WO 03/ 074682 PCT/ GB03/00989 1 BACTERI AL SPORES This invention relates to
the use of spores in eliciting an i nmune response, a nethod of eliciting
sai d i mmwe wexssnse and to a nethod of 5 naking said sp@ca#sGBoBodmeti on is
t he | eadi ng cause of death in human popul ati ons. The two nost inportant
contributions to public health in the past 100 years have been sanitation
and vacci nation, which together have dramatically reduced 10 deaths from

i nfectious di sease. The devel opnent_ of inBrov vacci nation strategies has
al ways been of the utnost i BAGERREALGD Qpﬁﬁgber of reasons. 15 Firstly,
to provide better levels of iMmunity agai nst pathogens which enter the
body primarily through the mucosal surfaces. Vaccines are generally given

par ent al | yTHOuBY&ition"BBMtEH S6a8RS wkee of heporgasim ailiviesgi aal ini@upet r act as
the primary portal of entr¥._Thps, cholera and typhoid are caused by

i ngesti on wspohse, pantetywhel Shicitbreeriid inypune serPosse vPdriPct adhet #tand
subsqunt col oni sati on at (V. cholera) or translocation (S. typhi) across
t he nucbsa™2&fi& e iS8MCrining the G tract). Sinilarly, TBis initially
caused by infection of the lungs by Mcobacteriumtuberculi, |mrunisation
via an injection generates a serumresponse (hunoral_immunity) which

i ncl udes alnpfeatiominghe legdingscausepoi deathnie human eagulagionscthlifetya

preventing infection. This.is. on regso . vV, ihAe rtially
ef fective BPSGHIPROLABY Porbtfl&uilé’flf 38 p@ﬁ%?eﬁ?%éﬁﬁ%{ﬁagfgbgr%%a?%glaﬁgedl e-1ess
routes of gy Brtd@hl 4 vA RN, WiichRrebb@st ahvedramaticalbc eédiabion
programmes 1s that they require at |least one injection (for exanple

t et anul) vadedthe fronlinfeotigins grseasscti on | asts for WO 03/ 074682 PCT/ GB03/ 00989

The development of improved vaccination strategies has always been of

the utmost importance for a number of reasons.

15 Firstly, to provide better levels of immunity against pathogens which
enter the body primarily through the mucosal surfaces. Vaccines are
generally given parentally. However, many diseases use the
gastrointestinal (GI) tract as the primary portal of entry. Thus, cholera
and typhoid are caused by ingestion of the pathogens Salmonella typhi and

20  Vibrio cholera and subsequent colonisation at (V. cholera) or
translocation (S. #yphi) across the mucosal epithelium (lining the GI
tract). Similarly, TB is initially caused by infection of the lungs by
Mpycobacterium tuberculi. Immunisation via an injection generates a
serum response (humoral immunity) which includes a predominant IgG

25 response which is least effective in preventing infection. This is one
reason why many vaccines are partially effective or give short protection

times.

Secondly, to provide needle-less routes of administration. A major
30 problem of current vaccination programmes is that they require at least

one injection (for example tetanus vaccine). Although protection lasts for



2 10 years, children are initially given three doses by injection and this
shoul d be followed by a booster every 5 years. In devel oped countries nmany
peopl e WWD oshow8E not to take boosters because of "fear @®@CT/GBWpeEsPon' . |In
contrast, in developing countries where nortality from5 tetanus is high
the problens lie with using needles that are re-used or are not sterile.
Thirdly, to offer inproved safety and £he mininisation of adverse side

ffects. i i st .0f i i ich. ither. 10
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nmet hods nust be devel oped. For exanple, in 1949 (the Kyo i ncident) 68
chi | dren direahyf rpeeplecwilli elipasecaont aiei rialiedoatispirs hbecausevat cifeer (¢feal t h

1996). Likewise, jn the Cutter.ingcident of 1995, 105 15 chjl.dren devel oped
ol 15, It VESHBENG [RaomiStpil 145 SRR NB e BB oL L P

i nactivat edeihhid i ﬁf%mlzﬂenprolwéﬁ[s (Pfeh@{thV@s@&g RESdlef PhatCrBMRL Gsed! HeatdVR
(measl es- nunps-rubella) vacci ne and the whoopi ng cough vaccine (Health,
1996) are ploagteedewi th runours of side effects. 20 Fourthly, to provide
econom ¢ vacci nes for devel opi ng countries where poor storage and
transportation facilities prevent effective immnisation programmes. In

devel opi ng mmwitssof\eémﬁp@o%acgmﬁy FH§  thRemiiATRASdEsh dftadver@sspiEed that
the vaccine wll be stored and distributed correctly. The associated costs

of mai nt ai riffegtsvacdlaegs vaccimespeondiytgiofniice 2brgamidng | whichurader either
refrigeration arg siI?ni ficant for a de\fel opi ng, countr For sone vaccines
pBPL
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such as{t h&eRiedp Batpagenise (atrpustsd) v 9k AirhelnaRBYatFEc & e Y4Y-onl y
survive fORypAe ;Y &Hin@hie? 1Ri (é_&% ddted 18RO Inerd 1€ evilfode fPlowAng FRMST
vaccine that can Be st reéé 1|Sn(§e m?tefy at ar%lé-enteV tem%ergtur i|?s a high
priority nawfefomedensl apishdecdantloped. THorsetampelepfin309¥achaeKgdioul d
i deal | y be heat t% le, . able to V\%ithstand great variations in .

1nc1dent§ children died from receiving a contaminated diphtheria

vaccine (Health 1996). Likewise, in the Cutter incident of 1995, 105

15  children developed polio. It was found that the polio vaccine had not been
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.

20  Fourthly, to provide economic vaccines for developing countries where
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

25 conditions under refrigeration are significant for a developing country.
For some vaccines such as the oral polio vaccine and BCG vaccine 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

30  vaccine should ideally be heat stable, able to withstand great variations in

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



tenperature as well as desiccation. Finally, a vaccine that is sinple to WO
03/ 074682 PCT/ GB03/00989 3 produce woul d offer enornous advantages to a
devel opi yomantssy and woul d potentially be producabl e | RCrlGRO3OMSAtry. A
way of ameliorating these problens has been sought. 5 Accordingly, the
present invention provides a spore genetically nodified wth genetic code
conprising at |east one genetic construtt encoding an antigen and a spore
coat protein_as a chineric gene, said genetically di fied spore having
said anti geR SsPeBOUlT erfer PramaiS Py [t 2 dptelonipesputiny

protein. ItWosl_l@@ogéjl\fﬁﬂtya;g@p@dubgﬁeghqﬁgﬂqgodrﬂyﬁnt| on in that the use of
spores to admnister vaccines will elimnate the need for injections and
the problens associated with needles in devel oping countries. In addition
to 15 this, ,spores are.stable ,and are resistant to heat and desiccation,
therefore &,g’ﬁxﬁﬁéﬁf&ﬁpg,{gesﬁpr@&w% a%gﬁ%‘} S¥ehtn devel oping countri es.
Spores @re easy to produce, and can be done at |ow cost naking the
production of vaccines in accordance with the invention econom cal and
finally, asAaconbnglyatthegeesandniestiauprevites sespseagenetiakllprmobdiiedc, t he
use of Bacillys 20 subtilis nmakes this a safer vacci ne systemthan those

currently aVAl 8BRIC CPA¢ COMBIINRG St 158K AP §ENIHC CRBSITHIHRGOSHIE BBt t he
spores el i Chti; i e S S .ot : a ) i kes the
P hhti f aé'ﬁ?}‘ﬁ spdrESPARSHrALint BE E{Tll&%t@hgggg% §&d %e:m:'tﬁﬁw v

vacci nati on no ectl ve agai hst mnucosal pa ns ‘e.g. typ
chol era andmo@&idd sphrericading shidvaditgeneexgebisedraach sibheronbosdth saldf aces

w | | be1 re effective | n conbating those di seases which infect via the
mucosal 1t oufRPTe A8t PRRf€HSal routes of vacci ne adnmini stration woul d i ncl ude
oral, intra-nasal 30 and/or rectal routes.

It is an advantage of the present invention in that 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
15 this, spores are stable and are resistant to 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

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

It is a further advantage of the invention that the spores elicit an immune
response at the mucosal membranes. This makes the vaccination more
effective against mucosal pathogens e.g. S.typhi, V.cholera and

25  M.tuberculi.

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

30 and/or rectal routes.



WO 03/ 074682 PCT/ GB03/00989 4 Preferably the spore is of Bacillus species.
Preferably the vegetative cell is of Bacillus species. 5 The genetic code
conpri seswDNA0DSZDNA. It will be appreciated that the t@®CmGRyanetsdc- code’
is intended to enbrace the degeneracy of codon wusage. The genetic
construct preferably conprises at |east part of a spore coat 10 protein
gene and at |east part of an antigen géne, in the formof a chineric gene.
The antigen gene is preferably located at the 3' end of the spore coat

prot ei n geRaclepghlpihespore i efdaciHus §B¢Figene nay be | ocated at the 5 end
15 of the spore coat protein gene or internally of the spore coat protein
gene., Preferably the genetic construct conprises a spore coat pronoter at

the 5 engreferdtle thbivepstative@st.is 20 Bdetllgesmicias. const ruct conprises a
plasm d or other vector wherein the <chinmeric gene is located in a nultiple

cloning site flanked by at |east part of an anyE gene. Alternatively, the

! ed by . i ! y. th
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thrC gene. thd té¥nl I gbetaPpsRe| Bt Beiiedt trembhged Hyve depOterasy ntcddoni ted to
insertion at anyE and thrC genes. Insertion into any gene is permssible
as |l ong asus¥ge.growt h and sporulation of the organismis not inpaired i.e.
the insertion is functionally redundant 30 Preferably the genetic
construct is used to transforma vegetative nother cell by double

crossover M@gosdteRat éabirudt fenahbletympieegeneédse padt @8/ D Ep6@2coat
PCT/ G803/ 00989 5 construct is an integrative vector .e.% p JH101 which is
used t &0t r gnetkor gene and at least part of an antigen gene, in the form of a

chimeric gene.

The antigen gene is preferably located at the 3’ end of the spore coat
protein gene. Alternatively the antigen gene may be located at the 5’ end

15  of the spore coat protein gene or internally of the spore coat protein gene.

Preferably the genetic construct comprises a spore coat promoter at the 5°

end of the chimeric gene.

