR/ 00966 21 1)
Thi s straifgyresRiind sBgcitied to display any biologically active nolecule.
For exanpl e, an enzyne tor an industrial application. 5 2) In accordance

with the invention, spores could also be used with

10, We have used this approach o express LTB on the spore surface and
TTFC within the vegetative cells. This feature is attractive and could be
used for bivalent vaccinations.  Alternatively we could use TTFC
expression on the spore (fused to CotA) and also from the vegetative cells
(fused to OppA) enabling even higher doses.

15 _ :
c) Strain Validation

In our approach, we do not reason that it is necessary to determine that
the chimeric gene product is surface displayed, ie, on the surface-most
20  layers of the cell. (This could be achieved using FACS analysis or some
other type of flow cytometry or using immunoflorscence). Our approach
assumes that interaction of the vegetative cells with the mucosa must be
achieved and in doing so, so long as an antigen is on or near the surface
it will be able to stimulate immunity. This may well include
25_ cell-mediated immunity deriving from phagocytosis of the spore by
- macrophages or dendritic cells. In our rationale, it may actually be
beneficial for the antigen to be partially protected within the cell
envelope. Demonstration of immunogencity via mucosal immunisation is
sufficient for further development.
30

d) Parenteral immunisation




adj uvants to enhance ‘the i mmne responses of the germnated cells. These
m ght include, cholera toxin, chitosan or aprotonin. AnYeRIGARRTAERG on of
spore coat protein for spore expression together with 10 any cell envel ope -
protein _for expression in the vegetative cell. That is are not

restri ct8PNs° E):otA or OppA. Primary candidates for spor@Bo3 896?9 expr essi on
that we have identified are CotA, CotB, CotC, CotD, CotE and CotG 15

Ot her Cell Surface Presentation Rouyiges We have used the OppA proteins as an
exanple for presentation based primarily on ease of use and high. |evels
of expression. O her cell envel ope prot eins could al so be used including

proteins 0/ Q che o ut e-uptake etc.-The only criteria
is: i) t hg%tlr%ﬁglﬁ Eﬂtfélﬁ I Ph O’Frﬁ "ci‘t dﬁ“éﬁﬁb‘é%ﬂbwmwsmom he protein,
ii) the pobBidk cs7piheﬁaanhu¢en(grbﬁ>psrrsmsy e %mﬁmﬂhnh&%%l:e% g5iTo use these
types of gaotel would require an enpirical approac systematically

at t enpt i n{fEPRFEs etlAD |Q§‘rﬂf%ﬁ1@ga@Pla‘\1'ﬁT . Aignreer shppy thecderim IgGo use proteins

t hat | | ie, th
wal | 13 ool el mefliBle Hod helg iRt GRS 39 Bl et S
wal | - anchpresehtatiod am:Elmﬂirﬂﬁlﬁng&ﬁ dityt bR thea®pp AAVIHE Bhimerat tIRCRGHyt 0 30 both

the cytopl,asm ¢ nmenbyane and peptidoglycan of the cell wall. 6 Sept enber -
2006 WO /‘WB@EEWF%@%@%@GZ@HS SEVPIEYiRg @ppéffr’ﬁfts &8@2362 has been
descri bedcglasewne I as the cat
gene encodi ng resﬁ@t gg\a}:ig to c Og‘%s:%n{%gﬁg%oﬁ%S&qé %1“{] lmnﬁnhs@ i s a

veget at i v@Perétxphéﬁ%)ebyg@neIférmM| popuds rdNB. niice tahil Sfobwall nthehe 5' -regi on
of rrﬂp c]%{r n|enl%the t.er ad beepgéj sed to the E. coli lacZ gene.
PY79 e pro 8??’698 SREHMC §{SoWe’ES’f obteimgd by hpih

routes,

e)  Mucosal immunity

15 To achieve mucosal immunity, we used oral dosing of groups of 8 inbred

Black C57 mice. We show some examples in Figures 5-7.

First, oral administration of high concentrations of spores (1.7x10')
expressing OppA-TTFC (Figure 5). As shown, we were able to achieve
20 serum anti-TTFC specific IgG responses at essentially protective levels
(usually reflected by titres higher than 10°). The only way a IgG
‘response could be achieved is if a significant level of spore germination

had occurred leading to immunity.

25 Second, oral dosing of mice (Figures 6 and 7) with spores carrying
~ CotA-LTB and OppA-TTFC showed high serum IgG levels against both
LTB and TTFC. This showed that multiple antigens could be displayed
and used to generate immunity and opens the way for develo.pment as
bivalent vaccine.
30
Other Applications




10 is Spo+ [2]. DL169 (rrnO-lacZ gerD-cw B D::neo) was created b
transforning conpetent cells of strain TBL (gerD-cw B ©>epifapber 4o,
chronmosomal DNA from . SC2362 foll owed by selection for chloranpheni col
resistance carried by the rrnOlacZ cassette. TB1 has the gerD-cw D region
of the ¥ROEWESdne repl aced with a neonycin-resi st ancBCWEBYIRYS and spores of
this strain were found to have their rate of germnation reduced to

0. 0015% when conpared to that of apiisogenic wild type strain PY79 (E

Ri cca; personal comm). Preparation of spores and vegetative cells 20
Sporul ation was nmade in DSM (D fco-sporul ati on nedia) nedia using the
exhaustion nmethod as described el s ere J3]. .Spor.ulatin |tures were

har vest ed-/22 tssﬁtelgﬁec?q]lgt geatlisﬁfﬁ\l%f d?f}%?{uiﬂyt !%6?1[%'!56% %cgl ®suspensi ons of
spores WegglefREe @RS cdRnsle, RE LnPymdiGRl in@usiAMCapptich@i.[ 3] using |ysozynme
treatment to break any residual sporangial cells followed by 25 successive
washes in 1 MNal, 1 MKCl and then water (two-tines). PMSF (10 mM was

i ncl uded jyn sh i.nhi.bi ySi r j ..suspension in
wat er %gpoér)esma%ragg?r?ée)% ee‘ghgt&%gk%ng@h%h&? %%EP]I%I ﬂtgﬁ)e}) ¢ I}%@?‘ﬁ{}% cells. Next,
the spor eadjuaRBNSd Gahwes thd iechunenEdpaised \off the gefminniedbedlyie freezing
aliquots at -20C. 30 6 Septenber 2006 WO 03/074681 PCTI GB03/ 00966 23

Veget at | vEhese mighjtinglude.cholera fprig, ghitasan etapreidi®wt h in LB cont ai ni ng 5%
D-d ucose and 0.2% L-d utam ne until an OD600nm corresponding to about 109

~cfu/mM and used imediately. G owh under these conditions prevents

i nadver t efihy spabinhiddri ohsperk.cobt proadiy Sos spfre explessiobdogethdrawith f aecal and
intestinal tissues Faecal .cqunts were e by housin lge individually in
c ageSIQNi 130y ce?l envelope protein for expression in fhe vé:getatilxjre &, Mk 1s, y

we are not restricted to CotA or OppA. Primary candidates for spore

coat expression that we have identified are CotA, CotB, CotC, CotD,

CotE and CotG,
15 QOther Cell Surface Presentation Routes

We have used the OppA proteins as an example for presentation based
primarily on ease of use and high levels of expression. Other cell
envelope proteins could also be used including proteins involved in

20 chemotaxis, solute-uptake etc. The only criteria is:

i) that the antigen can be fused to an exposed domain of the protein,

if)  the protein is present in the membrane at high levels

25 To use these types of protein would require am empirical approach
systematically attempting presentation one at a time. Another approach is
to use proteins that are associated with the peptidoglycan of the cell.
envelope, ie; the wall itself. In many Gram positives there are a group of
“cell wall-anchored surface proteins” that are covalently attached to

30 both the cytoplasmic membrane and peptidoglycan of the cell wall.




