. ef ghi j kI e3er 6HT[ =*166166* - ~ ocr 2002 METHODS EOR PRODUCI NG ENHANCED
ANTI GENI C HEL| COBACTER SP.. AND VACCI NES COMPRI SI NG SAME Thi's appl i cation

is a continuationgi co-pending 5 application serial no.
08/ 318, 409, fil &]ﬂﬂ!ﬂﬂ]ﬂ}}ﬂﬁmﬁwﬂlgg4. 1 FIELD OF THE | NVENTI ON This invention
rel ates generally to | met hods for |10 inducing or enharrcd 9§T 2002
expression of enteri¢'é¢terial antigeng and/or virulence factors thereby
produci ng antigeni call.y enhanced enteric bacteria, to nmethods for using
antigenically en e rd Il t ipes risin
antigenical ly en%@gseﬁé‘gr’}%&é&%ﬁ?}@&&%ﬁﬁfL B‘@'IEE‘? NENTI ON
It is widely recogni zed that bacteria cu ”Uré& Im vitro using convent-i onal
medi a and conditions express characteristics that are different fromthe

characteristics 20 re I n rowth. in their .natural habitat whi ch
includes in vivo roéfﬁ‘n agaiﬁgggﬁ% n?nisgraongr.gn%a}t ¥ '&858%%%%%‘5&{’@&?9
host. Ther ef 8§ 8ppEigatian werdial gpowP8/3dBeéehi f @ctabex ght 198% .be good
for use as vacci ne ctonponents. However, if it were possible to define
conditions that trigger 25 or enhance expression of virulence factors,

rel evant t physiology, or antigens including outer-surface antigens then

i nportant products and therapeutti cEIEBD (OF THE)NINHMENTENS for vacci nes, new
tarlg_et s for antibi ofrses dn&_ﬁdtﬂ@f(&gﬁ&%&?i@aﬁérﬁww ghi $1tks nfe‘thodisa?&OSti c
application ra i | .Sever envir n tors
have been iggn%ﬁﬂ%ﬁﬁrcﬁhﬁ%%{?ﬁg ceg&%%[%rggxgi%tﬁ e\c‘)’%e\%&?uﬁ%é\%%lﬁt éslr;ni %?1 S
in bacteria (MNeRAemgdrulence faghpnsethgreby produzingodntigerdicaldyt ance,
the)e i s a | ongnimmiedy wntbrieskesrtdrian themetiais Eeshupid draiiwealicalbn and
virul ence of b 2 ol ty : - Sh| , oBi ol .,
3:1301- 1306, 198 %f{de%ele?gg??% ‘%%g%ga theﬁ‘l’ %"48;’%*%3053@’5% i nkel st ein,

J. din. M crdthbigenigaldy. eahancasy; prteric Bagterdd | a (G I nour, et al .,

Vacci ne, 9:187-140, 1991). G her environnental signals that have been shown

tocontrol the expression of coorgldkaRBbMD' &8 UprH ENTION

vi rul ence5det erm ngnt g, of , I de_vari.e 0 cterra ~.n plants andani mal s

i n¢l ude phenolic cgt{}pg&n&,&%ﬂb%%?@é‘ﬁéﬁﬁd'&*}a%ﬁﬁ?%&ﬁas?“ ‘S’rﬁ?&r zPuYggro

osnol arity, ardsigh@onventi¢nekaledios and~Gonrdigriionls. express]- 7, _ _

%_992) . Bact Ierl athdraidtesansitd athLNtade aﬁfﬁé&éﬁi ot th@rwhdtléeti@tﬂéﬁs'[ i ne
i.e., oral,gro 0 r.n u A on an

condi tions fga&p%fggg f.gg%?ni %{:ﬁ?’e?f‘aﬁﬁ%’ﬁ’ig}a&r‘%;e g%\%ﬂ%%’r'egg&gﬁ of

virul ence factPilUpessdnchiyR it dhaR BeFA Yt iSEOL ATy RE FatEoIsns eltyci ds
orsalts, stonmah gridmali hoster aiiEddfioteq osalet i jonyittbegraure 3athegdbhixs hi gh

pat hogens. xeaul 1 e T e e oY T on
(Headl ey and PERRYS r'ogff f\gtV'%reA@&&.stiggF.S" 9&£ %7%&%’%‘5%%&89&”%"
_Thegef or e, ba¢tayr ienhangeoprpresd omoddutrulénse fagtassy erdlaseats only

I N20r esponse tghyl8ichaky, eoy | H1igRINsAinel GRS JlerCEalfidd laHRIGERA t1dh
vitro. This hyioot h35| ? IS (ﬁu @org_\%gtgg t he riecegt report that .antisgra

rai sed agai nst RESHERt BRY ‘I‘€ sgra .f%ﬁ’%‘?ﬁ cffa eoﬁry e HEPS et Pect on
bl ocki ng i n vivacsiimes: naey Zbarants kerkantikiotdics, gnd|pgeadt baptgrial

168: 948- 954, 25cHiFActebBei€s , formAiagnatt b Pplidakibhs Wi ddula@xbeagipidly

of Canpyl obaé:é]efdeg]rtq\ygekn the presence of epithelial cellnonol ayers, a
condi ti on enhanci ng i nvasi veness, resulted inproduction of an antiserum

that markedly inhi FeVesal neavixanpentadt factass tayephrenfdentdhded hinly s
have been st udiiflmepteveRprésdiati efi airulénmd Metetrmbainten\iin bareatid o

identify reley, tka\t%wgenfg:(1fg%_ghﬁeggrgﬁejs@grw@,l_gignpygﬂb.ac%;_. $hiéds ,

81-17d grown in rabbit {lea SES proteins not, e presigd under
convent i onal | 368t dFyai HoRg tHEtegNt Bf eF H SHSt?Pa‘Fﬁ]gﬁré'l?f‘Fh
al ., 351 nf ecds Heatween. irén: #1988rirddéhce 180 Dactidaiaor innpmandetdunt Hedgesl Jaf

proteins has hgql n%?egoi,n @@Q;‘%‘&@?WFE%QM@@%%W, |0k s4Q% 18 Payne
nonol'ayers as cofpare 0 O C Tt 2aoz 3 ' bacteria cultured in the
absence of the epithelial cells (Konkel, et al., ~ Infect.- Ds.,

168: 948- 954, 1993). Furthernore, these changes were tenporally associ ated
Wi th increased invasiveness of C. jejuna. Oher changes such as
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5 cel lul ar norphol ogy, loss of flagella, expression of a new outer nenbrane
protein and alteration in Cell-surface carbohydrates were induced or
enhanced in an avirulent stra~.n of C. jejuna when passed intravenously and
chorioallantoically through chick enbryos (Field, et al., ~T. Med. '10
~I,~Lcrobiol., 38:293-300, 1993) . . O her intestinal conpondnﬂﬁT Wch as
biIe acids or salts, ( ~ are known to ke inhibitory for some bacteria, but
the bile acids may play another role by affecting virul ence expression by

the bacteri umnd 5=l|?@tlé§sﬁélﬁtP neltagr@iémmSQc M e Bisal, . 39F7) dha 1993)
B, CHET 4 S0 L bE
3 f

eported that_Shi rot in di um
chenodeoxychof%ﬁht gflrg k‘?@“‘e %:[T oFFERRS hcedlor{]’[ %@n g??@ ‘of HelLa
cel | nonol ayers. Taprreppinaenfphesignalshghabtbave hidea shovn ta i d

detergents irlﬁdrw?i:ldlgtﬁBOéﬁixﬁassZQnngCéﬁaiﬂhahEeli‘%@ﬂ%&éﬁcbﬂf@l&tcé he CHAPS

on the i nvaki hidedipte S SR, SAGARGTLEB R T Blans R g (o

chenodeoxychotmimalsl achide Rheapl tet canpoundsi neresaaebesige, muinsl a or

ot her avi rul exdiced,r &efiferdt e, gekhala:.?ﬁ:)ﬁyBhBESt!&LOfldih%WtﬂéI@iﬁd& by, S.
flexneri is I ce al-te tenperature and ionic corrposi tion
of the growt skerdor djk'})‘?/l g 5.%59 acterlol , 174:1-7, 1992). PCT

appl i cation publ i @éFFSﬁquﬂurﬁ?é‘lMVﬁ‘@S?’?ﬂZBteﬁuﬁP iaHag INboshbirongh the3,

di scl oses methdestiae @i o n@rhiciteuts) @ncdintepirdmersuehhest

phosphat i dyl Stﬁ{\h%nmgift "@kﬁﬂb’%n@ﬂ@sf&ﬂd téb‘?xd'i%%ﬁé 'ﬂ{%t‘)fmhgr Qﬁféon@ whose
expression is qq_'hanc N %‘%rowt in the presence o sphati dyl seri ne.

Thi)s r ef er endPEF AL 1(9§¥saﬂ‘i‘)re §5E4P8 bt eBFet hre ent
i nvention foﬂtmseducmnglqzrttselamd bend "riamshaucIgde rdidre;etli Ve radigisceror 35

antigeni c proRAfls|, e§toz¥@&?'ﬁﬁesm%%MomQhE”éc?x(dﬁ:ﬂ&%h?gﬁé‘smt%%'inés
Canpyl obact er angl B g(gl | a a e gt yet val,géi g OCT 2002 4
epi demi ol g o] i s B84 1 A dak < IR §r§ %d”t?l"ﬁeg %ﬁ%ﬁ'&ﬁ ant goal .
shi gel | osi s iwdefideaiic tInvasdNeuentérsavprkbagens n'apiceodge npwoproteds it
accounts for Hesih €8I timenﬁtéanhhteatmlémme e@«tcha»a%@ual l'y due

to di arrhea. TPy cte thou onl as .an
enteri cpat ho k Qfl Agad " s6 96"5 ng); fffﬁ fr%:ﬁ ogsgghws S§ESF Pheal
di sease in bdasteréadeake | didaadhy RERtlcgetbesp civ@msmivei 8actows esdnéfed 400

to 500 ml2o msﬁaﬁpyle@aﬁxﬁradhaéﬁmmeuu ybpid s nedopdEnarily | 1 ion
cases occur igtosGkoHRI A tarpﬁfrﬁwp%%tgtgsltss RARSEIUPIGR QkolREt eri al

i nvasi on of thecol oni c nucaq I'nvasi on I's assocl ate

presenceof a §5PREHi §R ?‘btﬁi&‘]seﬁaaﬁil’t?ﬂ/a‘&a%s?s‘b‘?’a‘teég'-lf’saﬁebrﬁb‘ﬂ‘”‘" Eral .
I nfect. | murjejud’: B&2-SGF, al882JinaA faffgaentn dlddking5Sph asifir cont ai ns the

i nvasi on pl aiﬁt@rﬁ@iiﬂ@ﬂcﬁ Rﬁbnﬁ@f‘eset aR2A, 7: Binrdet .aBds: D. 1dap®43r-95@, and

-D protei sseptial for .the entry (Ba udr
Mol obi of 75 3593503 Badreryodapan ot PoRCEaR a@tﬁaﬁxm%*tsn@fcand. dat es
al t'hough2ot hélampyl obacter @rekhi tmcsheaxresenceceh aflidheljabstedd i shed. | pa B
~and Ipa C ar Qxdnmruga@.é@maﬂmt\dmt%:elm\audah? 1x@¢as'iven|e6fs?ci'esdlrﬂﬂdn in

Q

50: 620- 629, 198 r.nor.e |nva5|n t hat
initiates celplr ghftf Sncef Bﬁésg"f m t haQa e o]B;tih rane bound

phagocyt i c25iatgsna 1{%!@? oft the . baqtaveem 11:1991- 1999 1992) is
hi ghl yconssr ved areseardtiegel havepmrestuapen@rqﬁmtgxedfi bhteasiabdar thd i n
mal nouri shed %E!els@iﬁ& M}Ri%\éﬁe & e }ﬂt&?{' :E@iga%%'t @Q%ﬁ?&t’é’ &‘Aéﬁtﬁe' la

| pa suggests t presence rrucosa | m~_t

spread and s&®&r PF?“%*%OlWé’FPB?F%L?&HaA“ ?ﬂﬁ)’e% &FW cb‘i‘ rfé“ﬁ“&ﬁdllaﬁﬂes f or
Shi gel | a havalveen éeptexhdsnpantabhs rwtdebtpnasmed arglecc essfentimmalhas
notbeen foung,pbPa Pty &iflvi d elonawmrtg casmgetntpa& Qheins in

g ﬁgs
vi rul ence, nost vaccl'ne cang dat e evel 0 a| nst P%gl | osi s are based

on the |i phdDfEGEehEIRUan P AR & ThA4¢n &g?ﬂ e}’f’e°§eFB €% peci fic

det er m nant s syAphesis esfalprptadns st dreed peéxysmcdmmydeb@cmml n conj ugate
- 4 oCT 2an? 3 ¥eeL e 1a% 3§04 HF 1Ctetfehg?§,dersbtafs tenp&ted Qo

showsi gni fi cant protection in aninmals Ins et al ~tev. Zn~.nis.

13: S362-365, 1991). A simlarly admnistered ri bosonal vacci ne does induce
mucosal inmunity, but its protectivebefficacy remains to be denonstrated
(Levenson et al., rch.Allercry Appl. Inmunol., 87:25-31, 1988). The

pat hogenesi s of Canpyl obacter infections is not aswell understood ~as that
of Shigella infections. Cell invasion. wstudies ih vitro (Konkel, et al.,
J. Infect. Dis., 168:948-1095A, 1993) and hi stopat hol ogi c exam nati ons
(Russell, et al.,Jt~n_fect. nss., 168:210-215, 1993) suggest that
colonicinvasion is also inportant. This conclusion is consi stent _ with the
observatl on that d| arrhea caused b Cam. vy pyI obact er )be severe and

S - . o o, —y o = g o - S o,




6 cellular characteristics including surface characteristics wth changes
~in antigenic profiles; 3) inexeased~virul enae of these organisns in snal
ani mal nodels; and 4~ antisera agai nst organi sma_w th enhanced

i nvasi veness. or altered _5 characteristics including
surface.characteristics that are nore effective in neutrali.zj patl e
argat ~i sme~ used, far in vitro or~i.n3vivo challenges than antisera
prepared agai nst conventionally.grown bacteria. fihis invention' addresses

"these .needs_apd ot her.s. .. .10 ne of the references, dj SS above teach
or ; suggest t%@cgﬁrﬁ tF ol%?%f" Aot !th‘oq‘ at%ﬁgnﬁ?eggnﬁ%el r?\?éﬁ’[‘?igﬁ ﬁé&st he
vacci nes . of(Kepkebr et i ndeninfectooRhe; si Hep :@46-§64i ct993) -ent ~anded .
enteric bact @ﬁi:'eh%ﬁdzaat,i @Re8é :}:Kkﬁ’{r?td'sf iwﬁﬁléi@étn;&fraél lalsé@ém il;z'ithhi s |
section~or a [ i I ppLicati o a i 5 not construe
2o "i ndi cat i vahehersed, dvhstlefoad Ue AU IR . " ReRSE ghand? oy, 88

i nvent i on. S3cSUNMMRY BOrpRptogxivVBeRsSORE fIpgellay exproasipn\ifid@s neer a

\éac_ci nte_ con}[)bhﬁéflgne’lnbr_aHel peobeit &rndbagtefémtﬁrini EBNpogeNtdce M agnment or
erivative c r _bacteriu ving nhan

antigenic prgﬁ{ég%;yy,dﬁeghu%é h]grs)@lgctsetgearf %%%réce(r:gulq?' ufe ?)?ﬁﬁgﬁm%o%gg?é?
bacteria groff $n Iakund wheRrrasssshiintraverewsly ang ebexilai ons conpri sing,
about 0.050 &aplamitcad¥ybtheowdh ahddk embrpadb%rielaboet £ 6 Jof Meae or nore
bi | e aci dg ¢0f; s SAbS ), NCRE0593 o tlggg rature between about 30C and about

[

42C; in alr of a mcro eroglllc con [on, wherein the m'crdaeroghilic
condi ti on conpri S&der) 1nEsEEing) (SOMREBERtDOFURY @erbile RedisuCresadtto
{ ?:?)(z)m 95% ai are drnawn tabbeat im¥blitoadyofidr 1fmmeObaniteriapauit ¥ bdrebout 20%

Wi 0 abouks a0 paRY Uhn bbb Fo18Ny bk lisg! ¢ER4] S MBLREOE iSR! oC! ed
fromthe gr ogg onshlts mg of 0 to about” 25ft M of "BAPTa/AM 0 to about | OrM
of ~35 EGTA PAnd® H35t5h0UE: 100 Ei M of EGTA/ AM wherein said Hel i cobact er

culture i g5at abdapecantlyPayne piedsd, Abet Seen Marbbibbg, (Hradlg ,and98}) ati onary
phase, or atrafottied thbt0sRiJe MRATexnePR curtiu?ed 2A08rdtif Wdnk@inPRyect of
the inventi on ésu a yaeci.ne c&}r’g)lr S gg Hel{_clgotb céeq: bggé%{%ur;h‘orcl nogeni c
fragment or G&rt g PRIV L858 GETRYT bt &r “BaT e T URNAIPRY an
enhanced antigfgntdvitypef thelaredd menpbryesst-ed Thepnyepautiadur bogever,

Hel i cobact er tivfie tetthied Bl DNsd Tt ianbOdbbEEFert < Giel Bai h@eH1agendi ti ons

conprisin i val ragj el.ect o] e gr i sting
of "about ?Poglfgéoa%gﬁ{a QES%%B%%%% %‘ %/?téabou c %.ge{)%og% Jgeu ! |d%§$ﬁ§c;r A,
and about 1.4 Frifon: X100NM sedgurarals dihexepdmpbadiing effecheen HMout 30
and 4b about ivhZH=ivemessnofli $. Oflexhelrl Cr @reapieirl,i ehebnthidton conbaiwimy t he, |

m croaer ophi &y, GARML LA B0 $FPTd 1385 nhl A0 r P bR 8ROUIndl veneks P2 M th
about 80s to %‘put 9 alr;.or e|l_l|_]t)0$about 50taq a?iéjt 10 o OZ wth about

10% t o about® FEOPRPE N oty TR tnaRfuS2g6 wherei n said
Hel i cobac®ér cul tSyndhesiatofbmn pratkyns dyy 15 phaseerbeisvedisoedniiycedg
‘phase and stgf i BinBNpES, tépetlataP@UANS I i@NRbKPpEEAEFON of thed OCT 2002 4
' growth medium (Mekalanos, J. Bacteriol., 174:1-7, 1992).
PCT application publication number WO 93722423, published
November 11, 1993, discloses methods for growing bacteria on
30 lipids, such as phosphatidylserine, or mucus and for the
isolation of proteins whose expression is enhanced by growth
in the presence of phosphatidylserine. This reference neither
discloses nor suggests methods of the present invention for
producing enteric bacteria having enhanced virulence or
3s antigenic properties.
Vaccines against many enteric pathogens, such as
Campylobacter and Shigella, are not yet available but the



Preferred enterib bacteria that the various aspects ofthe

present ~~. nvention relate to ire Canpyl obacter~jejuni, 5Canpyl obacter col a,
Yersinia ~ziteroaci Ziti'aa,~ Yersinia pestis, Yexsinia~pseudot uberci zl osi s,
Escheriahia coli, Shigella -flexneri, shigella sonnei,

Shi gel | a~dysen~eri ~ae, Shigel | aboydi~, Helicobacter pylori,~Hetil€3beee er
fells,Gstrospiriliumhom nus, V.ibrio4_dhol erae,

_Yl b~i ol0Opar ahaenol yti cus, Vi brio vulnifi cus, Bacteroides

fragilis, O ost leipdbm & ddy G’fl—kﬁesé@il@\éﬂgél%éﬁﬁ%hhgﬂéb%ﬂcrﬁaﬂageﬁﬂee ayphi
Sal monel | a ga. zlina |oru

hol ~
Sal monel | & endBPPEFHTS 958 absr B4 HAL nihi S uty BPERCUE Ehpone
and~Ent er ococa@®df dmodgvedopbngfeourdaies {eREonoatschtn alwiut lopexeeridut are

not linited to @ntﬁé%tnq&uqoﬁnéﬁmgal @ééthﬁ.?'a@muﬁﬂ!l?rdhé RGAYH ¥ Bihea.
resen 1. nv in

ent er o- pat ho enl er, Str based,

on thesurprisi nﬁma?'éom ﬁ’f tﬁg ho EYC‘éﬁﬁe;}‘t&th‘ﬁ%%tglnf ef® cﬁbb%fbtt a of
the invention Patihegen rﬁﬁmeweecmm@sdt fatony @fcthesnyian ceuses afjai nst a
broader range afasifedNYi@eass Oiy PRENOERE h&@a@ebasﬁ&ruzﬂeraa%w@ea han

that i nduced b ne e erlc hact.er but

conventi onal cufv:%ggfﬁgescongnt I %?1’5 E“:I bgl eas g:%éngylf:ﬁgcter

i nmune25r espongéarl?kﬁﬁ?ed’cﬁyrtwwvl godi sy @Ah&h@’é&@@ﬁeppéur bhcttdie a of
the inventi Qo URitédTtatpsOt ective agai nst adiffer ent speC| es of enteric

bacteria4G?IEFDE§ﬁg H Egégd SQEi

graphical ly depi ct erpgg)%gﬁogh%o or ng’gcg!all %‘rugggﬁ)go%ap y of
nofjosaechari de °H"6Jrﬁ Jfersee -G &E‘f’aﬁgﬂ? o‘i%@éﬁ@glﬁ?e‘t t& Ghe pueseRse

Fi gure-| A: . St anflaa gstasmidoseurid-ujoi' a1l mmadvegabatabssamaaasbﬁatt\hoét;

N-acetyl - gi UCOgRM Nfy ¢ ddeC Nafimun 93'3%%9%86(@'19829' UCPSFragﬁeﬁt of trigMannose
"Man". -Figure extract, of conv ’gr;ﬁgeovm bacteria "BH "

‘Surface, extra ntiQ

Figure 1C §arPiﬁ?b#t@é’&?én%ft’ﬁadf‘eflfa@? SE‘& o?’a N dIRB) hORCHf Phe
present inventAenBDOC,. and~~D~r IpaCh, 20da afidguPeplotrigtsoriral eyseddiadt s t he
results of sodwm@lmdwkysiﬁéaé& Reh¥&sy Wraghde geles. elﬁtleeebpéﬁm S

( SDS- PAGE) sho% 30(3 g gé)é], of proteins of whol e ce colums 1, 2 and
3) or surface ex ?E Hd 6) of C. jejuna 81-176 5 conventionally
grown "BH " or gr ovﬁ?aa@éeﬁeim@ are Aegherk wwecingheandidadies phtvlerdton (0. 8%
Oxgal | bil e2actheir @fotebtﬂvé_%ﬁtaeaeycm dicz bpER’'clearly gutebmsmazt orially

depicts the xegylt ter | S ar

prot ei ns bound %IA l?Serret %g 1%%3%5?%%%%@3&?9 %Lce(gﬂgg ?ectl ‘on with
whol e cell C. Wid2-6271 B83)¢j uﬁar%'ierf*f’@ecoﬁ%n‘i% a1y
grown, "1"; orIMCB @mlellnC(tl}eejnmwasm -tihek gdndwmabes credilngntoy natchods of

the present ﬂuﬁéﬂi‘c% ifl- &@Qse%l oBi {ife HehilEaneZhour pladdegenxychol ate,

"3": or surface extr tio

or surface égtY%%‘f%lﬁ (ElgTej‘fﬁ]zfplii %%D—gﬁdwﬁz %gg{laﬁr} t gg%fhgsdg“gpwhe
présent i nvent ersenyelauenxWtigedda, speriesti gihe Mreiongedi allyesiepi cts the
-results of vvesam@dotmaﬁairy&iﬁsaaew:m&eeomaarms&mﬁbf spgal ei dentbound

byt agel | 1120 SRCOLI §-A9008) ANRle,30LL odyT2RebLom Widleofe! by Socrl] ypa 61

176 which were growi accor i nve
conventi onal | y‘“‘éﬁ"tﬁﬁ# a"ﬂim%\f "g’r dRA TRY ahf“\ér“nﬁhﬁo?P%ﬁaé’oF&FinﬁeY%r%Fé’t Réds of
t he present spniefédtdon.”"1". ~ Figure 5 pictorially depicts the results of