20 The genetic construct comprises a plasmid or other vector wherein the
chimeric gene is located in a multiple cloning site flanked by at least part
of an amyE gene. Alternatively, the genetic construct comprises a
plasmid or other vector wherein the chimeric gene is located in a multiple
cloning site flanked by at least part of a thrC gene. It will be appreciated
25 that the invention is not limited to insertion at amyE and thrC genes.
Insertion into any gene is permissible as long as the growth and
sporulation of the organism is not impaired i.e. the insertion is

functionally redundant

30 Preferably the genetic construct is used to transform a vegetative mother

cell by double crossover recombination.  Alternatively the genetic



the vegetative nother cell by single crossover reconbination. The antigen
is preferably at |east one of tetanus toxin fragnment C or labile 5 toxin B
subuni t. wptoaonms: vel y the antigen may be any antigen, ad&pracRo3/009souse, to
elicit an i ”Mmmune response. The spore coat protein is preferably cotB.
Alternatively the spore coat protein is selected fromthe group consisting
of cotA, cotC, cotD, cotE 10 and cotb. Alternatively the spore coat

protein is selected fromthe group consisting of cotG cotH cotJA cotJC
CotM cot SRNSHECS]S spimegrasivg, veqter eef- R SHX0T 3plich 45 ¢sed iy repsEor8hor es may

be adm ni stered hy. an al ik anasal r . e. 15 The spores
may be adﬁﬁiﬁivselggf%lcyedgg{?ﬁr(g%% Bg?&ﬁ%?éfx%}@ SThe rgg(lgrgt)g{ag:dhbr i ntranasal or
rectal routes. Oral administration of spores may be suitably via a tablet a
capsule or a |iquid suspension or enulsion. Alternatively the spores may

be 20 adnTié enégenliy preferablopidegst ang phietppindixinfragapeddr ofilabi

Di schaler(r).o Tur bohal er (r).. dntra 10 i Ltably be
in the % or W8t as?l?lf{ggpo%?\ﬁ%l{nai)lyefyaglreos%?gé r?aglg'&" lgépr%ggaatélrt %r%{)lg?l %ﬁ?@gh’

Di schal er () u! tdeiRahal Rikine réfponeet al admini stration may suitably be via
a suppository. The spores according to the invention are heat inactivated

prior to admnistration such that they do not germnate into vegetative
cells. 30 03/ 074682 PCT/ GB03/.009 6 .Accaqrding. urt her pect the
present i nV&hEPEIF SPEVP glnalsggﬁ%fgf%)ghcmé' %‘l%rg%l&seg%ath% SR (ot

Yy hodi re according to the
i nvention fQkeiHSR Sde@Bd AebmVehe pRAIpTBERYILHS@lofSIhAS a0eE, corAceorsling to a

further aspect the present inven?i on provides at |east two
10  and cotF. Alternatively the spore coat protein is selected from the group
consisting of cotG, cotH, cotJA, cotJC, cotM, cotSA, cotS, cotT, cotV,

cotW, cotX, cotY and cotZ.

The spores may be administered by an oral or intranasal or rectal route.
15 The spores may be administered using one or more of the said oral or

intranasal or rectal routes.

Oral administration of spores may be suitably via a tablet a capsule or a
liquid suspension or emulsion. Alternatively the spores may be
20  administered in the form of a fine powder or aerosol via a Dischaler® or

Turbohaler®.

Intranasal administration may suitably be in the form of a fine powder or
aerosol nasal spray or modified Dischaler® or Turbohaler®.
25

Rectal administration may suitably be via a suppository.

The spores according to the invention are heat inactivated prior to
administration such that they do not germinate into vegetative cells.

30



different genetically nodified spores, the or each nodified spore
expressing at |east one different antigen, according to the invention for
use as acwpwa/optesas maceuti cal conpositions. 10 Accordi ng t ®@Ca/GRIBHOOESH
aspect, the present invention provides a nethod of producing a genetically
nodi fied spore, which nethod conprises the steps; producing genetic code
conprising at |east one genetic constrf@ct encoding an antigen and a spore
coat protein as a chineric gene; 12 using said at | east one gene
tBe TRBIGR i

¢ g tic
construct toCYAEHF i I he] SSRES AOEHOn PHFIETHE BSEPEC 1b’ansf or med
mot her cel lmB&’ifﬁﬂors;Ho%e;accgr%iﬁ ol ALY {ienti&FUkdd NEsdenet s ablyydrodified
spores. The spores are heat inattivated prior to admnistration such that
they do nagihagenotutadad substanveget ati ve cells. 25 According to a further
aspect, the present invention provides a conposition conprising a
genetically nodified spore, according to the invention, in association
with a phar | Ly p. e exci pL.an : i 074682
pCT/ GR03 ouoas Uealh L R B iR Rhuaf bl Rles el (1 4 pe
wel | known diffegentpedeneficily skiddified speresy tttendorwossdctl depdifiddorspodet her t he
pharmaceutical conposition was intended for oral, recéaL or nasal
admi ni st r at4*PReSSINEAGE deatngne different rREEChs BeCArdintie I8 dAYENHRAEARY on

ipLO\alll ggfhg&%gpa%%gﬁ)gﬁar%g&&&q ngl%rogit?o%prdi ng to the invention for use
10  According to a further aspect, the present invention provides a method of
producing a genetically modified spore, which method comprises the
steps,;
producing genetic code comprising at least one genetic construct

encoding an antigen and a spore coat protein as a chimeric gene;

15
using said at least one genetic construct to transform a vegetative
mother cell;
inducing said transformed mother cell to sporulate;
20
isolating the resulting genetically modified spores.
The spores are heat inactivated prior to administration such that they do
not germinate into vegetative cells.
25

According to a further aspect, the present invention provides a
composition comprising a genetically modified spore, according to the
invention, in association with a pharmaceutically acceptable excipient or
carrier.

30



treatment. According to a further aspect, the present invention provides a
genetically 10 nodified spore according to the invention for use in the
manuf act We 00/074882 medi canent, for use in a nmethod of nedi ealr/GBoaaosent. A
nmet hod of nedical treatnent is preferably i munising a hunan or ani na
agai nst a disease by admi nistering a vaccine. 15 According to a further
aspect, the present invention provides 7a et hod of nedi cal t reat nent,

whi ch net hod corrprlses the steps of; orally @{)a nas }6‘%’ or rect aIIy
adni ni st er i Agitapl @dﬂ’@?‘inéﬁ‘l“lt})callioa?ﬁ?@?%hl"ecFaérﬁ%‘iseWQB 0gi WEllt 9%y eAtd on to a

human or. a.”%&%n B skNE 8T R ol L£]b fcf S%Se on Wi 'tl%rgt‘ﬁggin aﬁﬂla&é’ H{gafli T ed

spore eliciting an I mmne response e prevention a di sease.
25 The i nvegdrhpesithbh |Wa’801Wtetmled&’$ﬁrordﬂededStEr et yla.bﬂ adeinistragioanpl e, Wi th
reference to the acconpanying figures, of which: Figure 1 shows detection
of presence of CotB and TTFC by 30 irmunofl| uorescence. Sporulation of

B.subtilds i j Y, [0 sanpl es
were taion S0 S B0 Fned et els DG HE B (RS hbye Y

sporul at i onmo&arad q&ereofcahgltbeﬂewménttcﬁbmﬁ ugin a GethBdasfdmenitak
anti-TTFC antisera, followed by anti-rabbit 1gG FITC (green fluorescein,
Panel s A & @yatgrditanti - nouse 1gG TRITC (red fluorescein, Panels B & D)
conjugates. Panels A & B, 5 PY79 (wild type); Panels C & D, RH103

(Cot B-TTFC expressing strain). Figure 2 shows system c responses after

micosal i NMyBtGAIAORSa further aspect, the present invention provides a genetically
10  modified spore according to the invention for use in the manufacture of a

medicament, for use in a method of medical treatment.

A method of medical treatment is preferably immunising a human or
animal against a disease by administering a vaccine.

15
According to a further aspect, the present invention provides a method of

medical treatment, which method comprises the steps of;

orally or intra-nasally or rectally administering a genetically
20 modified spore according to invention to a human or animal in

need of medical treatment;

said genetically modified spore eliciting an immune response for
use in the prevention of a disease.

25
The invention will now be described merely by way of example, with

reference to the accompanying figures, of which:

Figure 1 shows detection of presence of CotB and TTFC by
30 immunofluorescence. Sporulation of B.subtilis strains was induced

by the resuspension method (1), and samples were taken 5 h after



Serum anti - TTFC specific 1gG responses follow ng oral (Panel A) 10 or

i ntranasal (Panel B) inmunisations with reconbinant B. subtilis spores

expr essi yOWaBITFC. G oups of seven mice were i mmuni se®Ci/Boatedshy or
intranasally with spores expressing CotB- TTFC (RH103; ) or non-reconbi nant
spores (PY79; o0). A dose of 1.67 x 1010 spores was used for each oral dose
and 1.1 x 109 for the 15 intranasal ra@ute and individual serum sanples from
groups were tested by ELISA for TTFC-specific 1gG Sera fraoma naive
control group (i®) omset af gpouatgeml Sympiasuwiesedabgliod withyraljdk agfi-purified

TTFC protein (0 re al so assay. Data are d,as. 1 tthpet i ¢ nmeans
and error bars ?;P\ggsatnéinﬂlé’ﬂlae &Esfrnggng?tl%aFifglE(?‘gg@tbgh%ﬁ an I:t gg y isotype
profiles. Anti-EJtE %teiel?ofl}ioréﬁ@ﬂn}’@ar%wf,bx' @s O) dhdy ahd-mosse dAp6-

pos

i muni sation or day i ntranasal inmunisation with reconbi nant
spores expressi TRITO Bed TTREe{RELOBIns hén DDeetnivedianht Pumlsdy &8B.subtilis

spores as 25 descrjbed. in the !e ngiﬂgé FLaur 1 ' TTFC
speci fid | gGl, P%’g, ?W’é@;é%?e b %?ﬁ ﬁ)d kgﬁogsﬁwgggrrget?g&(ﬁégggm ned by
indirect ELISA (Serd froma naive control group were also assayed. The
end-point titer was calculated as the dilution of serum producing the sane

optical density as a 1/40 30 dilution of a pooled pre-i mune serum Data
are presented as_, arithnetic nmeans and error Pars are.st anda,r%ti evi ati ons.