gridded floors to prevent coprophagia. Total faeces was collected at
appropriate times and honogeni sed in PBS before plati ngSerembar 2806 uti ons 10
on DSM (Di fco sporulation nmedium [5]) agar plates containing

chi or an‘p?@{henl col (5 mg/m) and Xgal (DSMCX) to select for SC2362 cells.

| nt est i N2 H¥&; yes were recovered fromsacrificed m B@T"ﬁﬁﬁ?"’“?ﬁérmgem sed in
PBS usi ng gl ass beads (0.5mm 4 X 30 second bursts, 4C) before plating
serial dilutions on DSMCX. 15 Si nu&gt ed G T conditions Bacteria were gr own
to a cell density corresponding to™@pprox. 109 cells/m in LB broth,
harvest ed and suspended in sinulated gastric juice (1 ng/m pepsin

{porci ne stomach nucosa, Sigma}, pH 2.0) or small 20 intestine fluid (0.2%
bile salts {50% sodi um chol at e EX200PEER um deoxychol ate; Sigma}, pH 7.4).
The suspensions were incubated at 37C, sanples renoved, serially diluted
and plated for cfu/m on LB agar plates. 25 Indirect ELISA for detection
of b-gal asﬁ-ﬁ&lgdase-speci fic serum antibodies Plates were coated with 50

m / wel | urified b-gal act osi dase &Slgma 2 mg/m in

car borfat @be&é&ﬂm@e@ t%wri@ﬂ)el%ﬁﬁdwr@  and easoigs tthmmoaicqu@engver ni ght .

oot eq o5 4P ¥ttt el Bl Ml Relsblned o0 eorslonefat B BRBD™T ot ion i n
ELI SA di lreehtis Iaucfa‘gefatl@@LylexMe'EsecBgé{@I encodﬂng a4rR13ﬁ(0 I:Wthﬁ s@aipapt enber 2006 WO

03/ 074681 ,PCT/ GBO3/ 00966 24 Nad ; 5% (W v) BSA 10%(v/v) sheep serum
(Si gma) ; VTEERVS )”’”Orrcﬁlffbng%hi(ﬁfon@t%5%d( besn fuspddn-he)E. héry pl ate

~carried ngp g&i’é ) ssthegytrot%tﬂa At 856 ﬂicr gﬁcegtlﬁ f@@lngi %fd pre-inmune

serum, and ositive ntrol® (nouse t| - act osi dase gna)) .
Pl at € wds eSpcmcub’Ht edLiél . (&rnO-lacZ gerD-cwlB D: neo) was created by
transforming competent cells of strain TB1 (gerD-cwiB D::neo) with
chromosomal DNA from SC2362 followed by selection for
chloramphenicol resistance carried by the rrnO-lgeZ cassetie. TB1 has the
gerD-cwlD region of the chromosome replaced with a neomycin-resistance
15  gene and spores of this strain were found to have their rate of germination

reduced to 0.0015% when compared to that of an isogenic wild type strain

PY79 (E. Ricca; personal comm.).

Preparation of spores and vegetative cells

20  Sporulation was made in DSM (Difco-sporulation media) media using the
exhaustion method as described elsewhere [3], Sporulating cultures were
harvested 22 h after the initiation of sporulation. Purified suspensions of
spores were made as described by Nicholson and Setlow 3] using
lysozyme treatment to break any residual sporangial cells followed by

25 successive washes in 1 M NaCl, I M KClI and then water (two-times).
PMSF (10 mM) was included in washes to inhibit proteolysis. After the
final suspension in water spores were treated at 68°C for 1 h to kill any
residual cells. Next, the spore suspension was titred immediately for
cfu/ml before freezing aliquots at -20°C.

-30




5 h at 37C before addition of anti-nouse HRP conjugates ( ma). Plates
were incubated for a further 1 h at 37C then devel oped® $ateber 3806 sypstrat e
™ (3, 3', 5, 5 -tetranethyl-benzidine; Sigm). Reactions were stopped
using 2 M H2SO4. Dilution curves were drawn for each sanple and endpoi nt

titres WAIHIF# ed as the dilution producing the samePGHCBBOMY4I density as
the 1/40 dilution of a pooled preimune serum Statistical conparisons

bet ween groups were nade by the Manp-Wiitney U test. A P value of > 0.05
was considered non-significant. To nmeasure fecal I1gA a simlar ELISA

- protocol Wagethrivd Bnwedbrilts cieisowérqiepirey bpusbyth iOlB cSanrmligs 59er e applied
using a 2-fold serial dilution starting with 15 undiluted faecal extract in
PBS/ 2% BSR-Glussss tadcha® Letibuppingt uatil an ORBEOnay cotrespoadingsta he dil ution

produci ng aﬁaﬁn@”&uﬂm iaﬁ&"usg&?ﬁ%{%ﬁ%@y;@ﬁo W dhhd B PLEadiigmne fecal

extract. An e point titer o reater "was considered "positive".
20 Ext r acpreovantsfinaivertentcspatulptiat Bflns and vegetative cell |ysates Spore coat
protei ps were extracted from suspensi ons of spores of strain PY79 at high
density (1 x 10' spores/m ) using an SDS-DITT extraction buffer as

descri bed AinRlydRt @ Viable MR LA Blecal MM ﬁﬁ:%fr%fl%ié?ué%a | lysates, strain
PY79 was grown to an OD600Nm of 1.5 in LB nmedium and the cell 25 suspension

- washed an#agdabgolyis ewetsy madei kyathioosing ohicewmditigudliygin spged withent ri f ugat i on.

Ext ract ed_pr ot.ei.n re assessed for.integri by SDS- _PAGE and for
concentraggg??edugoﬁﬁsmt%?leprﬁ?’%ﬁaﬁo%&plﬁg&‘e&ﬂgjﬂséé Skives Cquﬁﬁfg&i ations 30
Groups of agirghtiatithees( {RNBdBogBNB/ i, PES ﬁ@f%ké%)ldfﬁ@eseﬁgﬁﬁﬂu%rﬁl ly with

suspensi ons %8.2 m ) of either spores or vegetative cells of either strain
6 Sepi@nber PSd6 (Nifeo3sporukden powRdaEes/ BEb6sses plaey ocontdai®@? or DL169.

Mo ver by IERS LG s BSSICRNT, e orSscay U sec
: cells. Intestinal tissues were recovered from sacrificed mice and
homogenised in PBS using glass beads (0.5mm; 4 X 30 second bursts,
4°C) before plating serial dilutions on DSMCX.
5
Simulated GIT conditions
Bacteria were grown to a cell density corresponding to approx. 109
cells/ml in LB broth, harvested and suspended in simulated gastric juice
(1 mg/ml pepsin {porcine stomach mucosa, Sigma}, pH 2.0) or small
20 intestine fluid (0.2% bile salts {50% sodium cholate: 50% sodium
deoxycholate; Sigma}, pH 7.4). The suspensions were incubated at 37°C,
samples removed, serially diluted and plated for cfu/ml on LB agar

plates.