SDS- PAGE 25 show n%@fgﬂm%&w Bk LAoonl vaRasasddlanybhigdi ol ikl e |

cell S. flexneri convent ] ona r own

rown,
according to nRedessed: he Ipimadst a\)‘/ A1, aOS‘i@F"cFé;tf;‘(‘}cﬁBF & um
"2". Figure 6 lgeaprﬂmldl y Ihepspcitte bhetmhmteemm sigrifiiecange @fd&:@

reactivity Of St ot St 3 0l BV 0" b &&m@heyadp&a@}.edem

i nvention. e una 81-176 c rown con ti or a |ng to

met hods of Pﬁ mﬁaﬁ‘?%%l%‘i@é’hﬁﬁfpﬁﬁeq r‘P"E?cgﬁ'p? ‘%/ E):c "used to

i nduce anti bodamtngéﬁhewhgghLmanuﬂesonhacaenntwyeeﬁpe¢mftqmdetypesniﬁts A

anti bodi es 35 (l.d&, x%'ﬁ% gamdﬁ«,ltwéd%ol%éﬁceﬁhwa@-dpﬂd{e@w c8Rsugtlel - C.
jejuna 81-176 cu tur agai nst various C. jejuna serotypes are
shown. See Exanple 32 in Sectlon 9 for details. ~ acr zao~Figures 7A, 9H
and 9C graphically depict the efficacy,cfa vaccine conprising inactivated
C. ~ejuni 81~-176 whole cellsin protecting mce against a nasally delivered
chal l enge oflive C. jejune 81-176 cells. Mce were vaccinated

W t h5~phosphate buffered saline (PBS; solid line), PBS plus LTadjuvant
(Adjuvant; dash line), formalin-inactivated C, jejuni81l-176 whole cells
that were grown and harvested according toExanple 5 wi t hout adjuvant (CMC
open circle/solid Iine) orwith. LT adjuvant (CWC + Adjuvant; ~scslid ‘
C|rcle/soI|d Ilne) IO The vaCC|ne efficac~. es was exanlned u5|ng the

o, . -, = o o ~ A f . o " Y




- 4 OCT 2An? ,~ Figure 9 graphically depicts the effect of the, growth
phase of the Shigella flext~eri culture on the invasiveness of the Shigella
" flexneri 2457T cells. Shigella flexneri 2457T cells were grown
conventionally (BH'), or according to the ~5~Iaethods of the p@ﬁsﬁ
invention as exenplified by Exanple 9 (DEC-EL) - that is harvest| @'the
cells when the culture is in early | og phase - or according to Exanple 9
but allowing the culture to. reach late | og phase before harvesting the
cel | s (DOC- Lizdcciltee hasv assw anaas devellips®, diuts esegétpﬁ@wﬁi ons of '3.0

cells are shg !‘%niﬁ%"an@(é?]?{;]&é%d ’lnsﬁﬁirilé’ih (IR%bBQBsda% azléhs glléll‘g % ﬁﬂ 0

graphically d cts enhancenent |nvaS|veness

when~t hey ar 836853 Ry 498 Thet nd RIBFLANY a%s@ﬁtqrﬁ%eﬁweﬁpm@
sonnei and Svaclg'.’emfdeebaéndiﬂdfsmmoea(tuimmmad:yqormenit@rr&idt)ectm) or 15

according soewfcamg} Qgﬂﬁheé émepaaa&% faﬂé’e%”t(hg(}eﬁ‘ém‘?xe%ﬂ flgpcﬂ.” Exanpl e

9. The invasivene ese different reparations of Shigél
agai nst LNT-ablerey Appl. oImmungl. S82: 857ty 4988)in Section 12 f or det a| |'s.
-Figure i graphi cublel patibpgeres itshefechapytmeitenf ihfeetini deosstraactivity

of Shi gel | aw&iP‘M?xd%‘fQ%S’drE’s t&a@eb?ogﬁl 11tah§ PEEELMHs .| NRALT Plvasion
fl exneri 2457T r own acc {1 e resenit invention as
exenpl i fi ed ?Y\“‘%?inﬂ feVd %s !g’é%& 1&#95@8?&5”—2% 8839487 nati on
activity 3¢ 2% i1|$(9@¢ednémxma&m%mmsixa&mﬁtéamer(Russelionqeiql-S 25

dysenteriae n¥edk0 is' gmwal@oay@ntimql L;ﬁ é@ﬂ)uﬂ& E:olonié‘ccor ding to
t he net hods t e prese ijven g serotypes

| e
(aye shown. Shpr8 % q AEESK %’FBE 12“1‘% c(?@f’ Pfémg gﬁ'f’gg ﬁtﬁ’?%phl cal l y-.
‘depicts the 'et#te@eopbﬁet'eah@mé;heén@mmm gnaus e eby)raamplylphastenmayhe 3

Hglgl <2:oba?:t erb@xd@re?:ecuha LHéhchﬁa:tlEE aﬂheau\b%ae&ﬁ efhe H&lddebaQB@ée pylori
ce ce S O in cu e rre nta|n|ng

0% O. 02557é %ﬁ&e li\i? 5 1285870 arve %’lﬂa rﬁ#j gd'yg}?yx after

i nocul ati on. flﬂ?@’#ﬂ?a@??’éﬁﬂé’ss éf refeRle IFPAFLf #Eﬁmt%ﬁ é}b&ﬁ'—athﬁns of . H.

pyl ori NB3- Zprsdenteagi fikigdINE4QE estérikjane fﬁ)hom:up aorepte ciodn

Sect on 14, 25143948 Sosenc 410861 2RAbyRL AU E ik AR CaLhYedop! ot the

ef fect of bi concent h ph e HéL
pyl ori cul t %t A2 htEsiAVdmedd2dt - He. ~i co#t~acter pylori Gl-4 cells. H.
pyl ori ~G 2d cel | Howspecif imvTampytabscter fantdigans cloaraibriengestaliPiysh@dal % or

0. 2% bi | e andh haoeastede At ucor]Ocnd Aoul hodBdif: udiher (bpoTihaior -

The |nva5|vene s .of these di ff rent p@{g rati,ons o Q% jQ_; -4 ceI I s
agai nst dBFy sO%y eE%W(’J' S1%3e 3715’1 l?@“ﬁ"ﬁ %al n* 139 o det ai | s.,
10 5 DETAIR_rEEeIDESGIRP- mmt@twr&olmm Thetivis Iegerdf (Pih‘elcp‘r%é-ént
invention redtad.t 015t 60 NARRNLE! | §9 PArdenia@al, N1y93 7 BlaBebhen@r esence of a

combinat | g0 Elcecn (SRS AU LGRS, V41411680081 BsfEMONGHL > BEl ect ed Lo

i nduce 15 °Or en éens " and/ o rul ence factors .
‘As used her eiPoAtaNFR ehethd flagelher t@qﬁe%nﬂérmd’-‘i’aéifeér byt §tHacteri a
. normal |y fowusbdciaeionssiit aicddnikabianyppane Ohtest e @ab' 8ith the

gastroi nt estd,nal -;;E@ginm&@wa%ggm@qn&gaah&@%%ﬁnBw;ect' on in ahy

part of an ani nal gastrol ntestl na enteric bacteria include
both gram p(ﬁ*htglrﬁ’épénﬂpﬁ‘f]é’fﬁsl’féﬁaﬁv% pradiifeck. Impun .o 98 : 223%7RARdnt s* and
"condi ti oG "1982 ) USeHohevei N a~ fadndel ha tihmteliai hesed|Gampytlobaubgr f act or s

associ at ed W4deifB may have to include the flagella protein antigen from
the 8-10 most clinically relevant Lior serogroups.
Therefore, objects of the present invention include 1) in
vitro culture conditions for culturing or treating enteric
35 bacteria which optimally induce or enhance invasive activities
and/or certain cellular characteristics including cell surface
characteristics; 2) correlated altered invasiveness or



25 enteric bacteriumis natural in vivo environment and other factors. Such
conponents and conditions include, but are not limted to, bile, bile acids
or salts thereof or their biological precursors such as choLngﬁ%z pH,
“m croaerophillic condition, osnolarity,,and harvesting or 30 °c ec(%i ng the
bacteria at a desired bacterial .growth phase. The term "antigens" and its
related term "anti ijeni c¢" as used Igerej n. anS in the clajns-includes antigens
or antigenic CRAMMEREFRATALErAEELH NYiclBainAsiugsace: eharecterlEtdrsl ecul es
contri buting wdthethadaes nor pholigeyi omprofilenptd)l iingreasdd inailense- o£N0Or e
parti cul arly iebace: Phtidlain khRPPUMIRICRAILAGS 6@%@ eaat es.

ns

Preferably sai %ntl-g are |mmnogen| c. . ,- 4 (5, e term

"i mmunogeni c" 28g81pEL PTEANSESHith ehlpncep i nyagivedess or (akkensd ity to
i'nduce anti Isodpapactiexcistoics dnahadinglsuafbee. cleihcteriatics thytosed to a
conposi ti onco hS) g{g} sha j u : & i vantion or5a
fragnment of sgiggbvﬁg%e; ace"taéllr&l &Emeﬁr%?%?gn%g%ﬁ&ggnﬁggg%F?Eé(;%'jh%nggd" or
"enhanced ant V$ERPcOY 4t dfdiar rhallenaes: fhan capblicera REEPHOL 8Y3RF Y n~t he

cl ai ms. r ef er scbavehtiemdilgerirovat Bdctariaent i< ihaeneion sddverseac thedeng
to the methodgaafst fga RS@KRA, 1 nvention. SuchtObacteria have higher |evels
of certain irfmunogeni ¢ anti gensand/ or ‘'new i nmunogeni ¢ ant.i gens. as conpared

to the sandfact er i BO%F Rin th& XgLEEeRLRR GoASHssRd REYYeThHeaglh 9F suggest
"convent i onal thasinsetitiemeithodadof nthd) erebentsimsientiont momitdte ivackdves in

the prior arto}5¢he pAL4BntTinRAEIOR Mdriphrds ERN it 10BR1cAF1 ythadneedi N andi n
the clains refers go an er%bl C 80€d¢%| ons&:%rl elf%at CO)éeveI S, fsuch as 5%
to 20% CO- mfﬁtgﬁ/gt%a‘%iﬁ% Bt ; CER TP 6% e Nk °§%$°OPO° SRINEELEF Bt o
10% O with | 8% thigoseddonvorhammethersseshion iy thést appd togtignesballas
used herei nsapdti Pet fenstaidds bel ehdidrivBosRat afichl Febbr@ice@riiser i ¢ bacteria
associ ated wi épw?&gﬂlﬁ; )in_t% agpgr@o t&ea@glr%qtfo i nvade and/or to survive
in “a host and/or cause a pe’ﬁ fo ogi cal “condition. The term"i mruno-cross
protective" as used herein and in" ~ 25the clains refers to the ability of
the i mune responsei nduced by DnEUNNARE! ORI THE TNV orser ot ype, whol e cel |
orotherwi se, to preyant QkeatiSNUES R ViRESCt EOP of thRc3aBE BORILSiIRg a
different bacterial strain, serotype, or species of the sane genus. 30 The
term "i muid- Bebkichasketri PECLasiys efT hdPBIROIRIE G nfiatdedtaids IHIREIVE t he
ability of theydwsg,al saFAUNGl eSS | PRcteauh DOFARS)g | NEICaththy cee
bacterial strain or ..serotype, whole cell or otherwise, to cross react with
(i.e., the amRYSRPIG NMIFIRFF Y di FRETent Shatd 15549t F29, 2sefbtYpE 85 or
speci es of thgeBafB»a@EBYS bakbBBUND- 6EOGS hHRAGLIYD Yintisri Adi &addivatdbnt be :

bacterial imunogen's potential for i 0GrLQss protectign and vice versa.
D940 Cf 260G IBPmEORBE S ings ARt do 50 FPRUERE Yo PdiL s SFePRPRY o
either in vive.iabwaantaniam@lutoro.das vofr enen @ani ke calillecdditsesor Thalter m

"ani mal " as uged herein and in the clai i ncl.udes is, not limded.to
all warm bl oo ecc’%(réa?ﬁr gsg%%eﬁ .urgs%ﬁg‘gn%% SR 8?%san(de.a%89,L g}?{ilcgkérrf,
~turkey., duckaietc. prAccerdi ngidroathephinvient i oepnditignyacciwherednpri sheg
anti geni cal ly_enhanced, ent eri cteri s i ig.frag (o] AP
derivative _ther eot ,erg%ﬁglgﬁ e?lg%é)%alcotnerc%é“%ﬁéggﬁegg?{gﬁgrggI gﬁe,t%bE%EgFi god’r
may be i na(?tolQ@dadtandbba‘ay%%mtdneibow Oofprise an atrusteott, Sudie adoulbut
not limted t um; . Qi r.emy si h bi J.e, toxin f

et er of oxi gent & B SR T ot cof GOACS o et NArBofbray. oLt AR9PS:
i ndi vi dual su®%hils ehdreoflivBerill lc@tCahnebeat@iersedetBey frow Freuampup

adj uvant and may also further coppris sui e phar maceut.i cal

carrier, inclfﬁﬁ%ﬁfﬁﬁﬁg ﬁgtglFﬁi?gguYo§%§1fﬁ%&ﬂgﬁQ{%§Sego °0 (3F:§§Sg03§

sol ution. QgheeTsUi takl eophasmegsatd caloocaji €66 HEAJAHGT | PRErdih  said

Rem ngton's jPharmaceutical Sciences, Mack Publishing Conpany, a standard
reference texfelicalficteri fulturs uksedaferditantPThy t Aed 2PhEsgir mePe 8™t er m
"vacci ne” al sg; £/\¢ ORASSRSse’ RARS | M tMBGELFCBhasdNi 6h SONMRRLSE 3P1dRARAIES
that specifically bind pathogens agai nst whose infections or diseases
protection isPhagught. The term "inactivated bacteria," as used herein and
in 25 the claim refers to enteric.bacteria that are incapable of infection
and/ or col oni zati on and enconpasses attenuated as well as killed bacteri a.
Attenuated bacteria may replicate but cannot cause infection or disease.

I nactivation of said bacteria nay be acconplished by any net hods known by
those 30 skilled in the art. For exanple, the bacteria may be chemcally

i nactivated, such as by foriaalin fixation, or physically inactivated such
as by heat, sonication or irradiation, so that they are-rendered incapable
of replication and/or infection and/or causing di sease. 35 ~An effective
amount of the vaccine should be adm nistered, in which "effective anount”

. T o o oy




4 nco iana 'derivative thereof that is capable of prbducing an

i nuner esponse in a subject. The anount needed will vary dependi ngupon the
antigenicity of the bacteria, fragnent, or derivativeused, and~the species
and wei ght of ~t he s4tbject to beS~vacci nated, but may be ﬁicﬁfiﬁhﬁed usi ng
standard techniques.rn preferred, noﬁgiiniting enbodi ment s~o e

i nvention, aneffective anmount of vacci ne produces~~.n el evat~. on of
anti-bacterial antibody titer to at |east two tinmes the anti bodytiter prior
to vaccinati omd flurtaepr ebgecedf dpeciihiventoponiy iarivacedgnenbonthresingof t he

I nvent ' OnHeﬁpc%rbg)é!tgPt SEXtJepfur& O&gl}mﬁéﬁﬁgﬁﬁ agga e ter(%pl éfeill%ttiQielol
bacteria are .‘adm nistered to a host. Preferred afe vaccines

conpri si ngierzctfi, vatseddwhdeéibelaardr. Testegimm' ehfivttd veamnoemidancgst appl i ed
to passiveglhv i.n ' N a of; sant, i bady ate..] p preventing
or attend%%?’g%%cbggﬁégﬁﬁgy’dﬁggggé or i%%ect”gﬁﬁTEEbgngﬁn?H%ggggdq% Il vary
depend? ngHelpiorebalséery becbénin | bodyn and tWid rantunsedy a i cambinatiignt e speci es
and wei gh . uhj : e vacginated, : Ry asgpert .IE%#

usi ngZOstJz:;lonrg'{al?t %tngcﬁdr?i Eé%?r\gbc;énegi%?le?lﬁe %érrléels({ezﬁt C1ip(%/ent |'on§érray eed

adm ni st efssid othé | Wwramg/ ocosyisttamgcadfy dppuanyl net od &rmwn Rhu he £
art,including, , but not limted to, intrayen ubcut aneous, i.nt.r ganuscul ar,
i nt ravag.iulgzléllpl%/i v r A58F T 8%&%,0 i) toPgngsoén}G, O%E:ﬁ%@dr ot ea(r?)orlr%cols'tgl i

rout es. JVassithad opmy oberetny i sty ed veparsuitabbeswdrantadsuepbar rageut i cal
carrier, may be conprised in mcrocapsul es, and/or may he conprised in a
sust ai'Red®PPHtedLeCi MAAAT VAECPReR TPEEFPRBE I HeeUHtAPR L e RRF S

sever al 30td Qﬁi\ﬁo&ekgpﬁiﬂ%o@tiu_ﬁt abmpaﬂéésﬁqdy balkﬁm‘vb@ ,s%v_a@c%m& aofost he
invention may be used ipn conjunction wthother bacteriocidal or

bact er i ost@ i“d thefRoYs. Bt i%%d?t&’#tof Yhéhv Ent 'rléﬁ Pré?%e bbt%i sy

any' convents anakingit Bpsist kvt d adduas e oskicbl ed thn abbet artds saicdidbas but
not limt to the nmethods described in antibodies A~aboratorv nual (E.
ar ow, | 05t dfte, EeTE oLy Ben Bt e tek S ESF At B A pARORE S8k 144

gener afs, pliasd)i nve teenM eer Ivanpepf pues¢ ebndt estspéonesy cahabe, used,att he nost
conman' bein _giqp rats %H{nea pi g, hansters and rabbits) is inmunized with
a' whol e c&TW%or" F%ﬁﬁﬂ%@% |€ﬁfragnent or derivative of anbantigenically
enhanced enteric bacteria of the presentinvention in the absence or
presence of an adjuvant or anyagent that woul d enhance the i nmunogen-~s

ef fecti veness andboosted at~regtllar intervals. The animal serumis assayed
forthe presence of desired antibody by any conveni ent nethod. 10The serum or
bl ood of said animal can be used as the~source of ~pol ycl onal

ant i bodi es. (For nonocl onal anti bodi es,~~himals are treated as. descri bed
above. Wien an acceptable antibody titre isdetected, the animal is

eut hani zed arid the spleen islbaseptically renoved for fusion. The spl een
cells are mxedwith a specifically selected imortal myel ona sell Iine,
andthe m xture'is then exposed to an agent, typicallypolyethylene glycol or,
-the i ke, Which pronotes the fusion ofcells. Under these circunstances
fusion takes place in a20random sel ection and a fused cell m xture together
wi t hunfused cells of each type is the resulting product. Thenyel oma cel
lines that are used for fusion are specificallychosen such that, by the use
of selection nmedia, such as HAT: hypoxant hi ne, am nopterin, and thym dine,
the only cells to~~ 25persist in culture fromthe fusion m xture are those
t hat arehybrids between cells derived fromthe i mmuni zed donor and

t hemyel oma cells. After fusion, the cells are diluted andcultured in the
sel ective nedia. The culture nedia isscreened for the presence of antibody
havi ng desired30specificity towards the chosen anti gen. Those

cul turescontaining the anti body of choice are cl-oned by limtingdilution
until it can be adduced that the cell culture issingle cell in origin. The
anti bodi es of the presentinvention have use as passive vacci nes agai nst
enteric35bacteria infections and di seases. Met hods for the detection of

anti bodi es or said bacteriain a host include i munoassays. Such

I rmunoassays are known - 4 OCT 2002 in the art,and include, but are

not limted to radi oi munoassays (lItlAj, enzyne-linked i munosorbent assays
(ELI SAj, fluorescent imunoassays, and~fluo~esce~de pol arization

i rmunoassays (FPIAj. 5 Another enbodi nent includes diagnostic kits
conprising all of the essential reagents required to performa desired

i nmunoassay according to the present invention. The diagnostic kit nay be
presented in a commercially packaged form as a conbi nati on of one or nore
containers holding the .10 necessary reagents. Suoh a kit conprises an

_ of the present invention, and/or a nonoclonal or

...... " | o, T M T g, Y - T T I 1
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, , ,tetraacetic ac,id/acetoxynethyl ester; Ml ecul ar Probes, 5Eugene,
OR),~0 to 10 nM of EGTA(ethyIenebis(oxyethylenenitriIo)-tetraacetic aci d;
Si gmaChemc~.1 Co., St. Louis, M), O to 100 ;eM of 0%
EGTA/AN(ethyIenebrs(oxyethylenenrtrrIOH tetraacetrcacrd/acetoxynet

ester; Mlecular Probes,' Eugene, OR); 'thelOresulting combination of
condltlons and conponents produci nganti genically enhanced enteric
bacteria. _According to another enbodi nent, the nethods of thepresent

i nvention also include growi ng enteric, bacteria asdescri bed i medi atel y

above except in th gée&: t but
not limted to 1. sfgﬁ C%ln(&%r:e erré’%{:ﬁ'& gﬁéﬁ&ﬁ? Q%%#%Aﬂfsg&% '?’(? 10 nM
of EGTA or 1. G%PISEG%MW%NM Hif. BRI BRBUtamPKLAacterpi e dsor
bile salts. B loang 1bbhetarcicdd 1Qr yepdimid hateebcwsf&i&a f Yerkhaze preadat,

i nvention inclyge, g% PR B8 OIS %fvﬁigdcb&flim%{:kéggfa and

normal | y concentra er aswe e acids
known by t hosdléknptéd %igteﬂéa aratme%ue%lgslﬁatdxﬁﬁntrqrrﬁaeedShége@mLL
(Difco Labor ataiyddd, méxmdhadvhehpgwr)i, el popbeter (f21gen Chem cals, St.
Loui s, 25M ssmbrr )Cr8}[§8]@}m“’£9’mﬁ'% al Iy gl léﬁg£€%€¥gee$§g@%ons chol i c,

deoxychol ic, tauroc 1 c and hol'i aﬁ I'S deox%‘[chol ate

(DOC), a corrdacahpryo LYt qussy| ﬁ R AP LF LU BagEaHRITern T AE Hi &t al
smal | i nt est | Kdoatetldtumelififdctiilag Salregied dhotyphidinixd o ndadnorel ka

et | on, entaPRLe | SE185hdI1 OLUEERDN,° s b d 0 NG R, | BRLRRIE!
Canpyl obact er 2‘51 eraPETHi-a éé’é’"o"ﬁi:‘f c%bta?é?%rlgé ﬂ(ﬂﬁ’tﬁgéﬁl Bf’?‘l"ﬂﬁﬂ‘me'
sp., .. Eact er oilti¢erghpacted etiviachea apd-, Eraqatreceea%s efaenqalissal Rvegtnre@scsp. |
Aerononas sgx Escﬁb?lb@;& Reoli @hbﬂ@dl@%@@a’re%eﬁtiiﬂiﬂ&ﬂ e eﬁﬁéﬁé%ﬁ@us

sp., and Escherichia c can be e ozen stock t hods
general |y knovi c£5° ﬁ\ rrs!'i?gllcéde‘%elp n%asi}ﬁ, Z%Eer%l? gf’%egﬁ% Stai nt ai ned
at -80C for fother steaimmor instance,-stocks of Canpylobacter jejuni can be
prepared by grow nghéhersgait SAventidypid Gasadsoyn geart Cont @hai ng 5%
defri bi nat edshaen,. §£¥£€ ﬁ@o%r&séfit ax?c&géz%cwlé x%nclaﬁ%a% 185N

N~5(m croaerophl iCc,CO ~scherict~ia coli,
Sal nonel | a 3% pRCREFEaNTT Al doBsRE p’;ﬂ%‘ﬁeaﬁﬂm‘ﬁh‘? g"e‘fﬁpa’“lsleéx B2 26 be
prepar ed -by grovwsegptdeectriganipgainsbraibhroddert rangd (off gvrisdoshox "BH ") .

