; e3e" A2237>9Z@@" A E9~ , 1 - 4 OCT 2002 *166166* METQODS FOR PRODUCI NG
‘ENHANCED ANTI GENI C BELI COBACTER SP. AND VACCI NES COVPRI SI NG SAME Thi s
application is a continuation-in-part of co-pending 5 application serial

no. 08/ 318, 409 er 5, 1994. 1 FIELD OF THE | NVENTI ON This

i nvention rel aummmmmwm “ME to 3n vitro nethods for 10 induciog g

enhanci ng expr essi on enteric bacteriagl antigens and/or V|rulence p%ctors
t hereby produci ng aﬁilgenlcally enhanceﬁ enteric bacteria, to nethods for
usi ng antigenically enhanced enteric bacteria and to vacci nes conpri sing
anti geni cal | y en¥aTaeuds ePeR rERODYSING r EHANCED? ARNCKIROUNBLOFOAMITHRNSENT| ON
It is widely recogni zed that Ba®t EAFEIRER (QOMMEBISENG&MF usi ng conventi onal
medi a and conditions express characteristics that are different fromthe
characteristics 20 expressed during growh in their natural habitats, which
i ncl udes in vivo grivitsh applaerkien risc RofPRENWRtigarhogeart of an-pendiglo
host. Ther ef or eppBledtiionh ¥ekifl GioWospatbpges Eihaat ectebdr @ht 1804, be good
for use as vaccine conponents. However, if it were possible to define
conditions that trigger 25 or enhance expression of virulence factors,

rel evant physiol ogy, or antigens including outer-surface antigens then

i mportant products and therapeutic Igm ®F,_TReWrRVENTQ®ORS for vacci nes, new
targets for antibi %s,mgglng&ggjel% e%ér"i%raclg r@gt |‘§ltt|:%sm[ag£ éjsl] Q,ostlc

applications) coul vera envi r onment act ors
have been i él@n%‘i“?‘%‘é‘d‘%i"cﬁ“ﬁ‘ﬂ‘F%@é‘PﬁﬁﬁF%|Q§n epteri¢ hasterigbtatigeast s
in bacteria (Mukdieanadruledce flactiBact ehepéby bibdheIng I dgenfes1iynst ance,

theye is a | ongnilsdeQdr ¥nek {g an th t‘slggm ¥\§,gﬂ: 119n and
wrZIence of bacterla |n D |cut1(;t"ri‘l {:eﬁéﬂ § %0’1%5 E/FEO|ai 9
3:1301- 1306, 19¥HNCeRrELE ’r% ‘tﬁfaffﬁ a a" aGCT- zwn@raﬁaw. nkel st ei n,

J. din. Mcromtagenica2d@- &ancEd’ éntanik F!miteuniel la (Gl mour, et al.
Vaccine, 9:137-140, 1991). Qher environnental signals that have been shown
to control the expression of coqrdinatel B/ cgFegl‘uI at adnﬁl«x"xroli:l ence 5

determnants of a wide variet¥y HD OF LHE ZHVENTION
It is widely recognized that bacteria cultured in vitro

using conventional media and conditions express
characteristics that are different from the characteristics
20 expressed during growth in their natural habitats, which
includes in vivo growth of normal microflora or pathogens in
an animal host. Therefore, such in vitro grown pathogenic
bacteria might not be good for use as vaccine components.
However, if it were possible to define conditions that trigger
25 or enhance expression of virulence factors, relevant
physiology, or antigens including outer-surface antigens then
important products and therapeutics (e.g., new antigens for
vaccines, new targets for antibiotics, and novel bacterial
characteristics for diagnostic applications) could be rapidly
30 identified.

Several environmental factors have been identified which
influence expression of virulence determinants in bacteria
(Mekalanos, J.J., J. Bacteriol. 174:1-7, 1992). For instance,
there is a long history of research on the relationship

3s between iron and virulence of bacteria, in particular Shigella
(Payne, Mol. MicroBiol., 3:1301-1306, 1989), Neisseria (Payne
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ani mal s i nclude phenolic conpounds, nonosaccharide, am no acids,
tenperature, osnolarity, and other ions (Mkal anos, J Bacteriol., 174:1-7,
1992). Bacterial pathogens that enter an aninmal host through the 10
intestine (i.e., oral route) encounter nunmerous host environnent conponents
and conditions that may affect bacterial physiology and expregspen ?

virul ence factors. These conponents and,conditions include bile, bile acids
or salts, stomach pH, mcroaerophillic 8onditions (the intestine 15 has

hi gh C02, and | ow Ozé‘ii osnpl ari t nd many ot hers yet undefined. |nvasive

enteric pat hog¥is FABEEIFEe Y ﬂe&é@ﬁ@%ﬁ%ﬁesﬁ’?gﬁﬁ%cd’?&msﬁnd

i nternalizati ofastdexdldy ¢didmRuyneet Rrlog. Vhacine ASad375t40, 199A) .
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i nvasive factors . only,in response_to certajn _environ al_signals no

ordinarily pr e%oé‘r’ffo#ntb?twrefﬁ?g" h‘ﬁﬁp(ﬁoﬁ’tgg?ga#é&’éEﬁﬁH??gggert‘ﬁggFﬁcent

report that faMdtsgmanantsef aguidetvaerynel ovadtierigr dnnplantsejandi had only

? ][rartgl ng} ef faﬁﬁtmagi bﬁgﬁiﬂd;ghtfggléié rdﬁodpahﬁaélﬁ!ﬂoﬁﬁis!a@@?ﬁi‘ﬂiﬂﬁ?'amigg ?l - ijh
nf ect . s., . - . ver, . i ni zatio r abbi W
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monol ayers, a Bagteriebq, dfMddcingl998lasi veness, resulted in production of

gg %nti serum that sackesian ipghhbc'yé:@i ﬁhhﬁ bAt&F A iahdhh DMt tdﬂeob@@tﬁfej a.

esear ¢ . been stu e nt esti na
envir onrrenPﬁ{ g’ﬁgéﬁ%ﬁgy&r%'évé%?gv%u&%nggé?‘grg%r é‘ @ﬁ%?uge%:osltl e,

Canpyl obact er SSWARPRREAL CARPGRBNFS i30S gBBRitignsythpgomay a&fieSdses prot ei ns
not jexpr essed haetterizsbminntiodngy drmbexprasyiom ofi Wioulehdeirfactendi tions