25 Indirect ELISA for detection of b-galactosidase-specific serum
antibodies
Plates were coated with 50 ml/well of purified b-galactosidase (Sigma, 2
mg/ml in carbonate/bicarbonate buffer) and left at room temperature
overnight. After blocking with 2% BSA in PBS for 1 h at 37°C serum
- 30 samples were applied using a 2-fold dilution series starting with a 1/40 -
dilution in ELISA diluent buffer (0.1 M Tris-HCl, pH 7.4; 3% (w/v)




were adm nistered by intra-gastric gavage on days 0, 1 , 20, 21, 22, 41,
42 and 43. Serum sanples were collected on days -1, 186 %6‘3151??62%@ and 5
fresh fecal pellets were collected on days -1, 18, 40 and 58. Faecal

sanpl es é r‘r& were incubated overnight at 4Cin 1 m PBS/ 1% BSA/1 mM
PVEF ( pWEAYP M- hy| sul phonyl fluoride, Sigma), then vBFTVEBEBW®E disrupt all
solid materials, and centrifuged at 13,000 rpmfor 10 mn. Sera and faecal
extracts were stored at -20C unti | equi red. 10 I munof | uor escence

m croscopy B. subtilis strains (PY%1 and SC2362) were grown to md-log in

LB medi uMaCEaotd%s(wiey S8IA;Xe0% tv/s) tsedd kétum 4S0t¥) VD, 198" Tiﬂmr el dehyde,
0. 04% gl ut ar al dehyde and 0.03 M Na-P04 buffer pH'7. 5 (final conc.) for 15

10 min at TFgRmmt K0 & Ga% r(e/ W Heweenc20)i Rveny plate camtied féplicatebweltser i a wer e
washed thBFg 4

GE T ysorymd "CEBTT PR tebhrg e pREMGIEELShY a0 IR T Sory e 2

mg/ m). N:@rqwd)t(mo(lﬂel)aﬂti p-gabiaceosidmse @iging))y Plafdsivaste iRfubAic@rfgs gope cover

gl asse that had peen treated with 0.01% 20 (W v) poly-L-1ysine
(Sig ﬁafe"? Qa‘?ﬁfweﬁt 91 a&.aaflmsaﬁﬂ sPwgstien Sigmed Rlstesr gl ass, which

was then 0 for The gl ass
was vvashegbé‘? %éﬁ?g{%ésomﬂhg;? yhblagc%zzcci: ﬂ?e d%@e‘?ﬁ%édem ag'%o BSA in I%BS at

-room ter‘rp%lbaitr%tﬁeTMdeﬂ wWHs h%d 59-tetramethtlibeesidinSanRiges) Wwikeecticnsel | ed with a

1: 200 di |l r| Jmar nouse anti - bgal act osi dase) for 45

nin at ‘géﬁt%nt Pﬂf‘g J %E@%‘fﬂ gﬁl‘f‘%ﬁ’é CUIF B PR g Ti€4Cther with

anti - mousgnipg@afﬁﬁleﬁ&bmﬁpﬂhﬁg%hl%ufa%cgﬁﬁaihef @illuttby gx‘dauéih ghfiehhgnperat ur e.

After 3 washi ngs, cover@g ass was nount ed to a mcroscope slide and
f

vi enelf ureisicaly denﬁlk‘)brﬂs Ethei gé dlljmoesoérﬁz@oniedr pseiopumeqstrpmed Wi th a
3, 05, oo, e BT e B TR ST Se, o e,
Laser povEriestad B vabjet &ivbe0.(B0W8s considered non-significant. To measure
fecal IgA, a similar ELISA protocol was followed as described previously
[6]. Samples were applied using a 2-fold serial dilution starting with
15  undiluted faecal extract in PBS/2% BSA/0.05% Tween20. End-point titer
was calculated as the dilution producing the same optical density as the
undiluted pre-immune fecal exiract. An end-point titer of 6.0 or greater

was considered “positive”.

20 - Extraction of spore coat proteins and vegetative cell lysates
Spore coat proteins were extracted from suspensions of spores of strain
PY79 at high density (1 x 10" spores/ml) using an SDS-DTT extraction
buffer as described in detail elsewhere [3]. For vegetative cell lysates,
strain PY79 was grown to an OD600nm of 1.5 in LB medium and the cell
25  suspension washed and then lysed by sonication followed by high speed
centrifugation. Extracted proteins were assessed for integrity by SDS-

PAGE and for conceniration using the BioRad DC Protein Assay kit.

Immunisations
30 Groups of eight mice (female, BALB/C, 8 weeks) were dosed orally with -

suspensions (0.2 ml) of either spores or vegetative cells of either strain




WD 03/ 074681 PCT/ GB03/ 00966 26 30% for G een HeNe, scqannl r;_gtt%geed was 50

| ps. Inmage size was 10 x 10 mm Results 5 Survival MG s in the
gastrointestinal tract As a first step in-devel opi ng spores for

het er ol ogous antigen delivery via the oral route we assessed the survival
of B. %‘EPWF@S]veget ative cells and spores in the gBSVEBPM®Et | nal tract
of a nurine nodel. To assess the robustness of the vegetative cell we

i nocul ated two groups of inbred mg 10 (Bal b/c) each with a single dose of
2.4 x 1010 vegetative cells of strain SC2362 (rrnOlacZ). One group of six
mce was PERESSCIBEN6r DNESOUNMRS werdllighiie AR4NES walh PEFHh:, t hat vere
present in the faeces col | ected from- individual | y housed mce for the
first 24 4 mftepnogoisimpiged gontwhgroumwmhmclu@tdu@ral frempupiggidnacZ mar ker

enabl ed s I I | col oni es usi ng
t he Lac +*%F§edr?ﬁlﬁ%éé"g‘%&ef‘ rg%%:ﬁq g‘E%%em C Eq?gsrégtzghcz:ié’ ?%n@dded by the cat
- gene and 42agnd 48. Byruinh eamples Pedeacolleemasért dgts)-rl Mg i4Pedndogiyakg of SC2362,
corregé)ondl ng to 0.00016% of the ori were found 6 h after

dosi ng’ aridesihfesal nellets weee calicidy Oﬁhga.f}’éafl-erlgt $0i trdl GBi Heeeddtt | evel s by

hour i QC%.E the faeces in
the fi rstﬂz}%‘ﬁe %Qevgéggﬁg&%ato_u&e 0025% §2r|nfngggl a ?r%‘/gose Wth the
- second grmoMp PMﬁ‘F niphenyli2ttyhiuigilosy! flworide] rsdgma)ethen sxa)cirexéd aed at hours 3,

6, 9, 12,.18 and 24 and t d larg esti re renoved,
“honogeni s‘%ﬁ“ﬁh&ﬂ f)‘?zhaq &Ft?%ﬂs'cﬁ‘ﬁﬁrﬁb‘?‘éﬁmsﬁﬁé’fg i P} &0 mgve . As shown in
Figure S/SeYe?Eﬁ’d 2 ch DM tFHOPDRER @fre PG 383 VBhEL feQupbyi N the smal | intestine
with maxi mal counts being found at hour 3 (approx. 100). Hi gher counts
(0.00W16% of inoculating dose) were found in the large intestine at hour 3
but thes cou s dec I ned thereafter. 30 To exam ne spore survival we

perforne "Hmé? S‘é%&l"?‘ﬁ’é%? R that
' B. Subtzlzs strains (PY79 and SC2362) were grown to mid-log in LB

medium. Samples were fixed in situ with 2.4% (w/v) paraformaldehyde,
0.04% glutaraldehyde and 0.03 M Na-PO, buffer pH 7.5 (final conc.) for
15 10 min at room temperature then 50 min on ice. The fixed bacteria were
washed three times in PBS pH 7.4 at room temperature, then resuspended
in GTE-lysozyme {50 mM glucose, 20 mM Tris-HCl pH 7.5, 10 mM
EDTA, lysozyme 2 mg/ml). Aliquots (10 ml) were immediately applied
on microscope cover glasses (BDH) that had been treated with 0.01%
20 (w/v) poly-L-lysine (Sigma). After 4 min, the liquid was aspirated from
the cover glass, which was then allowed to dry completely for 2 h at
room temperature. The glass was washed 3 times in PBS pH 7.4, blocked
for 15 min with 2% BSA in PBS at room temperature, then washed 9
more times. Samples were labelled with a 1:200 dilution of primary
25 antibody (mouse anti-bgalactosidase) for 45 min af room temperature,
washed 3 times, then incubated further with anti-mouse IgG-TRITC
conjugate (Sigma) for 45-m_in at room temperature. After 3 washiﬁgs, the -
cover glass was mounted onto a microscope slide and viewed under a
Nikon Eclipse fluorescence microscope equipped with a BioRad Radiance
.30 2100 laser scanning sysiem. Images were taken using LaserSharp software

and processed with the Confocal Assistant programme. Laser power was




descri bed above but dosing orally with 2.1 x 101 spores_of strain SC2362 6
Sept ember 2006 WD 03/ 074681 PCT/ GB03/ 00966 27 per no%%@tinﬁ?e@?()%ﬁs). our
assay technique differed froma previous study [7] in that the faeces was
not heat-treated before plating and thus counts would include both spores
as wel IWQL¥Y4e8Yi nat ed spores (vegetative cells). FaBcHFBBOMMEs from a
group of six mce showed viable SC2362 present in 5 the faeces at hour 6 in
significant nunbers w th nmaxi num | | s at hour 12 (- 12% of inocul ating
dose). By hour 24 there were still considerable nunbers of SC2362 counts