WD 03/ 074682 PCHIZ#320808s SBSEmie eSRPIS AR RFTRECQFE AT P EAOS| oA
responses. G ougs, g, ar@f*ﬁ%?i‘céw@d TERHEEd tQMl @ ing bRAN@and) AQT

intranasally (Panel. onbi"nant "spores expressi ng Cot BTTFC
(RH103)por non brrignani¥andRina Y amuRaspnasvidesecombiaanh & webtidgends to
Fgures spores expressing CotB-TTFC. Groups of seven mice were
immunised (T) orally or intranasally with spores expressing CotB-
TTFC (RH103; ) or non-recombinant spores (PY79; o). A dose of
1.67 x 10 spores was used for each oral dose and 1.1 x 107 for the
15 intranasal route and individual serum samples from groups were
tested by ELISA for TTFC-specific IgG. Sera from a naive control
group (A) and a group orally immunised with 4 mg/dose of purified
TTFC protein (0) were also assayed. Data are presented as
arithmetic means and error bars are standard deviations.
20
Figure 3 shows antibody isotype profiles. Anti-TTFC antibody
isotype profiles on day 54 post oral immunisation or day 48 post
intranasal immunisation with recombinant spores expressing CotB-
TTFC (RH103) or non-recombinant (PY79) B. subtilis spores as
25 described in the legends to Figure 2A and Figure 2B. TTFC-
specific IgGl, IG2a, IgG2b, IgG3, IgM and IgA isotypes were
determined by indirect ELISA. Sera from a naive control group
were also assayed. The end-point titer was calculated as the
dilution of serum producing the same optical density as a 1/40
30 dilution of a pooled pre-immune serum. Data are presented as

arithmetic means and error bars are standard deviations.



2A and 2B respectively. Fresh fecal pellets were collected from these

i muni sed mce as well as a naive group and tested for the presence of
TTFC- specwbios/otgg#e as described in the Materials and Methed3/Geasnisn of
Exanpl e 2. The end-point titer was calculated 10 as the dilution of the
fecal extract producing the sane optical density as the undiluted
pre-imune fecal extract. Data are pré@sented as arithnmetic neans and error
bars are standard deviations. 15 Figure 5 shows Anti-spore serum | gG and
mucosal | gA responses. G oups of seven mice were inmmunised (T) by the oral

(Panels A and . i nt utes..(Panel.s.C and D) as described in the
| egend to Fi gureB% ]fQIvﬁetH ?@%ﬁﬁﬁgﬁﬁ%’ﬁ%3‘%%?%’%5}”%@0%5&85- &’T‘Pi&"s of or
non-reconbi nant sReAaRideOWerd Hdinvhtdal orafl t i ndi rect
ELI SA for B. subtilis }sr?orgr_coat - speci?‘i cygdgr%ﬁ?ny\?‘g%r %E’%E%FH’S%BIAP%%%?C) or
spore coat - speci B) witheregonbgmartipoctssexPraswing MatBFAHRC fREIM0A) BAINGA- gr Oup

(A) was @l so ass d,.The end i I titer was cal cul ated _as the

di | uti on5aof ser u%zg?nganuaé}%rﬁé’of‘f‘g%gzweaggf?%répe%éﬁ_sth?yle&%m& tpy Kegwes$ ut i on of
a pool ed pre-imameab 28 rbdPectivelye NEl=pRi Rkal g@‘lﬂeﬂst Wer%‘?ﬁ%l%@!eﬁ%r%%d as the

dilution of the fecal extract producing the Sanme opti ensity as the
undi | uted prei rtheste imgualiseskmiec s vt as ar aajreeganipedndsedsd tbehd ¢ means

and error bars are standggdql;d&vi at...ons., 30 The jnvention will now be
il lustrated witH referefice to "FH%01¥18rfgoA&Maﬁg‘IWSHbeﬂi% thenylateciphs| &l WO
03/ 074682 PCT/ GBAR(HIARctidh SFBVRhFIe! 2 CHiHTEL £ HBENESPa) & St ed in

which TTFC or LTB gene sequences 5 were fused, “In frane, ecific cot
gene. THRe const ragcthe wilugiophefi the fecal extract producing the same optical

density as the undiluted pre-immune fecal extract. Data are
presented as arithmetic means and error bars are standard

deviations.

15 Figure 5 shows Anti-spore serum IgG and mucosal IgA responses.
Groups of seven mice were immunised (1) by the oral (Panels A
and B) or intranasal routes (Panels C and D) as described in the
legend to Figure 2 with recombinant spores expressing CotB-TTFC
(¢) or non-recombinant spores (o). Individual samples were tested

20 by indirect ELISA for B. subtilis spore coat-specific serum IgG
(Panels A and C) or spore coat-specific fecal IgA (Panels B and
D). Sera from a naive group (A) was also assayed. The end point
IgG titer was calculated as the dilution of serum producing the
same optical density as a 1/40 dilution of a pooled pre-immune

25 serum. The end-point IgA titer was calculated as the dilution of the
fecal extract producing the same optical density as the undiluted
preimmune fecal extract. Data are presented as arithmetic means

and error bars are standard deviations.

30  The invention will now be illustrated with reference to the following non-

limiting Examples.



i ntroduced into the chronmosone of B.subtilis. Expression of the chineric
genes was then confirnmed and i mruni sations were performed using inbred

m ce (Bl awk 0@B7468BNbr eds) . | mrune responses were then neas®CEGBI3HESRSS

ot herwi se stated, cot genes refers to cotA, cotB, cotC, cotD, cotE 10 and
cotF. Table 1: Reconbinant chineric genes TTFC1 LTBZ TTFC & LTB cotA-TTFC
Cot A-LTB cot A-LTB cot B-TTFC cotB- TTH®@ Cot B-LTB Cot A-LTB cot E- TTFC

cot G TTFC Cot C-LTB cot A-LTB cotD- TTFC cotD- TTFC Cot D-LTB cot E- TTFC
CotE-LTB cotF-TTFC Cot F-LTB 15 "placed at the anayE | ocus 2placed at the
thrC |l ocus a) Construction of Chilerl s PCR (polynerise chain
reaction) was used to anplify thﬁﬁb@l}gﬁgﬁacot 20 gene to enable the
3'-end of the anplified cot gene sequence to be fused to the 5 -end of a
simlar PCR product carrying the 5 -end of TTFC or LTB. Ligation PCR
product s v@lsingerhd gwed Wwyra esnstiwdtednn dvigiek tTHFCtdreL TBCReps sefiuenses Thi s was
enabl ed by PCR anplification usi neg:é,ipri ners WO &g/ 074682 ][:’CT/ GB?@I/ 00989 11
carryi Ry Sredosadr 85 FaRe; & AsPREIIC AGHESHFI at 8° TONHHGVEET O see

bel ow) wer, i i I I, oA i n@@;m i3 t he
5'-end of 1&1@3@%{& g}éﬁghéﬁg}%rﬁg%ﬁ?gg?'%%ﬁﬁg an i%en ggﬁgw%%ﬁég?ceaved PCR
products vmes| ivgat #@dnwicbhfiehedvend vanmanisatidns ewersi prafermeas Issxged 5

usi ng standard techni ques known tq those in the art. (Iln this rgcess it is

essenti al irherd pHee &%ltacbé.},%? Wr,epl@s Imtgumesypgw were then measur

Unless otherwise stated, cot genes refers to cotA, cotB, cotC, cotD, cotE

10  and cotF.

Table 1: Recombinant chimeric genes

TTFC! LTB? TTFC & LTB
cotA-TTEC CotA-LTB cotA-LTB cotB-TTFC
cotB-TTFC CotB-LTB CotA-LTB cotE-TTFC
cotC-TTFC CotC-LTB cotA-LTB cotD-TTFC
cotD-TTFC CotD-LTB

COtE-TTFC CotE-LTB

cotF-TTFC CotF-LTB

15 ‘'placed at the amyE locus

?placed at the thrC locus

a) Construction of Chimeric Genes

PCR (polymerase chain reaction) was used to amplify the specific co?
20 gene to enable the 3’-end of the amplified cor gene sequence to be fused

to the 5°-end of a similar PCR product carrying the 5’-end of TTFC or

LTB. Ligation PCR products was achieved by restriction digest of the

PCR products. This was enabled by PCR amplification using primers



sequences at the 5 -end of the gene.) 10 b) Vectors for chronosonal
insertion The essential features of the vector pDG364 are the right and

| eft fl amwDrg/o7@sns of the amyE gene (referred to as anyEPCT@RO3A0ME9anzyE
back). Cloned DNA (i.e. the cot-antigen chinera) is introduced into the
multiple cloning sites using general PCR techniques, the clone is then
val i dated 15 and the selected plasm d tl1one linearised by digestion with
enzynmes recognising the rel evant backbone sequences (e.g. Pstl). The

| i neari sed CaRNANEsembadderedestoictipansites. m Apppatrésie clohing okctBrs s@bdilis.

Transforma e ected. b sjing .an antibjotic resistance gene carried

by the pl aggngli %@E cW?gér zf%rg)ﬁggcﬁ?%odfgubegfl EGYS) ?lo‘f‘hgnizl’ 'H@%lrrie%%mﬁ]l%@sﬁ]i“ﬁ will 20

onl y | nt egritténdion the dojbleheChinp 9RY & -dACOIRANZhiigtn HeFR! THR! Babdle front
.°In e

and back flanking arns of anyE for reconbination e process
cl oned DNA FGR|prodseigceere higaed vatlawidgvge necambndchecampingenessdssatt i vat ed

in the process. .Thi,s ocedure . m nim ses damage to the chronosone and does
not i rrp§i r cetd S%P%%dﬁ{ecﬁﬂiq&%mwot? tz‘B%er B 98 38y mation. Since the
inserted gene chinera is at the anyE locus in the chronosone the gene is
intrans to the normal cot genetic |ocus. For exanple, when the cotA gene
is fused tdIMTHG pregesnitr sdessentialnthat tthe coappke lcactiss itshewe @bamtexi sts a

nor mal cot Ae ene el ??I\l/\hgre inftﬂe chr)om)some. Thus, the cell is now
partially APRYGIES aF fie2rPPdof $he 8288 nor mal cot A gene and one chineric

gene. WD 03/074682 PCT/ GB03/00989 12 In addition to pDG364, anot her
suitable vector is pDGL664. This vector is alnbst identical to pDG364 but
di f f er $0by ) héedtors tai elyrornysdmalcianseitien t he eryt hronyci n-resi stance gene,
erin. This_.enabl es on of transformed B.subtilis cells using

.5, sel ect |
er yt hr onyci'iié FSPRH f&Ft”rE%PtF}h“nﬁﬁ@Hf PEG3Ghare the right and left flanking

arms of the ampE gene (referred to as amypE front and amyE back).
Cloned DNA (i.e. the cot-antigen chimera) is introduced into the multiple
cloning sites using general PCR techniques, the clone is then validated
15 and the selected plasmid clone linearised by digestion with enzymes
recognising the relevant backbone sequences (e.g. PstI). The linearised
DNA is now used to transform competent cells of B. subtilis.
Transformants are selected by using an antibiotic resistance gene carried
by the plasmid (chloramphenicol resistance). The linearised plasmid will
20 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 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 or spore
25  formation. Since the inserted gene chimera is at the amyE locus in the
chromosome the gene is in ¢rans to the normal cot genetic locus. For
example, when the cotA gene is fused to TTFC and introduced into the
amyE locus, there also exists a normal cotd gene elsewhere in the
chromosome. Thus, the cell is now partially diploid, it carries one

30 normal cotd4 gene and one chimeric gene.



ii) instead of the front and back portions of the anyE gene it carries the
front and back portions of the thrC gene. thrCis redundant. 10 A fi nal
route forwolooni4sg2is to use an integrational vector. ManyPSTABO30ESOr s

exi st, but pSGVMJ2 or pJH101 are preferred. In this nethod, the cot gene in
the clone and the resident chronosomal cot gene would introduce a
cot-antigen chinera into the chronosori by virtue of 15 honol ogy shared.