J) .
(Pani grahi, e : t 4180 4038 49 | §9:2) o)
enhanced synt tﬁ‘géigg %%%éx%{nggngnﬁas égﬁggfée%?%#d%aﬁ%bl?)%(%lteeragg%t‘?g/at ed
with | NT 407 &8RESmoRtinaRy BHashigiRiereghiblic copdgteqns o(fhes iphesieine
cultured i g hesabsemnomo,pfanddoepdi)hebsablaxitys apdonkey ,otdteral yetJ. | nfect.
Dis., 168:948; (1993) . : her .t.h Shapg :
associated w t"1 ﬁg?ﬁtﬁise& nﬁg\%%gigyéﬂr%gékoﬁ%} ].€] u%??w%%e%eegggﬁa{éé&seu"c as
5 cel lul ar nofERENGHE Yo ascegrPisiydinftarnakigaddonoy AHerdleyh @Rdobit¥re menbr ane
protein and a : B | S «C8T huipdrases vea® .i ndtbeeefare,
enhanced in apaavésid Gy %E&%zsugf prodhi€h Uitle s8RvREEPE dddto-avennkSly and
chorioal | antoi cal | tq_rfgu% tchl ck enbrﬁos %}]zl eld, et atlt.d ~T. Ngg 10
M crobi ol 38: 2§3P3T% o5y T2t el i RPRER Ak S EBRAENRRY STRACRIEE bile
aci ds or salt preaert ldfowd tre- beThighihyprthes ¥spriss supporiade byathpuregant bil e
gci ds may pllgyegaﬁt mfaﬂpaheib%r@fﬁaaibanggyiﬂﬁ %aegﬁxmxemiyoarbofé gdét)e
acterium . . e C, crobipl.. B-

FegREL Kl GRIPRs isliire] e2Pler B bR8LEIng 4F Fitro

reported that e ) Nl ng sodi um

chenodeoxychoRBEeT RS PRt £feTkaly 5t Bl o ekhdnésati it VARV HF~3¥la

cel I nonol @seng93TheHawerer! eimmithuwateson éhatabbliber wbth extahtss antl

detergents in i I . glyco a vGh e, the CHAPS
CAU it 2o B OSORRELALS, <ol bR OL A,

series, digitoni odj um sal t ereo no, ef f ect

on the invasi PERBLAYGIES2 FPRIHEA" eRBABROVRS INVAELYeRTTih FESHEEEHi Ty
chenodeoxychobabductism leddanocamtfifsecumohhathenankeddyvinmtedsiteld Ehecol i or

ot her avirul ephestnlitatebnSHt 08ld dackerynt hesis of new proteins by S
flexneri i S al so ilgduced

b |tering pH tenperature ioni¢c_cp sition
of T her r oulh modi UHREERa A pRDEkud AR SELHER SO b ZRk e TR
appl i cati on pdbtesinadn enyibernenty $3/ 2dentifyprielpyaetl Wavdepee factorsgs,
di scl oses net regdsetaupi@, Ovhngy hitctetasora 3D g1i-preSgr&utinagabbit ileal

phosphati dyl serine, S far e lsol ati.o l se
expression i S?é{?} %n%’%rgegéggr‘%%\ﬁeﬁn% Phe %’FPZ%S%E:% Q?%ﬁ?f%ﬁf%‘?%ﬁ%@n ne.
Thi s ref erencéaheralipny dps¥ieseLuldursugerdits opst KBRIBR heeprakent

i nventi on f3@r InfecktiCiTMhuant €60 Ciddackenis o Tepe)ng Rakase ethhéncaience or 35
antigenic pro | &S cgl ; i,as NG Qr ECnMRdRageRs, such as
Campy!l obact erggﬁ%{\%}s \eé | gkgggbﬂﬁgﬁgyé?gg\%ﬁ%agﬁebﬁmt t he €

cultivated with INT 407 cell monolayers as compared to




- 4 OCT QU02 4 epidem ol ogy of these disease agents nmakes such vaccines' an
'inportant goal. Shigellosis is endenic throughout the world and in

devel opi ng countries ft accounts for about 10 percent of the 5 mllion
chi | dhood deat hs annually due to diarrhea. 5 Canpyl obacter, although only
recently identified as an enteric pathogen is now recogni zed_gsgepemf the
maj or causes of diarrheal disease in both the devel oped and under devel oped
countries. An estimated 400 to 500 mllion Canpyl obacter diarrheas occur
yearly, and over 2 nilliaqn ca occur in the 10 United States. Shigellosis

es
i s a consequen®8HEF HATE AP |ﬁ§‘/a'§1€0ﬁb8?"??lé’fc&h8nﬁel?ﬂﬁ:‘é§& c¢hiSi nvasi on
i s associ at ed WKphkehe g @dencé. ainfeatl. abig d, flE8nd4B8n9%d,1 1993asi ve i sol ates

(Sansonetti etFﬁkthefﬁgﬁ3”3thEQEUEhang%g 8§ge5¥g%po¥g§¥} aé%deiiﬂggnﬁlﬁﬁ t'“ S
15 plasm d contal NS, |nva3| on Ia m antigen ggﬁ% enes, ﬁ

IC, and -D. |pangreaged JRyasivenessiGfs Car 45 B nt | at“r?«? efi ‘[r% ﬁocess
(Baudry et als. ceJlu@n mavipbp byl 1051539f3ﬂ-0®€34113 expdyysianpafpaced ns are

| ogi cal vacci neuﬁéﬁdzhéiﬁ{&%eabi'@@é'ﬁh a?d hiedratilcat Qﬁteaﬁ-@‘x{ﬁfaaay has not
been clearly est mupodom nant

C
(rele, ot af .. Srrperrate Ko< Hibssioon EYGasft B o ABRIen L HEr B o
| pa B protein Qﬁh@- i fesaiinvhantpassed Anttavenidusayt apd aehdriomct i ons in the

lysis of the mﬂam&quwtﬁh@g@cm&ﬂwl eleld] ot aql ,af. ,MedBO J.
11:1991- 199g1° éggg } i g Ql-i(gf er \igg Zrmng Sh| gel | a speci es. The

prol onged il iIn durls% d children who have no 5|gn|f|cant
mucosal anti body tcPtS‘fﬁrgéPFasF’p‘aa]slf@@é@ﬂ%“%%atsupheaﬁr@s]@né‘éléﬁ P

antibody to | parasyndumiitb bheistpitsadrgntios essel bycﬂérﬁﬂ, |b|nft:ethedm1eThough a
nunber of vaccw@dgmg Qﬁtag ahHneir e Oungfmcha@ﬁ The clg_np d&d prand

humans, a successt.ul S not been ent1 al
si gni fi cance oPY I he RRGEEEAY™) n vi rul ence, nost VaCCI ne candl dat es
devel oped 33sagai nmozﬁhlagél Pagnes (@Redbasedsan Mierbdbimipgl psaethardady