(- 4% pr &98nfor GreehddNee cesnni gpueam 30hBs. d si j ntestines
showed sim |l ar kinetics as w tﬁ? osing w t% \?ggéetsé??\%gé gg%teledri a (wth

maxi mal cdfts at hour 3) but with significantly 10 higher levels of viable
units. A group of five mce was also used as a nave control of which one
nouse was exanmi ned for faecal counts and the other four exam ned at

appr opr i atkesultsre points for analysis of small and large intestinal counts.
In eacg our assay technique. 15

c . nt re recovered validating
Sur vi val %?,?EF!&S?CTE% ‘f’fsbét»grf“ FpstrattestinabiRact onnent s We next asked what
effect codid FeSstad tnidvel suryi val . of both
vegetative B. subteiwl IS aﬁddm%%r@gg%ﬁ%&éggﬁgs tglr;]l& A @%I{VFBV v’é’ssay. Based
upon pr evisuerakreme @ sisesed tthe gurvivadiiof iFombiilis Kegetithve &I @ [ 8- 12] we

recreated Vii.I O nt Sstomach and small intestine. Sinulated
condi ti on?%sugﬂ tlhél é}hg%c’g&‘%fﬁﬁﬁﬁt@%é’?s‘i &yugre modsl-nTolassgsnte at pH 2.0 in
LB medi unrotmsedsost thberegatalive ball 9/l inBulatdd #%0 Bir fosS@H ihﬁredcrﬂflfeai ni ng

pancrﬁ ti @fé\é mg/m ).at pH 7.4 in LB. For assessing survival ~ of spores
t hough L g Y wétlga wingle PBS of Reb xt HY® wegatativet cellscof kBaid5 medi um mi ght

Cpores of ‘Srra rQIaE)" Ope BIRERT R RIS wHoRShGeatty e nimber || 7S
of viable counts of SC2362 that were present in the faeces collected from
individually housed mice for the first 24 h after dosing (Fig. 8A). In this
study the r7nQO-lacZ marker enabled simplified identification and.

15 screening of viable colonies using the Lac+ phenotype as well
chloramphenicol resistance (encoded by the cat gene and carried by the
rrn0-lacZ construct), Maximal counts of SC2362, corresponding to
0.00016% of the original dose, were found 6 h after dosing and these
declined rapidly thereafter to insignificant levels by hour 24. The mean

20 cumulative counts of SC2362 recovered in the faeces in the first 24 h
corresponded to 0.00025% of the inoculating dose. With the-second group
of mice (12 animals) two animals were sacrificed at hours 3, 6, 9, 12, 18
and 24 and the small and large intestines were removed, homogehised and
plated for counting of SC2362 viable units. As shown in Figure 8A very

- 25 low numbers of SC2362 were found in the small intestine with maximal
counts being found at hour 3 (approx. 100). Higher counts (0.00016% of
inoculating dose) were fbund_ in the large intestine at hour 3 but these

counts declined thereafier.

.30 To examine spore survival we performed a similar experiment to that

described above but dosing orally with 2.1 x 10° spores of strain SC2362.




were incubated in sinulated stomach or small intestine conditions at 37C
and survival determ ned by plating out and determ nat i HRCRETRE 4000 . 30 we
al so included two enteric bacterial species as controls, E. colt (strain
BL21) %88 %4 ?bact er rodentium (ATCC 51459) the latter bein a nouse 6
Sept enb 68! Wo 03/ 074681 PCT/ GB03/ 00966 28 pat hBHERBYHAT nfects the
small intestine [13]. As shown in Figure 9 sinulated gastric conditions
resulted in a significant reduction_n viability of vegetative cells of B.
subtilis (Fig. 9A), E. coli (Fig. 9@ and C. rodentium (Fig. 9C) wth

al nost cogﬁf RhcRust qp% Cng)Vb%PI gaﬁ,ytegmfl{m ?fﬁep%l ﬁ'ﬁﬁ?ﬁg lx\ﬁaﬁrﬁ (?ssent lally

unaf f ect ed_t hough ( e sa oun Mtesti ne,
t hough, wdrkirf thahdhe &ehewwaa net Yedtétrensatt befbfecplating anfighus/ caditd i ty of

t at th 0. 0002% of . th I I
L
however, Wasel ¢oakd geéed gx@dp%@qkﬂnﬁé@mmeﬁaﬁlb%&gﬁ%ﬁ%ﬂ AO”S wWth a

moder ate increase in cel |l nunbers (Figs. 10B and ects on B.
subti | Ps tifofagRes #rkousr§ imsighificdnenumbesis | witls alaxinsmnieeels at hoive absence of

pancreati el | subst.anti al | duce al nost the
sane Ievelligq(dzitzzgJ ﬁgi[rlog%l&\}ﬁ?%o%t)hgﬁlgpur%ﬁﬁg §a‘1’err§ Hﬁp‘@& ’38“83’* have no
ef fect onnumbestofsSPORHER (drngs (10D%) pesehP M €hddBleBRd) atddis iRl Mul ated
i nt esti nal ndi tions Upon entry into_the duodenum spores have been shown

to germ n%‘fl@ﬁ[af‘d apge imfesiines (showed eymllar ikinatics rasi withi desimgaiwih and our wor k
has Sho"mvé’g&tﬁfvfe%t:terﬁf Wil %ﬁﬁﬂaﬁ%oﬂ&s%@ho oﬁgh&ftﬁ 951%2%/@ gred what

effect bile would have on2 spore ermna B¥shed
proced@r el;lgl!l&] lmlsaesemwungerm gmhpoﬂ fm:, tn’ﬂee WaesAss @s&l aglsence of 0.2%

bile salts,, %r n e spores_(w|d type strain PY79) was
i ncubat ed ggeg Chﬁf'%é’g‘?%%“@fs expmined; for feqcal pountsandetherred to as AK

(al ani ne- gibe 658 examlned at appropriate time points for analysis of small and
large intestinal counts. In each case no counts were recovered validating
our assay technique.

15
| Survival of B, subiilis in simulated GIT environments
We next asked what effect conditions within the GIT would have on the
survival of both vegetative B. subtilis and intact spores using an in vitro
assay. Based upon previous studies simulating conditions within the GIT
20  [8-12] we recreated two environments, stomach and small intestine.
Simulated conditions found in the stomach consisted of pepsin (1 mg/ml)
at pH 2.0 in LB medium, and for the small intestine, 0.2% bile salts
containing pancreatin (1 mg/ml) at pH 7.4 in LB. For assessing survival
of spores though, LB was replaced with PBS since the nutrient rich LB
25  medium might promote spore germination. Suspensions of vegetative B.
subtilis cells or spores of strain SC2362 at approximately 108-109 cfu/ml.
- were incubated in simulated stomach or small intestine conditions at 37°C

and survival determined by plating out and determination of cfu/ml.