Fol l owi ng single crossover reconbination the entire plasmd with the
cot - ant i gerncividiem tp PR GBHbdanetier auidahlpevegtnrorropldfd 664t This detempsomal

position of, the cot, gene. T i L 0, ..th resi dent cot gene is
nodi fi ed. ‘I*ﬁialgmf)%t ]idﬁgESﬁtﬁpa@é?g‘lt g%lfg%éégﬂml(%ﬁngectors which are

pl aced el sewhere and do not nodify 20 the resident cot gene. c¢c) Miltiple
antigen presentation To achieve nultiple antigen presentation on the spore
coat it is ihecedsarayries othgseryttiomydifigesistangt agered eriet or’Bhis f enabdssanpl e
pDG364 and p 664 _25 e chinerigc.gene is nade i DG364 .and the. chi nmera
i nt r oduced S&teCHRE ShfER1S ?:ﬁf’%eda%”éﬁtézgqc&ﬁgs c‘l’ﬁl%r%{y%@}fcﬁn plfﬁfé%ffand

i ntroduced @lohenhehl¥oE h@gus. In this case each transformational event
requi res separ at antibiotic resistance selection. It will be appreciated
that any relevant technol ogy known to those of skill in the art could be

applied to greate 3 | tiple antige resentatjon on.the spore.coat. WD
05/ 074632 RO/ CBBYPBDSRYHE 10N Y SR ART ORDPT ShF VR (2855I PRFLTH ai ns
carrying thge ¢fy rnasbfcﬁlg;mtibﬂsB@Qh@ﬂﬂrq’tgé&.v%cd?st%una%.expreSSIon of a
foreign antigen. Specifically, stralns re grown and induced to sporul ate
usi ng detabl i shed procedures. Spores at about hour 5 20-24 follow ng the
i nduction of sporul ation were harvested and tot.al
final route for cloning is to use an integrational vector. Many such
vectors exist, but pSGMU?2 or pJH101 are preferred. In this method, the
cot gene in the clone and the resident chromosomal cot gene would
introduce a cot-antigen chimera into the chromosome by virtue of
15 homology shared. Following single crossover recombination the entire
plasmid with the cot-antigen chimera is introduced into the chromosome
at the chromosomal position of the cof gene. Thus, in doing so, the
resident cot gene is modified. This is in contrast to the
pDG364/pDG1664 vectors which are placed elsewhere and do not modify

20  the resident cot gene.

¢) Multiple antigen presentation
To achieve multiple antigen presentation on the spore coat it is necessary
to use two different plasmid vectors, for example pDG364 and pDG1664 .
25 One chimeric gene is made in pDG364 and the chimera introduced at the
amyE locus and a second chimera made in pDG1664 and introduced at the
thrC locus. In this case each transformational event requires separate
antibiotic resistance selection. It will be appreciated that any relevant
technology known to those of skill in the art could be applied to create

30 multiple antigen presentation on the spore coat.



spore coat proteins recovered using ether SDS-DIT extraction or NaCH
extraction. Western blotting using anti-TTFC or anti-LTB anti bodi es was
used to dwomast468t e t he presence of the foreign antigen. PeT&BRN3006989protein
were generally lower in the cotE and cotF chinmeras. The 10 validation
confirmed that these antigens were not subject to inadvertent proteolysis
or degradation. TTFC can be expressediat the thrC |l ocus and LTB fromthe
ainyE locus wth identical |evels of gene expression. 15 Final validation
of strainsd) Mabida¢ibnasfseisainsg whet her the spore's resistance properties

had been affected in any way. or.e suspensions af, . each strai. re

prepar ed ( SR8GRLCI Hraigp) r‘i‘ﬁl?{g‘l‘ﬁgs‘@l@&ﬁ%s %‘%éﬁs??}ﬁ& ? wer'e ﬁ%é@aet\é\gat 80C
for 30 m nf&”%p?@@s‘f% ﬁ@ LCRIE BRI, T Bhivichile, 2Qa38"PefRUBRRYN @hd Vi abl e
spore units before and after "heat treatnent. e expression of the foreign

ant i gen hathduwoedftd expbrdates psing estahlsshad qeocghwper t Spares gt about doPer i t oneal

| mruni sation 25 Spores re prepared fromeach of the recqnbipant . strains
shown i+ tabi¢ fallawire Hee 48 %ﬁ& &ESS%P Hotr MEre LY SR e d;go{l?léshi ng to

renmove Cogﬁd&?’t é&%gd}gtegﬁﬁ?é@&\ﬁey@d %Héﬁeth@%wmséx@f@tmﬁr& NeH

heat - t r eat 0 I nactivate y residual vegetative (unsporul ated
cel | s) andextgathbequéviddtarnuisieding udimgeanti-TERG ar anti-hTBaagérddienwak rout e at
a dose of 30 1 X 109 spores/m on days 0 4 and 28. .Serum.sanples were

.
taken thereesk ter dyRendrie bty Presere ‘_Efet“éer PR8N L9 ER A LAVFISc Qhist ruct s
gave VO 03048082, SETLEN3100900er 18 MbdVEhe Qfirsehitibl gC Compared o

nai ve mce mce | ni se non-reconbl nant spores. These results
showed1( hatalbd@ithonT To&Fianed AR tiole nartgenareeiemuinogeecc tarndadwestenapabl e of
eliciting an i mune )

proteolysis or degradation.

TTFC can be expressed at the #rC locus and LTB from the amyE locus
with identical levels of gene expression.
15
Final validation of strains involved assessing whether the spore’s
resistance properties had been affected in any way. Spore suspensions of
each strain were prepared (shown in Table 1). These spore suspensions
were heated at 80°C for 30 min and shown to carry approximately the
20 same number of viable spore units before and after heat treatment. The
expression of the foreign antigen had no effect on spore resistance

properties.

e) Intra-Peritoneal Immunisation

25  Spores were prepared from each of the recombinant strains shown in table
1 and the suspensions were purified by repeated washing to remove
contaminating vegetative cells. The suspensions were then heat-treated at
65°C to inactivate any residual vegetative (unsporulated cells) and
subsequently used to dose mice via an intra-peritoneal route at a dose of

301X 10° spores/ml on days 0, 14 and 28. Serum samples were taken
thereafter and antibody titres determined by ELISA. All constructs gave



response. 5 f) Micosal imunity To achi eve nucosal imunity two approaches
were used; oral dosing and intranasal dosing. For oral adm nistration of
spores exwoasdT4ege TTFC fusion proteins, 1 X 1010 spores/ @d0TaBO3106989

adm nistered by intra-gastric 10 | avage to black C57 inbred m ce using
mul ti pl e doses over a 35 day period. Tail bleeds and fecal sanples were
taken at appropriate tines and analyisis nade for serumligGin tail bleeds
and 1gA in fecal sanples. High levels of anti-TTFC IgG and | gA Were f ound.
Si mi | ar hilgphlievelb of cerumnigincempitsdite 1g@ aride |ogAy1qedmramlﬁ Sigh

i mmuni sation of mce with 15 ores ressi ho ve been
observed rSllhchéBmti}nalitnﬁiHOéﬁ%rs eaggp %f‘h?ﬁ" ‘ﬂ%ﬁLﬁ téng{fgé ae%%‘ sing LTB
achi ey i %mju% ﬁédgﬁﬁ AB@ THEClORitAR S ihfmagkn ni ster
spor es (ZO\ﬁ?%'eyass , %g 8 Hi ghdh?evel s of rrug%sal immunity were
gener at ed I@gp@n@tratr ng the potential of spores as nucosal vaccine 20
vehicles using the intra-nasal route for delivery. W have observed

simlad high levels of immnity (both 1gG and I gA) follow ng intranasal
i mruni sation of mce with spores expressing TTFC. Using spores expressing

both TTFC gyabl e to achieve simlarly high levels of
! ¥ ukdf l‘éﬁflg

anti-TTFC (Ya and IgA following 25 oral and intranasal
i mruni sation. g) dosage WO 03/074682 PCT/ GB03/00989 15 In p| | ot studies we
know t hat BbaighieteXntOSab pmmesyigoteo apprdashes menemsediosrsl gho swoa% r equr red

for oral |rrrrun|sat|on and_ 1 X 1 res/ dose.for nt r anas
possi bl e timsgangsal ndegings ngtoirv‘erago"s‘f“ﬁ& sﬁ@d}%gf(%)pr% i“ERTOSPH re are rrany) a

| ower dosefu%?olﬁ gr@[&rﬁ?eij 10" spores/dose were administered by intra-gastric
10 lavage to black C57 inbred mice using multiple doses over a 35 day
period. Tail bleeds and fecal samples were taken at appropriate times and

analysis made for serum IgG in tail bleeds and IgA in fecal samples.

High levels of anti-TTFC IgG and IgA were found. Similar high levels of

immunity (both IgG and IgA) following oral immunisation of mice with

15 spores expressing LTB (not shown) have been observed.

Similarly, intranasal dosing of mice with spores expressing LTB was
achieved using 1 X 10° spores/dose using micropipettes to administer
spores (20ul) on days 0, 14 and 28. High levels of mucosal immunity
were generated demonstrating the potential of spores as mucosal vaccine
20  vehicles using the intra-nasal route for delivery. We have observed
similar high levels of immunity (both IgG and IgA) following intranasal

immunisation of mice with spores expressing TTFC.