antigen, Wi chpgatfd tthQ‘E §ﬁi§’él¥1l%e *SBeRéLd Ccu‘i%hf-‘&é” %@'Hz%tg%@ﬁéﬂﬂﬂga' ly
adm ni stered polysaccharid rot el n conéwg%_ vaccl ne
has al so been ©¥ %ﬁé’&mﬁﬁ? Qrater ge "?ltﬁﬁl ?l%%rﬁ £916: eRR3RGRd n
ani mal s ( Bobbi bsfettiality RévHeImecelm Bono Iy e3362- Bhdy rEPdiredA Isowrvear| y
admi ni st er ed rtxb@@f&@lerveg% Nga QL S nhNAHES JBKEAS &hc 1 WHRHY tYo1REE, i TS
protective g i cacy a%ma gs t o, be dﬁng%str%‘edc s\/esrgsi.qrésetdgl 1tonr1%h
Allerw AT7130. IHYSSHiIRE TRleoxychgaaye  dig
and Triton x1oo and sodium salts thereof, had no effect on the
invasiveness of S. flexneri. Moreover, their broth containing
chenodeoxycholate also had no effect on the invasiveness of E.
coli or other avirulent strains of Shigella.
25 Synthesis of new proteins by S. flexneri is also induced
by altering pH, temperature and ionic composition of the
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
35 antigenic properties.
Vaccines against many enteric pathogens, such as
Campylobacter and Shigella, are not yet available but the



,The pat hogenesi s of Canpyl obacter infections is not as well understood~as

‘that 'of Shi gella infections. Cell invasion studies in vitro (Konkel, et
al., J. Infect. Dis., 168:948 10 954, 1993) and hi st opat hol ogi c
exarri nati ons (Russel I , et al., ~ Infect. D's., 168:210-215, 1993) suggest

that colonic invasion is also inportant. This conclusion is censiggrens W th
the observation that diarrhea caused by 4Canpy.|obacter nay be severe and
associated with blood in the stool. These 15 activities nay be associ ated
wi th the i munod nant, 62 k f rot ei recen ort indicates
that the pr esenchg?mHlO gel Pgat%e esgiéﬁf?a? q’goelnt&a%% Solfac?%‘e?'a G0 EL

pol ari zed epi t hdmpartant |gogdmol Syiaed lpsiants endgpic thranghoutmthe World

61:1764- 1771, |Q93) in WA ocpiRE | ddunteaBBY]®RaEahtaNntdyaboubaye
established as BEOLRE'S w811 (0NRUEanblE AONNIPLRRNL Py WEIOBL 428k KEa

proteins, or prot el ns nmunodom nan %‘él ar pro 2are
t hought to ho|5dcﬁfaaﬁ4%'@qtﬁrt hf Sthaugdy anlpRAceRSRY sidentiified| as can enrtﬁﬁm
59: 2259- 2264, lpafhodirasiar nandrekogndzedhad che df the.madlenmcauses of
265: 14529- 14535 g4 2 13000 dIQEaééTHﬁ{ tb%@ﬁetﬂi. clte%lg#@@e?udaﬁnaé éé‘x&&dﬁ% .

=3

indicated by its association wth colonization o Intestrne a

the cross-strai FOPRHEES i oftN Rk ietefnd e (50 R0Ri PHHAn SRRRYARRASHS

(Pavl ovski s et diarrhedssoccur mmly,SSn&Zﬁ&rZ%A;lB{brﬁ%E)as domeyv dn, the
flagella proygi dnPesetta@gRy! obacter vaccine nmay have to include the
flagella protein ant] mthe 8-10 nost clinically | evant, Li or
serogroups. Theref or® g&ﬁﬁ@ﬁ’t% I5t & RENHT BERNTE Pﬁv‘%arﬁtieﬁr’rain TYRREOD ofnthBtro
cul yure conditi opdortisr rygbsar i Mheodinvagidn ig enteciatedsvivbntthe prekenbe

)
optimally inducesog ﬁ@@a@eefawanvelﬁcwestwesla@puﬁys Qgﬁﬁéér(btﬁ;fi' EH' ar

characteristics_jnc cell sur rac stigs correl

al tered invasi ve%es#m———j&m—‘&'r 580%5?6}]8%&' E?é‘%) ché‘r SEF%’P?@I |°€S%F‘hﬁl udi ng
surface char &8tR}rspiic sontaing theahneasion piesybhiantigehi (Er2) Jenemer Besed
virulence of these-mrgani spg +m sn:@lalaamcmahntmdwl;&otarids4:)r@r&ss%ataa1

agai nst organi sgg. theggp o%esngg%d/cﬁne%% Q1. aI;.tf q SMf&ao al%tlerl stics

i ncluding surface c aracte i'stics't e “mof e ef alizing
live organi sns dEP4%3r38h3vik38J)er 3n vivo chal l enges than antisera
prepared agai nst cormpanprot@insy ageowg et @aktaind Mahdinuess i Authadghesses
e & "Eres 2 BEh el cob i 0ba by d ChBE LSS dlleatyy etk AUk eaCh Of

suggest the In v3tra ods_of esent 1 nventl gn~no vaccl nes of

the present invERft ifoRPEofB?iSiaTg éﬁ’l'f‘ﬁ“b%‘?ﬂ“t}éﬂaf‘? RrEieEd (Bmter st Bacteri a.
Citation or idemfddtGaimounof Sang20eéEr enoes) n thirsheenbron tore aRykbda her

section of thisyspp pgatbon &l |1n’v§sﬂ9tthl3% QQP@iJﬂé"sdcéﬁllé}CﬂzgafahHe t hat
such reference %S q:val I abI € .as grl or ijat e m:gﬁnt o M\/ARY ON THE

| NVENTI ON Thi s THvedtront rtol{ﬁ de§ifop* & aE‘E\“ ARG HSPPE; n'ba%o
Hel i cobact er 2hata@dlgn éﬁlﬁhnm#ogém cmgtxenllb#”derlﬁﬂat i &P 22)hdeebighlyai d
Hel i cobact er ba@dﬁdwauhaﬁdung shigehhangrReiabt | gAd erolopged Villndssh is

har vest ed 17Om Gudulbl 0 Qo HRLLSERERLAN, ABEH QI3 120, | il tgainder

conbi nati on of e or
about 0. 025%tdm%atl eneebqﬂw Gﬁesb%g?ﬁ#raeIBPI%u%ﬂ% shat dthes PrREPRSA ofat a
t enperat ure betwmesizaabantizdily andIpbawdy 42@i«i theispreadaam csre@aeliaphbﬂ iC
condi tion, woergiddithenm croaerophilic condition conprises i) about 5%to
about 20~ ~~"CZ w th about 80%to about 95% air,;. or ”%rg‘-gglléf 5% t o about
100 OZ with about 16‘5)6”P8haﬂadﬁ’t‘“b25%%02ac\ﬁlf‘ﬁ HHidaFss | 1880832 and
a dival ent catilmrerclhebtedrirseindoads ndimukhes growcecensfst iang bhsOneto about

25M of BAPTa/ AMedd teuploutsd Qpitefor 3neEbfeneitl @ibAi fhiHcel@@ HhdM of
EGTA/ AM wherein ase

| t t t l,o ,
bet ween early I‘if iﬁr’r%el%n‘ﬂué‘?%ﬁg%h%ﬁ%ftgIgfgg‘éf“%rcag@ g%&%%%%’&tl ry phase.