30 We also included two enteric bacterial species as controls, E. coli (strain
BL21) and Citrobacter rodentium (ATCC 51459) the latter being a mouse -




KCl). L-al anine was added at 10 mM (final conc.) to tri gger spare 25

germ nation and OD600nm readi ngs taken (Fig. 11) As sﬁ ?Iég‘nb‘grzﬂpmate t he
0D declines as phase-bright spores lose their refractility and outgrow
[14, 15]. Qur results (repeated two times) showed that in the presence of
AGK spoV@ OEHeRlnati on was extrenely rapid with a 32. BGBEBIY00%66  ODE0ONM i n
the first 90 mnutes. In the presence of 0.2%bile salts 30 though, spore
germ nation was inhibited but not gé)ol ished with a 42.8% drop in OD600Nnm
over 90 mnutes. This effect on spt?e germ nation has 6 September 2006 WO

03/ 07468 aﬁiﬁ%ﬁB&% gV Iy [ apd is

consi ste?ﬁ éq?r%rgg ﬁ%t g{ﬂ?&& &Pﬁﬁ%ﬁ%g]sp eréeh(?)l‘*lﬁln)ﬁ\llvoF}g'l shown we have
observed diinalatesipgaséric genditioed revultédsinun aighiftdaat rdduetio Iiteymﬁihtpot ger m nat e)
in sinulated stonma Sp s._as an,antigen deljvery vehicle
Qur st udi YsVeREfalt V&eﬁ%]‘? E?r ”?"Ffaf @:ﬁﬁ) géﬁaﬁ'a ‘W@I KFléqLﬂ%g fo survive
transit aepefifu flﬁlgstmﬁmhb%{ds@Eommt@@'&s’seéﬁviﬁ(eﬁ&?%ﬂhﬂq gpore coul d be

used for heterol ogous antigen delivery we nmade use of e rrnO-lacZ gene 10
carri éd iYposGB2@erE e%ﬁmldlll)aazaff@tadt thetigh AFighi 9 iRilegeais foomd &k ni ng t he

strong, n rorm er fused to the.lac f E. coil [1].
As a con'?tﬁ‘\2 %]agm{egﬁ%?r “é{eraz?‘fﬁdntgt B %ﬁ’tgﬁﬁ cart Zf{‘%g fch carried
rrnG- | acznmg@t faerve@etalﬁva Belsebiian wige orhe . 80029 NG}hd drighel ger D- MB

regi on of the chronpsonme which is inportant for spore 15 germ nation.

Spores cARSHHE SHAIVIRS thm thedfirgt howr dFig. sélbk.eBy cdlipafir€d (reduced to
0. 0015% %d%%tfugrzétﬂc%e por uﬂ#f@:iécf AR 1 ddug t @&eﬁr{@epah}%g{E Ricca,

pers. comm verified hat was express I N Vege ive cells of
SC236® byohdittvnofwitlon aacdenate iacresseoincdln nEm@ufse(mgQAiOB hmtp GA. pol ycl onal
sera agal,[[}le ef e%tsggrll %Ctsgitzf .? %heougll}loax%el:t)r?r%lgll?}lbyI gue to bile salts since in
~ the absence of pancreatin cell viability was still substantially reduced to
almost the same levels (data not shown). Finally, bile salts appeared to
have no effect on intact spores (Fig, 10D).
15
Spore germination in simulated intestinal conditions
- Upon entry into the duodenum spores have been shown to germinate [1,
‘7). Since this region is rich in bile salts and our work has shown an effect
of bile salts on cell viability we wondered what effect bile would have on
20 spore germination. Using established procedures [3] we assessed
--germination in the presence or absence of 0.2% bile salts. A suspension
of pure spores (wild type strain PY79) was incubated at 37°C in the
-presence of specific germinants referred to as AGK (alanine.-glucose-
KCl). L-alanine was added at 10 mM (final conc.) to trigger spore
25. germination and OD600nm readings taken (Fig. 11). As spores germinate
‘the OD declines as phase-bright spores lose their refractility and outgrow
[14, 15]. Our results (repeated two- times) showed that in the presence of
AGK spore germination was extremely rapid with a 32.4% fall in
OD600nm in the first 90 minutes. In the presence of 0.2% bile salts
30 though, spore germination was inhibited but not abolished with a 42.8%

drop in OD600nm. over 90 minutes. This effect on spore germination has




20 expression was found in the isogenic wild type strain PY79. SDS-PAGE
anal ysis of fractionated whole cell extracts of SC236%° §?R§e‘ﬁ?f’lé@06cel | s
(Figure 12B) reveal ed a predonm nant band at 117 kD corresponding to the

si ze of %) al act osi dase. Western blotting with a polyclonal anti-p

gal act o%P{ éséntl body confirmed this and showed a nﬁ&rﬁﬁp 03899 gh m/vt 25
br eakdown products but otherw se no obvi ous degradation. A quantitative
determ nati on of the anmount of (3-%@ act osi dase expressed in SC2362 cells
expressing rrnOlacZ was obtai ned by dot bl ot experinents using serial

di | utionsyeph dbdEdvhd QRlevidudp![26] ead dasonfiSegrmajthand Boreofdewdede cel |
extracts of B. subtilis strains PY79, SC2362 and DL 6§1 (Fﬂfﬁure 50).
Pr ot ei ns findiegy dgee. ednvm“toﬁkaﬁohnfth"y”(“s Wl baveo SbserEed piid cf 6 Sept ember

2006 WD 03/ 074681. PCT/ L3034 0996 Aot PRI hindtBe N Wsinhul@kial i ne
' phosphat%éménaﬁlgﬁgéste secgdndg‘?’yqa%?i%om éJ(A'qarllrél (g:ogl 3ur devel oped by the
BCI P/ NBT s@@émifbleonuiiions) (Bi o-Rad). A densitonetric analysis indicated that
no (3-gal actosi dase was detectable in PY79 cells. In SC2362 and DL169 cell

extradts the amount of (3 5 gal actosidase equated to 3.14% (31.4 ng/ng) of

total ext Abde and 2. 4% (24 ng/ ng) of total extracted
protein f%?"%ﬁ%gﬁgg'ﬁgg}gg%"% Q(?f 33f%errg) The high | evels of

- (3-gal actOsi dagiies pievel ulzerbnsimatet thet epetes eﬂrﬁs\mlbreqm@ﬁ@ﬁ itp nﬁé‘d"%? the SDS- PAGE

anal ysis (Fi 12B) . and d n trate e efficac f pronoter for
het er ol od&g@‘g‘g@ﬁ%“s t&%)s@%? fré‘ﬂ' of sgn%\etﬁe‘% %3% 05| asg responses

fol | ow ng,(@f by ﬂ&éﬂol/c%roﬁs Qﬁn?éﬂ @iverf Velmiddagise rdﬂ&hé &GLZ) GBedupacof seven
inbred mice were dosed oral with's ores or vegetative ,6 15 cells of

SC236, Dlathied n JT2B52. V@i@d@d’f as disslng ohigerie aﬁﬂ@\ﬁoat?éwg Bpti mi sed for

oo on R 3R B PR 8 R e, oot her 2 o1
[1]. As a control, we constructed a germination mutant, DL169, which
carried rrnO-lacZ together with a deletion (gerD-cwlB‘ D::neo) in the
gerD-cwiB region of the chromosome which is important for spore
15 germination. Spores carrying the gerD-cwiB deletion are severely
impaired (reduced to 0.0015% of wild type spores) in their ability to
germinate (E. Ricca, pers. comm.), We verified that /acZ was expressed
in vegetative cells of SC2362 by immunofluorescence as shown in Figure
12A using a polyclonal sera against B-galactosidase. No detectable
20 expression was found in the isogenic wild type strain PY79. SDS-PAGE
analysis of fractionated whole cell exiracts of SC2362 and DL169 cells
(Figure 12B) revealed a predominant band at 117 kD corresponding to the
. size of P-galactosidase. Western blotting with a polyclonél anti-B-
galactosidase antibody confirmed this and showed 2 number of high mwt.

25  breakdown products but otherwise no obvious degradation.