Using spores expressing both TTFC and LTB we were able to achieve
similarly high levels of anti-TTFC and anti-LTB IgG and IgA following

25  oral and intranasal immunisation.

g) dosage



5 Spores according to the invention could be used to display any

bi ol ogically active nol ecule. For exanple, an enzynme for an industri al

appl i cat iwn.03Ame8spore form ng species could be used for ReTaRIBOYSHS
antigen presentation. However, other spore-formng mcro-organisns are 10
unlikely to carry the same conpl enment of spore coat proteins. |Indeed, sone
spore fornmers such as Bacillus cereusipay contain only one cat protein.
However, using antisera to cotA, cotB, cotC, cotD, cotE and cotF in our
col | ecti onln tpiledustetlibe wosspil that @bodedt Xf {0°tapeseddoiss isothe sribBRUmeact i ng
coat proteins fromthe coat are farmers l,one. t he genes

i f 15
by rever seldaﬁehg{ PRYES §58’r“é§3£§%8$€gilﬁﬁmfr857th%n Fﬁ@gn%(ihﬁﬂ S@8ﬁ?szd%§es%)rbe used

with adj UV%}élasal-gh?ﬁeis”ggﬁtiblien@kﬂ%tkp hRbEhfvE Adsing ¢O5ihRSAMBFOKhRRT Ot ONi N.
EXAMPLE 2 20 Materials and Methods: Preparation of spores B. subtilis

strai n RH1®Bré amy Manyg at BweetdOse wasldibedsédr al |l i muni sati ons toget her
with its isogenic ancestor, PY79 (2). RH103 has been described el sewhere

(3) and_carries a fusj.on of tetanus f.oxin fragnent C (JTEC. 47 kDa) to
the C- ternPRAESoRCE 'Bat &7 i}b%r@"@f} pn ﬁ?'g]t%eilﬁe CHYE (B0 CeRYY A% chimeric
cot B-tet C gengoivay CRtiveetloflculdl® F&MbahPlelSar0bnBms Yotk idn fndRRgiaes
therefore in t%ans to the endogenous WO 03/074682 'PCT/ GB03/ 00989 16 cotB

gene. Spor applicavionof either RHL03 or PY79 was nade in DSM
(Difco-sporul ation nmedia) nmedia using the exhaustion nethod as descri bed

el sewhere (\1). Sporulating cultures were harvested er
initiati onquzy SB ’f%lé&’f%ﬂg HFT 5 ecc?ugs e_en%%egnzfggf 11%%5@8@%\%@@&% as 5
described By.dh@ighson anedcSet] ovtiet) sPsifornieZ yRerbldrghiRis tarebr eak
10  unlikely to carry the same complement of spore coat proteins. Indeed,
some spore formers such as Bacillus cereus may contain only one cat
protein. However, using antisera to cotA, cotB, cotC, cotD, cotE and
cotF in our collection it would be possible to identify homologous or
cross-reacting coat proteins from the coats of spore formers and then

15 clone the genes by reverse genetics.

Spores according to the invention could also be used with adjuvants.

These might include cholera toxin, chitosan or aprotonin.

EXAMPLE 2

20 Materials and Methods:
Preparation of spores
B. subtilis strain RH103 (amyE::cotB-tetC) was used for all
immunisations together with its isogenic ancestor, PY79 (2). RH103 has
been described elsewhere (3) and carries a fusion of tetanus toxin
25 fragment C (TTFC; 47 kDa) to the C-terminus of the outer spore coat
protein CotB (59 kDa). The chimeric cotB-tetC gene was carried at the

amyE locus of B. subtilis and was therefore in frans to the endogenous



any residual sporangial cells followed by washing in 1 MNaCl, 1 MKCl1L and
water (two-tinmes). PMSF was included to inhibit proteolysis. After the
final suswensiows:in water spores were treated at 63C for PCh/GR®3kidsP any
residual cells. Next, the spore suspension was titred inmediately for 10
CFU m before freezing at -20C. Using this nmethod we could reliably
produce 6 x 101 s pores per litre of O%M cul ture. Each batch of spores
prepared in this way was checked for the presence of the 106 kDa hybrid

Cot B- TTFC 5067 egenei. nSpoautatinns off edpear RIENEE qr BN waye Westeetrn It ti ng

usi ng a polyglonal TTEC anti.serum, 15, | nof | uorescence m croscopy B.
subtilis st@sé%cﬁ’ésp(‘)ﬁ%?%lﬁ%‘éf "i’z@‘% UFW&%QGWH%H} medked By d@mylbedy
resuspensi @keRich®d (1)1) SpSATRIES Wefk ol ect f4hne pnes .after the
onset of spo're_ul.ati o§1 )andpfi xed %i reé?rleg i%&lghzlquets?hés%e%%]i fgntaﬁgdi th 20 usi ng
t he procedimisiatiogcef bedrigtiehar Murdiedalsu§gensidrshof hpofel etk NGade as

nodi ficatiagns. ., After .suspension in GIE-|ysozyne (50 nM gl ucose, 20 nM
Tris-HC p e%(frg?edtlgy rmCE%'FﬁP ngs Pzt%ﬁél%é) Nisia W?O@éﬁ%lt’é@?@mt tq pregér e

i medi at el ynppebidad! G8bihshPSER | BOH\ a en
treated with 0 Onon( won hElep SEPToltEd 1 ‘S’%%ﬁﬁgﬁ\ﬁ ef Z\h“%ﬁhfl RS i qui d
was aspiraged Watem (twe-tonesr RVI&Fswawhhchidedsiot tubibial frovedydio. difier

conpletely for, 2 h at roomtenperature. The gl ass was washed 3 tines in
PBS pH 7. 41h&figak susnegsiopsinwites spPres v BsA treatpiat £18°Cobon 1tlenpdkilit ur e,

h h ' : ' bated w.th .rabhi i -Cot B and
mouse ant | Precags oS ERTIKEIPURL S el Rl Seleteim Gl For s,

t hen i ntub@Enflupéfees frédzin ARt i-J0abbiws; i ' gG TRITC
conjugates (Sigma) for 45 Zm'g’rgl1 at room%%%%ﬁ;i%%@%‘éﬁ‘%%&%g@%& 17

t enper at ur prodaiceed 310aspvmegspert lerecofy &SN asisureasEaobubheed GMkpords
prepared in this way was checked for the presence of the 106 kDa hybrid
CotB-TTFC protein in extracts of spore coat protein by Western blotting
using a polyclonal TTFC antiserum.

15
Immunofluorescence microscopy
B. subtilis strains (PY79, RH103) were induced to sporulate by the
resuspension method (1). Samples were collected at defined times after
the onset of sporulation and fixed directly in the resuspension medium
20  using the procedure described by Harry et al (4) with the following
modifications. After suspension in GTE-lysozyme (50 mM glucose, 20
mM Tris-HCI pH 7.5, 10 mM EDTA, lysozyme 2 mg/ml), samples (10
ul) were immediately applied on microscope cover glasses (BDH) that had
been treated with 0.01% (w/v) poly-L-lysine (Sigma). After 4 min, the
25 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 incubated with
rabbit anti-CotB and mouse anti-TTFC sera for 45 min at room
30  temperature, washed 3 times, then incubated further with anti-rabbit IgG-

FITC and anti-mouse IgG-TRITC conjugates (Sigma) for 45 min at room



m croscope slide and viewed under a N kon Eclipse E600 fl uorescence

m croscope. | mges were captured using a N kon DMX1200 digital canera,

pr ocessedwaioBl746b2 Luci a G- software, and saved in TlIFF PCT@Bo@©009STITFC
Prot ei n Reconbi nant TTFC was produced in E. coli BL21 (DE3 pLys) froma
pPET28b expressi on vector (Novagen) that carried the tetC gene fused to a
10 CGtermnal polyhistidine tag. Hi ghi7evels of expression were obtained
upon i nduction of the bacteria, and purification of TTFC was by passage of
a cel | | ys@hmerituoeighhfaemil kedshafgsi nihey covérughassEmase hopmiRd- 1ng0 p2 ot ei N was

checked for integrity by SDS: PAGE and the. 15 _conce i.on _det erm ned
usi ng the IBICGR&QP@CS%?%taéing upgier alﬁ c?tcc BoY %&?{% WETEEFon of

ant i gen-speej fi er 0 t] i gs EPpMEN 20T Ogiogdi W t h 50
gl / wel | of&ﬁﬁe}kgoﬁ%éi Wéggsﬂt‘?%%n%?gmé% ﬁ%}ﬁQ gol\gié?%o%at e/ bi car Tbggtﬁat e

buf fer) anchrheht processer tveiipethat luueiaoV@l nsaftiwvare, Aand geavedasn eTTHRr
extracted spore coat protein or purified TTFC protein. After blocking with
0.5% BSA iformBS for 1 h at 37C serum sanples were applied using a 2-fold
dilution series starting with a 1/40 dilution in ELISA diluent buffer
(0.IM Tris-HO pH 7.4; 3% (wv) NaC; 0.5%25 (wv) BSA, 10% (v/v) sheep
serum ( Si gIrEFC @rdféinv/v) Triton-X-100; 0.05% (v/v) Tween-20). Every plate

ied replicate vells of t o een- 20) . Ev
ot L BoatmbinencarFGl was G gaidetoin T cal i Blah Tl Shosh iR S th
ith TTF t ej . : RS
el Lher C@’F%ﬁb %%Bge%%m%p%c‘?g{ﬁggg%teﬁ§ théf’feéaerrfeﬁ(cﬂglgﬁ%lgg tgt%ﬁé fdseld @t a

before add? I'nouse conj ugat es alned from Si gna

with tfie egcephimn ?(f)l panptiee ther High leuwhcldssgakssiPhates: whtangdcubat ed
for a further 1 h a g?C then WO 03/ 074682 PCT/ GB03/ 00989 18
upon induction of the bacteria, and purification of TTFC was by passage

of a cell lysate through a nickel affinity column.

Eluted TTFC-His protein was checked for integrity by SDS-PAGE and the

15 concentration determined using the BioRad DC Protein Assay Kkit.

Indirect ELISA for detection of antigen-specific serum and mucosal
antibodies
Plates were coated with 50 pl/well of the specific antigen (2 pg/ml in
20 carbonate/bicarbonate buffer) and left at room temperature overnight.
Antigen was either extracted spore coat protein or purified TTFC protein.
After blocking with 0.5% BSA in PBS for 1 h at 37°C serum samples
were applied using a 2-fold dilution series starting with a 1/40 dilution in
ELISA diluent buffer (0.1M Tris-HCl1, pH 7.4; 3% (w/v) NaCl; 0.5%
25  (w/v) BSA:; 10% (v/v) sheep serum (Sigma); 0.1% (v/v) Triton-X-100;
0.05% (v/v) Tween-20). Every plate carried replicate wells of a negative
control (a 1/40 diluted preimmune serum), a positive control (serum from
mice immunised parentally with either TTFC protein or spores). Plates
were incubated for 2 h at 37°C before addition of antimouse HRP
30 conjugates (all obtained from Sigma with the exception of Serotec for the

subclasses). Plates were incubated for a further 1 h at 37°C then



devel oped using the substrate TMB (3, 3', 5, 5 -tetranethyl-benzidine;
Sigma). Reactions were stopped using 2 M H2SO4. Dilution curves were drawn
for each wearplaieand endpoint titres cal cul ated as the dil eCir@Bo3powsduCi ng
the same optical density as the 1/40 dilution of a pooled 5 preinmune
serum Statistical conparisons between groups were nade by the
Mann-Whitney U test. A p value of > 0.185 was consi dered non- significant.
For ELI SA analysis of fecal 1gA we followed the procedure of Robinson et
al (5) usingvelopedxising shy Wbstrgtef FMAB (3ol B'et 8, haetrmdityddrnzilisqended in