35 against shigellosis are based on the llpopolysaccharlde
antigen, which carries the serotype-specific determinants. &
parenterally administered polysaccharide-~protein conjugate



6a - 4 OCT 202 A further object of the invention is a vaccine conprising

' Hel i cobacter bacterium or immunogenic fragment or derivative thereof, said
Hel i cobacter bacterium having an enhanced antigenic property, which is
harvested froma culture of 5 Helicobacter bacteria grown in Vltl‘? nder a
conbi nati on of conditions conprising, a divalent ration chel at’br0 s@f'?ect ed
fromthe group consisting of about 1.0 o about 25, M of BAPTA/ AM about 0.5
to about | OrM of EGIA, and about 1.0 to about 100NM of EGTA/ AM at a

tenper at ure beya®Sheahadt aBb mnaheuéléb?ea aad i) Y ter sRéw

m cr oaer ophi | i o} K9] nditi ises i)
about 50 to ab%u %&&Zpr%tq y) /o%% rg!L % t 50
to about 10% (Riswt 334686230 tlégélboutA m@ezlmatdfm@aa‘aerq@%%h?sa%bt 85%
N2; wherei n savdbdiele ﬁﬁbﬁcixﬁiudéuhxhdbgal Simundabpptbwarity pogtdd:iplease,

bet ween ear | 5 %914&@3' aﬁQPx}étt%t :Xor@?ﬂ-%‘?:eg [IﬁeaJen QULeSLALT QRagy phase.

4 0CT 20 eric various aspe f the
present i nventmm&méanpﬁ&%étlerl?%@bm 5 earrpyl obacter colt,
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Escherichi a C%él&%ﬁ%hgﬁﬁéé‘oc{ xR 5{:’0;5@1‘1& ol u.oﬁQ' gebdAr %%QQI&E' ae

Shi gel I a boydi | I ca ag: er %yorl i_.CO acter I'ts, - Gastrospirillu
honi nus, Y. i br§tdigs dra%itra yEonkelo sfad e%-l—%fé't;s—')—’a‘?—brljo“\/al‘ﬁl ficus,
Bact er ai des1é refyi,| 1993 asd mmhtopratlhcblqg;e Iea;:\mﬁadtrﬁmtsl l(Bus sl meti ainy ,
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chol er aesui s,

iell neumni ae egobacter
cl oacae, and v&"'&é’Bc%ﬁs %fe&é??%ta'ﬁ ‘ef ﬁ’rlédc?%&égs&ﬁé‘r FRHFeR %’51%? i'ncl ude
but "are not | iviithedtheookservratipoxthat ahiteerbehecrangddadplycCarpyintactayasiye;

enttero pat Eogqm Cse%retsugd aﬁs%hﬂﬁed%hp'b‘iéééltm lrt\h%ms'tﬁall s m?d i n20
par on sur | scovery .l geni cal enhance ic
bacteria of Mt 1,3{\}% ?Oxhay r%&uéé §‘B W%gf’gg?én%rﬂ: 3 EP%t ective
agai nst a br odlageddhgeprdtedity. ai hsrmersterrepyp‘eslreﬁlqaﬁe%‘eln@t et eri al

speci es than tgiadsentdueede Riyeling SandsiHtehl CfHAURipydobbét &l @ cbsag

conventional cul tur| n Qns at l-east o stancg, t ne 25
response |nduc,pedlaby f:ge r‘tqll t&é‘n?ca *y errl]ﬁlag%ﬁs e{%:{%:e‘-“rrﬁ%cEg Pac t,e'fr?'lr%ﬁgg]f'mw
invention is cmEdLpr6lettG4rd73dai h213)a different species of enteric

bacteria. 428R EF BES&R:EH iQ\cehpit o im dRRAVANEEy & Eiagur BSeh AgsthHlanted C
araphi cal Y, 980 BobBEe LRS! 5uBlol! Gk PILLORIPIGAY! O qeagheh(z%rr%aogséphy of

monosacchari des from surface extract dr ol ysat es

uni
Figure | A St RFP4edRs R F&8 PFBE““N&@&S& g’a‘i‘%&@&ﬁi‘%’é
Nacetyl gl ucogamitedn” ate NdGughgjatachoise prGalite i ubdsere@Ghnd | (Psﬁlh’aﬂmﬁse

FMan Elc gureekBalsuriﬁf:@ctextmﬂ% ?fsm&vsenu@nallgxézgr@msaacatr@rha fBH{h
I gure sur face e tracis _qf bacteri r C I'n met hods o e
present i nv%ﬁanﬁ§ ‘ Jd. Bilo. ahem ‘ %6% 9“@29’14?5% 99565

importance of the flagellar protein is indicated by its

association with colonization of the intestine and with the
cross-strain protection against infection within Lior
subgroups (Pavlovskis et al., Infect. Immun., 59:2259-2264,

30 1992). However, a flagella protein based Campylobacter
vaccine 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



r 4 ACT 2002 Figure 2 pictorially depicts the results of sodi um dodecyl
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vacci nated as described in
consisting of 0 to about 25uM of BAPTa/AM, 0 to about 10mM of

.35 EGTA, and 0 to about 100 pM of EGTA/AM, wherein said
Helicobacter culture is at about early log phase, between
early log phase and stationary phase, or at about stationary

phase.