Bacteria can hehaty F@ée&k feate fsaaezuaaaté&ﬁaetnxp&apw tRihetatl Phaddsd agce
bylosuabbing LRe Shb e ANl LesusPEnding ol R o0ty ot -

, gl ycerol . Gr 887F or M ARyt cal - EXper ment S du

fermentations %ﬁusen@recﬁaﬂriédow an¥n gfefnére&FFy“?/kHﬁrﬁ‘PW@t h&he, i as by
growi ng t he2 on@apoase ofndidedVbyhths%amgidferdtal 2y ellil@hi‘fcel\iCeﬂteﬁid:’rDSpherl c
condi tions. ang, fcttgelétéertﬁtee%weatéo&'ﬂg'&ogngwtt&hreoraGaaﬂQt cyl turing

accordi ngto net esent 1 nvention .described herein.Bacteria can
be harvest ed WfGEQ“Bf%?ﬁ}%Pﬁoﬁﬂb%'ﬁe"r AYYRRG%N to those skilled in the

cart, such as by centrifugation.In preferred enbodinents, antigenically
enhanced cel s of 20Carrpy| QpachQ@FsgggcﬁﬁfmabbyT@ﬁ ﬁ;{mm@m es jejuni or

coliand nost, prefe of_th stra 7 [ r.oyn | absa
essential X ture kg % ﬁgr SJB# BIYTah gf‘:ﬁ dg?xi’fc tathy E5R ﬁ’

about 0.1% oomi@m-abgacrxeam Btiﬁéié.t @ﬂ@ﬁﬁtogrﬁpkl’ 0,22 lﬂﬁn%@@m‘ﬂ!{ €5 fZ@% CO~
wi th about 80 é&f%@e@éﬁtfa@hdtyla&bwﬁt\e& it e, jhsusl - 7ef, t Pegeed tiwe has

r eachedabout to . baseg to ahout  stati el t 4 Yaabout
20 h after |nd%§1"g(5f8ﬁ Iﬁ“%ctsﬁe?g‘ﬁf"efe S&b%&Raxn‘gggﬁS@rﬁréghﬁ%& i
enhanced . of tdmwpengSO$dm¢er‘ﬁlgﬁa©‘él I%‘il(thﬁPg'é‘FQH'esrﬂlumse “Glc“
pr ef er abl y 3 yaamoar ﬁﬂaﬁ““d it rer@ﬁerahtﬁa&f ekb?aét&%ﬂ@:{c&v&h{:ﬂbrﬁhlly

2457T,are grown in sal e t| a re nedi u ref er.abl Hl,br
additional Iy A gFﬁg n‘l% %)Ef‘ oﬁt"rﬁa ’ftera‘gtt 3?%: E Cter and
har vested afte;rcmimeagcoming)ftct h@&hbdﬂr@f Hie preepet amntlear P‘90¢'b-g phase,
typically about 3035min after inoculation with a culture that is at early
to md | og phase. - 4 OCT ~O2 In further preferred enbodi nents,

antigeni cally enhanced. cells o~ Helicobacter pylori, preferably of the
strain ATCC. 49503,.N83-2 or Gl-4, are grown in a basal essential culture
medi um preferably CH broth, additionally conprising about 5 0.05%to
about 0.2%bile or about 0.05% gl ycocholate (GC) at 37~C in a m xture of
about 5% to 20% ~0O w th' about 80%to 95%air, or. about 10% CO- wi th about
. 5% O~ wi t-h about 85% N~ and harvested after the gromh of-the culture has
reached about -log or about stationary phase. In a nore preferred 10

enbodi nment.,, the cells are harvested after the culture has reached about | og
phase Ent er| c bact er| a cultured accordr ng to the rret hods of the present

T o




- - 4 OCT- 202_ .conpared to those from organi sns grown in conventi onal
medi a. SDS- PAGE is conducted to eval uate changes induced in
bacterialcellular and extracted proteins in response to anti genenhanci ng or
altering conditions. The$e data offer5cpialitative and quantitative

i nformation concerning surface. ,changes a5500|ated\Mtt1m ga

i nvasi veness or alteredant, |gen|C|~y 8- -, The i munogeni c potenti-al of
"induced or altered protelnantlgens can be identified by Western .

Bl ot ti ng. 101 nmunofisii%s &y PdrtPRtiRtbY dapigtectiael tARIIES af sodium

prot ei nsi dendotieedl by 1T RHOEy £ary D id¢a ki Bt €Tedtitdphergeper @éd&‘@ﬁ@@ ted
Leohn dues CeniEhSTE dlialetl B 5- (53 RECoP UYL R0V SFlls 31 500%Y

can be used, suc S con escen errét *sera e of
anti body fro@Pgnd he?s BHLEREE! elﬂtﬁt%ﬂﬂ vogit A N‘Q/eﬁ)oﬂéaﬁ‘l SMJ'Q?JO\M-UG
convent i onal kyneéntionallacgwbeh nmmo' ot beden cicddiipgesenhetidaeciei on),

- intestinal mugys éé%ék!x&e 1%ek%oﬁ‘”£d atti?%i/fé ‘L’E’ihsa%{(ﬁe&ao gy .
"armonocl onal anti for instance one ﬁa i S~cross-reactivew th C j ej uni
flagellin, fSF°§¥‘§‘a‘ﬂ BROCENt al anti gens. 20The i ncreased production of
several of these Phpier i3apdotogbakly slepdeosptin e::ééMtb eﬁméwtfémnblaf:

proper t | e.sasaagtg%%d SHdyflnl b ULGHREE: s <ERE S g hicie BRubfichy' gl
g5

and i nvasion o fured hinen |ntest|na
dye bi ndi A§. SPRE2ELRD MUY SqHECBITRA Ay 385851 %S{h@ taeret] ¢ accept ed

met hod pr ed| gejuri of1-dineul eWhelarmhlls@esgey@eﬁ f1el10W andvemt:lmdﬂaws et al.

(Lnfect. mTyBown3601'32%?: %ﬁ%ﬁe dX)5. 3d uxYPd@f-l(vféVtg@BwPlécc ngV€5°05,
(1989) Bacteria red | |cates abi | X(ﬂﬂ er0|n thls

B g B0 poR0ER T SR 5% P =i Aell ng
al so correl apesOwii Hemdyghodabect ‘6" .alorl avetiom eftregks hef |%1-I jejuni

Eel I's. Pr e}[i'soyil-ihéthnQQSHaiW%dmt «an$toiacam<§rat=teoaﬁ&aﬁéf3m Qt j €] umt

ior serotyp i_MTUNO- Cr 0S i ve, Bas is_information, i

woul d be necggy?’? 176 srdr&%q met q% ﬁ%e?’t‘%fp"\-/%sce %nes of

several Lior E‘é?—féﬁWbstor &ﬁfnéem%h%lﬁ%unaﬂ on vaccine to obtain

gener?I i zedpr ot ectidiireagapliiotofayiyt depites. tbfkntrleggmteabf ywastgacedot - 4 O

CT2(12 Ca uce ng.t t _
”QX%%E%C& %fho%gg & Qctnf?gclacﬁs%'n 8¢ 19:6‘%}1@1% %oﬁfmd %5? ﬂf%%‘i[ﬂn

i nvention are reac agal n

ser ot ypes 2@hERegHzkC M‘QFﬁeﬂahs?’ﬁg“@Sh’véﬁFl bren I"S?’%Foﬁﬁlba?rpﬁledﬂ’a‘&t g1~
Simlarly, anvégdnalamereeghaws eabcsirdjall tioSnertodisced thequdiseptt 0 t he

o, o oss Y St Ea .'tvé"32“e€%‘;fé‘a@%ﬁ‘a'ﬁg‘#‘99°“ oot eé?;%%"?i‘g""f;"ﬂé. (Lhan
LAt obt i neBCTRPTES T SRS ERELDRCHS JRAIOHR oh, HE T essEErY SR crgss
reactive and i mmifkguneo$sppeboriallly depioperthegesudtinef c%ll"ed’w the 1o
resul ts obsagRbwindal icompassays ANd ipapolpsasinutiikesdesss) had wholiew. Met hods
of,. the prese@&}i werg,i.on E&?rzﬁ’f,ﬂd%f V%Rtlﬁ?éné‘% %@%h«ﬁ?r;{;é!}r\g@baﬁged ofNteric

‘bacteria correrate to ennancadv ) 1 Sever al }
. donmesti ¢ ani FEPELRSGPINENGsES ‘&%t‘}ﬁﬁfep§ the REARANGHABYERt e £sd¥i n humans.
Thenost stﬂdb:eﬁbtfdlmmd heodttandwi.nt of i mMmuni zation efficacy isthe

reversible intesty i€ r é@@ )3 | dwel |,
et al., (Infect. #% 6 Hgﬂﬁff#% ilr}b% i)égg? ﬁ%‘%%ﬁ‘%% ad&f'I Ils!,ngltmga
denonst r aB8dSFPES d‘s%"diﬁje‘(t‘itéin"ﬁf‘éoI_Jedruné-eﬁﬁ?‘g’/‘be%c‘iﬂrtdljr"gr BR redihyodsn of
protection. t:huvemaxsextthlinmdeiomeamr gejunsi statlde teltslgrowrati on rat her

t hanr esi st an&snwn o%aa-ig oifhscé@fdﬁtg ltedﬂttpéd%ﬂ tﬁE @Avéxtwo%ctas | mun.
58:1848-1852, 1990 e nor e useful nodel because.thi s ani oes
devel op di se&¥em et??;bml FK@]“plz%tﬁtdé’é’céf wesw%&& éP ‘bﬁ"’sea&tg%°ﬂ 1ftmans.
A nor e recenThevaryliutinationuset bol pniofathentvmdaipest oBagmfiddifesct i on

and! muni Gy, (63¢ 37 33 (20, é?&éﬁ slﬂtlv% egﬁetmwvlqt ¥aY g nd@l-icon fol | oned
by nasal or ora‘ln' engeg opacter to the Tm.um .zed nouse

and then exad®iuR} c?r?'&f@OFH?'EE’E‘F‘?taPJI P&F&nggﬁt’l‘%“n B 1RBAI € ord 4 For t he
presence of Csepytypaciase shotecal SemtExempliVih Shisgetian ¢ Homweteils.

nasal chal | enge assay as described by Mallett et al. (see infraSection 13)
is used to assess virulence and vaccine efficacy. Wth Helicobacter pylori,
the Nelicobacter felts gastric35col onization nodel described by Chen et al.
( ancet, 339:1120-1121, 1992) is used to evaluate the vaccine potential of
H. pyl ori produced by the nethods of the present invention. _ - 4 OC 2002
There are other animal nodels relevant to enteric bacterial invasion and

i nfection and they can be used to test for vaccine efficacy of the enhanced
enteric bacteria produced according to the nethods of the present

invention. 5 The antigenically enhanced enteric bacteria produced by the
nmet hods of the present invention are used ‘to prepare ~prototypa k| I | ed

__________ —yr -,



- 4 OCT 2002 ' Non-limting exanples of the present invention are described
bel ow. 6 ~RAMPLEB: METHODS FOR PRODUCI NG ENHANCED ANTI GENI C BACTERI A 5
Exanpl e 1. Canpyl obacter jejuni strain 81-176 was streaked on bl ood agar

pl ates (containing trypticase soy agar, plus 5% defibrinated sheep
erythrocytes) and incubated in a mi crmr ophilic GasPak jar ¢ BBICT 2002
Cockeysville, M) for 20 h at 37C La of bacteri a were renoved- by

swabbi ng and 1o ino uI ate 33 ks contal nll& l.iter of BH nedium
preequiliprated tof Yo & %gfﬁpb L XERPECE FIE FEIASEFYIFE M| .
Cultures were a n@@banedcdmnnz@nb Wadtlsrlaahdr@ glej3nd Bn-w & lviede ERATK at

10% GO, 90% ajf pRdebbfy hat:\ée&géﬂa@é adﬁﬁgatﬂ%eqlmﬁed l&a@&%leeoz
Canpyl obacter je ? stral ; s streaked on |"at es
(contai ning t riytﬂ’ asé %"Uﬂzngdafl 5304 HEFT Bﬁrﬁat"éﬁ‘%ﬁ% hr ocyt es)
and i ncubat el phesphateripferedi bablr@as(PaB,jamh(dBBupeojochmud &r MO for
20 h at 37C. lAmgant Wan@ ; Wed h rﬁtteyedfé%ai%hhh%tme?&d nge;bat ed

into flasks cqnt malumpree ui |

Wiih 0,019t 0 ?ﬁs”%?%%%éiﬁy?%t e BERYR e DpeverFEd AcordiprLtar o
and aut ocl ave B¥aapbeG i thoytoadjwsntt i(6HCs eppemcdrtlefseid BnenedFum and
to asepticall wuﬂdwtadﬁxaam Bttke rmqumaﬂt;a dd1ial cepaLe édBd QAnk) 25 of

0.01%to O. y. cteri | tures

were i ncuba’gnoe%]ﬂh;'mrB !\:/g%f%tfs&til ? %feé ’1&% Qgﬁfﬂef utsﬁ‘b’ghgﬁ a%)fg‘? in 5% O-,
10% CO-, 85% I¥Clophaatinh PEsR¥d a%imgcr’%bé’épawel) Eﬁ‘a‘h‘ﬁﬁ dhe results

Céagp%/l obact e[ afejthai pﬁ&ﬁ@iﬁioﬁluﬁﬁ&idws b30tré nelcdfaeDond angi g ahrpe at ;as )
(‘containing tr [ 8 y ytes

and i ncubat ed #ﬁaaﬁghé% o%a%rlgpﬂ:l{ a&igtg eééely(‘ bg%%ﬂ}ge%g@gﬁ &Qé%q

20 h at 37C. [Fi@amseolB baniddieapanslo rsénweﬁx@;re@mbsu of %RWGF&‘P@d |nto

flasks contss I&lfligr&edllﬁyel’ttﬁf vBedoRidiankr @5 ingdHee- e84 | ddya @ 167 10% CO

W|th001%t001 sodi oxychol ate. _.Cultures were,i ncubate

WD ki ng 1Rasgl PR TSERKY SN St Gen gl B80! Feoike' 3R (RetBin L o
harvest ed as @egeu behbwib dhe. resui @f4the prqhdctant efforgatibystheai n

81- 172 }Nassg (r) %&aﬂg@m&t@@@mga@ﬁe&bﬁm(&@éusaidﬂi ng9tiﬂaﬁgﬂ'1®a§edsoy

agar, 5pl us i bripate eep _erythrocytes~~ a cupat e

ai ai cr oaer g %’e@% éFthséter S5&Rey sITS I’%"‘““P/g)a ??)rlﬁfar?taP"B]ib Lawns
of bacteria wé?loe' demleﬂ by swabbi ng andi nocul ated into flasks containing 1

liter~of Miell er-Hig@ndy @) gsexeowd bbaghachilly §8HEEE thaMdiziBaby %t O

0 et aTRoNER R oL 1My (SR N R AEUIRE BP0 ol RebekinO
above. ' Exanpl ergte%mgflma@&cﬁemsé} @i o5e}hy fediveredghallianggced bivel ood
agar plates (conpaymngut-uypt tehbe. soycageérd Spladinatededs idseatibdd sheep
erythrocyt &s) tﬁed aFg%ﬂ adecrs‘igﬁt:—gt?md | GpCaaF¥c ] ar-m(a_Bﬁhccme

Cockeysvi | | e, or 20 act erl a_were renopved
BiFay-

+ swabbi ng andi ﬁGEéF%‘F’éd”?ﬁwF&aW%@é‘s&é‘ﬁt thai HFertingl, catordigation;
- pre-equili br aFddure 80%tCZpanglh how theli xesuldsex pEhthetpst@Ciicnr es were

i ncubated far a%Qobdau tﬁy sﬂh@wbﬁ&e{ﬂamnat u§i&; I4hERW 1 AWbsAigr apd then
harvested as describ bove. Exanpl e Yi bri.o, cholerage is st gd on BHI

: re
agar pl at es 3(0;:&HFSF?1Y?&th W}?PFE%\%’&: 95"6}"5@;3? p‘iﬁ $O5859, dEFTHRS (£ é&gﬂ
eryt hrocyt €s) pandl) nshiyast dtiei nesiXts of £0e hprxiteSTEToASa ffwrsdasf blyat;herl a are
removed by SweBBLEgaeithd RAGHL ik ¥rR) dosdd FESoTOMHAIIvAged |1 ter of

BHI nmediumwi th 0.1% sodi undeoxychol ate. Cul tures are incubated for 20 h

wi th shaking Regverial fartichen pri Yoseedl i8R SEr i(BeBtabRAN afipPes 7.

Sal monel | a cheher peswbtd ®fstheapastewtiBhl Pp@Rted byt ehe avibdinathahed in air
for 20 h at 3 am:s of t (] 3\% d ed
into fl asksmsogl %f‘ T Ic}l%t%gr SE%éEBﬁrtenédr}t}‘m vvli?%t% 1% so |i%2deggggﬁio%tat e.

Cul tures are pncu@med f&ﬁe Eganple 134 dnaReetien I7Eornewperinamddlhar vest ed
as descri bed ghexei1s8o~ Exanple 8. Sal nonella typhinmuriumis streaked on
Luriabroth agar plates and incubated for 20 h at 37C in air.Laws of
bacteria are inoculated into flasks containing 1 - 4 OCS 2002 liter of

BH nmediumw th 0.1% sodi um deoxychol ate. Cul turesare incubated for

20~h~wi th shaking at 3?Cin 10% CO, 90%ir. One colony is transferred into
1 liter of LH containing0.1% DOC and i ncubated in a closed top flask at 37C
wi th sl owsshaking. After 12 h, 60 m of the culture is diluted into 1liter
of the same fresh prewarned nedi um and i ncubated a 'further 30 mn,"'and
then is harvested as descri bed above. Exanpl e 9. Sh3gella flexneri 2457T was
streaked on Congored agar plates and incubated for 20 h at 3?Cin air.

Onel Ored col ony was inocul ated into flasks containing 1 liter of BH nedia
and |ncubated W|th shakl ng for 12 h. 50 m of t hi sculture was then used to

a o, ~Nre~N T ] e~ AN T 1 . o



- 4 OCT 2002 4% bovine calf serumor the sanme nedium additionally

contai ni ng 0.05% sodi um gl ycochol ate. These cultures were ae~ain fl ushed
with the mcroaerophilic gas mxture (5% Oz, 10% CO 85% Ni ), and i ncubated
20-24 h at 37C. The cells were 5 harvested as descri bed above. le 12.
Salrionella typ~~murium (in LB with 30% gl ycerol) was st rea'RZd on a LH agar
plate and cultured for 1820 h at 37 air. One colony was pinked and
transferred into 1 liter of LB or LB containing 0.1% DOC in flasks that 10

are flushed. withgf &@grﬁ%%lﬁ@é’ tetssaal ¢ raad é@@&t@b@é&@f 12 h at
37C with sha

Ki
- of 0. 17 ShA%e At ahEhali TerRED S o the i ERERERF (o o
reaches earl yhraoghweblea fiepheni 124530 mehled t Shigedldi flaineri CS4FTE were 15

harvest ed ascdgssrwaad g&BQMecotE)@Hﬁ}Joﬂai aatpnel! acééﬁﬂﬂ.rg-] RoUghé S

streaked o ar a nd cul tur n

colony is % %ﬁégogg lBzzlla‘n lﬁtvgnﬁg??t%s ed‘temr?llllgt’eq_% %?ngg Olo
DOC and i ncub&@@dmf‘br- ﬁlaﬁ aﬁ WGQS’GlagrthQ(PéﬂH@ when Uehe mllttm;ﬁ % |4t ed
(1/5) in theesalp idcﬁiiha&&d-l-aoﬁﬂﬂ:ddiﬁ&h@tﬁ&i E%cafnizbllbhgrbtﬂt tumros:iﬂedate

i denti caI .Coggi{:%?é]? '{%gcgui ur els %geghebg% uhﬁrg%stgﬂqq 5‘2‘5 ﬁﬁHeSh nedi a

to OD, ~"' Fhctd ricca ¥ the
cul ture reacKBlCril phibe, lt\%ﬁ’étﬂﬂ%s:sgf nthrgediffesent nrepargtions oif
Cel |'s ar eshaterds eikcaShIQACT | Hil axAUPle XS Sebdioh A elrvrededaprelnoni ae

col oy Ts i ckeq Fidpet 28 B R 0CabRRE AL HipaRodadile 3T 10 L O
{DYC and shakgﬂ‘@%f"%sﬁ’ of ahigeldagrcellapghaydhey arareﬂéelrteﬁehstm uted iny
the sane nedthetmwetlasobfOtid mrdeptotnvémticd nisn Somrdicrandnd.t hen

harvest ed asd??éﬁiéﬁ%@ @BQHewex@(@Hiltﬁ§é§C c&:rWe‘?{tQQﬂQi?% ?Iﬁa}cﬂf— is streaked

on a BH a % jreag:Ip FCU bat inar for . One colony is
i nocul at ed |ﬂ? nq &P Ghe spef ERGRESReRY 3BVeRSMOBE and shaken for
12 hat 37C. Ehemnahiﬁmdl angEgangien 9. - THe Gavaz(dd2ndss W dhese. théfexens: nedi a

to COD of 0. BFepaubiichsnof Obn b 1al BLNI Nefo iRt Ehendickaskedras descri bed

above. Exanp 0157, t r eakedon sheep
bl ood agar pf"A?‘é“ an n%ﬁﬁ'ﬁ?g%%% 1§7%3F%‘|P%ﬂ Eﬁf §Pr1 é?é‘ﬁt One col ony was
i nocul ated into 1F1Iqltr@r 1pHpraphigEld gndep gt thel spbaneemEtDel fnmano-and
shaken foroeldrésatreateivhey bactanigaIverrénerncdording td rddhoat ~6 theand

grown 0130 0. L4y UiSknefdyt hen Dabkasked anadazerh R Abge. c5on sheep

Exanple 17. erococcus taecali's’is s re e and

i ncubat ed at "8%ko4s, ofi theoprageto iRVEREL Y| a5h PXeRPT dt"e&xFﬂPbe Pliter.
BHI or BH cwasaiseddd. i%a08C fitddloddad. sirticcrgbonti®atict agECvifiheos

bacter a_ar ethenydidiednt 9,0 Phclidde ANci@saR: {05 Woried, fy1 Lher

andt hen h st ed as, descri iura difficile
di fi ed% g’b §terr§8fitf€1 3@‘1}' l%o?@‘!";’/ce Ve)"%ggnafyea@é%)oﬁ a plate of
‘Bdef |iver meaeconding Anathebrethssist afnthe presEniginventiau@sur ed at
. 37Cunder m cepamyiddl 6 E@&}@bltel ONgef&LYILY? 2320 56 N-)secORREApDEOYIE S
transferred {9 /51 I|ter gf 32-(1 chopped neat 20nedi um or sane nedi um
contai ning O 1 N ct %4 8recul tured under nicroaer ophillic
conditions at 37@F¥mire132hgrarhicaliystdepicks dhec efpeet Afoldle~ Exanpl e 19.
Dact er oi dge Esngedtrationdahd etdxecmbpeﬁ mﬁm e Wié hi cdcgey CoyIdni i S

streaked on {(ﬁg: d o] tyred at 37C
underm cr oae?% 4|°§‘ gggdlg ons :g%/o gcgﬁz one cgﬁgﬁz
i stransferrege JcF 1 -t erieri HRA3 E&léﬁo‘b‘i)‘?d gre¥p MR FHAEYEe BeAEWRdI um
cont ai ni ng OcddXdGngTloé, bactxz3y aoans%cml-tm.rlad hiddeamd draxavestpdi at ie,

condi tions.ajq37( fQfg %H’a%{lﬂ- ﬁg%ﬁﬂoas?»%esem@ﬂ,ab%e antetl.ee 20.