PBS with BSA (1% ,and. PMSF (1 , i ncubate 4C_10 overni ght and then
stored at -é"?%fga)pr%{%arcqioélsEWF%A.St%Fdé%f&‘?g a%#ggpﬁnggﬁWﬁoFmveﬁiW@ﬁ was
cal cul at ed @gwh hfordiehatt | QI omiéhaphhﬁ R8T ORELGAl &ggﬂﬁé Y1, @3nt e

undi | uted pre-imune fecal "extract. Inmunisations 15 ups of seven or

ei ght ni cepféduring, th€s57aBe/ 6ptidl weeksly wer thedds4@l ditutédd yof anpoelegsal |y or

by the Lntraperitoneal rogt e.Wwth susgensi ons of either spores expressing
t

Cot B- TTEC Pﬁﬁ'm\jneoperggh BHSURRNCQRBREASASHREIWesp HTOYUDY SY4r8iaderhy) . For

bot h | e i ) i gh! ' i th
oth oral gnd NrMd-nasad sttbﬁgsfr\ghc\?al\@@r&f N '@@Eowaailprﬁﬁslt%tré&g%sn:’-“ng f egi me

hal ot hane. Oral and I ntra-nasal tes enpl oyed

used previ oigalifjcanor FoptEInEIA rmalysid of ifennlilgdatwernslloFed The probeduts,

non-i mruni s ontrol group was included. Oral dosings also included a
group of S@f/%ﬁ)%mseé @égeﬁ%bfiuﬁ@aawpa%@eb‘rOﬁugifﬁwéop (Cthet dedibgen 25 a)

Oral i [ ' : [ 7, 1 ' I f. 0,15 ni d
wer e aom nrSESred &) o g R A 1RRECR, bGP SRRk 800 75 54

35 andi@6. oemigRiSaPiR: YRE&l aplheet i@ntARYISAL Fok/eacR3ssle R4 and
faeces on days -2, 17, 33 and 52. 30 b) Intranasal imrunisations used doses

of 1.11 x ¢odpoipbtider wasacaletlated aofth@@ilutisndpweiueimdthaissmer eptiassi ng a

m cropipet e, A 42HR Jdifited Sre-trhmung toon extagr, CT/ GBO3/ 00989

Immunisations

15 Groups of seven or eight mice (female, C57 BL/6, 8 weeks) were dosed
orally, intranasally or by the intraperitoneal route with suspensions of
either spores expressing CotB-TTFC (RH103) or control, non-expressing,
spores (strain PY79). For both oral and intranasal dosings mice were
lightly anesthetised with halothane. Oral and intra-nasal routes employed

20 a multiple dosing regime used previously for optimal mucosal
immunisations (6, 5). A naive, non-immunised control group was
included. Oral dosings also included a group of seven mice receiving 4

ng/dose of purified TTFC protein.

25 a) Oral immunisations contained 1.67 x 10v spores in a volume of 0.15 ml
and were administered by intra-gastric gavage on days 0, 2, 4, 18, 20,
22, 34, 35 and 36. Serum samples were collected on days -1, 17, 33 and
54 and faeces on days -2, 17, 33 and 52.

30 b) Intranasal immunisations used doses of 1.11 x 10° spores in a volume

of 20 ul and were administered using a micropipette on days 0, 2, 16, 17,



19 30 and 31. Serum sanples were collected on days -1, 15, 29 and 48.
Faeces was collected on days -1, 15, 29 and 47. c¢) Immunisations via the

i ntra- perwDon®ad68r oute contained 1.5 x 10, spores 5 in aP¢olaBm/oafs90. 15 ni
adm ni stered on days 0, 14 and 28. Serum sanples were taken on days -1, 7,
22, 36 and 43. Tetanus toxin challenge On day 60 after the primary, oral

i mruni sation, RI-1103-i mmuni sed mce 190 were injected subcutaneously with
a chall enge dose of tetanus toxin equivalent to 10 or 20 LD50. The
purified taRiand 23.Seuot shmples; were collepigdcom HaysnLinilf) adnd Kpended in

sterile 0.9% NaCl . T 0 o t et anpus,ot Oxi powas first determ ned
experi nment PF?/eSt‘Ba%SQ@?‘%%@“L‘%YEi‘ieﬁ,%’?9 EE& =6 ng of protein) and the

i njection volune was 200 |/ nouse. 15 Aninals were closely nonitored for
signs of tetanus, and mce that devel oped synptons of paralysis were
humanel y eu) Aemisdshtidnsdviai thadhtra-mhenes motsgoptabres &% arl014paiegs wer e
consi dered.i mmune. Mce th recei ved oral i ni sation of TTEC purified
prot ei n° wef® ac Pm@rf&e%lgvﬂq{ ﬁd@f}llﬁ'ﬁﬁfoﬁéﬁa&v% Omear\ﬁi?&%ﬁ g%ruin?’rﬁﬂﬂp &d with
PY79 spor e%e%qg(enzgnggig Lengedowsghd 49050, Extraction of spore coat
proteins Sporé coat proteins were extracted from suspensions of spores at
high density (> 1 x 10, spores/m) using an SDS-DTT extraction buffer as
25 descri bgdthfudeighlchaliapbere (1). Extracted proteins were assessed for
integrity by SDS-PACE and for concentration using the BioRad DC Protein
Assay kit. B0day sdeafiteratlicoprisvaper oradnimsmndsaden,7REHD 3pannersed 00989 20

Bal b/ C16ri C(vave(rzz eprﬁéc(atéd 551}/&%@81—1)%&\5%’(3 w%sead c%raﬁlell e V\éiic;[sg :cL)f Xtlea(l)riuss (())xri%S/ dose
equivalent to 10 or 20 LDso. The purified toxin (20 pg protein/Lf; Lf =
flocculation unit) was suspended in sterile 0.9% NaCl. The LDso of
tetanus toxin was first determined experimentally to be 0.0003 Lf (i.e., 1
LLDso = 6 ng of protein) and the injection volume was 200 pl/mouse.

15 Animals were closely monitored for signs of tetanus, and mice that
developed symptoms of paralysis were humanely euthanised. Individuals
showing no symptoms after 14 days were considered immune. Mice that
received oral immunisation of TTFC purified protein were challenged
with 10 LDso. Naive mice or mice immunised with PY79 spores were

20  challenged with 2 LDso.

Extraction of spore coat proteins
Spore coat proteins were extracted from suspensions of spores at high
density (> 1 x 10 spores/ml) using an SDS-DTT extraction buffer as

25 described in detail elsewhere (1).

Extracted proteins were assessed for integrity by SDS-PAGE and for

concentration using the BioRad DC Protein Assay Kkit.

30 Dissemination experiments



of strain SC2362 (rrnOG|lacZ cat) consecutively for five days. SC2362

provi ded a Lac phenotype recogni sable as blue colonies on nutrient agar
(cont ai ngwBgaloy468s wel | as chl oranpheni col resistance (5 @CwGBoanesded 5 by
the cat gene). At tinme points thereafter groups of four mce were
sacrificed and sanple organs and tissues dissected in the follow ng
sequence. First, fresh fecal pellets ®8re collected after which the ani mal
was killed 10 by inhalation of CO02 and decontam nated with 70% al cohol .
Per i t oneal Battdcrmijiratfemalesre weoks)ewereddbsed ojadlyt with B xnl 0°sperds/@seBS i nt o

the abdom nal cavj fo] |l oned by gentl e massagi.ng... The peri | exudate
was t hen c@fl%&lédééé?ﬁ% Qrﬁ@%ﬁﬁ%’%éeafe&u&mﬁg;??@ e 48 S'plsgl%gged

i mredi at el : i i ; e n i ; jsed. 15 The
ntest  ne BEe e B R g oo B o YR G e

ki dneys weremeingeXpelr &f well whiklorithph&dyel resiganah€s Hgdmbt encated exci sed

avoi ding contam nation fromthe intestinal |unmen contents (surrounding
ti ssuesdwebs Hies6abensbd Adstimegneinie thesafter Sroups f] fQUr mMigk WS and

submandi bul ar_.gl ands I I d terdl j i } dgent s were
changed bets%\ceréﬁc%:gaanr@év.es a%é’?r%l Jé%%&lgraemﬁotr?m“rﬁ%ggi gfégé‘ﬁg& i\}grtﬁ gxfdgéﬁ;‘%lﬁgﬁ m PBS
wth 3 mM @fq@nass beads (a mxture of 2 Mmmand 4 nmmdianeter), then

pl ated for Cg:U i medi ately (on nutrient agar containing Xgal and

chl oranphenicol) to establish total viable counts or heat-treated (65C, 1

h) prior t%&)x?slt:{“r'ﬁgg eftggzrlgééliaertm%e SRR E el MM Swhich 5%5#1415?&1 @égl‘é@ a

Expressi on ous antrgen on the spore surtace I nant

spor es 10 RHLQ3nt@xdH @S 9 Q0T TG  Hetortaratated itk 178% caltbigol. Sfeeitenealat
protei n CotB have been descri bed el sewhere (3). Before 30 assessing the

i mrune r espumrsephagss s peresceligaiak ShhgnierHagws vk isteake \RB D3t 4882
PCT/ GBO3/ Oggggminal cavity, followed by gentle massaging. The peritoneal exudate
was then collected using a 21 gauge needle and syringe and processed
immediately. The abdominal cavity was then opened and liver excised.
15 The intestine was unbundled and the mesentery removed. Next the spleen
and kidneys were collected after which the Peyer’s patches located and
excised avoiding contamination from the intestinal lumen contents
(surrounding tissues were also excised as negative controls). Finally,
cervical and submandibular glands were collected. Sterile dissecting
20 instruments were changed between organs. Samples were homogenised by
vortexing in 1 ml PBS with 3 ml of glass beads (a mixture of 2 mm and 4
mm diameter), then plated for CFU immediately (on nuirient agar
containing Xgal and chloramphenicol) to establish total viable counts or
heat-treated (65°C, 1 h) prior to plating to determine spore counts.
25
Results
Surface Expression of a heterologous antigen on the spore surface
Recombinant spores (RH103) expressing TTFC fused as a chimera to the
spore coat protein CotB have been described elsewhere (3). Before