25 the brief description of Figures 7A, 7B and 7C. The vacci ne efficacy was
‘examined using the intestinal colonization assay. Figure 8A (top panel)
shows the results of the protection afforded by the vaccinations using
three oral doses of 105 inactivated bacterial particles per_ gdﬁﬁ' @kgure 8H
(mddle 30 panel) shows the results of 6bhe protection afford y?

vacci nations using three oral doses of~l 0~ inactivated bacterial particles
per dose. Figure eC (bottom panel) shows the results of the protection

af forded by the Maﬁmﬁﬂa&iob$e65<ushﬂ@ tihveet Dorali sde@sescoind Oniprastinyat ed
bacterial particl.es ee Exanple 34 . ection 9 fo Lipenta
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Exanpl e 35 |n Section for details, Fi e phi_cal | ep S the
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present ‘envebeitort2aSexdifblinf péd PR BxdHre2eronhkl i \PReAY ERYYs "BrrEhBse

di fferentpr@ﬂ@fﬁd&&%rggh@l&ﬁldﬁlgﬁl Esmpgad sty )| Mbod0756eld saRneshown. See
Exanple 35 in Section 12 for details.Figure 11 graphlcally depi cts the

enhancenentc%i”PﬁﬁuﬁBOQEC?%sstqeﬁ%ﬁﬂﬁﬁ¥y GfTshPhelth VN e dor dPRYTL o
nmet hods of fbhepsesarh bpyeNti®N.tS.adfuexneri c@4%ithgaeye amsort@l ra@out
tomet hods of the present invention as exenplified in Exa sed to

i nduce anti Bo#li %<, "FpES Hyfade Hﬁf%%??aiftﬁerP§7tH? He |aﬁd6gg‘élt Eitia Efo Pes

agai nst 3 phexderbetwmersogndly SR5dyNsent andaetandoarpoytlide ,gromnat
conventionallg_éBHl) oraccording to the nethods of the present invention
asexenpl i fi 88°%h BEAPrETY @ Stypes are shown. See Exanpl e 36in Section 12
for details.Figure 12 graphically depicts the effect of bile30concentration
and the growth phase of the Helicobacter pyloriculture on the adhesiveness
of Nelicobacter pylori NB3-2cells. H pylori NB3-2 cells were grown in

cul ture nedi uncontaining 0% 0.025% o0.05%or 0.1%bile and harvested at
8,10, 12 and 18 h after inoculation. The invasiveness of these35different
preparations of. H pylori NB3-2 cells against INT-407 cells are shown. See
Exanple 38 in Section 14 fordetails. - 4 OCT 200x Figure 13 graphically
depicts the effect of bile concentration and the growth phase of the

Hel i cobacter pylori culture on the adhesiveness of Ne.lico~acter pylor

Gl-4 cells. H pylori~@-4 cells were grown in culture mediumcontaining 5
4% 0.1%or 0.2%bile and harvested at 6, 8, 10, 12, 14 and 16 h after

i nocul ation. The invasiveness of these different preparations of H pylori
Gl-4 cells against INT-407 cells are shown. See Exanple 38 in Section 15
for details: 10 5 DETAI LED DESCRI PTI ON OF T8E | NVENTI ON The net hods of the
present invention relate to growing enteric bacteria in vitro in the
presence of a conbination of certain conditions with certain conponents
selected to induce 15 or enhance the expression of antigens and/or

virul ence factors. As used herein and in the clains the term"enteric"
refers to bacteria normally found in or associated with any part of an
animal's gastrointestinal tract and any bacteria 20 that causes an
infection in any part of an animal's gastrointestinal tract. Such enteric
bacteria include both gram positive and gram negati ve bacteria. The terns
"conponents” and "conditions" as used herein and in the clains relate to
many factors associated with an 25 enteric bacteriums natural in vivo
environment arid other t factors. Such conponents and conditions include,
but are not Iimted to, bile, bile acids or salts thereof or their

bi ol ogi cal precursors such as cholesterol, pH, mcroaerophillic condition,
osnol arity, and harvesting or



30 coIIecting the bacteria at a desired bacterial growth phase. The term
"antigens"” and its related term"antigenic" as used herein and in the
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| i popol ysacchari des and car bohydr at es. Preferably sald antigens are

i mmunogenic. © - b OC T 2002 The term "i nmunogeni c" as used herein and in
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- 4 OCT 2Q02 term"host" as, use t alnms refers
to ei t her in vithe FARGReRHRTLG PAF ?ﬁi&\nht“rtogf‘ﬂw’én‘?mg é’é’m’eﬁﬁ’r?'l?rles The
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4 BRIFF DESCRIPTION OF THE DRAWINGS

30 Figures 1A, 1B and 1C graphically depict the results of
high-performance liquid chromatography of monosaccharides from
surface extract hydrolysates of C. jejuni 81-176. Figure 1A:
standards: Fucose “Fuc", N-acetyl-galactosamine “GalNac", N-
acetyl-glucosamine "GlcNac', galactose “Gal', glucose “Glc%,

35 Mannose “Man". - Figure 1B: surface extract of conventionally
grown bacteria “BHIY%. Figure 1C: surface extracts of bacteria
grown according to methods of the present invention “DoC".
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25 persist in culture fromthe fusion mxture are those that are hybrids
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fromwhich the mac‘sivmd badyentsl ganriticlliés ged ldbeeL | Ryurand cof(hettat andar d

reagents. Meth Qﬁepi él{b%:sp'i:ﬁéeﬂésdlrt‘ée%'%'Mt‘é@%;gﬁ%f!&d@@tﬁ | Ghe 25
bacteria in a suit bI e, ess ut not

seaPRehettey RELADHmBrEIKEE
limted to comfer & ?V“&v&ﬂ%l rtﬁﬁaloﬁa 2525 Rfusl ot BFESER EH ', Luria
broth "LB", shbeptétizod pagaicl&SAer Boaeel | sedBxahpld/Eid ligr Seichiom 1or ot h,
pr ot eose pep@oagrb@@éaﬁ&tract broth, etc., with various conditions and
conponents 30 includjn I|mted 0 .0.0%tqQ 3% bile or _0.025%to

but _not
0. 6% of one or rmreF’oq‘&@ Sa8PastR@ @aﬁ?sgf?@?’éi?fl{éfrdﬁ?’cﬁtod:lh(?aﬁfﬁf%%?ﬁ r s
t hereof such avachinesiagpolisiag inactipeted T jegunéedl-30G ahdld2&1imtin a

growt h phase abré@@éﬁuﬁahﬂe'@&am&s%n Q@z&i’ﬁﬁ%e‘ﬁ%b‘eé ngaaﬂ@nééaéf oNddey
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condi tions, ,guch Idwy, 70 O RYS gggcéfate otoeﬁﬁg/1 Wt h
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efficacy was examined using the intestinal colonization assay.
Figure 8A (top panel) shows the results of the protection
afforded by the vaccinations using three oral doses of 109
inactivated bacterial particles per dose. Figure 8B (middle
panel) shows the results of the protection afforded by the
vaccinations using three oral doses of 107 inactivated

30

bacterial particles per dose. Figure 8C (bottom panel) shows
the results of the protection afforded by the vaccinations

as using three oral doses of 109 inactivated bacterial particles

per dose. See Example 34 in Section 9 for experimental
details.