Xersinia seudot er cu%om S uria br cont ai ni_n 0% gl ycero
streaked 88 %i{tﬁted\bopseaaaag%%%toé HnaPyiRidp A8 a?ek’%%agé’résﬁot%y is
transferred 407 lteller avk sigownd |Ste@ubaafqdléara id Beati®0Q4 Tbrs culture
i s35diluted § g.%% dn LB or LB containing 0.1%DOC and incubated 4h at 37C.
Subsequently, € cultures are diluted in the samne - 40CT 2002
‘media to Qp~ of 0.17 and incubated a further 30 min and then. harvested as
descri bed above. Exanpl e 21. Helicobacter pylori was added to BH brothpl us
4% bovi ne calf serum After inoculati7n the flasks were5~flushed with 5%
O, 10% CG, 85% N~ and incubated for 22 h at.37C with shaking. After this
i ncubation, 2.5 m of theculture was transferred to a flask containing BHI
broth wi th4% bovi ne calf serum or the sane nedi um additionally. containing
about 0.1%to about 0.2% bovine bile. TheselOcul tures were again flushed
with the m croaerophilic gas-~m xture (5% G, 10% CO~- 85% N~) ( and
i ncubated 20-24 h at 37C The cells were harvested as. descrl bed above y7
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extracted for 2 h at roomtenperature with 1% phenol. Intact cells were
separated fromextracted materials by centrifugation for 45 mn. The
supernat ant containing extracted bacterial surface conmponents was dial yzed
against S distilled water overnight. The retentate was centrifuged 105, 000
x g for 3 h at 4C. The extraot pellet was redissolved in | og Na€I0CIn02
precipitated with two volunes of cold ﬁi% et hanol . The precipitation was
repeat ed, and the sanple was |yophiliz Subsequently, the sanple was |0

di ssol ved in water~at gy éqyemnfgfalwfganP agﬁlity@g %heC@EP +ﬂwsul %’ulgont ent of

the extract was assg%ed W th thé general rrc acid

acce eno
met hod utili ziSAegREEREP L &g §P§n‘€l‘é‘?"ﬂ: B}/‘Bﬁ? c°’géi?'(? %Sﬁ%‘é?ﬁa‘%ﬁert RELE 1 act
ways neasur ed auiltthrehen niidhadhefihsadtse ofisHali ¢dtactarbpgbde! i -deagbld .

Total protein goptepts qél-t4h%e@fﬂ§ n@ér@%@ﬁt lmlec@buaa&ﬂ"wéo%twﬁmg

bICCIChInOIC a |d

asga
not abl e t hat® d) onPel g‘%/’a Qe gﬂag‘érﬂ“q‘ rhﬁl’ﬁvFﬁ%e%)&tr Sat 8¢ %ny")ztlyﬁi‘céi‘d 16
bacterial capdukésenr nzmtpdded. of THRO imvenicernrssd ofothese ifFerpntsi ngly,

surface ext racg)trs. gfatiodLidiNk . By idibr WL em@ gﬁa&ee%f%tv' YeRitHid
extracts was

However, . total car b, content o

i ncr eased ovel’i c?gf‘l's %?%%faggﬂiﬁe ‘%l‘dhzﬁeﬁmpf b ?Peﬁe to protein

ratio of the extracts is = ~ 25 shown in Table 1 below. 30 35 - a oc~

~00z TAELE gg¢ Carbohydrate: protein Ratl o of OeII 8ur f aoe Extracts of C.

jejuni Grown Convention Ix)g, . oJ sl anple 2

&EBIHANCED 5 Tine after add 2 0.02 0.10 4
2 0.15 10 6 0.0%he, whOSSTﬁér@lweaeatrmewtépat rehastrﬁ fFoberaeing

i ncl usion of BAEeRiEheadteridr &n MErbemianthe haneadel 676l codbination of

sur f aceext rac Egg{;ﬁlﬁ aéé}f&l%%ﬁ& St 'Qetrtﬂglk @c}nﬁd’on‘éﬁkéngiecfééd £ aC?'[‘J‘?&e

extractabl e car drates Were | ncrease eria
cul tured acdCoP¥i RERERFS R enBKRBLRS I PhepREISNS ARELAY i GHFULSHCENCr ease was
seen in bact efaatgr@wnconventional ly. The aggregation of the bacteri al

of the surt SSe' A “%*?2”9%‘?“2?."22“9%?4%% N e
capaci tyin waf& ’r'%a‘b%ﬁar‘fgefﬁ% %ﬁlgnfﬂ?@cﬁlﬁp ﬁfsﬁﬁﬁgggﬁﬁwggg M¥e,
~-whi ch was sPartaef ian emdmadiergassroistesfiredatsdchazndeeiny. Fhacteria

functi onal iztoytaﬁtté\ﬂx@ﬂ RACinfesEIvy ad ahgi gt be~an2591|x¢éqoar Ot ei nS- For

anal ysi s of Qk&é’ﬁ?ées@ﬂgﬁagﬂw' d%ﬁﬁe&{&‘itcsb&%&%y 41 gh1 N
trlfluoroacet c acid In se vial s eSanpl'es Were nltrogen
2 h, and resugﬁéﬂc%?isjiﬂd’esﬁpﬁl%’EP’%/\MP“’S‘BQ%E%“%% separ at ed by HPLC usi ng
a Di onexa~Cor p chroimattegmap heenpmtdrits “aand 3 aidienbnsy stsemiseansesdimg of ' 3%
of ti.5 N Na%87141|_‘zg %&a&ﬁLVﬁé‘fateA\@Beﬁth{d&oﬁgt £ELIOMRT Hi{:llx'azr?d for
measur enent__of g‘alp q} 3m)no§acc ar rd'n tic m)nosg arid

.standard cfp8UEH ¥ RACESE Yot NAIEE 12, V’dl 5‘6‘%’&5?%“"95 cPERE gI ucose,
and mannose35fastefso m@eeown@tHPE@mlenﬁomm%r bybnare @t - 4

- ocT 200Z limited to, bile, bile acids or salts thereof or their

biological precursors such as cholesterol, pH,

microaerobhillic condition, osmolarity, and harvesting or

30 collecting the bacteria at a desired bacterial growth phase.

The term‘“antigens“ and its related term "antigenic" as

used herein and in the claims includes antigens or antigenic
characteristics including, but not limited to, macromolecules
contributing to cellular morphology or cell motility;

35 proteins; more particularly surface proteins,
lipopolysaccharides and carbohydrates. Preferably said
antigens are immunogenic.



,Z ,~ HPLC anal ysis ofthe hydrolyzed surface extract reveal ed the presence
of several nonosaccharides (Figure 1). There appeared to be no qualitative
difference in the carbohydrate conposition of the extracts from
conventionally grown or 5 bacteria grown according to the method of Exanple
2 above. However, mnor quantitative differences were apparent. Exanple 24.
Bact eri al protelns were anal yzed by SDS-PAGE and Western~ Bt 6t8GTga2The gel
system of Lugtenberg, et ai. ( BS Left@rs 58: 254- 258, 1975) was used: The
gel systemis a |0 discontinuous gel consisting of a | ow acryl am de

g 2 %glr ;?: Lﬁ 406/? S%@ktegg%eimm dEreRi c8ngls %éu&heee@ermtﬁ?;tngﬁgygﬁe gﬁffers
used. Protei fsfg‘ﬁ g&t b %én:fé' /%PV\?W&“?% a‘%ﬁ’@&‘éﬂ 8?"8‘?‘%3‘"“&*8 8or 12%

acryl am de sephwadt mmegetcidx\mm_as dis eelxpasezl) &loi gat:owpsiftmpa_r ated
prot ei NS WaScdhpSis 1\‘1@ wﬁéfé rBeﬂﬂ:lelaf bX&&uER] By 2RE El;’ LEGH! 3hvehEfon or

determ natl ons_wer e E Br Eg g/f val ués of own protelns used as
standards.® § réﬁgﬂ‘r"rf‘tcg Is%f%twé‘P & RRPECSMr ated by SDS- PAGE and 20

vi sual i zed by si ITher terni tantigeRdgal by oeiargediic budl'emhance@d kbaigemiei n
were Induce Vgee:rmaaeegrl-rh&elnlc%deu&&umh wetrail?%& Fixgltrhe élaikxanpl e 25.

et o 3" Bhe iRl BRats ok ey nevusr S ERMm i £ ca i n

‘conventl onal¥
Exanpl e 9 t agreréingr tohthe auatiodsr of €he thnesentdinventiarent Buchgat i on as
descri bedmbﬁa&eruapna%mm@wubdexs(wssemria Qmﬁﬁﬂi@j‘éxﬁd: antigensget hod of

estphal ‘and, jonn, L0 B Bl ik b Pdens LAELARHS CATOOL hge Chom st 1y,

(vg)l 5, p. 8 Brie cul ure or as exerrpllfled iQ
Exanpl e 9 atRARteRdregrayy &§ing E‘?“H@ﬁﬁ‘?ﬁﬂg&ﬁt@iﬁdﬁnd washed once in PBS.
The cells were thhe exikacddtrehtiohdl m ae aiseﬁBEewanl didoiphenal clainat er.

The extract é’@lsat‘égoltgdwﬁé’t (ljﬂcfk?xQQnC?Rtg%é 3%21 ze LPS- cont ai ni ng upper

aqueous phase was asgl rate E’gal nst distilled water.
The retenthte waTheeheFT i iRicForerophibhlomendigions” Ar dtsednhereine®nd nes
for 3 h eachiratth£06)18D@s xreferEhéof anaérgzid eionmslbxy@p&n leilegdted €0,~ ocT

Znoz ' Pri Orléw%lénalsbféh Sad Ny WBS208ScH e%@ﬁﬁeé‘@@%d Bsgaher; (dy MY Fok. - The

purified LPS was, ¢har cterlz d as to_carbohydrate ont nt as descri ped
above, and BP:seifttf %(’fé’cﬁfs SN 9F epbl YA Smivdd eF%c%Or%oﬁl‘?er'égﬁk
( SDS- PAGE) a@&jascﬁﬁbeub 5 bel ow and shown in Figure 5 S. flexneri~protein

profiles seveal egnBOt8Rh OfvithilleRCBRCES gb@éd"@l%@'e@.ﬁnaﬁmirp&ﬁlel ¥1&4hd ured and
"ENHANCED" cel usi ng this t;%artl r SDS- PAGE g&ite
f

n_anal y
Car bohydr at &¢ eSSW?;‘} Wé?@%ttzarc%t‘ﬁs 21 Y oh 9588t
decr eased astheompilatyteo adhexet §of PWCBHI*‘-%GI!\NQGG andfsue er SUSTBPACE
fol | owed by Dticdat bAA/ &P cAide/ar patAbDoq-0f cSndfli;deﬁlerl LPS denpbnstrated a

maj or change in Gt Ei Seen, | h2% 0 gel ,
,the O antigen fl‘lgggl ?')%I.%f ﬁg’g‘"%r 8%1%%\@“(%%&% ?%&Anégdrﬁl?lev\réénr;eﬁéjzﬁi in 15
‘I éngth. TH? Sheesdping orpf wifericedhenebiH HeN Rfs the FBERR SSRPBBRYdr at e/ dry

. wei ght rati clnn‘ucleEtSbfrom TdteMCED' stediss . orThesetypeulwimleuggdttoshort er )

O anti gen S'&Eah tloenae wu%gct§&lxl§ﬁ ﬁ%dsgﬂé%é@ ly

ni ght render acferla nor.e rophopi c. A nore cﬁ acterlum20
B L g R I

Exanpl e 26. dawmigegesaicity of proteins was determ ned by Western Bl ots
Proteins §¢om ba%erténgr%lﬁﬁe\seaggoaéééﬁam 86CQLEH NEkrleAnt BRa B hods of
the presentthay% %&82 refers to the ability of the humoral immune
_response (i.e., antibodies) induced by one bacterial strain or
. serotype, whole cell or otherwise, to cross react with (i.e.,
the antibody binding) a different bacterial strain, serotype,
35 or species of the same genus. Immuno-cross reactivity is
indicative of the bacterial immunogen's potential for immuno-

cross protection and vice versa.



~ 25 exenplified in Exanple 1 or 5 above were separated by SDSPAGE, then
were el ectrophoretically transferred to nitrocellul ose or PVDF nenbranes
and were bl ocked with a standard bl ocki ng agent (3% BSA, 50 nM Tris (pH
8.5), 50 mM NaCl, 0.2% TWEEN 20]. Primary anti body was applied in 3D

bl ocki ng buffer, the blot was then Washed and a secondary arti DOT)2002eport er
cognat e was applled Fol | owi ng washi ng,qthe bl ot was visualized with |ight
or chromophore produci ng substrates. % reporter noiety used was horse
radi sh peroxi dase or al kaline phosphat ase. 35 Figure 3 depicts proteins
from Vestern Sl ot t4Rg drh «hayyneasr %@Qathé@&% ah@NiA EMQ%%S ﬁéf

seen, the 62 kDa V\é I mmunodom nant antigen e_ant] genici ty
b OCT 5407 56 BFRET AR LR pet At SRR VLTS AT AR AORRE |

cul tured wi thcd®Bupes bi [The This ‘fndimell amusEdsbetrain prreddm thatckainsgen in
onoc) onal L boa o Pt Rl un B s, Ot d ReTEES qucn,
denonst r at egsntaﬁa’t" %{‘ﬁ%{seﬁﬁgnggﬁé%r(& &rn 9\5&’3(}% i EPEREY-¢ 15 'IgFﬁc(h gure ~). -~
This was a signi fideeardingdtagtiisedayestsaverial ar ¥seaitoherompiraséng

deronst : ag ed hhﬁ{l?}&xli\ﬂ:a@lyl \e]huihcé‘d @aebh@ ﬁa’i:ﬁe@!9| et flm&%hbe%‘{@; S alnd
associ ated wi e |l nyasi erls rium anmpl e
27. Congo redtfg- S \é ﬁeﬁ/g‘éa%fa 6T e ’s g%‘f%%é’r? En'f‘%‘h w
bacteria growgl ébﬁ&‘/eﬁt‘ﬁeo apter(aBm may b%cMﬁMg*—@@ anide mawt RoYtheyt t he
present i nu&nbbmprisdEMﬂAH@EEI:amon sich agamp &beum&w&b@l areg, G125%

g go red waﬁl %&sndeﬁew 1q;b§&y%&gm“@&%@r§? mg&sﬂcy{ Ecofigmone

10 min brlé was cen A0 ar
of ~t he dye wad %a%‘tﬂté’ti‘ ﬁF{‘hcanﬂ’“&nﬁhgﬁ‘F‘tﬁlﬁ oWL'&b%W@troAEdiWM%t er.
The dye absor bahoritwatheoapsyy mzhdlalbheaméﬁteabaefbxan(m:cat 66 OF rue raitas

o our e pifusdld ndl ngh LaPRuitive: Wianidhe & A0 10 180 © 2
5| PO B AU CAL e e ot SIREA G BHE G TSRS, P SRk i

eoaventi ond“l
(ENHANCED) 25dexyxosthoar biher Rueans SHUtENHANOEEhE: §udjtabile81- 176 0. 07

0.49 30 C ] epHAinfeutital 8561048 &etcymﬂ%hum\mr:@%%-e 30 S.
fl exneri 2457 chol e t hat

a b ho
for several smg#é%%%a éag(mﬂbtadf'ébn%c Bedg £o° rr%'ﬁq%éis of
the present iFk¢gexense teshgin riddsdféebdndidsgunad kerincead imethe results
3 ~ _ - ~ eoTciand Show tbam. “varcintr caled kodonphsddie paesene invention are
useful to i ndygg M{Jé""e(}ﬁ? ﬁ"%m&&- Fi18 &M@o‘hﬁ%&' Sha€Ss g&'&g‘ﬁ@ L9 %fr&‘f ate
with in vivo enesm?or 0 bact erial speci Bxa
Bacter~. al ad %E’i‘ nso aggiRst r‘@lﬂ’sépﬁ‘ﬁ%‘l"?’aﬂnchFl gl%%seéngl‘"??%ﬁ icB%;lc‘tserl al
adhesi on was. sssgy'ed as ' descr~.bed by Galari and Curtiss (Proc. Natl.
Acadl. I SCi( USA, 861‘11593&%r§381na01t51%8kedle%lﬁu"t&'é Qe lh%r(elmg-aﬁjc?arpr Hen: Ie
7 cells in i ce
| Eel) S TS S rBRS AR e T e T S R G PR ¢ c
- confl uency of iBfedden ?ﬁé/%mq}rﬂmgaﬁmw@ngmmwe@epmtenh@t%%@@ but
Dul becco' s nodeii efk E:agtledsmmcarum Wi &beeifoclat BhcboMia @agerapl Barte50 my/ n
each of peni cpll idh,GANdaaLE SHADTER W% AgHe! O 1ERIGAEEbl e Ad15 FPV

1640 medi umw ovi ne Serum an {)enl Cld] I | n G
and strept onybPrftetla ga¥dbe eqapeliahed y anyca @%éqnogn by
bef or e assay, skiElallinuthe n@xk umormsam;ﬂra)vadeanﬂcﬁéﬁacti\hysw\ere vvashed

twice with f}ﬂ( ﬁ&%\,\g”%gﬁéﬁl&eﬁo' Ehéﬁ%s( Iﬂ?s@:r Q?@inm&“d cal cium
The , 20 nonol ayers r ovell a ant lotic-free gr
physically 1nact vated su h as by heat, sonication o
irradiation, so that they are rendered incapable of
replication and/or infection and/or causing disease.
3s ‘An effective amount of the vaccine should be
administered, in which ¥effective amount" is defined as an

amount of enteric bacteria or an immunogenic fragment or



medi um For adhesi on assays, the bacteria were prepared as follows. For
sl ow growi ng enteric bacteria such as Cawpyl obacter and Hel i cobacter the
-bacterial culture density 25 was diluted to an OD6u of 0.1 with
fresh, ~preequilibrated. nediumand then used in the assay. For Cihi@?l | a and
other fast growing enteric bacteria, the bacterial cultures\ |2 ed to
0.17 at OD6u with fresh, preequilibr d nedium and then used in the assay.
The bacteria were added to the ~30 eplthellal cells at a multiplicity of
infection of 10 bacteria per cell to avoi-d. saturation. The nunmber of
bacteria . indeuhuatdyei Feeredfe thessie ¢anahlee Ofeb YOI WaPRULBEMRE by pl at e
counti ng. Foli-mpcng;ezm anddgidotn utkderamMnEOneéded Gairmylvabgcdqsenm@ 30
mn for Shi b r ve shi S
OCupdh CHaPAHRLL BRGRY Efw@q@o el &&%v.\% bR gl LIRS

before lysis o nonol ayer w't oxyc oI ate an gpatl ng for
det er m nat i or®%fd 'a&I’i‘QsFBﬁ épecjes and b&nperature on
adhesi on t os | Wiecliliated| | butynay. b]eepauert&ilinh%ugmg\mmmut tockah igueny.

according to irhep&%@ee& q&:& mfc@%&%ﬁd&&%@kt&%@wqﬁnkm@ Il Exanpl e

5 above is shown HVe erences I n tﬁSI on .o ver al

strains of C.e§%§ g?’Bchcﬂ‘FvgﬁFF ﬁ%l?ﬁpweﬁcﬁ’brﬂﬁ’d’ S RE R Of t he
present i nvemamralaé sholbpdyn tisbretd. athdleawt Beo ceimesatthesanhibady

cxmesead s timnuste. of SUGRCONT, N WHLERLS parsten 1 on e

Tl 11 1§ ecibyh gi'#& he Sbqdiar g sitiah o peRbaREPeRe 1D 1607

Cells by C jH} dnba&evin Gndvpnéfemaillwl() Ho 10! Anctediagate Met hods of '
P ICE N A %

et ooy By cadRsatER o (TNANCER. AL EANE I Wt e' o)

| NT- 40725by Ei"fafcé?rié’ﬁ!:eStV‘Eﬁ]r% barterigej uni G ownconventional | yor

(BHI According to nhh/etbﬁds"éﬁfet:htel?ées:wund"nuenappma\lwANBEBa;we
Stral nBH EM | BNGIHRL- 146 oaanoﬁgﬂc 326%@13&@%392& %eiaphu bpvasi on assays,

epi thel i al vvere grown an repare rret hods descri bed
above for thé’re"e“& EﬂW*ZO?FZ:e"“é ﬁ@%l%r?’afé%eg alB% A58, oy dfiection.
convent i onal IBheommacobrveaipd oviddt hacks dfpeniddnpresentthientgpei ofh wer e added

to the epitheli@hoagehhd @le %n@ih&!i?'ifdéﬁ’ Qhal Bﬁ@%ﬂé&e@f and Y og per
cell to avoi satu atlg 'H)Ceﬁn %ﬂg{ terla]elnoc tedlno t he
tissue cul tur @ I"&FEH“BEF BBUNYT 77O ﬁbFFBvﬁ“‘rﬁd‘gz h

i nfection ﬁ%(ﬁﬂﬁf@ﬁrwefﬁw:lmmyl obacter, and 30 min for ShigelLla, the

i nf ec:1 i ngd_bact eri ¥aveiRef St tNeCHrobént amf;ehlaeomﬁw} %&hfl\&ﬁﬁl@ﬂﬁédﬂi d wi tA h
growt h nedi um contai 0j A9, gen i r ria. Any.
cul turable 15?‘1)‘%311& g%l?}ali%%ﬁmgagl% b@ anlynﬁxﬁlgz\’(/ée )lg}%\%/)é‘dgha{ﬂﬁ%a%t?t hel i al
cel | nonol aye’r‘?“l‘Pﬁé“Enc’a‘bfat’}%'-n Bhf—?‘i‘lu‘éﬁ GNGEPVGE?“?'OF“@CH“FHQ?‘F% case of

C. jejuni infatheduseuisy, anmtravaghndb) isttirgpklhtoméact ddteehasal Manallayer s

were washegs Vl%xt R HEP b Qo MG cdent ani cin, and | ysed by the addition of

"'0.J1% deoxych
J1% y Vaccines may be administered in a suitable, nontoxic }

pharmaceutical carrier, may be comprised in microcapsules,
and/or may be comprised in a sustained release implant.
Vaccines may desirably be administered at several
30 jntervals in order to sustain antibody levels.
Vaccines of the invention may be used in conjunction with
other bacteriocidal or bacteriostatic methods.
Antibodies of the invention may be obtained by any
conventional methods known to those skilled in the art, such
35 as but not limited to the methods described in Antibodies A
Laboratory Manual (£. Harlow, D. Lane, Cold Spring Harbor




| 5 Bacteria in the |ysates were enunerated by plate counting and percent

I nvasi on was expressed as the nunber of gentami cin resistant bacteria
conpared to the nunmber of inoculum bacteria. Invasion is expressed as the
percent of cell entering the 20 nonol ayer, as determ ned by the nunber of
colony formng units (CFY recovered fromthe nonol ayer after gentanycin
treat ment divided by the number of CFU inocul ated onto the [won@Caymo2 . .
mul tiplied by 100. The effect of tenperh{iure on invasion of | NT-407 cell's
by 25 C. jejuni 81-176 grown conventionally or according .to the nethods of
Exanpl e 5 aboveabosattoyvPriessTabdeo )5 banogen&idX ereenaainaD~(anwddieOBakde

| NT- 407 cell's Aquvéw@s@dtestsbewés HarCrleClidhl, %moe@nxsﬁaa.g%ge&w Bles
according to rret ho S aa@ﬁg present | nvention
ﬁ?'fa s

30 The effect & | BIPS RSN AP TR TR ) Ao MRS HEER By C
jejuni 81-176 vglpdmcebh\na‘nummumqepi@r faaguent My dertiketived hkaddanof Exanpl e 5
above is shoynich Iﬁ&k‘:ﬁl@%%né@f e%i‘tte'%% Qécémaoafaéng%%em and

i nvasi on i nto I NT | onal or accordi ng

407 c L% rovvn conven%
to the met hoddTJFD SRR, GG BER et BRORBLIREE ProRBY  r Sbos
Table 5: Ef faasntothfmemddt enlargre (tReASHBMagen! Meaﬁéc{bfdx&sbyaﬁﬁ j ej una

81-17s- crown Pooxead | s Heg¥ilar 1t vhiel A@Q@rﬁiﬁﬂﬂ QeMﬁﬁ fl%disgﬁ E&‘efor

Present y ~ nventlon ( ICED e nvaded
(% nvaded] 37C S2PESHE ngd’is*dfgf‘ f“?gk‘%’% PASI 8°B ﬁ‘ﬂ?%sf"@sah PEbLD
| NCREASE) i¥% FhpNFerwy ote blgodohisefidr aningt reambeotis@l §ojtiveasnoos of

an)\ée?tlon?:zl\lﬁx&manar afEEpbdlie), - - 15 to Mt hggs of tlheHPr isgng ) 10
venti on |