30 assessing the immune responses to spores expressing TTFC we verified



21 that TTFC was surface exposed by i munofl uorescence as shown in Figure
1. Using polyclonal sera against TTFC and CotB we could detect TTFC in
spor ul at iwg oslof4682 es harvested at hour 5 foll ow ng the i niPCiratBoano9sef spore
formati on. W could also detect CotB and TTFC at hours 4 and 5 6 (data not
shown). Sporangial cells were used for |abelling since other studies have
shown that high | evels of background babelling prohibit the use' of

rel eased endospores (4). Qur results showed intact ovoid forespores that

| abel | ed wihdi AAHC ™WEC ssefagen expaiset | bpgiminuhofTooBscardei aer showietiact ed Cot B

in both reconbin and non-reconbi nant s 10 (Panel s A and Q Serum
anti-TTFC Fé%uﬁ n ebS’fn@l PaiicIya AR 2Bt %&rgﬁ af‘ﬂj%&ﬁ 8% efuldrdaientbi nant

spores expresst iy sga- iraBef %ﬁu?mkﬂﬂ ﬁrﬁéura@qolle%@"ﬁ@ init HI sations

we used a pil ot study"to eval uate the inmunogencit reconbi nant
spores. G oﬂpponrf foreiagion . B2 auiudd abwer denenq €0tEEdln@I TTFE- pehofugneahy w th

r econbi ané non- ecogb nant s ? i nuni sati on schedul e used a

st andar'g gdﬁ\t;\a get s ‘PﬁVE Fﬂ?ré"é‘giag ](Sciyﬁfeal‘lﬁ‘?%éoﬂ lapelling singsoptgrdose) of
th

either Tecauhidiaftye 0P BROKGH (KXN 67 a0l 4Rl Jﬁbgg@é{@ggkspoﬁes er e

non-reconbi nant PY79 20 spores.” In a previo

shown to casa yof aympeased nendbyp@eys (4. 1O pesalts TIRGved! ymeat i skedigpore so
our immunising dose would contain 0.15 g of TTFC_ | nmmunisation with RHLO03
spores restATESRPEH hahklahetied il P@Y’E?Tlfg?e,%eré‘rm-l Ipbelligg Wbt &0#B ned by

cont ol gratne (1 e 08 N0 kel TR ol T bRt Syt ot ati ng

t hat TIOFC (Resiekt Abind @xpressed and appropriately inmmunogeni c when
di spl ayed on the spore surface. Serum anti-TTFC responses foll ow ng oral

and intranasal 30 inmmunisation
Serum anti-TTFC responses following intra-peritoneal injection of

recombinant spores expressing TTFC
Before commencing oral and intranasal immunisations we used a pilot
15  study to evaluate the immunogencity of recombinant spores. Groups of
eight C57 mice were injected (intra-peritoneal) with recombinant or non-
recombinant spores. Our immunisation schedule used a standard regime of
three injections (containing 1.5 x 10° spores/dose) of either recombinant
RH103 spores (expressing hybrid CotB-TTFC) or non-recombinant PY79
20 spores. In a previous study (3) RH103 spores were shown to carry
approximately 9.75 x 10® pg of TTFC polypeptide/spore so our
immunising dose would contain 0.15 pg of TTFC. Immunisation with
RH103 spores resulted in peak anti-TTFC IgG titres of 1.5 x 10°
determined by indirect ELISA (data not shown), significantly different (p
25 < 0.05) from control groups (1.1 x 102 for PY79 and 0.8 x 10' for naive),
demonstrating that TTFC was stably expressed and appropriately

immunogenic when displayed on the spore surface.

Serum anti-TTFC responses following oral and intranasal

30 immunisation



WO 03/ 074682 PCT/ GB03/00989 22 To test for induction of nucosal and
system c responses, groups of seven mce were imrunised either orally
(1.67 x MWOoM3spwBes/ dose; 1.65 g TTFC dose) or intranasalPCy/GED3/0098% 10,
spores/dose; 0.11 g TTFC/ dose). Note that technically, |arger doses could
not be given by the nasal route. 5 As shown in Figure 2A oral inmmunisation
of mce with RHI03 (CotB- TTFC) sporespgave titres greater than 1 x 10; by
day 33, significantly above (p < 0.05) those of mce dosed with

non- r econbi hautestsioprinduct{@ygdmuavisgleany vpstemic irédpedsdsT FEoppoiogisavért

g/ dose), or_the control npaive, group. TTFC protein was not used as a
control for™%e WeRe r EmyaLsed 18ithe, galdy nded pr 808 utposes/opeis 1stowe t hat

TTFC deliv ARV oy, dose, i.e. . |les an ose) is not
i mrunogeni ?ﬁ?ﬁ%@%"%ﬁgwﬂ{’%ﬁgﬁ {1é¥/\%lxsf(gf5p?ﬁ?§@%sﬁeé'i é*_gl %F%&’ gi nt
titers wer eNbieuhd: t@dhniely4Gafh| @Ned@olildt haNBS alivdTBYNhE alds 9N Jffk gure 2B).
Qur data 15 showed that by either route, the titers for the naive and

non- r ec8nbidashOWaNimiFégiie0dd weal einpounispigen fafcemed with RIS @ht(CopB> 0. 05) .
G oups adm-pi.stered with ores expressing TTFC fused_to CotB responded
w ohsi gni T EGhaPT Gnls THHSCESTUEY FRen 1ow 10 dur 8oy i sigatticantsy

cor r espondiapgve C@Nt £0lp. @8)ouRsse( Bf <, o .day . 3 Qﬁ@{ for oral
groups and frg?ngﬁo day 29 for ei ntrrgn%égg)osggéoﬁgg.x?ﬁ%\?\gr r?gﬁt SHSWH we have
al so found (PNZP), RHEOXisporesifias&UI'BC apdoyeini (4 perdode) hewt thehedgEa t oxin

(type I naba .569B, 0. dose) gave no significant difference in anti-TTFC
1gG tit reé‘?l‘?Sg%rffiﬁg{ P“Pf@)@ Wik ingb dipedl sast § pegtrsbdar thoimtri-g@salmuni sed

oA A RO R AR e FUERRDRSL Y5 107
subcl asses1¢widpse £i.3) leshlthen LoMpIuses i9mat immubogbniRHEP3 spores expressing
Cot B- TTFC showed high | evels, at day 54,
Somewhat lower levels of TTFC-specific IgG end point titers were found
at day 48 following intranasal immunisation (Figure 2B). Our data
15 showed that by either route, the titers for the naive and non-recombinant
immunisations were not significantly different (p > 0.05). Groups
administered with spores expressing TTFC fused to CotB responded with
significantly higher TTFC-specific IgG titers than their corresponding
control groups (p < 0.05) from day 33 onwards for oral groups and from
20  day 29 for intranasal groups. In work not shown we have also found that
RH103 spores dosed orally with or without cholera toxin (type Inaba
569B, 0.33 pg/dose) gave no significant difference in anti-TTFC IgG

titres.

25 Serum anti-TTFC antibody isotypes
Sera from mice immunised mucosally was also examined for the presence
of TTFCspecific IgG, IgA and IgM antibody isotypes as well as the IgG1,
TgG2a, IgG2b and IgG3 subclasses (Figure 3). Mice immunised orally
with RH103 spores expressing CotB-TTFC showed high levels, at day 54,
30  of the IgGl and IgG2b isotypes. For the IgGl, IgGZ2a and IgG2b



30 of the IgGl and Ig&b isotypes. For the Igd, Ig&a and | g&b WO

03/ 074682 PCT/ GB03/ 00989 23 subclasses the nean titers were significantly
di f f er entwbDroonr4s85€el i ne titers in the two control groupspPCIT)GBUIA0so M ce
and ii) mce inmunised with non- reconbinant spores (p < 0.05). Little
change was observed with the 19gG3, I1gMand |IgA subclasses. In mce

i muni sed intranasally, the sera 5 at @3y 48 showed a predom nance of the
lgG@, 1g&b and the | gM subcl asses. For these subclasses, titers were

si gni fi cant SYPHREHGE ThE ragan Hiers eere shgnibicagily dhtferant framampseling tisenst r ast
no signific L at.l > in.an . I S seen
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group. 10 Mueasabinant ispdidsC(p g4 resPonbisle Fekatpel el oPRIrl &t Swith o ce

i mmuni sed orally_or intranasally was tested for the presence of

TTFC speci f 1803ede¥: 8rq Igfasylalapays.-blp missAmupnisade intianasaliyyuttiessaraon wit h
SPoree XDt SR N0 O TIFS, W BbNfl ol Gpé St et chrelu I TR Peetf e

sl gA responses. “In ups o i mun

TTFC speci f sebadh@hs t Foerthe e siedages daiYers SWedd kipuifsardty &ighB) -thdhen
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si gni fi cant Iie peREel Srtips Phe Qb dh epnouass 1 signifiost vaxkitiom fther e was no
significant ydiffer echb t he contro roups. (non-, 20. r econbj pant
spores and ggbl \;el%g?g ﬁsf;t%%wlgg&pﬁg)wasﬁegpe%?t%gﬁna%ré’i(‘%tadfr@f”zﬁﬁeﬁggt%QFn

chal | enge ahbgire@smbinafHpbreatan@nrhd Rgivei glyyper um 1gG titres (> 103)
observed followi ng oral inmmunisation were at potentially protective

level s.19n order to test the biological 25 activity of the elicited
antitoxin r c%nS{e g{?‘g];@h“g s/go,ci ated | evel of protection, mce orally
i muni sed wi'th €8t BYTT Eg sSPRY'E® subtilis spores (RHL03) were
chal l enged ptdsh RchBhbiddts Fps@ Mlice! BhAOHZH Brally (klin®fanasally was tested
for the presence of TTFC-specific secretory IgA (sIgA) by ELISA (Figure
4). Immunisation with spores expressing CotB-TTFC by either route
15 elicited clear TTFC-specific sIgA responses. In groups of mice
immunised orally or intranasally TTFC-specific sIgA titers peaked at day
33 (Figures 4A & 4B). The end-point titers of fecal TTFC-specific sIgA
were shown to be significantly higher than the control groups (p < 0.05)
while there was no significant difference between the control groups (non-

20  recombinant spores and naive groups; p > 0.05).

Protection against tetanus toxin challenge after oral immunisation

The high serum IgG titres (> 10?) observed following oral immunisation

were at potentially protective levels. In order to test the biological
25 activity of the elicited antitoxin response and the associated level of

protection, mice orally immunised with CotB-TTFC expressing B. subtilis

spores (RH103) were challenged with a lethal dose of tetanus toxin (10 or

20 LDso0) given subcutaneously (Table 2).



20 LD50) given subcutaneously (Table 2).
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Table 2 shows the result of treatment of groups of eight mice which were
immunized orally with 1.67 x 10% spores of B. subtilis or 4 pg of TTFC
purified protein on days AO, 2, 4, 18, 20, 22, 34, 35 and 36 before being
injected subcutaneously with a challenge dose of tetanus toxin on day 60.
Individuals developing no symptoms after 14 days were considered

immune.

Mice were fully protected against the challenge of 10 LDso. Out of eight
mice challenged with 20 LDso, one mouse had clear symptoms after 72 h.
All naive mice and mice immunised with wild type B. subtilis spores
(PY79) showed clear tetanus signs within 72 h after the challenge of 2
LDso. Oral immunisation with TTFC purified protein (4 pg/dose) gave no
protection against 10 LDso and all mice showed clear symptoms of tetanus

within 24 h. The elicited via oral

systemic antibody responses

immunisation with B. subtilis spores expressing CotB-TTFC were

therefore protective.