85% N~; and optiona>_ly in the presenco of a dival ent nationchel ator, such
*as, but not linmted to O to 100 uM preferably25 ~M of BAPTA/ AM
(2~(ethyleriedioxy)dianiline n nn" n~, , ,tetraacetic acid/ acetoxynethyl
ester; Mol ecul ar Probes, 5Eugene, ORj, 0 to 10 nmM of CT 2m
EGTA( et hyl enebi s(oxyet hyl enenitrilo)-tetraacetic acid; Si gmaChénq ca? %o ,
St. Louis, M), 0 to 100 ~. M of
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bacteria.a , E'SF' r&fhe %ﬁg?ﬁg ng‘ﬁﬁ ?%Inc?aftlt‘%g ﬁﬁ %%"@gsgﬁﬁﬁ?ﬁé‘rﬁ
i nvention al sothﬁc«f"@tmelglrao#ﬁgnm @i5@Thael kg a Shddedts i Heknemine?d AT y
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|0 svabbing t hene Ui %aamdﬁé&a%@eaemgse % Bith ofROLA! N.NGoRAY glaycer ol

Culturesfor 9 tlcal riments  or ernentations can
be prepar ed?By t5eHéral ‘s%&%dﬁét%’fﬂ‘i@ c8 (Yﬁ“ﬁ%”!ﬁ?ﬁd SRRy he or gani sm
on BH with 1. &o@aghngato TR ureddiod M Hritet msphatlm\tﬁmtdpm ans and then 15
transferring aeﬁémﬁl@al myE)EaF?apb.'éob hs@fvcﬁélst HEE NEhAGEOr GeB0EL4hgTRt Beds of
t he present |nve (%]n deig %/\?Fe herg Bacteria can be harvested for use
by any net hod g’énera 0 sé skilled in the art, such as by
centrifugation. In Fﬁ-@@#‘ér tedrambdaritntdepints §bai etfadr efhbited cel I's of
20 fCarrp)é: oba]gtedsné‘erht.rameﬁ edbItheOGrowieh SRRGEESE] eljwlmel(iboﬁabtezﬂlpjd%lit
preferably o [ re tia
Culture. o un i EeERbF §¢ st Sendte i Fedidppactet ity 8 ?{]t 0. 1%
DoC or about 0SBl &- aPYB% iNB3z2nPel 1R arese gBBHR D Udt 26% YR t h
about 80 to 9066rﬂﬁ1aumgauel harozsst, ed. a$t eor tthasgbble lardf hhheestdd wteshas
reached E abouf, | ate alngg?,g)h?sifeéreq Fhoul1 AN, ONFRY BRIy ehubL o5 Iaseaéom

20 h after |nocu'l atl on erre I rents, antigeni cal

enhanced cePPsdbf %Iﬁ"ﬁePF%p%‘fﬁtl%FePEr%blRﬂ&Flt NB3sp&alds F‘ng’h%tr |IN8'r 30
dysentari ae andomusillpr eterstivwn.of stbeEtdngeens $hr3eqtidabIq, fare grown in
a basal essentggl,qul ture medium preferably BH broth, additionally

conpri sing about 0 1% DoC or about 0.8%bile at 37C in air and harvested
after the gromh of the culture has reached about early | og phase,
typically about 30 ~5 mn after inoculation with a culture that is at early
to md | og phase.



-, 4 OCT :002 ~n further preferred enbodi nents, antigenically enhanced cells
o~ Hélicobacter pylori, preferably of the strain ATCC 49503,.N83-2 or Gl-4,
are grown in a basal essential culture nmedium preferably BH broth,
additionally conprising about 5 0.05%to about 0.2% bile or about 0.05%

gl ycocholate (GC) at 37Cin a mxture of about 5%to 20% COz weté0epoggy 80%
to 95% air, or,about 10% COz w th about a%o w th about 85% N and
harvested after the growt h of the cult td has reached abodt | og or about
stationary phase. In a re ferr odj ceIIs ar e
harvested after the culﬂjq‘gegé %@E&qéﬁng?p’l%% %Hﬁ tesh of i Bllgicteria
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enhanced car boRFHFALEC U AENS LT FehE Bt FUbOTPRET (KRHSTEER Bt BFEphy
(HPLC) . Proti$i prpentidnass tbe expressiombpinast igeasasrrd/ dr orirehensd ¢ 35
bacteria grownghsgé¥s Vi rul ence enhancing growth condictions of the present

i nvention can be charact zed. by sodi um dode uI f.at e-pol | am de gel
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of induced or gréermsksigrivkeeand antargeergatiave hactdeidi fi ed by Western
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identified b can be ev t ener al |
t echni ques o?‘/ Wgt’e'? %::ﬁ GLELRY ’%1 ?l'B [Jlé‘Fg %@55?5‘2 "Hf% afil'i bady
can be used?2Sseunhenic d@mtareenbentnqtmhem atdyiot eovnf@'me@fc ard pthegur ce of
ant | bosly fr om 24 PREERE S, 1§ul:ﬂf esﬁ;%iateﬂltgl hid V&tddalltwﬁs Ofrgﬁnhsrrsmgr Q#e not
convent i ona ceqr di re nyen
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i ntestinal source i Sera, or a
nonocl onal ant Phetggigadr PrASHEFRIE é‘Héhtﬁ%ttChOéeé gral ﬁé’&’etl ve with C jejuni
flagellin, for ndSE68ditphiatierdaidiaibhyessmolde ity arm:maasedtmgaductu on of

several of ggzgllg‘?&é&‘?{\g @heaﬂéét%g]ﬁ héTﬁc&éﬂ%H' Bl A Qleg{? TRk Of

properties as v ese gertl es in ddResi on to
and invasion of culThfr &@TRUNBREIIANES tP’h‘?aIl"e';plrFI]I Fed tera féf‘t%ﬁ?du@onaﬁ r ed
dye bi ndi ng. Tagseddngeinedndyin Hhedchgims Simeludes 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.



25 a general |y accepted nethod predictive of virulence and is described
‘bel ow and in Andrews et al., (Infect. |Imun., 60:3287-3295, 1992): and
Yoder (Avian Dis., 33:502-505, 1989). Bact eri al bi ndi ng of Congo red

i ndi cates ability to bind heroin, this ability to bind heroin is correl ated
with 30 virul ence. Congo red binding also correlates wth enhanced
bacterial invasion of epithelial cells. Previously it has beeh 702802t hat
nmost conventionally grown C. jejuni Lidr2serotypes are not inmmuno-cross
reactive. Based on this information, it would be necessary to prepare 35

and admi nister a nufReke S;n M Bl AR n‘iE“SQHQIsaéd 'h Pk 1 R O4 i 3&9«% Eré‘iapﬁnbsor a

conbi nati on vaccine to obtai n enera I,zed protection agal nst acter.
Anti geni cal | y Effetd® the abHityr toudpdece ARtdhagy cprof ‘%ﬁf&@édl’a&,‘brdl ng to
nmet hods of t heapimskrifiteresdidmremali ﬁmuentpo:sre@ssoraacd:mp/csm;gannst a broader

range ofLior s .
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that obtained gsbfdagrRkenbi oNglHhcdEOVEs e IHeteidNSRE iHTWHBO: £4 A5
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descri bedbel ovadganddag &p the natdodst of it tiresentr ipyentioni onSuch

of anti geni cabl yactuidac advenh Riier Rackesi of curtaliat emhingyehdbcedigddsence in

smal | ani mal n%g{)o% n§9\’§%§\lx gimi%h%gtf |mal 315§%$?1b§d se(égas nodel s of