10.0 1.0 26.7 ~~C§§3rl'§£°["% °§§f a%%uggoco%ginjm@éﬁtraﬁére on%Aaﬁ’eS| on and
| nvasi on of | AEsgpibes, abovee| (herg 2 a6CeptAlt coanéhedniditng dFHI ) or

According to Hbthottsd,ofthtehmﬂuﬁsarst cugleni zah AndNHAACER)ee3D iEr eat ment
e cen, | &5 BRUBEL AN 1 EeRbbed £h:0 s FORNGR fnBn°6lis Metntled
wi h a spec1f1ca11y selected immortal nyeloma cell line, and
the mlxture is then exposed to an agent, typically
polyethylene glycol or the 1like, which promotes the fusion of _
cells. Under these circumstances fusion takes place in a
20 random selection and a fused cell mixture together with
unfused cells of each type is the resulting product. The
myeloma cell lines that are used for fusion are specifically
chosen such that, by the use of selection media, such as HAT:
hypoxanthine, aminopterin, and thymidine, the only cells to
‘ } 25 persist in culture from the fusion mixture are those that are
hybrids between cells derived from the immunized donor and the
myeloma cells. After fusion, the cells are diluted and
cultured in the selective media. The culture media is
screened for the presence of antibody having desired
30 specificity towards the chosen antigen. Those cultures
containing the antibody of choice are cloned by limiting
dilution until it can be adduced that the cell culture is
single cell in origin. The antibodies of the present
invention have use as passive vaccines against enteric
35 bacteria infections and diseases.
Methods for the detection of antibodies or said bacteria
in a host include immunoassays. Such immunoassays are known



- 4 OCT 2002 Table 8: Effect of DOC on S. flexner3 Invasion (Percent) or
Adhesi on (Percent) to INT-09 dells G own Conventionally (Hil) or According
to Methods of the present Invention (ENHANCED) Characteristic BH ENHANCED
Adhesion 1.0 140.0a Invasion 1.0 94.4 10 More than the initial I&ag®?d
bacteri a wererecovered due to growh of the bacteria during tHhe I .
“rAdhesion to and invasion of cultured ﬁl’l’-407 cells byl5several human

i solates of C. jejuni (i.e., 81-116, 81 76 andHCG was greatly enhanced by
addi tion of bile or deoxycholateto the culture nedium (See Tables 4 and 6).
The nost ef f ectin/&hdoset pdindDABclaide ). 94 (kzbhnet7)imiffeel gobeat estresponse was
obt ai ned at 37 e eh ' cter is

ﬁdi%ﬂh??ﬂ}éalééaﬁ?g%ép PAUAARCATRKES AlndtfokERyERIT A0

conventional |l y grown abl e & SiI'm | ar I Ngs wer e nade h
Shi gel | a f1 exn@HTSptapf Begresseng e HIRURRARAIYEe cBPYi YW ESERBC®et hods of t he
presenti nvent ipmlarddagieatimmumobasges ¢RHEIA)LI es- of bot h adhesi on

and2si nvasi o). Thesgndeh&r SHNaTRERL ISnHfude2C aRhERER i d RYEBL EGbrising ,
enhancei nvasi on .an gghem on tQf enteric pat hogen&. Exi%pi_l e 29. A rapi:d slide
aggl utination% 83 & FRASH d%h’o‘ﬁ\?‘??ﬁﬁ?ﬁ&‘-‘"@f‘ ted &0, XY PTY . 2 desized,

strai ns grown3Gwuneaasdyrreddorddngatectht pyesent hinvmitliods ofhe he

presenti nvent !dl%gﬁ%s%@flpiﬁ fla§dbk NpE&AdHcR InVET Sorfind? @381 1§ Gpcag@hgC from
animals i munized with C eltugl 8lfl76 %LIOI’ SJ.%O eit &lai

convent i onal | yFORBy 85 cR TAPHIRES OP et (1% &t FRESIS TR fiers holddng the 5
The |1 gG antihdicessary cosigagidis | z8uch e Mist conpniasrmead enberdc thasgerinf
there arecrossos ¢aet presaiti lioRent beh \afil fofcat RShoSRIMANYBE Pdiclonal

t heant i bodi es rate i L.or e ot hen n I - OCT
5002 o ot ﬁ?ﬁ?ﬁfr e AR BRhebRE hIIneloRCLR" YAt En WA beypraf OF7
clunping is r&oayephienpbkit sempenents t opvantignadl kiki agupanentsa¥ildn to
prgcged for ampheehdpryigibadienti €0, tidss %_k@.lllé?nSn RheO g er ¥idlrecl unpi ng
an mean - e natdi t r. strains
are pr esenf*e%ﬁ'ihg?g%g% g g&m%%9a%2%+%i*%%tté?§§é el Anbloodlds 115 1O

Grown Convent i AEc oHF IRy «t & - MEARDILHE SRELRY dadibeT| nvent i on
(ENHANCED) i ~tabordtoRy BXes3() CRRIJUREGRONeTHLIOGNDI KItONSmponents may

' SEA. DBREACTI \{InEYBde 148K LideRE A8t i £&H 3chimpABt | i FWE t ENHANGE AN bl s Be#k ~
2"" Anti - ENH2. 5L2BHL Ant ] - BH 1APlt'| ) Eﬂ‘—ll. SENHANCEDANI i - BHL 07 ~

~Ant i - ENH1. 5L $8HPAART2BH - BRHI ENARCERAR RS BHSECR AR 1 -2 51 21BHI Ant
i - BHI OAnt i -FNAdmbosA s -BHIso" HARES - B¥2NEdcaBiigefed Berondmutibgddes,

Anti bodi es i ngueRdadyp&doxlitaser 8vh; CRRLRN ainehahbyse3 Tglni(bBoghe antiduged by
B1-176 0rown RECRRE I%LA BLROURIE e ALSReRc LM AN ags RS Ra T o,
the like, and other standard reagents.
Methods of the present invention include growing enteric

vy

25 bacteria in a suitable basal essential culture medium, such as
but not limited to comimercially available brain heart infusion
broth %“BHI", Luria broth “LB"“, sheep blood agar “SBA',
Brucella broth, Meuller-Hinton broth, proteose peptone beef
extract broth, etc., with various conditions and components

30 including but not limited to 0.05% to 3% bile or 0.025% to
0.6% of one or more bile acids or salts thereof or biological
precursors thereof such as cholesterol, at a temperature
between 30°C and 42°C, until a growth phase at about early log
phase, between early log and stationary phases, or at about

3s ‘stationary phase, in air or under microaerophillic conditions,
such as 5% to 20% CO, with 80% to 95% air; 5% to 20% CO, with
80% to 95% N,; or S% to 10% O, with 10% to 20% CO, with 70% to



- 4 OCT 7?7002 Table 9 shows all four of the tested Lior seratypes (L5, L2,
L8, L21) cross-reacted with anti body generated from ani mals i mmuni zed with
enhanced C. jejuni 81-176 Lior serotype L5. Micus | avage fromthe
intestines of rabbits infected Wth 5 C. jejuni 81-176, conpri inﬂrutg@,
reacted wth eight out of the 10 major clinical serotypes (i. ¢

pat hogens) of C. jejuni grown according tv?) net hods of the present invention
cross reacted with anti bodies to Lior 5 serotype strain (see '~ Table 16

bel ow). The r s shqw._t hat t hods _.of the prese nventiqn

si gni ficantl y%ggt Hd 2PReR L¥r 10 e ?&Féf—gﬁ%s ’{/]\/rﬁ 9&"&56%% with

anti-serum f r eimedatom) sudmaaj Zeuk wiathlindted tweotyprosimai prefefablwej uni .

Tvent 1 on. DU D e e T h 1 GG

ant i bodi es fr&r‘ﬁtﬁﬂ?ﬁ‘éﬁi aﬁ"r’rﬁﬁ?’i ﬁg}] ‘E:]%*ferra F‘Pgﬁﬁ‘é]ﬁr FX¥8P®Sgrown Wth

DOC. 8 EXAVFLESgenACAMNE" EFﬁDCJﬁQZ\m\EMrﬂSG’éASO The ferret nodel for studying
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and most preferably of the jejuni strain 81i-176, are grown in

a basal essential culture medium, preferably BHI broth,
additionally comprising about 0.1% DOC or about 0.8% bile at
37°C in a mixture of about 10 to 20% CO, with about 80 to 90%
25 air and harvested after the growth of the culture has reached
about late log phase to about stationary phase, typically
about 20 h after inoculation.
In other preferred embodiments, antigenically enhanced
cells of Shigella sp., preferably of the species flexneri or
30 dysentariae and most preferably of the flexneri strain 2457T,
are grown in a basal essential culture medium, preferably BHI
broth, additionally comprising about 0.1% DOC or about 0.8%
bile at 37°C in air and harvested after the growth of the
culture has reached about early log phase, typically about 30
35 min after inoculation with a culture that is at eariy to mid
log phase.
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20 antigens that are enhanced or induced can be 1dent1fied
Motility and gross morphological changes can be seen by
microscopic examination of either untreated or stained
bacteria. It is possible that other morphological changes
might result from methods of the present invention as could be

—

} 25 seen through electron microscopy or fluorescence microscopy.
The morphology and mucus-like characteristics of the
enteric bacteria cultured according to methods of the present
invention suggest that capsule and/or surface layer expression
might be induced. To test for capsule production, phenol
30 extracts of surface components, such as proteins,
carbohydrates and lipopolysaccharides, can be prepared. The
enhanced carbohydrates can be seen by high pressure liquid
chromatography (HPLC).
Protein profiles of outer membranes prepared from enteric
35 bacteria grown under virulence enhancing growth condictions of
the present invention can be characterized by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and



w - 4 OCT 20Q2 e7 The results shown in Table 14 were obtai ned using C.
jejuni cultured conventionally or according to the nethods of the present
invention as exenplified in Exanple 5. Ttie invasion assays were carried
out and scored as described in 5 Exanple 28 above. Table 14: I|nvasion of
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t-~ 25 30 35 1~ ~ - t, OCT 200Z Table i6. Agglutination Response of 20
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Rabbit Micus 5 . Agglutination response Non~i mmune nucus , | mmune Micus

Li or.trai Serotype$H - YE ENHANCED~BHI ~YEENHANCED- 13 41- ~-%+1019 52-

---4r"1. 4-  +++1205- - +++++++81- 1?265- - ++++++++1566- - ' +++++4+80T 2UR6-
- +++357- --+528- ++++VC:1678- - ++++20\(fg.? 1598- -+-889- --+24411- -++++55617-
-+-56318- ,---25'54419- ++- ++69921- -+++118'02 8- -++++198229- ---30gl1l032-

++-++207a36- - -carfppPobdctedOPtb8uced -atbhT3g to methods 0P Cthe heed Bt -
anti-81-176 nucus \Mﬁie oht ai,.ned from r abbi té i nfected wth |live Clﬁﬁejopl

'81-176 grown CONGEBRIPHPHS JRPHROT P REREE N FORIBFE DURERMEY o
uni nf ect ed r abliiy Sefltwe'mggltbennﬁtammbtespe@mngangevémmmgawmr( ),

to very weak , (Qam Poﬂﬁﬂérﬁtrﬁﬂﬂli(ar*fyﬂ aaélgasﬂ\ﬂaﬁ iEé(PfeRl MENTS
OF VACCI NE EFJ:I CA PYLCB%% E(g ‘1[ tp rotecriv

ef ficacy of fofhs i‘lﬁe (?\’/f/ﬁéf‘% 2R hFP %ang 31" N Bfﬁ‘?ﬁ'n d?"(Y\‘fVB h%’&oafr(ﬁ ng
t o t he~net hods maﬁn@f@r%wn@ttmm dnnupe-erass pratectivaggahest a
mousecol oni zat lwaaaaﬁle&arrg@peftsﬁi@aﬁa@@écié@fﬂfatn téat NOBER ineabas S l- 3735,

1995).C. jejuni Xgﬁ 9L est C t oEX and

i nactivated wit cﬁﬁ%‘% Sr ﬁa% as J%e‘s%rl b@gaaeot;ig&g gcross ?ngégieé% to 8
week ol d fenal @nBalBpruncGross eretrAtidy FsPEP%%F‘HﬁSeérerh'Fd by. e
"m/dose i n auvresults fofegPBEnaniiraiaskags eaidiatacc@he dffirdiesr déd@ribed

ihégfti vat ed baglggi,al particles alone or in conbination with 25 ~Cg of the
| abile eriterotoxin fromE. coli g\gT%]eroses were given at 48 "' hour

interval s and i medi¢thqdF gfc the tR/ﬁf's(? eRto s 18F BIRMFtIRPLPEar bonat e
solution (pH 8abiigemirajilyeanbanddsl rnterd25Shadterdiav absrelatend¢ot echarraed

I%g;t ;: gngci)(rjl ;[)nhgg‘ﬁexﬁ]ﬁ;tlnogﬁalgr%%l mod@is an'ﬂ@e%a?ﬁ)ﬁ(clﬁnnéaéfcgﬁ' nggﬁ%laé’“ th
T reraam nt dt BaRoR® oretd 85 et s bapRkitaices’ Bapoase MorbRAGS| arhs
ei t her nasal | ymost ogtudiednifrom ol @Qmﬂpewt 108 Jovuhbayt ¥or wiffijcasy tis ( CFU)
of live conventh@nfé\bét@bqwi@téﬁﬁwl 81e;t7§duﬂﬂ1&aﬁuwtdmz@xteai pkesinmal

col oni zati on V\/ﬁ?g f r&lgq_dgxl{mr%tt %Trll (%ggglt sqrg_gg| ng &vg. ¥5di‘ ,pver a9
dayperiod. Feca quo tpl at ed
on Canpyl obact P8hl oo&"‘a‘ﬁafmdP‘r Rass %Pe%’?‘?ﬁﬁﬂféttéé ‘a’c‘e S%C\‘fr’raé?‘“ °
m cr oaer ophi2de Lior osalidtiypes ¢lanmdossasteaiCgafetlectBih) fHuwe¥eb, datyiss t o
al | ow growt h oao&‘eunea&wrescpé@m@&taeoeoreémrtﬁza%&e emt?éxs%@laas the
per cent age 4 ocr Zaoz &ﬁ Snl mal s shgdd %y ter or s on a
gi ven sanple d 561962095 hE B S e The 599 T dﬁ? Heen§ d‘:‘L hi mal s,
bot h i nmuni zed (inﬂgmm&_shwm@anﬁﬁﬁs 19ﬁﬁ§d|maweb9 :afmcme useful
model because this animal does develop disease symptoms like
} 25 those of Campylobacter disease in humans. A more recent model
is the mouse colonization model of Bagar (Infection and
Immunity, 63:3731-3735, 1995). This model involves
immunization followed by nasal or oral challenges with live
campylobacter to the immunized mouse and then examination of
30 intestinal colonization by monitoring for the presence of
Campylobacter in fecal matter. With Shigella, the mouse nasal
challenge assay as described by Mallett et al. (see infra
Section 13) is used to assess virulence and vaccine efficacy.
With Helicobacter pylori, the Helicobacter felis gastric
35 colonization model described by Chen et al. (l.ancet, 339:1120-
1121, 1992) is used to evaluate the vaccine potential of H.
pylori produced by the methods of the present invention.



5 challenge (day 1). Eighty to one hundred. percent of the control animals
remai ned col oni zed for 9 days after challenge. In contrast, significantly
fewer animals in the vacci nated groups shed organi snms during the course of
the 9 day assay period. Both the degree of and tinme to cl earance of

chal  enge 10 organi sns wexe dependent on the anount of vacci_n€ 9

adm ni stered. The | ow (105 particl es/g%e) and inter~aedi ate 38 i rqo doses
(107 particles/dose).ga,ve a gradual |ncorrpl ete rate of clearing. The

presence of adj uvgpdrd weeééﬁgrti‘rﬁma‘ieﬂw@l&f lQhRE O ertllg.ese doses. i5
Surprlsmgly EV,Q hjﬁlglest S%Z%testgg tlcleso/ ' i
non- adj uvant P285eTA%Li IYa518 1pteghie cﬁndp é’cFFBrP% FB B?St

sl'i ghtly grefpervatging Mﬁigecsaqued:hwhenhwmmrtabhe klostendas padducedt er ed
with the LT adboydiMg tcsltmgl RELHAEM oS tHer 5 dedbggoral ly vacci nat ed
20 ani mal s were spbsequyent | These

results indicate ﬁh Li: ¥S%{]ﬁbﬁ'\?\‘ﬁgpﬁe$n%t[%\}%t EEC%IWE)&BFE BY own
accor di ng- tothhemmqﬂﬁds?fothemrqﬂ%@emnvem iage vbédrids grepeeet i on

agai nst .subs gue@&ywadﬂlqaaeﬁn@ie-ldew Sanmﬂm%cwecmthwegevm zation is
.efficacious egen V\:fi_\? gglmster d oraIH/ thoue\/{ﬁt}f 3

adj uvant . Th& ﬁ?{)?% HRFR BRPIRIRLATSA F8 3RtHES CRB( induce
Canpy! obact eanfEpadiesyeadnthve satiohd ish the vasciiods' aﬁrqtlr@qiwesent

i Inventl Olnlbfﬁeteﬁti_hli Exaepheidn adihaust£6eds &héﬁ@%ﬁéi@&ﬁ hié ﬂ)/P) Vs
al so eval ua eri rQups o ma al b/ c mce
wer e adm ni s?g?gg alslré %iﬁegg%cg‘g o) "n?gﬁﬁﬁ% §XT8§ esgfgiffﬁg oY% 0x108 or
2)0X107 i nacYRS@IRRF-C. jejuni particles in 0.5 nl endotoxin-free PBS

Wit hout adj uvant .vaddnencand saaes preparaenged ptéddays byttdie wethods s@mgl e
ethal dose ghel f’cﬁse&t LBk URLs S éﬁ%&é@ B UBESS T RALQE0 CFD 1 n

endotoxmfr % elivere w intraperitoneally. Aninmals
wer e noni l"c'}r 3Oy Sﬁrﬂ‘é‘%&iefsol‘:onb?‘?‘é‘ﬁt%? iptesh idppREgl e 17, a
single intr apespdrtmaeal sdosessfuls idXi6Bzatixnt ipratedols Gaaj tmenpaetms:édas

| nduced an Seb BRI 0ARThal £ HRASENGHA T AP the! BaPh %e mhnai-s agai nst a
live C jejuri ProtectlonA d | P Delivered

al
V2l nact i vat e %‘c’ q:e eﬁ'ﬁ‘égﬁ?gpﬂ?te‘@eﬂégﬁﬂ?ﬁg 5ot Hécm%d’?"cf’et ha Present
| nventi on 10f°r®@saé'—ewblﬂtlél tested aSurohhpned Bagcings3 faor Bxaxpde2. 5X109 15

7002 i8°%”&,g P ES: Doty EAANCED TRVAS) VENESS,
CONGO RED B|‘Rf§i‘ Eﬁﬁ% %/l\/%ﬂ&?%ﬁ?éé% EXACﬂ VITY OF SH GELLA Exanpl e 35. The
i nvasi veness of SHiegepparipentilowrpraaches slassrabedchelPoyenehdecte ures
growt h phasedefldtstion of changes in surface antigens and other

characteristics which are associated with enhanced

3

25 invasiveness. These changes are both qualitative and
} guantitative. Most importantly, these experiments establxsh
that the methods of the present invention enhance invasiveness
and induce immunogenically relevant antigens. Such
antigenically enhanced bacteria induce an immunogenic response
30 which is protective against infections by a broader range of
bacterial strains, serotypes and/or species and are therefore
useful as efficacious vaccines as compared to conventionally
grown bacteria.
Several well-established models generally known to those
.35 skilled in. the art exist and are useful to evaluate enhanced |
antigenic properties, virulence of bacteria and vaccine
efficacy as described below.



25 invasiveness of Shigella flexneri 2457T cells grown conventionally
(BHI), or according to the nmethods of the invention as exenplified by
Exanple 9 (DOC-EL) (wherein the cells are froman early | og~phase culture),
or according to Exanple 9 but allowing the culture to reach |ate | og phase
30 before harvesting the cells (DOC-LL) was tested according t éﬂgz 9
procedures described in Exanple 28. Th%esults show t hat cul Tdr 02t 1
DoC enhances invasi veness and that the xi mum enhancenent i s achieved

during early log phase. of arowh (see Fi e 9). 35 Culturing with DOC
according to the Hoﬁém{)t?qi"tghgx?é\?/]g"rﬁ iﬁ%rg’?s%%ﬁﬁéh&é‘ge?ﬁbm?rﬁf&si veness of
ot her Shi gel | adegsdbed, b&lowsonnei, and S. dysentariae (see Figure 10). In
4 0 C-T 2002 pol arized epithelial cells the enhanced invasiveness of

Shigel I a was opseryed onl y when the epithelial cells were infected
basol ateral |y %y "'—'-;' et obe, £4 QRUCLNG JENIA
i nvasi on pro%ess ob¥erpdel i.n ¢ampylébagdepayefune stinadneglshitivwalsat Shigel | a
grown accor di ngriedkkl CoBiRAS aghr i tie308h LA MVIGY tePpliSadeady dfaf ol d
node i nvasi Ve}h?fs” §h{19ﬂé§ﬁn%@89aé ed accorgl ng{to tg% priocetgit{ireg desgrl'bed
by Pope et al. nTSec . Jmun., t&%@fﬁ 78 3‘9‘5@). fo 'Il_?('érﬁ) 38.
Shi gel | a cul t UH&Foaererlf Hg Gasbale imst HBBE . ofoekrysyHddent MDnioxt 28nh &0
exhi bi t enhancth cCoxLgwns &t Basderih wWaref kemﬁeéd t&?@?{lbﬁfﬁb SindSonnei  grown
conventionally. : ﬁggo t e [ ntion
as exenpl i ?{" $eof' xfogulﬁz.ég%l e \%g%%g%sés)oantt%g’n‘ggé fﬂ’?ﬁ%”dgg B?fnﬁ;feﬁdéh%gg ilities
si\ng procedurdBiddBEatehda A0k G| 0% Ao WdthTRCB Y OXAALE ERESFQMat .
gfg d¥w lhdi ? Doc:mﬂrl amegd«mngleuuegr&& Reireg ih&uﬁilﬁbdd mmsbbglel\#ﬁus BASk £Ag éOSt 0
o] see ° T : L ndj ) eri an .
sonnei G own n\?Zn%i %%aaf %;Z";%ﬁél flacc);ﬁp%%c?rsgi%“tgggo%t T‘gdgﬁo t he Present
| nvention ( ENBANEERSed (A% Fe8CELPRA takAYe25 Strain BHI ENHANCED S.fl exneri
2457T0. 040. ¥9S. sonBeaifip 32 (.. 40ca30pSutgeitea jejuhid istedinng D-fuwaspeci es and

various ser ot \Reeakdf o BIHRA- £§OS S 1836t '(Ebﬁ&’aﬂfinéh'tgfﬂa{;fcaféeeéﬂﬁré &+ own
according the ;{eth Qs o%‘épt he gr(gs nt | nveptl on é/e\laﬁﬁ exa ai ”@Saetuﬁ' ng ?he
aggl uti nati on Pa¥ ag A RTAPRERY SR SRYFRro%Y temle 2R s INFYRARE Y AT Rer um
from i muni zedricapperephtid igsGasbangiave (BB, cfdakatysviflle ul ¥Qir goroR@ih iaths an
21 h%ciT mggggcr 039 cteaciiwid bfpfaaé%éxfi%f ﬁ;@&es?@aﬂ@&éda bﬁrpalﬁgbsﬁng R raggi t7 ? -

re | W rnal -.n-fLxe 1 ge XNer.l Ll
~ grown accé(’)arg i RCHF%@%%:&&& %(5;?:1% sofcoﬁfgrlrrp]f%ggf ﬁhggaSS?ﬁ%il ﬁ“aetral on Betivity
of the Ig~ ant'-’iqb‘ga?-’é%a*cﬂﬁ’t &endf* ¢Qnvite QBAhintecl-bhisadisndeexychelage
agai nst all f qoocPhi gett dsSceperdas tgr prlp&od vald iaaratlyvé rehBHbooesls um or
a~COrding to the petiads of s\%}? A{Lvef@%hoﬁhémﬁ%xﬁr , e@iﬂfﬂ"g?@)to The results of

the aggl utination assays show that grow significantly' enhanced

the aggl uti nafFERTISIHN APt HR HembHgBEiwhitge ggf‘?]eﬁféﬁe" it as
thpse of t RS offir 801D tretlend| dywedsiaSleilygbbfarspgcicadation aoft ith8. fl exneri

anti body (seepegef£aill) culBubedNRYe iMAGEANG Bt GACYotk MeGELpA& @l e
+ 37. The protegt byghesfﬁékci%%yagfa;p‘f@ 'SQ'B,',X%% co,, 85% N;, then

harvested as described above.