A quantitative determination of the amount of B-galactosidase expressed
in SC2362 .cells expressing rrnQ-lacZ was obtained by dot blot
experiments using serial dilutions of purified p-galactosidase (Sigma) and.
" 30 of whole cell extracis of ‘B. subtilis sirains PY79, SC2362 and DL169

(Figure 5C). Proteins were reacted with an anti-B-galactosidase p.olyclonal -




anal ysis (see the section above entitled "Spores as an antigen _delivery
vehicle") we could define one dose of SC2362 or DL169 Q/%‘?j’é?r’giq%@%el ls 20
as containing approxi mately 0.43 ng of O0-gal actosi dase. Serum sanpl es were
anal ysed b;/ ELI SA for anti-(3-gal actosidase 1gG (Figure 13) and as a
cont r ol WQEHYYHEY i ncl uded a group of seven non- irrrrun?%’gﬁB?:ﬂ ¥t or sanpling.
As shown in Figure 13 oral imunisation 25 of mce wth SC2362 (rrn0O | ac2)
spores gave end point titres significantly above (P < 0.05) those of mce
dosed with nonreconbi nant spores % Y79) or the control naive group from
day 40 ommgibddy, fhed GRith ANQlies phodpadtibe-cdmigRel becoriAgUARiIbBEOCONVEr SiON iN
i muni sed nmice and an al act osi dase titres 'did not significantly (P >

ti-(3-
0.05) di fﬂ‘ﬂércqlP'édeSY)eIPPéﬁngofge BeP/HBdear H¢h sysisny dBignbidtamt spores (PY79)
h . . 4 / 66 31 i
oroup. oLt SR a8 i BRI R o o " e

have ger pyt ediif 0lThowCugePraall Bellicy el | SRACRI theO ablolBEBFEPL  expression
of rrnOlacZ Failure to generate these responses following delivery of

DL 169 5s paatastgsidave squdied taspdi® Gdrhinaimg)of total exkecied arotéiorfos generating

| cvels obaetoahy Fatpsrbad Bl TR Fadpt ARRF ORI el on - can

be used f(gveragy bgen4gemp) eThe LighMisleRabl PrgaldsiosifaseV paRIuadd e cel l s of each
strain were incorporated as controls and we were sonmewhat surprised to

detect ~arthese(straipg were sprfiramed) Yothee SPSRYLGE| anakisise (Hig- 42Bkandy t h SC2362 or

dosi ng wiehoutos R Liclly FORPCREE VERRoRl Bot HorerbBabi0¥Ene o2 Onces may

i mpl yi0a telpeesdiohd | evel has been reached when using this dosing regine and
wi th (3-gal actosidase as the i mmunogen. 15

Serum anti-B-galactosidase responses following oral delivery of spores
carrying rrnO-lacZ
Groups of seven inbred mice were dosed orally with spores or vegetative
15 cells of SC2362, DL16% or PY79. We used a dosing regime previously
optimised for oral immunisations [6] and each immunising dose contained
either 2 x 10" spores or 3 x 10" vegetative cells. From our densitometric
analysis (see the section above entitled “Spores as an antigen delivery
vehicle”) we could define one dose of SC2362 or DL169 vegetative cells

- 20 as containing approximately 0.43 mg of B-galactosidase.

Serum samples were analysed by ELISA for anti-B-galactosidase igG
(Figure 13) and as a control we also included a group of seven non-
immunised mice for sampling. As shown in Figure 13 oral immunisation
25 of mice with SC2362 (rrmO-lacZ) spores gave end point titres
significantly above (P < 0.05) those of mice dosed with nonrecombinant -
-spores (PY79) or the control naive group from day 40 onwards. DL169
spores, though, failed to produce seroconversion in immunised mice and
anti-B-galactosidase titres did not significantly (P > 0.05) differ from

‘30 those of mice dosed with non-recombinant spores (PY79) or the control




Sera frommce i nmunised with SC2362 spores (Fig. 14A), SC2362 vegetative
cells (Fig. 14B) and DL169 vegetative cells (Fig. 14C)6 Septembgr 2¢6ex ani ned
for the presence of (3-gal actosidase-specific Igd, Ig&a and |Ig&b

subcl asses. | nmmuni sation with vegetative cells of either 2 362 or DL169
showed WGBBY the first detectable subclass at dafggGBqalg?gf%%zmd by a
gradual increase in IlgG@. Dosing with SC2362 spores showed an early
increase in both 1gGl and | g&a. Iglall three cases the |levels of 1g&b

i ncreased nore slowy. 25 Mucosal anti-(3-gal actosi dase responses foll ow ng

oral del i uaivy gobup. STIAE EerC sHows! dGarly ek | SMionOdr & be&, only one in
the group recei vipng SC2362 S{)orgas 1rg};ve gaﬁégsitinve ?dl:?jgtrz %P&?G.S on day 58.
The | evel Wyt Xave -grrgunaied Jollewing opdcdeliveryf kading FqAubsequére gr oup

I muni sed,wi.-Lth: veqget at h\ ekl.s of the s strain 30 hi gher with 3, 1
and 4 oute%gfr 5%1% gg rﬁ%@?ﬁ@ﬁpgéﬁrg\;@ ?@gﬁ%ﬁ?&gseoﬁespwgmng& and 58
respect i védlivefydaf DG spures proves Akt %noré herginatibn Gs SeRhaNY: 2006 WO

03/ 074r£81 PCT/ GBO /00?66 3 i muni sed wi th DL169 spores go no positive

r espors esEEHFHREL 1e18. hemora) agsnonsesy Al sagm| e érfe npbstncenedr esponse on

day 18. MNgiiRO#iet i1¥&14 | §€T515b 1t h er ..5 Discussion The
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del i very gymimationCoan riwt iusethlfer emsiglm siedivery. seamahisatidrsi Rsihgs that woul d
vacci ne vehicle. First, their current
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similarity in responses may imply a threshold level has been reached
when using this dosing regime and with B-galactosidase as the
immunogen.
15
Sera from mice immunised with SC2362 spores (Fig. 14A), SC2362
vegetative cells (Fig. 14B) and DL169 vegetative cells (Fig. 14C) was
also examined for the presence of B-galactosidase-specific IgGl, IgG2a
and IgG2b subclasses. Immunisation with vegetative cells of either
20 SC2362 or DL169 showed IgG2a to the first detectable subclass at day 20
followed by a gradual increase in IgGl. Dosing with SC2362 spores
showed an early increase in both IgGI and IgG2a. In all three cases the

levels of IgG2b increased more slowly.

25 Mucosal anti-B-galactosidase responses following oral delivery of
. spores carrying rrnO-lacZ
Out of eight mice, only one in the group receiving SC2362 spores gave a
positive titer of 16.8 on day 58. The level of anti-b-galactosidase-specific
faecal IgA in the group immunised with vegetative cells of the same strain -
30  was higher with 3, 1 and 4 out of 8 mice having positive responses on

days 18, 40 and 58 respectively (data not shown). Finally, the group




none and supported by excellent cloning technology. Finally, this 15
organi sm when adm nistered orally in the spore state C(aﬁelﬁ@?l?ﬁﬁ@ﬁﬁe and
undergo limted rounds of replication and cell gromh in the snall

i ntesti_ne before being excreted. Based on the ability of spores to

germ naV@%¥H4¥e G T we have investigated the gerni néﬂ"ﬁﬁ""%ﬁe as the
mechani sm for heterol ogous antigen delivery. The logic and novelty of 20
our approach is that the spore m'gﬁ be able to survive transit across the
stomach after which it would germhate and then in the vegetative phase
express tifinlifiar QiR AU or&e Po nBeidRiterecréapdngés AE wiCDLILE9 hunor al
responses we eval uated the survival of 25, spores as well as vegetative
cel I's in vegetatye cellmenly onsi pepitive refponseoon dawilis N9 positiyeEi8ke have found

t hat spores. _ar S | al naffected when given orally with nost being
excreted ‘g?rf’g?g%ﬁw&ﬁ%&/ﬂegéﬁ%{?éét, vegetative B. subtilis cells have a very
| ow survival in the nouse G T. As an approxinmation we estimate |ess than
0. 0005% of , vegetative cells 30 survive transit through the G T. The stonach
woul d 3 i KRISGUSSEOY he first and nost severe barrier to vegetative B.