Canpyl obact er ease I n enos om t Fan%l“bm nt of
i mmuni zati on P3Tterdp Preve Gslne §PBV€"?¥R@§t meshodse, adult rabbit

di arrhea (R TARDIVbcmle) t@i’m%d’h&@nkioﬁ&lwas usle@f Rétein MAANin the claims
42: 11 76- 1182, Ighs %%wﬂl §lg rr{b 3%'{:312_%9 t he associ ati on
Wi t ection

of 20Li or serotypes cross Strarn g wever , t hi snodel
measures redf st ancFheoteBR offiberceghopht hkic oRfiEiPaT A fte uegd diekaide anthe
ferret nodel ofn Bglel cebims. feffrecto hnmetohicd@oh848idi@52r 2380 tetnyCOhe a
more usef ul ”Ddfév %Caﬁﬁéntiﬁ %%a@o”%»undng%x &P+ §§§3§1%§Qt ‘EHEz { kei

25t hose of Ca adcter disease in nore recen e nouse
col oni zat i on eV Yt g 22 MadcPF or® HRuPFuRi ¢4 Ehe30B 7R 2@‘7’3802 Ya§8) .
Thi s nodel | nviwes saRinNzZat | on foll owed by nasal or oral challenges with
I'i veCanpyl opgcter et beph mﬂi’l‘u&%ﬂc@%@ N BQEQlﬁ@:{H nat 'tHQ cla:l.ms

of 30i nt esti nal coI oni zat] on é nonitoring for

resence | ohact er
o onr it GrotaNtt o chROR [E2CRORE ABIAE SREeRiErBRT ATIS Beeasiated; SdeR, bed
by Mallett et tie apidétynte aSthetrieohol8)diar teednvadasssyervie wuntyeand

vacci ne ef fi cagypolkt analse&m@sat%r Qvﬁmaglctahecbﬁawﬂmcter felis

gastri c35col oni zat Jdescri

935 1150- 1121, 1000 EREE Iy ar teg PrateSsAel rie SUREnEPEPRANd D1 or
produced by?¥ rrélemlneag véfexfe tior §benabikitenifokhe mmumeowse@we There are
ot her ani nal rmdmc&drayeaﬁé\tbatdte&ﬂhersermw sakotyp@sivaBlangelnfcect i on

and they can~hgused Lo £§§5’i"—f‘%r £/BECL I, dﬁla C@ﬁi!egélém%fem@r@a% %@Jsgr

bacteri a produce accof di resent inyvention
antige~ically %I‘?aﬁéé&e‘éﬁ‘ﬂ‘ér'?a&tﬁﬁéﬁ‘ér?‘érap‘r'bdﬁ'ééatme¢ I FRERLYS Uf thRe
present inventgaxe geaussed to prepare prototype killed whole-cell or

subunit vacsnes. HESeeMACCiiRnoliERsa WlAUCILEN el b hEBL 5n Al 1 Shown
to induce ' antibodi es and t us esta |1 sh the vaccines rotective 10

potential . El &Nt CORIBF FRERRT itOntBE TrbFYarfi Bﬁﬁg“f’??réqbéﬁ?‘é?‘? al cell
produces cel | ssredpahseake. ey entgfibodaes puishduzedi hesond/deciteeighstimdne or

L var | ous TP e e el ™
i mune respons e antibedy Lﬁlth ?a?f%% r;ﬁ”g'[ g’é‘dfiir’ca;h St%ﬁéﬁ"bes?f g%fpfo
protect ani Wlox cpeclieagefl i Isamhegpauhogdmaunpteress weakbivitantsnced

antigeniciti esmd‘ilcselvacsf nafe Q‘:ﬁ&t@?lépriﬂiﬂ@b@dna@%éﬁ'ﬂtﬁélaﬁoﬁo.dmiulﬂed
vacci nes, for exanp l,.a.and Cargpayl obacter cells or conponents

t hereof can bé r@ﬁﬁb?ﬁ@ e%%”ﬁ?i“ﬁg?’éc?/a‘é%’f ife. The experinental approaches
descri bed bel ow enabl e the detection of changes in surface antigens and
ot her characteristics which are associated with enhanced 25 invasiveness.
These changes are both qualitative and 1 quantitative. Mst inportantly,
t hese experinments establish that the nmethods of the present invention
enhance i nvasiveness and i nduce i mrunogenically rel evant antigens. Such
antigeni cally enhanced bacteria i nduce an i nmunogeni ¢ response



30 whi,ch is protective against infections by a broader range of bacterial
'strai'ns, serotypes and/or species and are therefore useful as efficacious
vacci nes as conpared to conventionally grown bacteria. Several

wel | - establ i shed nodel s generally known to those 35 skilled in, the art
exi st and are useful to eval uate enhanced antigenic pr opertidg:?‘, (\{J’&rzbﬂzence
of bacteria and vaccine efficacy as described bel ow - 4 5~
Non-limting exanples of the present i dvéntion are described bel ow. 6
EgAMPLEB: METHODS FOR PRODUCI NG ENHANCED ANTI GENI C BACTERI A 5 Exanple 1.
Canmpyl obacter jejuni strain 81-176-was streaked on bl ood agar, pl ates
(containing trypti ciie Y7 a 8??'7pﬂsu§583/c)’b%‘?‘?ll5‘r 2Rt g’&l W GHadP§t ¥ RER es)
and i ncubat ed ite eibther daevdphi in @nGasPakl jar ihBBLtr&ook eyswial| eelVD) f or
20 h at 37C. Lawigupés bagh@r tarMoi@ ingioved JieaSHePRi MG iNd nlfnd NOGIAL ed

into flasks containing.l |iter of. .BH di um.preequi|ibrated to 10% ,
90% air, with A ¢Bi ?%*o}‘ﬂéﬁfg? to ﬁl) Va&ﬁf*ﬁ{ﬁ%%%rsa?%%a“& f or
20 h with shakiasgrammgzCand bixdsdedgt | aghkickenl 0wy, 3W%kai etaqnld t hen
gir \ﬁesst ed astdescrijh@ébﬁltaa\geto @&?@h@i@n, @%”_BY{rQé@ﬁ{t e%tdmgirwein@t rain