Anti-spore responses
In addition to anti-TTFC responses, anti-spore IgG-and sIgA responses

following oral and intransal immunisation were determined (Figure 5).



20 therefore protective. Anti-spore responses In addition to anti-TTFC
responses, anti-spore |1gG and sl gA responses followng oral and intransal
i mruni satworn3mete2 det erm ned (Figure 5). WO 03/074682 PCTPCBEGBGOOBY 25
Oral i mmuni sation with both CotB-TTFC expressing spores (RH103) and

non-r econbi nant spores (PY79) produced systenmi c spore coat-specific 19G

| evel s (Figure 5A) that were signific2ahtly higher than the naive group (p
< 0.05). Lower, but still significant |evels (p < 0.05) of spore coat 5
speci fic | gal immusisatioe witk dole (;otBol THM B¥Prieptina rFROESS (WE?%&W on
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spores Inbred Balb/c mce were dosed daily with 1 x 109 spores/dose for

five 20 consecutive days. Pilot. studi es had sho that this consecutive
dosi ng re§PREe \ERAISEESHIS VEAt de¥ESalf) S%Weaecll}vgﬂ%bq%%&ﬁd Oit at ?§¥i cally

rel evant = GOUNLS d%gée;ﬁgﬁrceé;ﬁ?g Sﬁﬁ%é@%ﬂﬁaﬁﬂﬁ fdsp@hsedOmiantht Gperss of four

mce were sacrifice nphoi d organs di ssected.” In addition faeces
was cpd | echesh heoongenemedsignidicaatlnt shighdrer (pin@d5) Tohat whebl encgount s and
25 heat resistant counts were detern ned in.hom)gew sed tissues ar11d f aeces.
recombinant spores were used for immunisation: When the intranasa
route (Figure 5D) was used for immunisation a similar profile of spore
coat-specific sIgA levels was observed with a reduction of IgA levels over
time in mice dosed with non-recombinant spores. Again, the levels of
15 spore coat-specific sIgA were significantly higher than in naive mice

(p<0.05).

Dissemination of spores
Inbred Balb/c mice were dosed daily with 1 x 10° spores/dose for five
20 consecutive days. Pilot studies had shown that this consecutive dosing
regime was sufficient to establish recoverable and statistically relevant
counts. At time points following the final dosing groups of four mice
were sacrificed and key lymphoid organs dissected. In addition faeces was
collected, homogenised and counts determined. Total viable counts and
25  heat resistant counts were determined in homogenised tissues and faeces.
Recovered viable counts are given in Table 3 and show recovery of
bacteria from intestinal Peyer’s patches and mesenteric lymph nodes

suggesting interaction with the GALT.
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03/ 074682 PCT/ (B03/00989 27 Table 3 shows the result? of _the treat nent of
groups of Teble Bahowe the Gésultﬁogééh%ﬁ@latf?e% ¢fhgnoups 19fof ?“ofniB‘? subtilis

strain SC2362 (1EAOLAER) . 1O LIXe o£O0 %%zsvs%raqéysscﬁ@z PhrufoRgs 5 x 109).

Resul ts ar &% ol'ony”form ng uni'ts pér nouse organ
taken at thg fl@@b@ﬁste%gt&e (dafB oAl 86sel, hiex|1<'ﬂ)3)t Rayule$ atogived. adnpaessed as

total counts (no heat
numbers of colony forming units per mouse organ taken at the indicated
5 times after the last day of dosing. Expressed as total counts (no heat
treatment) and spore counts (samples treated 65°C, 1h). ND, not
determined; NS, not significant (< 10 viable units per sample). Data are

presented as arithmetic means * standard deviation.

10 In Table 3, PP/MLN is an abbreviation for Peyer’s patches and
mesenteric lymph nodes; SMG/CLN is an abbreviation for submandibular
gland and cervical lymph nodes and PM is an abbreviation for peritoneal

macrophages.

15 Most interesting was the recovery of viable counts in the submandibular
glands and cervical lymph nodes with no recovery of significant counts
from the liver and spleen. Recovery of bacteria from head and neck
tissues with little or no recovery from widely disseminated systemic sites
suggests that spores may have crossed the rhinopharanygeal mucosa.

20 Counts in faeces declined steadily as bacteria were cleared from the GIT

although little difference between total and spore counts was observed.
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one genetic construct encoding an antigen and a spore coat protein as a 5
chinmeric gene, said genetically nodified spore having said antigen
expressedwal3arfessi on protein with said spore coat protei RCTAB0A0GYSOr € as
claimed in aim1l characterised in that the spore is of Bacillus species.
10 3. A spore as clained in CCaim1 or Claim2 characterised in that the
genetic construct conprises at |east pd0t of a spore coat protein gene and
at |east part of an antigen gene, in the formof a chineric gene. 15 4. A
spore as clainmed in any one of the preceding Clains characterised in that
the antigen gene is |located at the FLAMSf the spore coat protein gene.
5. A spore as clained in any one of the preceding Clainms 20 characterised
in that the genetic construct conprises a spore coat pronoter at the 5
end of the chimeric gene. 6. A spore as clainmed in any one of the preceding
C ai ns chatact eAi syputei genetiatlly neodifitd geith igenatic lcods tcodfiRisdhg etgys toxin
fragnent 25 C or labile toxin B subunit, 7. A spore as clained in any one
of the prec®Yl SGREHAICRBSITHHAPREO0M S8 Ntienhard @hepaporeat quateiprastain i s

sel ect eds freddpR W) NSk Sl of ot.C  catD, cotE, cotF,
cotG, cotH, cotJA,qg3%pcg?§C?b@%?%%ycé?éﬁ%égoﬁggﬁ%o ayig, 34 EBﬁﬁﬁncotX,
cotY and cotpreiedB/ DFuk66R pREFNCBNE/ K0P 8Pore3doad protesipor e as claimed in any

one of the preceding Clains characterised in that the spore is heat
inactivated that in use it does not germnate into a vegetative cell. 5 9.

A spore as glefingdigofe a0V ARk % EMAPT SSaHAG R AL hat e uslsagrej s of

Bacillus species.

10
3. A spore as claimed in Claim 1 or Claim 2 characterised in that the
genetic construct comprises at least part of a spore coat protein gene and
at least part of an antigen gene, in the form of a chimeric gene.

15 4. A spore as claimed in any one of the preceding Claims

characterised in that the antigen gene is located at the 3’ end of the Spore

coat protein gene.

5. A spore as claimed in any one of the preceding Claims
20  characterised in that the genetic construct comprises a spore coat

promoter at the 5’ end of the chimeric gene.

6. A spore as claimed in any one of the preceding Claims
characterised in that the antigen is at least one of tetanus toxin fragment

25  C or labile toxin B subunit.

7. A spore as claimed in any one of the preceding Claims

characterised in that the spore coat protein is selected from the group

consisting of cotd, cotB, cotC, cotD, cotE, cotF, cotG, cotH, cotJA,
30 cotJC, cotM, cotSA, cotS, cotT, cotV, cotW, cotX, cotY and cotZ.



treatment of a nedical condition. 10. A conposition conprising at |east two
different spores as defined 10 in any one of the preceding C ains

char act erwoad/074881 hat said at |east two different sporesPeET[GBRISHI®WMY | east
two different antigens. 11. A conposition as defined in Caim10
characterised in that the conposition further conprises a pharmaceutically
accept abl e excipient or 15 carrier. 121 A conposition conprising a spore
as defined in any one of clains 1 to 9 in association with a
pharmaceutical ly acceptabl e excipient or carrier. 20 13. A conposition as

defined in @any ope ©of L 0:12 r e J r of~@: qedi ca
condi ti on, Sg'r ef e}Sab f/”‘%jhgk gm}[%aeﬁ cl%ncfrn?i odrirﬁai s&ni%\ I ;%{%g%lglﬁ %lglnﬂ? a

hor monal i ndtadractedisehdn ahainthe mp@st isnkdat dinaoivired tAat d uséde doés aospore as
defined in any one of clains 1 to 9 in the manufacture of a medi canent for
use in the §YEHAMSANIQR vRgREEVE LRl condi tion, preferably the nedica

condi ti Qn is inflammation, pain, a hornonal inbalance and/or an intestinal
di sorder. 30 15. A nethod of nedical treatnment, which nethod conprises the
steps of WD 03/ A74¢m3e RCI¢fGRISIINARPDNe38f Me pededigt Olaing forSPSY én as
defined in any one of clains 1 to 9 to a human or animal in need of

medi cal trdagsaent opyp wadigaheenditien) |y nodi fi ed spore eliciting an i mmune
response for use in the prevention of a disease. 5 16. A nethod as clai ned
in Caim15 characterised in that the spore is admnistered orally,

intra-nasaliqy. orAr&ghgbdion comprising at least two different spores as defined
10  in any one of the preceding Claims characterised in that said at least two

different spores express at least two different antigens.

11. A composition as defined in Claim 10 characterised in that the
composition further comprises a pharmaceutically acceptable excipient or

15 carrier.

12. A composition comprising a spore as defined in any one of claims
1 to 9 in association with a pharmaceutically acceptable excipient or
carrier.

20
13. A composition as defined in any one of Claims 10 to 12 for use in
treatment of a medical condition, preferably the medical condition is

inflammation, pain, a hormonal imbalance and/or an intestinal disorder.

25 14. Use of a spore as defined in any one of claims 1 to 9 in the
manufacture of a medicament for use in the treatment of a medical
condition, preferably the medical condition is inflammation, pain, a

hormonal imbalance and/or an intestinal disorder.

30 15. A method of medical treatment, which method comprises the steps

of



17. A nmethod of producing a genetically nodified spore, which nmethod 10
conpri ses the steps; producing genetic code conprising at | east one genetic
const ructwoenoo@BNg an antigen and a spore coat protein a®Ca/GHBOEISIC gene;
using said at | east one genetic construct to transforma vegetative 15

not her cell; inducing said transforned nother cell to sporulate; and
isolating the resulting genetically no¥ified spores. 20

a) administering a spore as defined in any one of claims 1 to 9
to a human or animal in need of medical treatment;
b) said genetically modified spore eliciting an immune response

for use in the prevention of a disease.

16. A method as claimed in Claim 15 characterised in that the spore is

administered orally, intra-nasally or rectally.

17. A method of producing a genetically modified spore, which method
10 comprises the steps;
producing genetic code comprising at least one genetic construct

encoding an antigen and a spore coat protein as a chimeric gene;

using said at least one genetic construct to transform a vegetative

15 mother cell;
inducing said transformed mother cell to sporulate; and

isolating the resulting genetically modified spores.

20