subtilis mand..t hiswl ri.e € fﬁ?’pé efs #P8F1 VARiAs/ 074681
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smal | i ntdeditveryesysténr. Othosienblacy sy based lvat sederak attsibwtes thasywailpear to have

transited the stonmac

h.wthin the first, three haur fter dosing and were
present i‘ﬁal"reh_ﬁ’of%?e%&rtw ar yh%mgﬁmﬁc}’lﬁ‘F?mWe@glﬁpgﬁsgd&‘f’ﬁecsuém& servations by
using an (B M &I GroBRridy ot BiRa® Al CaniRal (SECEadondE tBEY) laréuiont val was
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not only degsiBated UBdré) Sordit FaLSw, &® Oielel unicellular differentiating
(sporeforming) organism genetic analysis in this organism is second to
" none and supported by excellent cloning technology. Finally, this
15 organism when administered orally in the spore state can germinate and
| undergo limited rounds of replication and cell growth in the smail
intestine before being excreted. Based on the ability of spores to
germinate in the GIT we have investigated the germinating spore as the
mechanism for heterologous antigen delivery. The logic and novelty of
20  our approach is that the spore might be able to survive transit across the
stomach after which it would germinate and then in the vegetative phase

express the heterologous antigen.

Before evaluating specific humoral responses we evaluated the survival of

25 spores as well as vegetative cells in the GIT tract. Using an in vivo
analysis in mice we have found that spores are essentially unaffected-

when given oraliy-with‘ most being excreted after 24h. By contrast,
vegetative B. subtilis cells have a very low survival in the mouse GIT. As

an approximation we estimate less than 0.0005% of vegetative cells

.30 survive transit through the GIT. The stomach would likely be the first and

most severe barrier to vegetative B. subtilis and this is supported by. the -




enteric bacteria such as E. coli and C. rodentium For B. subtilis this is
shown fromour direct counting experinents of snall it aaxsmher£9Qsyes

where clearly some percentage of cells have survived transit across the 15
stomach. Presumably, in vivo, this is due to the effects of clunplng and
aggr ega¥P 874634 r ansit time and the conposition the sPoHEB®H%96r B. subtilis
a second barrier conprised of the effects of bile salts is presented upon
exit fromthe stomach which woul d sure al most no survival and is
supported by our in vivo experinments descri bed above where we estimate 20

| ess t harxfte@EBSHMNOfeveBOST ALY @oRAS F&olvere@dn the MY EntbdtRs For t hrough the
G T. Spores, as mght be expected, can survive such harsh conditions wth

no del et éh?séuléacéefrfaeg’cat dphurgive dhey appesr |te haxp risansiieihessiomach s derpnstr at e
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contrast to enteric mcro e salts on Spores and
veget at i tke 6thbwr.was interesting. While bactericidal on vegetative cells
their effect on spores was a nodest inhibition of germ nation. Thus,
spore§ exiting the stomach would initially be inhibited fromgermnating

but thos 2l | d effects
t hough, oé R b%*%oﬂﬁgﬂ?gﬁ&ﬁdf"gs ”“23‘%5‘3“ fin 't 20 YO ARBPRRET O Boe! 00966

34 the pre'cg@etwﬂ)mibsurtvmhwms agsessei rip sonidated doudnmnammmldmas t he di stance

passed after, exit from 0 al act osi dase as the
nodel  anth g@tRmtaSﬁ é&%‘aﬁ“&i’ﬁt 8&?%?‘ %&85?%2“@%8’@3&% foF V5BEaY protei n has
been use® SUBERS Seré iy a iBnitRVEHaHed forNBHs YGEE ki@ i lid VRS stod¥& ems [ 17, 18].
Qur analysis of system c_ anti-(3-gal actosidase |1gG responses to orally

del i V8r e@r spaalbsingistives Thﬁaﬁlmlé@@ﬂeétoﬁﬁﬁhl wué@mrrge@t nﬁprﬁa%f@d alfd synt hesi se
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- vacci ne ygfatriel Rsterdestava E. colz and C. rodentzum For B. Subalzs this is

shown from our direct counting experiments of small intestine tissues

where clearly some percentage of cells have survived transit across the
15 stomach, Presumably, in vivo, this is due to the effects of clumping and

aggregation, transit time and the composition the stomach. For B. subtilis

a second barrier comprised of the effects of bile salts is presented upon

exit from the stomach which would ensure almost no survival and is

supported by our in vivo experiments described above where we estimate
20 less than 0.0005% of vegetative bacteria can survive transit through the

GIT. Spores, as might be expected, can survive such harsh conditions

with no deleterious effect.

The effect of bile salts on B, subtilis demonstrate the inability of this
25 organism to survive, long term, in the GIT, in contrast to enteric
microbes. The effect of bile salis on spores and vegetative cells was.
interesting. While bactericidal on vegetative cells their effect on spores
was a modest inhibition of germination. Thus, spores exiting the stomach
would initially be inhibited from germinating but those that did germinate

30 would be killed. These opposed effects though, would be modulated by -




shown that a proportion of spores can germ nate in the small intestine and
presumably these enter the GALT at this region. Alterrﬁa(iqpmt&?,rz@% act
spores may transit the nucosa and germinate within the GALT (eg, in the
Peyer's Patches). The small size (1-1.2 mcrons) of the spore particle 15
make tYQO3H088t i nct possibility since they are smal FCHAIY® 0 be taken up
by Mcells. Generation of secretory |IgA responses are obviously benefici al
for any nucosal vaccine and | ocal _responses to (3-gal act osi dase were | ow
in this 20 pilot study although séfre mice did show responses. Most

probably g ﬁreéﬁélc%ﬁ{p%_siftiﬁg &ﬁr@ in\f@#' al m%mwaﬁqs Ghd %ifthne

(3-gal actosi'dase but 'mg so reflect the dosing regine. Fnteresti ngly,
we obt ai neabssl aftdraaxit frempbesesachen vegetative cells were used for antigen
delivery. These were used as controls yet despite the fact that we

predi cted al nost 100% 25 cell death in the stomach sufficient

(3-gal actgrl dane wcoy! ﬁiggﬁcﬂﬁldhéée %?\?t\gl%omoggn%ﬁﬁ%%ett?ﬁem% vl

anti-(3-galactosidase 'gGtitres. can esti e oral ‘dose of antigen
as appr oxvateine| hy@tUSinginei this wastgin veas heere used meccedfdBuUrabl y, t he
responses, we bserve co f.romintact ive cells that, have transited

the stomeh %ﬁedn%%t@?%ﬁemﬁﬂév%ﬁﬂ’ ?te?lﬁt[ggf ?ﬁ;%i RIS lSHSERHSNsi bl e for

gener at | gy BUERIalosTRSPORS SBsyRhsc & b RL SRR Ao er 2006 VO
03/ 074681 PC%EGBOB{/ RSoe jacsnonsed B onally dWfered® g%syp‘f%?ggmﬁﬁi s st udy
whet her kiporesde® igdgsdi gemnioste| snd caanthgsise ratfficicite imbhseoyed thunor al

responses_but uld predict that Lt. do not. matter whether the cell is
alive or %félgr&fiem%tem%s?rsvle_g6F%?ﬁ8’%vqrfloﬂi gh’l‘s W?]"ga V§E€#Fc%‘\'iﬁ’é'ﬂgthﬁﬂ§/ the spore
stat €10 S MMEVAHHABAAKS 1 ?Sﬁnﬁﬂt B fspbit8 & GaRkidJEGBE OGR4 1RAPY Ssystemic
responses. The spore state though, offers the benefits of long term
storage (Shevhdba a properting off speeesactesderininatthin thdewsillctestingead e at anbi ent
';errper at "Hrgsunﬁ%{f 1536 Conter the GALT at this region. Alternatively, intact
| spores may fransit the mucosa and germinate within the GALT (eg, in the
Peyer’s Paiches}). The small size (1-1.2 microns) of the spore particle
15 make this a distinct possibility since they are small enough to be taken up

by M cells.