Example 3. campylobacter jejuni strain 81-176 was

30 streaked on blood agar plates (containing trypticase soy agar,
plus $% defibrinated sheep erythrocytes} and incubated in a
microaerophilic GasPak jar (BBL, Cockeysville, MD) for 20 h at
37°C. Lawns of bacteria were removed by swabbing and
inoculated into flasks containing 1 liter of Brucella broth

35 pre-equilibrated to 10% CO, with 0.01% to 0.1% sodium
deoxycholate. Cultures were incubated for 20 h with shaking



15 whole cell Shigella flexneri grown according to the nethods of the
present invention was determ ned using the nouse nasal chall enge nodel

devel oped by C.P. Mallett et al. (Vaccine, 11:190-196, 1993). Briefly,
Shigella flexneri was grown and harvested according to the net hods
exenplified in Exanple 9 20 and inactivated with 0.075% formalj

descri bed in EXanpl e 30. Approxi mat e?/410~ i nacti vated bact erllalocﬁa?chl es
were used to vaccinate 14-16 Wek-ol d f'emal e Bai bJc mice. The ° inactivated
S. flexneri was suspended in sterile, endotoxin free PBS at a concentration
of 108 parti&¥ ex/*@ iandt 3%, uk0HfChp %% dLnendrthen hasveskedisst ered nasal | y
to groups ofgédbdiipaat huoa@est hetized aninmals. A total of three

i nmuni zati ons we g q%_m ogy nz'gerval Jo 1est t?g effect of an
adj uvant on the Fﬁgcg{ng tite PP ethéeéﬁflgeﬁra% re &8I Y% acci ne,
grroups of a#%rRAKed3onvetecd meBAi Ebﬁtml(mynéa nipe iyetichae sahtegiayed t he
i nacti vat egl ;mt.‘d:lsr%edaﬁﬂbﬁma%d%hééﬁ élqsécrrrb&?tée) e&ﬁcﬁri%%hae& rﬁmaE col i

(LT). Fourtee ni na nged
nasally w tﬁm&r% e?{%%\f‘{ |ng ose 7c kﬁgp%‘ffg‘et’ @)er féh%f gxnerl
or S. 35 Sonh&icC- I#ﬁ’éﬂ$aﬂ%t‘3¢°§éréﬁew%ﬁﬁj r@snoyedzbyaswaamnw angs 55 - ~ CT
2002 fol | ow ﬂg:ddletebaiﬂ\ﬁlga.asaﬁl ea:h&mr weugﬂeﬁl M thulel e FERINEHNOUP

wei ght det eryy e h 9 I j vat.ed
Shigell a fI exnerl p F@L@ﬁﬁggcﬁﬁg@ éct tlh ce?';;\? £o ]qq lﬁja ﬁi%al | enge
Al th Livelb dqaehetater @%ﬁﬁélwﬁ%lﬂf&ﬁ‘ﬁét%c@%a&q Gn"”-th shaking
Percent. \\i gitt 3Grande St guni 500 ng; €alN, enge thénDayrdestiay a2 Cay 5 Day~7

}Sflexnerl dﬁ%ﬁ&’gd 31)%‘832 -17,7 -18.3 f vvaccine - 5.4 - 2.9 - 2.5 - 1.6 -

vacci ne + 1 5 - - adjuvant S. sonnei PBS - 8.1 -17.5 J
9.3 - 6.4 vacci n&xangle 5 11.03'@}’6‘?’5&0*:667 gedyniBeydi p1-1g64was5 2 - 1.3 -
2.1 adj uvantstieakeiicen i bl ol laggr opha teer  comtahhinegl tHyprdeakeé ysoy talyayacci ne

conpr si ngy§ %m&agkl a@w&h%atfeheéﬂ@é;s &rﬁmoagegéplm td&caﬁa%@rﬂ}l g9 f

The m ce i nmuyni z ctiv xner [ OowWn
accor di ng td“tcﬁ"gaﬁﬁf’ﬂ'bg]s’%f;alsﬁékl ?1% {qSB&H e‘b?‘b‘ta]elcet'eﬁnhgﬁ?’f'nszt E‘hgﬁ enge
with live S37f°ICexnbwn?e)rcgamas#sn@méﬁmmmnﬂeé by fswabbdngesnd wei ght | oss
and under V\erﬂndmuatéapixckwlabksr@@mmn@s 1091@@6 Q:d: BRATUAYALEE eed M ce,

i--e, the PBsg%ﬁ”L Qeéot qroQuP?ﬁSur %I?h lé’ddl h deox éheoﬁn%rl vacci ne al so

protect ed t K& &8 a ai nSt ‘chal'Téngé w Tie 'S" SOnte Phter est | ngly,
ani mal s r%?:émtﬁgeﬁh@ewwqﬁ'@aaﬁén@w&%@uwthesw Istizgingadt WSCelils wel |
prot ect ed againgb, ! heihaidl agduhen hblexsesd hdlekepgBedabaivienal s t hat

received the adj%&éﬂ&iéeﬁi Vibrio cholerae is streaked on BHI agar
plates (containing trypticase soy agar, pius 5% defibrinated
sheep erythrocytes) and incubated in air for 20 h at 37°C.

25 Lawns of bacteria are removed by swabbing and inoculated into
flasks containing 1 liter of BHI medium with 0.1% sodium
deoxycholate. Cultures are incubated for 20 h with shaking at
37°C in air, then harvested as described above.

Example 7. Salmonella cholerasius is streaked on BHI

30 agar plates and incubated in air for 20 h at 37°C. Lawns of
bacteria are removed by swabbing and inoculated into flasks
containing 1 liter of BHI medium with 0.1% sodium
deoxycholate. Cultures are incubated for 20 h with shaking at
37°C in air, then harvested as described above.

s - Example 8. Salmonella typhimurium is streaked on Luria
broth agar plates and incubated for 20 h at 37°C in air.

Lawns of bacteria are inoculated into flasks containing 1



.- ~ ocs 2002 vaccine. The S. flexner.~ vaccine alone also conferred

" protection to~heterol ogous challenges by S. sortnei. The inclusion of the
LT adjuvant) however, noticibly enhanced the protection against the

chal  enge by~S. sonnet. These findings 5 indicate that vaccine conprising
inactivated Shigella prepared accordi ng_ to the methods of the jmpeanpddn is
effective in a .recognized Shigella d&gase nodel and does not require an
adj uvant in prevent| ng or attenutating various~Shigella infections. to ' I|I
EXAMPLE: FACTORS TEAT AFFECT THE ADBESI VENE88 OF H. PYLORI TO ANI MAL CELLS

Exanpl e 38. Thatadher emae meliith @ittowI. 1k Ssediian aedxPpyhaiaaet, h b@ltures

al yooehol ~te qbuh ey Celd 30 obty RURT by SRS Rel 8 N30 08, G0 ghgr e added

to BH brot h OVl hé ca seru er’ i nocul atton the¥ S were
flushed with r@% CPnGRUIoBUAE ErnsieEtupdt o dr 12ben oft L@7copkainislaki ng.
After this ineubatddn, add@neubité® Maa dibsddtod EQadl dt0 338! wdth slow

Comtai i ng earbRinGh, APk TR UF S04 RILEL oL iR R i,

cont ai ni ng varl ous oncent rall ons of oVvI ne
cul tures wer e 1d&8r nof | then saugi %wﬁqm@rgaﬁﬁm@da@% Rpyped iawerbphe@baat ed at
37C. The cel | fupener heo wdst, edn@ttien \lar hmdudmasu@eéarib&dhaamle.t hei r

adherence to | NT-4Q s?‘nlg%é 9. as§ l.‘@i' Qge;{;]%nezt@ggs anceéje Egdl @%%I e

28. The 25 results t hat r|n esl veness

of H. pylori £89|fgeuFrates §“ skeubakef cton 20, 92%337°Gdn hE N
strain, ~peald zdliesolanesas dmdcﬂl:atﬁadf dhtlo | filrsdass eonv@iningatt diterorwfenhanced

cul ture, OCCUthdmékiiaerarﬁb@HEuﬁaéla&bi%O%Qu(z@ guresd 3. E@rmih@f ki
stgaln peak 30 ? e$i ven

noneenhanced EHMFETE, waogc%gfpe‘dseodet‘?ﬁeéﬁmi'é asz %rsg g %f\//vtprf‘ﬁ“ﬁrﬂe B | e
(Figure 13j. thateiﬂpmw 1fi sediye deoxl o atre.esfbadewl tturet Was peri od when

the cul ture ofineasit&d RAith BRSKiny g whﬁs& growt in B35 .15 TEXAMRLEuX¥ACC NE

EFFI CACY CFSHEELC@AC@E_} g?élzl%l ~CEE93DI ngiml':" I\_ZETI;}(PQE? . in E%NT

| N\VENTION . | otect I Ve T cacy
fartnal i n-fi xEENWRDMOT & L%HPSG cﬁj@aéﬂélﬂb%ﬁ%rﬁ“g?B\Ahllhd@Ghthgk#f& taﬁe

nmet hods' of thezpcefentid, nuaat tigen \aas-vdetecu AN e@dsosibed tapedveouseHel i cobact er

feZis gastric col |o no e I C
339: 1180 1121, 198@% |38 agttege (%!??&d}% bt Qle{”@ 81L1§@ eér Hcseed

own’
culture for akdftBBD w&h 39% W (b%"ﬁi)—ra@@@f)"af:?a‘l"‘r‘fi Bﬂg Pr%iﬁ’%? &t ai ni ng
4%povi ne calof sbeepirhlold abhgo(eBxf OL.hi 8l cped pletess UBed inorubzhiddate a

10-fol d vol U”BlQ‘Ee§ h?er%a'iﬁcﬂﬁéjieﬁi GNhag Ak Bk ga¥%Q£N/é/)CaQB¥PQ€ Pijse. After

12-14 h of growth at vthe cell sare harve ce on nd
resuspended i B T3RF% z‘t‘ﬁéc oY i e go?%'?‘?er Eél‘ ‘%ﬁ?‘ﬁﬁ%gii%m t@

Sol ut i on, ~HSSEPr a2 ¢ domt dAper atThee baeéfarsalwelra@nr ¥as menavggdefiramdche

agai nSUSpendeﬁlaﬂes'l./b'l},O&wGBblh@, arigithal bastdrin abrébSSuspentbei Hbufof eled
cel | SusF)eQ%' 8? %}iﬁy”ﬁjﬂenb\ﬁ@éeﬁl%e%uggeﬂg% %tsr @Bb%ﬁedoiflzg% alrfieg:he

celll s inactiva stirringthe suspension at roomtenperature for

,then cool i ng PReBHT Ryash 39°E‘€ ‘f’erHESbﬁBE‘? Lontpingingq c}ﬁ PBtenkien vvas
routinely meaegeilitmateddtbnist a2d,ng9 @ @dsesinfa thildtenatldskat edthahol e cel |
vacci neoral | yiaec@rdﬁn %gk aghla f@?r%e&ﬁ!i.p{ﬁraji@d' ROARE Qe Cendlidif, aldlays

0, 7 and 14 or at . Doses 09 bacteri al partlcles per
dose were evaFE‘é%%o"—q - @Snbl'ﬁ'&?l’d}?\ﬁ‘tlﬁ ‘F?]ef]r?éé‘t VRS LY R FBL G 193F E.
coli. FourBdeaodaisBsadst erixt lamdt Btidrednmlowlynfoxd@Peh ahi3iG wakethis
chal | engedorahsﬁwﬂ Pa2tBpL £ &aseen@}oesg&ﬂa@ae)scpibéd \é%ol?'e fe~is. Two

weeks after c e_ani na sacrificed and
segnents anal yi zeoe’?atﬂ'plﬁr &dse }é%ltﬁ"\\,\?ﬁfaﬁtfﬁo%’fl(?r% Hast (g‘{] g?eﬁ’éﬁ%ﬁ’%
felis. U easeptusidA tbhowhs36akf erariumed bgftemauwa?uilngl@mttmal flasglsuaveganpl es

in 0.5 nl Stuagjysndd AR BEOS)) GBeN&d) 8és r:\qom,aefmm:awaef&orzz4n24@ours A
col or changg fromclear to red occuri speyiod vvag éaken as a
f

i
positive uréadd’sdeifih shekifgun Prfﬁ:efa’b_ﬁé “&’d‘ﬁﬂlﬁ%t A ©n°
enhanced35Hel cebtaod e«aa/vltmhasf‘,eafﬁed/a;ocanélqﬁlemmédlusnm@ﬂlﬂ bpgtlorwith - 4 0
C T 2002 strain Gl-4 protected animals against an H fells oral challenge.
Tabl e 20: Protectioh Against Helicobacter Infections with vaccines
Conprising rnactivated~H. . pylori Gown According to Methods of the Pxesent
| nventi on Chal ~enge | nmmuni zi ng orga~i snms- col oni zed/ Percent Agentsa (10
CFU) Total Protection 10 experiment 1 H pylorib H fells 4/13 71 PBS + LT
H fells 9/9 0 15 Experinent 2




H pylorib H fells PBS + LT H fells a All agents given with 10 20
adjuvant as 3 oral doses Gven as 1 x 109 CFU of 2/15 87 10/10 0 ug LT
(Labile toxin of ETEC) at 7 day intervals Strain Gl-4 in a 0.25 nl dose
Results of these experinments show the rel evance of ~ 25 enhanced enteric
bacterial properties to in vivo inmmunogenicity. The nmethodsg gfr tag present

I nvention produce bacteria capabl e ofgignduci ng an i nmunogeni ¢ response
which is protective and therefore arézgéeful as vaccines. 30 16 DEPCSI T OF
M CROORGANISM foIIo g m croor gani sms have been deposited with the
Anerican Type? e%?ﬁ%ﬂ1°rlggﬁls¢¥ﬁlﬂ nprAdEtignsdildyi | | e, Maryl and
20852, USA, aqdntﬁin;nghe Dot sxatisgh @5y acctesisiten nmhbeescuﬂuummeoweﬁ@isrn

Accessi on No. i+3Qb iy + \NB, 5 -
1 bp02 pefeap st luckRl Syl RO AELESadbOi) (B9aF RERUATOREL S, TU8D <

of the methodSPof> ?h@l 'p%ge’rﬂc‘ﬁbﬁ‘&@ﬂt? T2 4ty a5e325St | yTheeceldFrEer oy t hose
skilled in Shkarvestadd asudés @ojiiedabbotvs. ar e~ |ntended to be included by

thi ~—i nventi on. Thahpag0os N0 SHiRGhOPHL %y iiidean i WAF JiRROLERL | 01

deened essentlf gnable th Oi@ e art 'to_practice the 10
cl ai med i nven¥T¥FFr BdcYAges ft e %a‘f%rﬂ%roplﬁﬁﬁl?‘tdatqu&ﬁé‘rﬁﬁyf“ 18-
provi de~f urt h2ae lugé‘-’r @7 °eniwraniat.i oPnaldoldiy wakepiaked i draasternred e

hereby incorpoied ad 10¢ereoer@Nes LB t&RLdifiNy bC1Y - pdd 20 £F1aské5erdfk 35

10 are flushed with 10% Cco,, 5% CO,, 85% N,, sealed and incubated
for 12 h at 37°C with shaking. The bacteria were then diluted
in the same media to OD¢yy ©f 0.17 and incubated under )
identical conditions until the culture reaches early log '

o
p—g

phase, typically 30 min after the dilution. Cells were

15 harvested as described above.

EXample 13. Salmonella typhimurium is streaked on a LB
agar plate and cultured for 18~20 h at 37°C in air. One
colony is picked and transferred into 1 liter-of LB or LB
containing 0.1% DOC and incubated for 12 h at 37°C in air.

20 The culture is then diluted (1/5) in the same fresh media and
incubated a further 4 hours under identical conditions. The
cultures are then diluted in the same fresh media to 0Dy, of <.
0.17 and incubated under‘identical conditions until the
culture reaches log phase, typically 30 minutes after the

25 dilution. Cells are harvested as described above.

Example 14. Klebsiella pneumoniae is streaked on a BHI
agar plate and incubated 18-20 h at 37°C in air. One colony
is picked and inoculated into 1 liter of BHI or BHI containing
0.1% DOC and shaken for 12 h at 37°C in air. The bacteria are

30 then diluted in the same media to OD¢y Oof 0.17 and grown for
30 min further and then harvested as described above.

Example 15. Enterobacter cloacae is streaked on a BHI
agar plate and incubated at 37°C in air for 18-20 h. One
colony is inoculated into 1 liter of BHI or BHI containing

35 0.1% DOC and shaken for 12 h'at 37°C. The bacteria are then

-
—



6 4 D~~ 2002 ._ M CROORGANI SM5 Opti anel Sheet kt connection with the
‘mcraorganismretorted to an page 61, lines 30 38 of the desuiptian ' A

| CENTI FI CAt I ON OF CEPCSI 1'' Further deposits era idenNfiad on an additi onal
sheet ' Nane of deposinty itudwion Amaitaa Type G Nure Oope(z %?ﬁhgr ess of
deposltary institution (including postal code and country) 1 ar Mewn
OriJe~ RockN le, MO 20852 US Date of dagpsit' S-atenber 29, 1995 Accession
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t985 A, -4 xamp e i;ns Enterococcus faecalis is streaked on sheep

10 blood agar plate and incubated at 37°C in air for 18-20 h.
One colony is inoculated into 1 liter BHI or BHI containing
0.1% DOC flask and shaken for 12 h at 37°C. The bacteria are
then diluted to ODgy ©of 0.17 and grown for 30 min further and
then harvested as described above.

5 Example 18. Clostridium difficile (modified chopped meat
medium with 30% glycerol) is streaked on a plate of Beef liver -
medium for anaerobes containing 1.5% agar and cultured at 37°C

under microaerophillic conditions (5% CO, and 95% N;). One
colony is transferred to 1 liter of modified chopped meat

20 medium or same medium containing 0.1% DOC. The bacteria are
cultured under microaerophillic conditions at 37°C for 12 h,
and harvested as described above.

Example 19. Bacteroides fragilis (modified chopped meat
medium with 30% glycerol) is streaked on a modified chopped

) 25 meat medium agar plate and cultured at 37°C under
microaerophillic conditions (5% CO, and 95% N,). One colony is
transferred to 1 liter of modified chopped meat medium or same
medium containing 0.1% DOC. The bacteria are cultured under
microaerophillic conditions at 37°C for 12 h, and harvested as

30 described above.

Example 20. Yersinia pseudotuberculosis (Luria broth
containing 30% glycerol) is streaked on a Luria broth agar
plate and incubated at 30°C. One colony is transferred to 1
liter of LB and incubated for 12 h at 30°C. This culture is

35 diluted (1/5) in LB or LB conﬁaining 0.1% DOC and incubated 4
h at 37°C. Subsequently, the cultures are diluted in the same



1. A vaccine conprising a Helicobacter bacterium or immunogenic fragnent or
derivative thereof, said Helicobacter bacterium having an enhanced
antigenic property) which is harvested froma culture of Helicobacter
bacteria grown in vitro under a conbination of conditions conprising: a)
about 0.05 %to about 3 %bile or about 0.025 %to e€bout 0.6 Qgof WE or
more bile acids or salts thereof; b) 98 a tenperature between about 30C and
about 42C, c) in air or.a n.~i croaerophl lic condition) wherein the

m croaerophilic .condition corrprl ses i) about. 5 %to about 20% C02 with

about 80 % t d*egutoo®Pean af r0- 1dr ang) 15‘5‘6‘3&*:951 %FB’-’EB%t:’OlG“? apd \fkan about
10 % to aboutha&&e%téﬂ}awddmcalibem afbv¥e.t 0 about 85 % N~; -' and d) a

di val ent catioa c ele A about
25 p. M of BAPTa/ A %%t?% 5] CHbHLAARNE 60V REOUNER 09 A Brbenobout
EGTAI AM) wher®BiUs 4% Bovine @ébﬁc?%?“"t’ul PELeY| é“%‘f“’a?&dl?f‘ saw flasks pRESe,

bet ween ear$. yflhmgephmsﬁx &dogt atoisoaay,y sgkaNgandr iatuldioid fatabp anaty phase.

2. A vacci ae lic a [ i fragment or
LTt Khd s, CRPAGL tn(BUThERbIEIAH, ATBLAPORE the 2D

"derivative thereo n anced }l
anti geni c pr GPRHEYe) “3hitRnsEeraed & &d fARsk ‘a°‘b"tﬁ’t"ﬁ1"€ BRI Herqtdowather
bacteri a grows boviné realfnderun conilienabmenmed iwordiditdasanpri sing: v a)

a dival ent raédnct ﬁbﬁ&raetwu)t %etectawownbt be KPR ‘E‘iﬂé' St‘i‘ﬂlﬂ‘eOf about 1.0
t o about 1‘3 BAPTA/ i ﬁ %) g bout g& and about
1.0 to abot} “F‘c’:ﬁ/l‘ﬁrfe E@? PA 5 t'é?r?)é’?’act’iﬂagrBB h %Sout 30 and
G;taout 42 C, wixgury (% &5 00% 00, rﬁiiro!a)e,r@p'ttﬂt incubabtel t200124 bhat 1P Q-ho

i croaer ophigheCREH & I vitL REPVESESS ids ARBHE 1938 tahalaQut 20% COZ wi th about
80 %to about 95 %air; or ii) about 5 %to about 10 % Oz with about 10 %~

to about 20 % C02 with about ?0 ~' a to "about 85 % N2: a3 wherein said
Hel i cobacter culture i% 3} 2)3L: : hRBEGHANTICo BACEERE,Y | v | 0g phase

and s; ati o.t!aryI phaﬁanpm 2at, ahm%ﬁo@tlboaﬁamﬁm ﬁf Ret ﬂ-élﬁtt\éial(l(ll ne
accor |ngto | er_,compri sin I cutlca y

accept abl e ca%r ?e?l%rwaf Iuté%é itc’ Obfhegevacm%leﬁa'gc%rg? £os foclaiml or 2,
wher ei n saj d mIEPhebedtt e SubSace rlaKatss Weracebservas by, C?h‘é“lﬁacﬁf-lahémg

accordi ng 't o iel dhaia link (Aigwbefmd)n saifderedirahading, bRetesllswese
i nacti vat ed %akeépﬁétﬂn%&eat%nﬁysﬁc 1TQ§0Y@EC' ']\etla%%%g{ré‘gl&ﬂs Gkt 1 or

2, wherein said vaccine IS for mucosal or parenteral or nucosal
and par ent%Y} 39 Qdﬁt?ﬁ%‘t’rf&FPGhm? The vacci ne accordl ng to claim1 or 2,
further conprisi ngoxphddigyvafitbacteria cultured according to wethods of

the present invention (hereinafter referred to as “ENHANCED"
bacteria) was altered compared to those cultured in basal
media alone (conventionally grown). For instance, "ENHANCED"
! 25 ¢. jejuni aggregated, and formed large clumps of cells, while
conventionally grown cells were predominantly solitary. It
was apparent from capsule staining (data not shown) that a
change in the bacterial surface was effected by culturing
using methods of the present invention. This surface
30 alteration actually resulted in the increased binding by
“ENHANCED" cells of the nigrosine particles from the stain.
The “ENHANCED" bacteria remained highly motile.
Exanple 23. C. jejuni surface components were analyzed
by phenol extraction. Extracts were made from C. jejuni 81-
35 176 grown conventionally or cultured according to Example 2
above. C. jejuni cells were harvested from culture medium by
centrifugation as described above. The cell pellet was
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A. Al @Q.Ro! #*563%&MPR{ vpkf a[ UU] cal] ca] ca] ca] cal] ca] ca] ca] cal] cal] cal] ca] ca] ca
]calca]caljcajca U cta Ucra U cray c Uca W]ca

WV] cal] ca] c$al] caR] df oQ *z{By. | yt nhb[ Tkf a[ U U] c"a

U cMaU] cal] cal] ca] caU] ca] cal] ca] caU] ca] caU] cal] cal] ca] caV] ca] ca] ca] ca] ca] ca
U ca W] cal] cextileactad for 2 h at room temperature with 1% phenol. Intact

cells were separated from extracted materials by
centrifugation for 45 min. The supernatant containing
extracted bacterial surface components was dialyzed against
§ distilled water overnight. The retentate was centrifuged
105,000 x g for 3 h at 4°C. The extract pellet was
redissolved in 10% NaCl and precipitated with two volumes of
cold 95% ethanol. The precipitation was repeated, and the
sample was lyophilized. Subsequently, the sample was
10 dissolved in water at 1 mg/ml for further analysis.
) Carbohydrate content of the extract was assayed with the
generally accepted phenol-sulfuric acid method utilizing
glucose as a standard. Uronic acid content of the extract vas

Ve

measured with the method of Dische using the carbazole
15 reagent. Total protein content of the phenol extract was
evaluated with the biccichinoic acid assay kit (Pierce Chemn.
Co., Rockford, IL).
It was notable that uronic acid was absent from the
extracts. Many typical bacterial capsules are composed of
20 uronic acid polymers. Surprisingly, surface extracts of C.
jejuni 81-176 were in fact predominantly protein. However,
total carbohydrate content of the “ENHANCED" cell extracts was
increased over cells grown conventionally.
, The carbohydrate to protein ratio of the extracts is
‘ ) 25 shown in Table 1 below.