Generation of secretory IgA responses are obviously beneficial for any
mucosal vaccine and local responses to B-galactosidase were low in this

20  pilot study althoughr some mice did show responses. Most probably this
._reﬂects the relatively low immunogenicity of B-galactosidase but might
also reflect the dosing regime. Interestingly, we obiained similar
responses when vegetative cells were used for antigen delivery. These
were used as controls yet despite the fact that we predicted almost 100%

25 cell death in the stomach sufficient B-galactosidase could be delivered to
generate the observed anti-B-galactosidase IgG titres. We can estimate the

oral dose of antigen as approximately 0.43 mg which was given nine
times. Presumably, the responses we observe come from intact vegetative

cells that have transited the stomach and entered the small intestine which

30 is responsible for generating humoral responses of orally administered .
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conpri 30 BB#SGhot er and at | east one genetic const rRfHCEWAP¢ s under the
control of the pronoter and that encodes a 5 therapeutically active protein
and: (i) a signal sequence for saidyprotein; (ii) a vegetative cell protein
. of said Bacillus; or (iii) the rRNA of the rrnO gene. 10 2. Bacillus
spores as [t3lai Hiigging, &l.B.met, ahheneitactenerddorinpcintictioh! 3 agkd ve protein
is an anti %en. 3. Baci Llj us spares as clained in claim2, wherein the

anti gen i $HSHS AnPHERSE i Srtoking, rgsponse gne degiensd similas| tp cthpseain i nune
response. pdGik infaRidatdts KRR RS, FhrBLMRG . _ghzgwherein the
antigen is (11Ier1inved ar%{% a rruc%ga %gtgﬁggrglrﬁu%ib%ag@ﬁ%% @381‘ es as clained
in claim4, wherein the nmucosal pathogen is 20 S. typhi, V. cholera or M
tubercyl osi 5. 6. Bacill spores_as .claimed in claim?2 or 3, wherein the
ant i geﬁ iii'ﬁt eﬁégﬁﬂgs’t » ¢ Yrrerirodacier E’."gﬁ’HF‘imlléfﬁCFlént‘é}xﬂﬁceB. 25 7.

Baci |l us spees Iﬁ_ﬁc&hﬁmdcﬁakiﬁwe%eﬁseoﬁn& 6i HsCGRHIaP 9o Ghad" Ry Wherein the
signal sequence directs thé therapeutically active proteirn for secretion or

for post - s infleramatorp bowek diserge binfews gbumuiny 89%%167s3031-308Pd Baci | | us. 8.
Baci-llus spores as clainmed in claim7, wherein the signal sequence 30
directs the therapeutically active protein for Type |, Type Il or Type III

~secretion[1 fIme, YWoayldal.i Mandelstam. spoVIC, a new sporulation locus
10 in Bacillus subtilis affecting spore coats, germination and the rate of

sporulation. Journal of General Microbiology 1985; 131:2409-2419.

[16] Spinosa, M.R., et al On the fate of ingested Bacillus spores.
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6 Septenber 2006 39 9. Bacillus spores as clained in one clains 1
to 6, wherein the vegetative cellpprotein is a prote#ﬁ§§ﬁ§awfg&g&pressed
in the cell barrier or is a soluble cytoplasm c vegetative cell protein. 5
10. Bacillus spores as clainmed in any one of clainms 1 to 6 or 9, wherein
the vegetative cell protein is expregsed all the tine or intermttently in
the vegetative cell. 11. Bacillus spores as clained in clains 1 to 6, 9 or
10, wherein the 10 vegetative cell protein is OppA 12. Bacillus spores as
clainmed in any one of the preceding_clains, wherein the spores are B.
subtilis spores. 15 13. Bacillus sg@ﬁééﬂ%s claimed in any one of the
preceding clainms, wherein the construct has an enhancer el enent or an
upstream acti vat or sequence associated with it. 14. Bacillus spores as

cl ai ned i b. anjadilies sporchevhicle centiprige al pbnwiendndr atileast 2@etdeaetonst r uct

conprises an_ inducible expression system 15. A pharnmaceutical conposition

for oral &?ﬂﬁt"ﬁ’i"%ﬁ'}a&fﬁ Bﬁgﬁ&hﬁﬁogﬁﬂb‘ﬁ( ?rlomfge%?iﬁf&?tﬁgc?fgfsi%ed in any one

of thes pracedidgicel f#bBvé ?r@tgﬁp&{@ti on wth a pharmaceutically acceptable
' 5 16. [

excipient or ‘carrier. 2 Baci |l us spores as defined in any one of the
precedi ng cl dihvs fasignalesciguencdtorisaghpragein; of t he human or ani mal body by

| t herapy. 17. e of_Bacillus or.es defin in_any one of the preceding
~claims in SJgﬁhe an’é?ﬁf?%{[b‘feu?%?ﬁ?Otglllrét(sjﬁaé‘g#gﬁﬁFWOPrt he treatment of cholera,
- typhoid, tuhgryultherRNA 6f ign0rgdnecol i infection.

10 . 2. Bacillus spores as claimed in claim 1, wherein the therapeutically active

protein is an antigen.

3.  Bacillus spores as claimed in claim 2, wherein the antigen is an antigen
which, in use, is adapted to elicit an immune response.

15
4.  Bacillus spores as claimed in claim 2 or 3, wherein the antigen is

derived from a mucosal pathogen.

‘5. Bacillus spores as claimed in claim 4, wherein the mucosal pathogen is

20  S. typhi, V. cholera or M. tuberculosis.

6. Bacillus spores as claimed in claim 2 or 3, wherein the antigen is

tetanus toxin fragment C or E. coli labile toxin B.

25 . 7.  Bacillus spores as claimed in any one of the preceding claims, wherein
. the signal sequence directs the therapeutically active protein for secretion or

. for post-translational processing by vegetative cells of said Bacillus.

8.  Bacillus spores as claimed in claim 7, wherein the signal sequence -
30  directs the therapeutically active protein for Type I, Type II or Type III

secretion or for glycosylation.
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9.  Bacillus spores as claimed in any one of claims 1 to 6, wherein the
vegetative cell protein is a protein that is expressed in the cell barrier or is a

soluble cytoplasmic vegetative cell protein.

10. Bacillus spores as claimed in any one of claims 1 to 6 or 9, wherein the
vegetative cell protein is expressed all the time or intermittently in the

vegetative cell.

11. Bacillus spores as claimed in claims 1 to 6, 9 or 10, wherein the

vegetative cell protein is OppA.

12. Bacillus spores as claimed in any one of the preceding claims, wherein

the spores are B. subtilis spores.

13. Bacillus spores as claimed in any one of the preceding claims, wherein
the construct has an enhancer element or an upstream activator sequence

associated with it.

14. Bacillus spores as claimed in any one of the preceding claims, wherein

the construct comprises an inducible expression system.

15. A pharmaceutical composition for oral administration comprising
Bacillus spores as defined in any one of the preceding claims in association

with a pharmaceutically acceptable excipient or carrier.

16. Bacillus spores as defined in any one of the preceding claims for use in

the treatment of the human or animal body by therapy.

17. Use of Bacillus spores as defined in any one of the preceding claims in
the manufacture of a medicament for the treatment of cholera, typhoid,

tuberculosis, tetanus or E.coli infection.