30

35
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TABLE 1. cCarbohydrate:Protein Ratio of Cell surface
Extracts of C. jejuni Grown Conventionally
(BHI) or According to Method of Example 2

{ENHANCED)
5
Time after
addition (h) BHT ENHANCED
-1 0.02 0.02
2 0.02 0.10
4 0.02 0.15
10 6 0.03 0.29

—
S’

There was a direct relationship between inclusion of DOC 3
in the culture medium and enhanced levels of surface
extractable carbohydrate from the bacterium (Table 1).
Surface extractable carbohydrates were ircreased more than 8-
fold in bdcteria cultured according to the methods of the
present invention; no increase was seen in bhacteria grown

is

conventionally. The aggregation of the bacterial cells

cultured in DOC medium appeared to be attributable to the
20 components of the surface extract.

Upon rehydration, the extract had a high geling capacity

in vater rendering the solution highly viscous and mucus-like, <.
vhich was similar in character to the aggregated bacteria.
The functionality of the extract resembled mucin-like
) glycoproteins.

For analysis of individual monosaccharides, extracts were
hydrolyzed in 1 N trifluoroacetic acid in sealed vials. The
samples were dried under nitrogen 2 h, and resuspended in
distilled water. Sugars were separated by HPLC using a Dionex

30 Corp chromatographic matrix and a solvent system consisting of
3% of 0.5 N NaOH/97% H,0 as solvent. Amperometric detection
was utilized for measurement of separated monosaccharides. An
authentic monosaccharide standard composed of fucose,
galactosamine, glucosamine, galactose, glucose, and mannose

3% vas also subjected to HPLC analysis for comparison.
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antibody reporter cognate was applied. Following washing, the
blot was visualized with light or chromophore producing
substrates. The reporter moiety used was horse radish

* peroxidase or alkaline phosphatase.

35 Figure 3 depicts proteins from Western Blotting with
immune rabbit mucus containing IgA. As can be seen, the 62
kDa protein was the immunodominant antigen. The antigenicity
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(BHI) or According to Methods of the
Present Invention (ENHANCED)

£ 25
Dye Absorbance
Strain BHI ENHANCED
C. jejuni 81-176 0.07 0.49
30 C. jejuni 81-116 0.06 0.49
S. typhimurium SR1l1 0.05 0.30
S. flexneri 24577 0.02 0.13
V. cholera 569b 0.70 2.00
3s Table 2 shows that for several species of enteric

bacteria cultured according to methods of the present
invention, Congo red dye binding was enhanced. These results
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[& ()-yl+ , khbwithat in vitro methods of the resent invention are useful
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MF=ITI) (@1 %&é/ % % & ( 0% & ()-y/i)j k
u] C=! T@ 10% &°(3® '-}qe}'g &8%‘%? 0‘3 aaf"(c) %F%@fw’é y/)@lo%&'(
) -yl correlate with in vivo pathogenesxs for other bacter1a1
species.
s Example 28. Bacterial adhesion to cultured epithelial

cells was analyzed. Bacterial adhesion was. assayed as
described by Galan and Curtiss (Proc. Natl. Acad. Sci. USA,
86:6383-6387, 1989). Tissue culture cells (INT-407 or Henle .
cells (ATCC.# CCL6), and CaCo-2 (ATCC ‘# HTB37) human ) .

10 intestinal cell lines) were cultured in 24-well tissue culture

‘) plates (37¢C, 5% C0,) to a confluency of 60-80%. The medium X

is dependent on the cell line used, but Dulbecco's modified }
Eagle's medium with 10% fetal bovine serum and $0 mg/ml each
of penicillin G and streptomycin was used for Henle cells, and

15 RPMI 1640 medium with 10% fetal bovine serum and 50 mg/ul each
of penicillin G and streptomycin was used for the culture of
CaCo-2 cells. At least 3 h before assay, the culturé medium

_

was removed and the cells were washed twice with Hank's
balanced salt solution (HBSS) with magnesium and calcium. The

20 monolayers were then overléyed with antibiotic-free growth
medium.

For adhesion assays, the bacteria were prepared as
follows. For slow growing enteric bacteria such as
Campylobacter and Helicobacter the bacterial culture density

25 was diluted to an ODgs of 0.1 with fresh, preequilibrated
medium and then used in the assay. For Shigella and other
fast growing enteric bacteria, the bacterial culture was
diluted to 0.17 at ODgy with fresh, preequilibrated medium and
then used in the assay. The bacteria were added to the

'30 epithelial cells at a multiplicity of infection of 10 bacteria
per cell to avoid.saturation. The number of bacteria
inoculated into the tissue culture well was calculated by
plate counting. Following 2 h infection under $% C0, for
Campylobacter, and 30 min for Shigella, unbound bacteria were

3% removed by washing with HBSS before lysis of the monolayer
with 0.1% deoxycholate and plating for the determination of

_ \.

adhesion.
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30 The effect of DOC on adhesion to and invasion into INT-
407 cells by C. jejuni 81-176 grown conventionally or
according to the methods of Example 5 above is shown in Table
7 below.
The effect of DOC on adhesion to and invasion into INT-
35 407 cells by sShigella grown conventionally or according to the
methods of Example 5 above is shown in Table 8 below.
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Table 5: Effect of Temperature on IKVASION of INT-407
Cells by C. jejuni 81-176- Grown Conventionally
(BHI) or According to Methods of the Present
Invention (ENHANCED)

BHI ENHANCED
Temperature (% invaded) ($invaded)

37°C’ 2.5 49.5
42°C 4.0 7.1

10

Table 6. INVASION (FOLD INCREASE) into INT-407 Cells
by Different Strains of C. jejuni
Grown Conventionally (BHI) or According
15 to Methods of the Present Invention (ENHANCED)

Strain BHY ENHANCED

9.2
10.0
26.7

81-176
81-116
HC

RSN
L[] . [}
occo

20

¢ ) 25 Table 7. Effect of DOC Concentration on Adhesion and

C Invasion of INT-407 by C. jejuni 81-176 Grown
Conventionally (BHI) or According to Methods of
the Present Invention (ENHANCED)

Treatment Adhesion (%) Invasion (%)

30

BHI 9.3 6.3
ENHANCED; 0.025% DOC 18.3 17.4°
ENHANCED; 0.1% DOC 52.6 37.0

s
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or Adhesion (Percent) to INT-407 Cells Grown

Cconventionally (BHI) or According to Methods of
the Present Invention (ENHANCED)

s
Characteristic BHI ENHANCED
Adhesion 1.0 140.0%
Invasion 1.0 94,4
10 a More than the initially added bacteria were

recovered due to growth of the bacteria during the

(:) assay

Adhesion to and invasion of cultured INT-407 cells by
15 several human isolates of C. jejuni (i.e., 81-116, 81-176 and
HC) was greatly enhanced by addition of bile or deoxycholate
to the culture medium (See Tables 4 and 6). The most
effective dose of DOC was 0.1% (Table 7). The greatest
response was obtained at 37°C, but not at 42°C (the
20 temperature at which Campylobacter is conventionally grown)
(Tables 3 and §).
Similar findings were made with Shigella flexneri (Table
8). Shigella grown according to the methods of the present
invention had greatly enhanced abilities of both adhesion and
) 25 invasion.
These data show methods of the present invention enhance
invasion and adhesion of enteric pathogens.
Example 29. A rapid slide agglutination assay was used
to show immuno-cross reactivity. ¢. jejuni strains grown
3p conventionally or according to the methods of the present
invention as exemplified in Example 5 were exposed to serum
IgG from animals immunized with C. jejuni 81-176 (Lior §)
grown either conventionally, or according to the present
invention (e.g., Example S5). The IgG antibodies were
35 immobilized on Protein A coated latex beads. If there are
cross reactive epitopes between the test serotype and the
antibodies generated against the Lior 5 serotype, then nearly
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Lior 5 serotype strain of C. jejuni.
Also, several species of Shigella grown according to
methods of the present invention, but not those grown
15 conventionally, cross react with IgG antibodies from animals
*  immunized with Shigella flexneri 2457T grown with DOC.

8 EXAMPLES: VACCINE EFFICACY
Example 30. The ferret model for studying Campylobacter
20 pathogenesis can be used as a model to evaluate vaccine
efficacy in protecting against colonization and/or disease
because infection of ferrets reproducibly generates two of the
three disease manifestations seen in humans.
Twenty-four 7- to 9-week-old male ferrets were immunized
25 orally with either PBS (as control), or formalin-fixed C.
jejuni strain 81-176 grown conventionally (BHI) or according
to methods of Example § (ENHANCED). Serum was isolated to
determine baseline IgG titres. All vaccines and PBS were
administered in the\presence of the adjuvant LT, two times,

PN
—

30 one week apart (Day 0 and day 7, “vaccination"). Serum was
collected one week later (day 14) (“post-vaccination") to
determine IgG antibody titres. Four weeks post-vaccination
(challenge), the ferrets were anesthetized with ACE promazine-
Ketamine and challenged orally with a 10 ml PBS solution

as containing live C. jejuni 81-176 (1x10lo CFU). Thereafter the
animals were monitored daily for mucoid diarrhea, bacterenia,
fecal shedding of Campylobacter, weight changes, occult blood,
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and fecal léukécytes. Bacteremia was detected by drawing 1 to
2 ml of blood from the jugular vein of anesthetized ferrets
-and incubating the specimen in a vented trypticase soy broth
culture. Subcultures fo blood agar plates were taken at 2, §
$ and 7 days post challenge. Serum samples were collected prior
to immunization (baseline), one week after the second -
immunization, @ﬁd at the time of challenge,'and one week post
challenge to determine IgG titres.
Occult blood was detected by testing fecal material on a
(") 10 Hemacult card. Fecal ma@erial wvas smeared on a slide and
stained with methylene blue to detect fecal leukocytes. Fecal
shedding of Campylobacéer was established by culturing smears
from rectal swabs on Campylobacter-selective medium plates
{(trypticase soy agar, 5% sheep blood, trimethoprim,
1s vancamycin, polymyxin B, cephalothin, and amphotericin B,
Remel, Lenexa, KS). Results from these experiments are
presented in Tables 10 and 11 below.

Table 10: Vaccination Protects Against C. jejuni 81-176
in Ferrets

20
POSITIVE COLONIZATION b
; ) VACCINE DAY S POST-CHALLENGE? DISEASE
I 6 1/6
25 PBS /6 /
BHI 0/6 2/6
ENHANCED o/s¢ 0/6
a Number positive colonization/number tested
30 b Presented with green mucus/unformed/watery stools
¢ One animal died in the group after disease state was

determined but before colonization was scored

35
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" Table 11: Ferret Sera IgG Geometric Mean Titer

One wveek At One week
Group Baseline post-vaccine challenge post
: ’ challenge
PBS 6.4 4.9 6.4 1380.4
BHI 6.4 94.0 194.0 26505, 3
ENHANCED 6.8 234.4 1621.8 56234.1%
@ Mean titre for the five surviving animals

Table 10 shows that upon live challenge, animals
immunized with a killed-whole cell vaccine of the present
invention were protécted against colonization and disease.

The data in Table 11 show that a much greater IgG antibody
titre results from vaccines of the present invention
(ENHANCED) than from enteric bacteria grown conventionally
(BHI).

These results demonstrate that immunogenicity (Table 11)
and protection from infection (Table 10) was obtained with
vaccines of the present invention and was greater than that
seen when animals were vaccinated with bacteria grown
conventionally. Therefore bacteria produced by the methods of
the present invention are useful as vaccines to protect
mammals from infection.

Example 31. Mice do not naturally develop Campylobacter
or Shigella infections as do ferrets, but they have been used
by those skilled in the art to show resistance to intestinal
colonization upon oral challenge of immunized animals or
resistance to illness via lung infection of immunized animals.
The mouse intranasal inoculation model then can be used to
predict the efficacy of vaccines for use in other animals or
humans. This assay was described by Mallet, et al. (Vaccine,
11:190-196, 1993).

Groups of 10 female Balb/c mice about sikteen weeks old
were immunized orally with phosphate-buffered- saline (PBS)

C. jejuni conventionally grown (BHI) or C. jejuni grown
according to Example 5 (ENHANCED) in doses of about 107 CFU or
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10° CFU, then challeﬂbed. IgA titres from intestinal mucus in

each group were determined by ELISA methods and are presented
in Table 12 below.

Table 12. IgA Responses After Oral Immunization with (107
‘or 10°) Campylobacter Whole Cell Vaccines in
- Mice

‘0 Immunization Lavage IgA Titre? 3 gesgondegsb

) PBS 23 14
ENHANCED (107) 114 75
ENHANCED '(10%) 78 75
BHI (10') 40 25
BHI (10%) 32 12

N

1s

a Lavage titre indicates the mean anti-C.jejuni IgA titre
obtained for each individual group of mice.

b Responders are defined as those animals wvhose endpoint
titres exceeded 2 standard deviations above the mean of
20 the animals receiving PBS alone

Table 12 shows that animals immunized with bacteria grown
according to the methods of the present invention have a
higher intestinal IgA antibody titre as presented by a greater
percentage of responders than animals immunized with bacteria
grown conventionally.

9 EXAMPLE: MECHANISM OF ANTIGENIC ALTERATION OR
ENHANCEMENT BY DOC

Example 32. Although not intending for the'present

30

invention to be limited to any particular mechanism of action,
the present inventors have obtained evidence that suggests
that deoxycholate (DOC) appears to have a two fold action in

. altering or enhancing the. antigenicity of enteric bacteria.

35 pvidence indicates that one aspect of DOC's effect is mediated
through calcium dependent effects, as DOC binds calcium and
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thus lowers the calcium concentration in the medium. The

evidence is as follows. When C. jejuni 81~176 is cultured

with the membrane permeable calcium chelator BAPTA/AM and

without DOC, its invasiveness of INT-407 cells is enhanced

5 approximately 10-fold (see Table 13 below). BAPTA/AM
treatment alone, however, does not enhance the imnmuno-cross
reactivity of C. jejuni 81-176 cells.
The results shown in Table 13 were obtained using C.

Jejuni 81-176 cultured according to the protocol described in
. 10 Example § except that 25 uM BAPTA/AM was substituted for 0.1%
{ ) DOC. The invasion assays were carried out and scored as N

- _described in Example 28 in Section 7 above.

Table 13 Invasion of INT-407 Cells by C. jejuni Grown
Conventionally (BKI) or with BAPTA/AM

15
Culture covdition
20 Strain BHI BAPTA/AM
C. jejuni 81-176 ’ 3.0 36.9
i ) 25 Several pacterial genera that are susceptible to

antigenic enhancement or alteration by bile or bhile salts such
as DOC (e.g., Campylobacter, Shigella, Helicobacter) have
genes homologous to low calcium response (lcr) genes from
Yersinia. The lcr locus is known to regulate virulence of
Yersinia in response to low calcium levels. Two Campylobacter
genes involved in flagellin expression and assembly which are
required for invasion (flad, rlba) are regulated in part by
the lcr product. Analysis of the behavior of Campylobacter
rlaA and f1bB mutants grown conventionally or under virulence
enhancing conditions of the present invention show that
invasion, but not Congo red dye binding or increased cross-
reactivity, is calcium dependent (see Table 14 below).

30

35
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The results shown in Table 14 were obtained using C.
Jjejuni cultured conventionally or according to the methods of
the present invention as exemplified in Example §. The
invasion assays were carried out and scored as described in
$ Example 28 above.

Table 14: Invasion of INT-407 Cells by C. jejuni Mutants
- Czown Conventionally (BHI) or According to
Methods of the Present Invention (ENHANCED)

io0

- Culture condition
()
Strain BHI ENHANCED
C. jejuni 81-176 3.5  40.8
1s
C. jejuni flai 0.05 0.05
C. jejuni flbA 0.01 0.04
20

The C. jejuni fla and flbA mutants do exhibit
significantly enhanced Congo red binding and immuno-cross
reactivity when cultured with DOC (see Table 15 and Figure 6,
respectively). The results shown in Table 15 and Figure €
! j were obtained using C. jejuni cultured conventionally or

according to the methods of the present invention as
exenplified in Example 5 above. The Congo red dye binding
assays, whose results are shown in Table 15, were carried out
as described in Example 26 above. The immuno-cross
reactivity, whose results are shown in Figure 6, were carried

30 out as described in Example 29 abave.

3s
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tF6,10% $ ()Thérﬁgglutlnation activity of the mucus antibodies were tested
§ against twenty-four Campylobacter strains, comprising eighteen
serotypes, grown conventionally in BHI-YE- medium or according
to the methods of the invention as exemplified in Example S.
The results of the agglutination assays show that the .
cross-agglutination of heterologous Campylobacter strains was
10 broader and, in many cases, stronger vhen the strains were
(w) grown according to the methods of the invention than when they:
were grown conventionally. Specifically, there was an over
two fold increase in heterologous agglutination reactivity: 6
of 24 conventionally-grown heterologous strains agglutinated
15 at level + or greater in the anti-81-176 immune mucus, whereas
14 of the same 24 strains grown under DOC conditions
agglutinated at level + or greater. Further, while eighteen
of the heterologous strains demonstrated weak (+) or no
agglutination when conventipnally grown, eleven of these same
20 strains showed an enhanced agglutination response when grown
under ENHANCED culture conditions (e.g., DOC containing
medium) .
Table 16 illustrates cross-reactivity of anti-81-176
immune rabbit mucus against 19 heterologous Lior serotypes
f_)- 25 consisting of 22 strains grown conventionally (BHI-YE) or
using the methods of Example § (ENHANCED). Even though this
experiment assayed only a fraction of the known Lior
serotypes, the results demonstrate that the methods of the
invention induce substantial immuno-cross reactivity between
30 Lior serotypes. The results further show that the DOC
enhanced or induced antigens in Campylobacter appear to be
important in the secretory IgA response associated with
resistance to and recovery from intestinal infection by
Campylobacter.
3s It should be further noted that strains of Lior serotype
8 are of a different species, Campylobacter coli. One of the
2 strains (VC167) of this serotype strongly agglutinated (3+)



ZY8+4104% " L$* 10%49%& ()- - ~L$*1096$& ()- - * LS*10%R&' ()- - "~ L$*10%R&' () -
- L$*10%t& ()- -!N F6, 10%& ()-° WEbA4104% " ), '10% & ()-° °,
"10%-){& ()-" , '10%)& ()- 3>10%*& ()-/ 3@10% & ()- 104%04%Ef FA4104%
Y 3~*10%& ()-P3~*10%& ()-P3~*10%& ()-P3~*10%& ()-P 3 S&10%& () -
q° S&L0%x*>& ()-"#hDA4104% °
#3' *3~*10% & () - P3~*10%& () - P3~*10%&, () - P3~*10% &' () - P#3- ##4CT 2W2dHA4104%
© O #3~*10% & ()- P#3' *3~*10% & ()- P3~*#Br & ()-P3~*10%& ()-P3~*10%& ()-P;
?@FO cCA4104% ° .
~% ! ~% ! T % ~% ! ~% ! ~%* ! /\
?éA 4i82{‘§/0&\ O -Fgad J‘(.)/-(-Zégif-(l)fGP% ane reOEEE oS IRIEELda B T %EEL) - Phstw,
3~*10% & () - bBat 19opaeaine pdex ivpd Lrop- P13 eiundygiradn REgLoEE0Y )SIR 2A410
4‘%1 o not*on%y can cross;-pz;otelct agairlst Ohetlerologotlzs* sirotgrpeg
3-10%& (- 3f 078 ChaB3and AY QieFRred B Labhi s bPeg.(ep 7410
3~*10% & ()5 B8-4 10%apyyobactangedi|) - Fbso Jorthopeting Fe-thadw RieY - PcGA410
A%Aflf(k) 4119/%2&' Epr&SyPdD %, &2( ) 4 P Bz &1 (3r£3adchy¥@Re (hodW Priedaieltz & () - P
< (0] . .
#3' * 3~ 100@ &P L FSHREAGOS AP TS Y PEECTERER YSE 1958600 7 R5Y (B + 1+ g+ +23dH, 43~+1
0% & () - P3~* deuprsfratpdydetestahlee crps pareaqiivdty) ipsthig@agayy - P3~* 1092 & (
) - P37<=@\EcC, 43~*10% & (3~*10% & ()- P3~*10%& ()- P3~*10%& ()- P#3' *3~*10% &
'()-P3~*1Q%z& () - PEJKLreX73~*10 sl Z109%@* & ()-z10)10) 10) v@ .
10% & ()-y3~*10% & ()- P#3' *3~*10%& ()-P,!1d"|[:eX73~*10 FYS *10%&ué& ()-1
@‘Y*lO%&&' ()- ~Y*1098RY%& ()- "Y*10% & & ()- Y*10% t$: & ()- yPY*10% " \
')()-d" "#J$3$%9084 [ NA43~10~8&~10~&~10~&~1 * YS *10%&& ()- f{ YS *10% c&
& ()- a’YS *10% $& ()- " YS *109&& ()- f YS *10% ?* & () - Y98Rq&E&&{ ZINAL3~10
3yS-10%@ @' ()- YS 9110% #f & ()-!S 91 109%& ()- 3&@RI0%D' @& ()- &@BI0%W \')
& ()- !YLOW & ()-&8G "' "' |[: NA43~10 3s10%@ @& ()- @3f10%@ @& ()-S
391 10%@ @sS()- S 109 & ()- S 10%& ()- 1S 10%& ()- "y((((((((| obus3~
Y, 10%*& ()-10@ @L0@ @ 0@ @ 34109 @& ()- 3f @10%@ @& ()- 3y, ! 10%E@& () - -
It 10%) (& ()-M5))))) & *taA)vF *10% & ()-$ *10% & ()-$ *10% & ()-$
s"10% & ()- Ds"10%% x*$

20

/') 25

30

as



& ()- 310%*& ()-'*(*[*\*]*e*h*i *pP8v*v* *10% & ()-$ *10% & ()-9$
*10% & ()-$v*D *10% & ()-$ *10% & ()-$i *j *******pX<v* *10% & () - $v*
*10% & ()-$ *10% & ()-$v*D *10% & ()-$ *10% & () - $*! +" +#+X+Y+Z++sWIv*
*10% & ()-$ *10% & ()-$v* *10% & ()-$ *10% & () - $v*

*10% & () - $++++++, , xX@*v* *10% & ()-3$ *10% & () - $v* *10%& () $

*10% & ()-$v*, ., ,, V, W X, pX<v* *10%&'(21152% *10% & ()-$ *1 fanz Sv*
*10% & ()-$ *10% & ()-$X,,,,,,,, SWIv* %& ()-$ *10% & () - v* *10%&() $
*10% & ()-$v* *10% & ()-$,,, ---J-K-xX@*Vv* *10% & ()-$ *10% & () - $v*

*10% & ()-$ *10% &TEhlGeK- bgglutingbion: Re4HGLES (OF 30* CAdfbatiales

*10% & ()-$v* *10% & ()-$ *f@w&y §s giroun: Convent \Jniy*w%-&a o$

*10% & ()-$v* *10% & ()-$ * g qﬁ?*t*‘fo%‘ 33;;\/ »I?.E!!V.e.n.t

*10% & ()-$ *10% & () - $v* * pApmULE . oF  AntiB1r 47 6 pX<v*
£10% & ()-$v* *10% & ()-$ * 6‘@‘“&‘* ‘%}*‘ Te¥E & ()- %

*10% & () - $@WWWWWW—$W
*10% & ()-$/00}1111|[:dCv* @10% & ()- @HedI@tination ZEGHPASEy - Y

C 109 & - 7% "10%' & $ "10% & = * TN ) & -
T0%& () TN 1098 () X clovh & () -\ ThahE ghycis trifte (iachlt

, S GLO% & ()-1111111 ?dCv* Lmrlo%& -TN 109 )- TN 109 )-#3M TN
109% & ()- TN 1084%ain "111 Seretype, ’é&!)l-;lé% &4&@4@%&@@4& OBHARSER N
10% & () - #3M Th840% & () - 1111222" <dCQv*= #3M TN 1099 & ()-TNA0% & () - FN
109 & () - TH910 g() #3M 2 222222 DdCv* #3TN 10% & ()-#3M_TN 1099 & () - TN
0%& ()-TN 10@ "()-TN 109%°& ()-212%2,2-2.2/2{ _CdOv* #TN10% & () -
2@ )-#3M TN 109 & () - TN410% & () - TN 109 & ()= /282<2=2>2@2P2_?d@w+ #TN
10%
%

TN 10§4&' ()- TN 10%:&' () - #3M TN 10% & ()= TN

& (
&

10%) & 8 P2R2S2T2X2a2e2 2dCv* #TN 109 & ()- TN 109% & ()-TN 109 & ()- TN
10% & () - #3M TREOW) & () - e2P2i 2nRv2x2y2 <dOv* #3M TN 1094&*t)-TN ~ ++t
18(53& 8 TN1069 & () - TN 109%&' () - #3M y222{ 22222adHdCv* #3Fhe40% & ( H-#3M TN
10% &'

N 1% 83(}0(93 TN 109.& ()-TN 109 & () - 2222222{_?dCy* #TN 109 & ()-TN
10% & () - #3M & ()- TN 10% & ()- TN 10% & ()-2222222_72dCv* #TN
10% & ()-TN 10% & ()- TN 1094 & ()-#3M TN 10% & ()= TN 10% &=() - 2222222cCdCv*

#TN 109 & ()- Tde 10% & ()- TNg10% & ()- TN 109 & ()« #3M TN 4 o+
10%&() 2222 <dOv* #3M )TN 109 & ()-TN 10%9& ()-TN 109 & ()-TN
10% & () - #3M 2 2" DdOv* #3TN 10% & () -)#3M TN 109 & () -TN 10% &) TN
10% & () - TRI°10%-&15(9) 2233 38 3{_2dCv* #TN 10%) &) - TN 100 ()-#3M FN
109 & ()- TN 1099 & ()- TN 109%& ()- 333330833_>1C10' B,3 10% & ()-" , 43
109/$& ()-" TN 1099 & () -#3M TN 109 & () - TN 10% & () - 33334566bACL0"
T*10%6 & ()- AV PW & ()- 111098& ()" *10% Z% & () - * et
Ll @1098( & ()54’ 10' 6t 778' 97=; | [ : AC10- U &F+10%-8& ()- _ &F+10%#& () -
| QF+1098& () - s &) 3F$10% %& (}- WBF$10% & ()- W*10%$& ()-=;;;;; <<=82vUAl
ey L 10% &a6) -~ 1109% & ()- "1109% & ()- , &$S- 0% & ()-10$10$10$
_v)&F+100/$& ()580?2@ @@@HA| LovU4L , EZ 10% & ()++ & 1098& ()-  +
L& 10988& ()- godt& 10% & (b1 L 10%& ()- - +
|1ocy$& () - HAKALAMANAAA. BbBY 41 p 10% & ()- 2 P ' 10% && ()
1180 S+
1982 29 - - - -
40 910 32 - ++ - ++
2074 36 - - - -
HC 36 - + - +
2984 46 - - - -
79171 72 - - - -

3s



]P ' 109%& ()- t4 '10% H T & ()-10'10' 10' ,610% & ()-bBCCCLDAE_F) G [: vUAL
m ' 109M M8’ ()-2 m ' 109 M& ()- h' ' 10%H( H& ()-t w ' 109N W& () -

' 109 J&X& ()- r0 ' 109RS&RE () - ) GHHHHH( Hf HHvU41 | 10% L& ()- , &

1094 L& ()-3 , S#S109%' L& ()-10(10(10( ,+)t10% & ()- $

'109% & ()-HH |. IbIflil[\<vl4l , 109A"L& ()- 109%"L& ()- ,Y! 109%"L& ()-
@O0% ' (& ()-M 7&f 100V W& ()- , S10%"' LE(Y)-i111m ~I1111eGré 4 QUL 182 ()-
109" L& ()- 10%"L& ()- 10%"L& ()- T 109" L& ()-1111111eE+4 100" L&()
109" L& ()- 109%"L&-()- 109%"L& ()-'T - 109%"L& ()-

109" L& ()-11®111 u‘héh%éi-sai-m%(@&&'n(s) weteYbbtfiea 'froml OXbH1t%E () -
10%."L& ()- 10%A." ifféereed WithlIivkKd] jefua$ s D- 19bg¥olh- céhkeriti¥natty () -
L& 10%i$l & ()- 1940% & ()-  109@& ()-  10%° )&() KL- MVMMMVVNy X7's
3*10%p#~& (-9 10% ~( & ()-10'10'10' * .!110% & é C110% & ()- . 110%
& () - N2Ct QZPPPP| [ THR7R0n-Rumpingn paeys vergypbkaine qr@nlewc@c(sad

"3 1090& (9-9 L 32RBEER ()-9 " 3*10%#y& ()- 9PPOQ/Q%RYSTT|[ -7108#S {"F

+10%B#S& (- F Théodggi@%%ngllon resﬁggégs aﬁge f@om n£8£@&$ ‘%-S,;tEOFI

+10% & () -

%40% (& () - TTTTUUﬁB&d(J?f’&l‘&’ VP Ve Ye S oRY (oo & ()-, SM 10%' & () -

ysg 10%' & ()-
10%" & () - 10S#S10SHSRU-UMIUSWIA10, SM 10% & () -, SM 10%' & ()-L', SM 10%
@ (). SM 10%" & L}- L' BEMELONe ARDY 73K AULIOWRRR IR, mva@mmmr&ce.pr SM 10

%' & ()-M19 SM 10%"' & @ .CAMAYIORA a & 431", SM

10%' & () - & SM 10%Rampie 3|4 & mlﬁl%te&t(l)/e &M’ﬂtﬂ?@ & ( fobMM\QV&VﬁVSV\?410

10%" & 1 f
(EB“WW%VW&@% &8 %yz’yzp%sﬁ%ﬁf%<%53ﬁ{”a%%h?f§%>f&* AT
- L Wi W REVWERe 4K S8Rl dneRE 9N Wass &a%uwd( yising Yhediowse) - L' SM 10%
‘& ()-, SM 10%1%(3aﬂWWMSHprh&,eﬁNbﬂz09@q& (ALnESi 1086 iiun).- L' , SM 10%" &
() SM 1%@66& g),;,;_“sg\g 1958 () - XXXLXMKNXXXXX@10L' , SM 10%" & ()-, SM 10%
10%" & ( 10% VI 1010’ 10’ 10/
y510% & ()-,sMm 16 /e}%j”(’bl El'éM‘ 1‘&% TEOFR- awq%%@s&ee) 2568 AMPIYEQ0 071 10E( 3
F( 109%™ ( Y& ( EX&BPLd (9HHmEYdnadt R VAU 0 Y& 99 FR3RAL080EY YiesCriled
‘(y('}(}o"Y/i{L“(Y&&(E )ab5¥?g}) Gréups Yai‘zgfgoglole%Fle&@ié(o\i& $)31Yn&'ﬂ=,3ﬁ(ﬂl9/3@( i X&' &éz(-)&fF( 10
- e B A e A W i L,
YYYYYXxX@ POEFBE] m%ﬂ\a(lmng) e ] JRyA (YR :( PreEp P(nm (BaC&EFGIG%(A(Y&
Eépf‘féx%%'yzb&“%‘z%a o <°“b%§§&§m%‘%ﬁ?ﬁ< m‘% e S SaE( 10 v
" () - &E( 3F( 10&%&% ‘%’) 58t fbﬁ‘ ) €& \%O‘%(i) g5 (Ye ‘Qfﬁ[% X@ 10E
( 3F( 109%™ ( YROPRT QBN enpomt/s( v&d(am@(@t@in%{ﬁ%%t@p &3F(nbo eF&OF) E([[[[[\
\\ pX<I 103F( 1@%&@&3@&&5@3&%&1\6& bH &8 )1 GIOFR( Y&vén - RE(IBFEiAGRE ( Y& () -

S e i el S e

, () - &3F( 10%~ P¥sapinaks 3‘!‘—3(‘?0”' ter ¥akh ﬁ("(l‘?&e()’ AP | pX<I 10"
3F( 109" ( Y& @)t&&ﬂ@(m%dﬁgvsm() m@maw&tm (26 QBYBFELO8H ( Y& () - &3F( 10%Y
MY& ()-&] 1] hhi se! 3adl%b&el) afidadk 1B¥R) A& () -F

0 [0/AVZAN [0/AVZAN 0
sige LA L I L 0
& ()-10% B¥acdAemy forming 8M¥ts L{CFW)d ofTlive conventionally grown C.

jejuni 81-176. The duration of intestinal colonization was
determined by monitoring fecal shedding every day over a 9 day
period. Fecal material was emulsified in sterile PBS and
aliquots plated on Campylobacter blood agar. Plates were

35 incubated at 35°C under microaerophillic conditions
(Campylobacter GasPak, BBL) for 3-5 days to allow growth of C.
jejuni. cColonization results are expressed as the percentage
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. of animals shedding Campylobacter organisms on a given sample
day.
As shown in Figure 7, all nasally challenged animals,
both immunized and ¢ontrol, shed organisms immediately after
5 cha}lenge {(day 1). Eighty to one hundred. percent of the
control animals remained colonized for 9 days after challenge.
In contrast, significantly fewer animals in the vaccinated
groups shed organisms during the course of the 9 day assay
period. Both the degree of and time to clearance of challenge
10 organisms we}e dependent on the amount of vaccine
administered. The low (105 particles/dose) and intermediate
(-) vaccine doses (107 particles/dose)'gave a gradual and
incomplete rate of clearing. The presence of adjuvant
increased the.degree of protection at these doses.
15 Surprisingly, at the highest dose tested (109 particles/dose)

the non-adjuvantized vaccine produced a level of protection

equal to or slightly greater than that obtained when a

comparable dose was administered with the LT adjuvant.

Similar results were obtained when orally vaccinated

20 animals were subsequently challenged. orally (see Figure 8).
These results indicate that immunization with inactivated
Campylobacter grown according to the methods of the present
invention affords protection against subsequent challenges of
live campylobacter and the immunization is efficacious even
when administered orally without the use of an adjuvant.

The protective efficacy of formalin-fixed whole cell
Campylobacter jejuni grown according to the methods of the
present invention (see, e.g., Example 5) administered
intraperitoneally (IP) was also evaluated. For these
experiments, groups of 20 female Balb/c mice were administered
a single dose of 1.3x10'0, 2.sx10%, s.o0x10%, 1.0x10% or 2.0x107

f' ) 25

30

inactivated C. jejuni particles in 0.5 ml endotoxin-free PBS
without adjuvant. The animals were -challenged 14 days later
with a single lethal dose of live C. jejuni 81-176

(approximately 1.0x10!0 CFU in endotoxin-free PBS) delivered
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intraperitoneally. Animals were monitored daily for 4 days-
for mortality.

As shown in Table 17, a single intraperitoneal dose of
5.0x10% inactivated C. jejuni particles induced an

immunolodcal response sufficient to protect animals against a
live C. jejuni challenge.

Table 17: Protection Afforded By IP Delivered
V2Inactivated €. jejuni Prepared According to’
the Methods of the Present Invention

Dose Mortality - survivors

Day 1 2 3 4
1.3x10!0 0 4 0 0 16
2.5x107 0 0 -0 o0 20
5.0x108 0 0 0 o0 20
1.0x108 1 7 0 0 2
$.0X107 10 6 2 0 2
PBS Control 4 3 2 0 1

12 EXAMPLES: DOC ENHANCED INVASIVENEES, CONGO RED
BINDING AND IMMUNO-CROSS REACTIVITY OF SHIGELLA

Example 35. <The invasiveness of Shigella sp. grown in
vitro is affected by the culture's growth phase. The
invasiveness of Shigella flexneri 2457T cells grown
conventionally (BHI), or according to the methods of the
invention as exemplified by Example 9 (DOC-EL) (wherein the
cells are from an early log phase culture), or according to
Example 9 but allowing the culture to reach late log phase
before harvesting the cells (DOC-LL) was tested according to
the procedures described in Example 28. The results show that
culturing with DOC enhances invasiveness and that the maximum
enhancement is achieved during early log phase of growth (see
Figure 9).

Culturing with DOC according to the methods of the
invention also enhances the invasiveness of other Shigella
species, S. sonnei, and S. dysentariae (see Figure 10). 1In

' *aaadb5b6bt bubxX@+ L*10% *T

[
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polarized epithelial cells the enhanced invasiveness of
Shigella was observed only when the epithelial cells were
infected basolaterally by the bacteria. This finding is
consistant with the invasion process observed in vivo.
(1 Comparitive studies show that Shigella grown according
to the methods of the present invention are hearly 10-fold
more invasive than Shigella prepared according to the
procedure described by Pope et al. (Infect. & Immuﬂ., 63:3642~
3648 1995).
i0 Example 36. Shigella cultured according to the methods
of the present invention also exhibit enhanced Congo red
(ﬂ) binding. S. flexneri 2457T and S, sonnei grown conventionally
(BHI) or according to the methods of the present invention as
exemplified in Example 9 were assayed for their dye binding
15 abilities using procedures described in Example 26 above. The
results show that growth in DOC enhanced Congo red binding by
the two Shigella species 10 to 20 fold (see Table 18).

Table 18: congo Red Binding by S. rflexneri and S. sonnei
Grown Conventionally (BHI) or According to
20 Methods of the Present Invention (ENHANCED)

Culture condition

Strain BHI ENHANCED

{‘4' } 25
S. flexneri 2457T 0.04 0.44
S. sonnel 0.02 0.40

30

Shigella is divided into four species and various
serotypes. The immuno-cross reactivity of Shigella flexneri
grown according the methods of the present invention was
examined using the agglutination assay as described in Example
28. The assay used antiserum from immunized rabbits to
35 Getermine the effects of culture conditions on the immuno-
cross reactivity of different Shigella species. The rabbits
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were immunized with formalin-fixed Shigella flexneri 2457T .
grown according to the methods of Example 9. The
agglutination activity of the IgG antibodies obtained from the
immunized- animals were tested against all four shigella
5§ species grown conventionally in BHI medium or according to the

methods of the invention (e.g., Example 9). The results of
the agélutination assays show that growth with DOC
significantly ‘enhanced the aggiutination activity of the
homologous Shigella flexneri as well as those of the three

10 heterologous Shigella épecies-to anti~s. flexneri antibody
(see Figure 11).

()

13 EXAMPLE: VACCINE EFFICACY OF SHIGELLA

Example 37. The protective efficacy of formalin-fixed
15 whole cell Shigella flexneri grown according to the methods of
the present invention was determined using the mouse nasal
challenge model developed by C.P. Mallett et al. (Vaccine,
11:190-196, 1993). Briefly, Shigella flexneri was grown and
harvested according to the methods exemplified in Example 9
20 and inactivated with 0.075% formalin as described in Example
30. Approximately 107 inactivated bacterial particles were
used to vaccinate 14-16 week-old female Balb/c mice. The
inactivated S. flexneri was suspended in sterile, endotoxin-
free PBS at a concentration of 108 particles/ml and 35 pl of
) 25 this material was administered nasally to groups of 10 lightly
anesthetized animals. A total of three immunizations were
given at 14 day intervals.
To test the effect of an adjuvant on the protective
ability of the sShigella whole cell vaccine, groups of animals
30 yere immunized using a suspension that contained the
inactivated vaccine and 5 ug of the heat-labile enterotoxin
from E. coli (LT). Fourteen days after the third
immunization, animals were challenged nasally with a sublethal

wasting dose (105 cfu) of either live S. flexneri or S.

35 sonnei. Immediately before and at 1, 2, 5, and 7 days

*
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following the challenge, animals were weighed ard the mean
group weight determined. Results are shown in Table 19.

Table 19: Inactivated Shigella flexneri Whole Cell
Vaccine Protects Mice Against Nasal Challenge
With Live S. flexneri or S. sonnei

Challenge " Vaccination Percent .Weight  Change

organism Post Challenge
Day 1. Day 2 bDay S Day 7
vaccine - 5.4 -~ 2.9 =-2.% - 1.6
vaccine + - 7.0 =~ 2.0 - 1.5 1.5
adjuvant
S. sonnei PBS ~ 8.1 -17.%5 - 9.3 - 6.4
vaccine - 6.7 -11.3 - 6.5 - 6.0
vaccine + - 6.4 - 5.2 -=1.3 - 2.1
adjuvant

Ten mice in ?ach group were immunized 3X nasally with vaccine
comprsing 10’ inactivated S. flexneri grown according to
Example 9

The mice immunized with vaccine comprising inactivated s.
flexneri grown according to the methods of the invention were
protected against challenge with live S. flexneri organisms.
Those mice suffered less weight loss and underwent more rapid
weight recovery as compared to unvaccinated mice, i.e. the PBS
sham control group. Surprisingly, the S. flexneri vaccine
also protected the mice against challenge with live S. sonnei.
Interestingly, animals receiving the vaccine alone without the
LT adjuvant were as well protected against the homologous S.
flexneri challenge as animals that received the adjuvantized
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Example 39. The protective efficacy of formalin-fixed.
vhole cell Helicobacter pylori grown according to the methods
of the present invention was determined using the mouse
Helicobacter felis gastric colonization model described by
Chen et al. (Lancet, 339:1120-1121, 1992). Hellcobacter
pylori strain Gl1-4 was grown as a seed culture for about 22 h
at 37°C under 10% CO,, 90% air in BHI media containing 4%
bovine calf serum. An aligout of this cultufe was used to
inoculate a 10-fold volume of the same media containing 0.1%
(v/v) bovine bile. After 12-14 h of growth at 37°C, -the cells
are harvested by centrifugation and resuspended in 1/10 of the
original volume of Hank's Balanced Salts Solution (HBSS) at
roomn temperature. Cells were recentrifuged and aéain
suspended in 1/100 of the original volume of HBSS. To the
buffered cell suspension, formalin was added to a
concentration of 0.075% and the cells inactivated by stirring
the suspension at room temperature for 6 h then cooling the
solution at 4°C for 18 hours.

Protection potential was routinely measured by
administering 3 doses of this inactivated whole cell vaccine
orally to 6-8 week old female Balb/c Helicobacter-free nice at
days 0, 7 and 14 or at days 0, 7 and 21. Doses of 109
bacterial particles per dose were evaluated in combination’
with the heat labile enterotoxin of E. coli. Fourteen days
after the third immunizing dose, animals were challenged
orally with a single dose (107 CFU/dose) of live H. felis.

Two weeks after challenge the animals were sacrificed and
antral stomach segments analyized for urease activity to
determine the presence of H. felis. Urease activity was
determined by incubating antral tissue samples in 0.5 ml
Stuart's Urease Broth (Remel) at room temperature for 4-24
hours. A color change from clear to red occuring within this
period was taken as a positive urease result.

As shown in Table 20, administration of enhanced
Helicobacter whole cell vaccine prepared using H. pylori

+3
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strain Gl1-4 protected animals against an H. felis oral
challenge.

Table 20: Protection Against Helicobacter Infections with
Vaccines Comprising Inactivated H. pylori Grown

5 According to Methods of the Present Invention
: Chalienge
Immunizing Orgapisms Colonized/ Percent
Agents? (10‘cFu) Total Protection
10
™ Eggerimenﬁ 1
2 )
H. pylorib H. felis 4/13 71
PBS + LT H. felis 9/9 0
is Experiment 2
H. pylorib H. felis 2/15 87
PBS + LT H. felis 10/10 0

a All agents given with 10 ug LT (Labile toxin of ETEC)
20 adjuvant as 3 oral doses at 7 day intervals

b Given as 1 x 10% CFU of Strain Gl1-4 in a 0.25 ml dose ..

Results of these experiments show the relevance of
28

o’

enhanced enteric bacterial properties to in vivo
immunogenicity. ’

The methods of the present invention produce bacteria
capable of inducing an immunogenic response which is

protective and therefore are useful as vaccines.
30

16  DEPOSIT OF MICROORGANISH

The following microorganisms have been deposited with the
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland 20852, USA, and have the indicated

35 accession numbers:

Microorganism Accession No, Deposit Date
Helicobacter pylori NB3-2 September 29, 1995
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Claims :

1. A vaccine comprising a Helicobacter bacterium or immunogenic
fragment or derivative thereof, said Helicobacter bacterium having an enhanced
antigenic property, which is harvested from a culture of Helicobacter bacteria grown in
vitro umicr a combination of conditions comprising:

a) about 0.05% to about 3% bile or about 0.025% (o about 0.6% of

one or more bile acids or salts thereof;

b) at a temperature between about 30°C and about 42°C;

c) in air or a microaerophilic condition, wherein the wicroaerophilic

condition comprises i) about 5% to about 20% CO, with about
80% to about 95% air; or ii) about 5% to about 10% O, with
about 10% to about 20% CO, with about 70% to shout 85% N,;
and

d) a divalent cation chelator selected from the group consisting of 0

to about 25 pM of BAPTa/AM, 0 to about 10 mM of EGTA, and
0 to about 100 pM of EGTA/AM,
wherein said Helicobacrer culture is at about early log phase, between «¢arly log phase
and stationary phase, or at about stationary phase.

2. A vaccine comprising a Helicobacter bacterium or immupogenic
fragment or derivative thereof, said Helicobacter bacterium having an eahanced
antigenic property, which is harvested from a culture of Helicobacter bacteria grown in
vitro under a combination of conditions comprising: '

a) a divalent cation chelator, selected from the group consisting of

about 1.0 to about 25 M of BAPTA/AM, about 0.5 to about 10
mM of EGTA, and about 1.0 to about 100 uM of EGTA/AM;
b) at a temperature between about 30° and about 42°C; and
c) in air or an microaerophilic condition, wherein the microaerophil
condition comprises i) about 5% to about 20% CO, with about
80% to about 95% air; or ii) about 5% to about 10% O, with
about 10% to about 20% CO, with about 70% to about 85% N,.
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wherein said Helicobacter culture is at about early log phase, between early log phase

and stationary phase, or at about stationary phase.

The vaccine according to claim: 1 or 2, further comprising a

pharmaceutically acceptable carrier or diluent.

The vaccine according to claim 1 or 2, wherein said Helicobacter

bacterium is inactivated.

The vaccine according to claim.: 1 or 2, wherein said Helicobacter

bacterium is inactivated by formalin treatment.

The vaccine according to claim'. 1 or 2, wherein said vaccine is suitable

for mucosal or parenteral or mucosal and parenteral administration.

The vaccine according to claim 1 or 2, further comprising an adjuvant.