- was str on od. .agar plates, (gontaining tr i case spy agar,
pl us 5% defi br?ﬁ!";?% %%ag'é‘g g?@%ﬁ e&ﬁ‘&ég’jié\ﬁ“&‘ﬁ fEiBa cf'flﬁ'mﬁmﬂfﬁ?'b’a‘yerophi lic
GasPak jar (BBEragmenteyesyvAprivathie theref h the sAtericihesteripamaytiea were
regpved by swakhtngr arke2Babeontd areday rﬁ% j{)da%%&ﬁa@éb}ﬂtaaiqnhagdiufiﬂéi*l of BHI
medi um pr eequ 0 t 1% sodi um chglat e
(DOO). (It |q'st %?P%’?{c%d at%qaé?‘e{%az%% \gh_gna% 'oiﬁégvgo?h%i"ﬂ%?%ag % g?‘é%’k%g&l ution
sdpar ate from WREEBISIUWRSAPHm heatd 128138 it igafron erterotoyigasi®l. medium
to a final cond¢ken} rairitexigefic dforthisOtheteanf0. (2% | AUEdiaidgloy badbvirival

i nocul ation of ' I S i KR VAL J{@ES up
to 20 h with sﬁ%?ﬁwgaﬁégggfh%% g%g Cl%\%e?:ﬁf %ggﬁﬁ%gﬁﬁénaﬁaﬁ%ﬁ%? as

descri bed abov@ [PEd3may iR SHEERSS GoEPEARe <3 rsHitadie176 was 30
st reaked on 1| pharmageutical esaxicent, ai ne hilingy ptit caste lsimitadato sdline5%

defibrinated Shegprdyeyiohr QeNéLByuaBds SHRALR] | HreMigui®agiopPhi Iic GasPak
j ar ( BBL, Cockel\{sw | 1e, hacteria were renoved

I\/Dl for 20 h_at 37C. ,ha s of

by swabbi ng anBPFHBRAMUEER i F3T FESsRES c%tﬁcgil PAg A BEMIDELER & cella broth
35 pre-equilib ti iepicel , oMaflooRup 18 sh 963 ctimpanite ox yetraldard.

Cul tures vere patéthaicRdtbet 20 thiwl theshakindgused HerXdih dnd 8k thel in 5%
G, 10% CO~2°8§'£(8M5 ,arlget Qgﬁn hafa\é%ﬁlgd aalssod%%(c::[:xlngaesgseasbq'\ég'ssive

vaccines, " which comprise antibodies that specifically bind

pathogens against whose infections or diseases protection is
sought.
The term "“inactivated bacteria," as used herein and in
? 25 the claim, refers to enteric .bacteria that are incapable of
infection and/or colonization and encompasses attenuated as
well as killed bacteria. Attenuated bacteria may replicate
but cannot cause infection or disease. Inactivation of said
bacteria may be accomplished by any methods known by those
30 skilled in the art. For example, the bacteria may be
chemically inactivated, such as by formalin 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 disease.
35 An effective amount of the vaccine should be
administered, in which %Yeffective amount" is defined as an
amount of enteric bacteria or an immunogenic fragment or



Exampl e 4. Canpyl obacter jejuni strain 81-176 was streaked on bl ood agar
*pl ates (containing trypticase soy agar, 5 plus 5% defibrinated sheep
erythrocytes) and incubated in a mcroaerophilic GasPak jar (BBL,
Cockeysville, MD) for 20 h at . 37C. Lawns of bacteria were reng\ru? Qﬁl\t/
swabbi ng and inoculated into flasks containing 1 liter of M4 I-ﬁ on
broth pre-equilibrated to 10% Coy, with &.01%to 0.1% sodi um 10

deoxychol ate. Cultures were incubated for 20 h with shaking at 37Cin 5%
Oz, 10% COz, 85% N~ and then harvested as descri bed above. Exanple 5.
Canpyl obact er j¥§hAYRtdVe athexept] thatiats GarableqobPUadssdnd2n iymines
(containi ng trymsponse $nya agarjectS prius axdudel hdsdedawdtll sSSP depending

erythrocytes) % Qﬁ@béﬁﬁﬂ;ér{lﬁg ﬁf Oﬁf‘er Q)?Q'tlaffa G@.’%:P%éeh@r c(zB@ealvative

Cockeysvi |l | e, re reno

swabbi ng and i afBf the (:FFTelca’@Esa’é%ﬁf%gﬁt gf 1the E&PIBFL 259 RBeedi um
preequi | i br at®dvaczih@veCOhutnimaly be 186sndiainedeosiyghsitandar® techinignes. wer e

| ncubat ed f or 3 lprtleklir 4 OWH- ik BihglenBbEihond) YeOthe HPeriifonangn' hen
chol rae d on BHI

harvest ed as des S s eak

agar pl at es (coer#rfcsﬁﬁ ?”FW‘H ggsggg‘b’sf‘eaé’é]"guﬁ?%fns? 83?1:}0?'? rﬂf{ ag gﬁeep

eryt hrocyt es) Mtﬁn‘éabammlmlmmténrtdzeth leasBA®o timesvkhe @ntihoderi a

are regoved by a\@b 99%@% hiaeedhat £6h. N9 Llﬁééﬁ&eat abﬁ%%‘ﬂﬁ(l% I:cter gfh
medi um i um C are_incubat.e

o th shaki nolsheRra hEeing SRR hEne B fue “Snbeh ot ERbERRIR oLy ph] £,

Sal nmonel | a choI Qma;&ariasaneqimfmbBﬁIm?Otagao pbatesrimnarencubat ed i n

aiirfor 20 N abqilfsptale af DRSLEr! Gl Lerniad AL aNelbag. aldng -

i nocul ated intq Rs“tontal mi n
deoxychol at e. Glﬂaf:ﬁliﬁét%‘i é”l‘ﬂ@ubét’%@l"ﬁ)r 20 h W|th shaking at 37Cin air,
t hen harvested as d®Bertdad ‘@ifdeetidd dmoamnpkecas.appalieanes [@adadpiel muri um is

streaked on 1surjsachhethy & aﬂhgkesota 1:'1%8!:193{1%% fig.r cgpaltﬁ.é”‘tot‘??c inair.

Lawns of bacteria are,inocul ate cont OCT 2002

nin
Tter of Bra | mBAPHANGITH 5 PHESDRFbIAtGoPRCRRT AL iSahPe o LtEoE At oo
for 20 h with Shekenguat Badednwil¥ @G, depending u@oe thé orppe oftransferred

into 1 liter Ofanlt§b8@§'tﬁid1'ﬁi'ﬂ Qné%%}?m@rl n&ﬁ@%%dsbgcfeé:laﬁx%e@ei?ﬁ’t fdask
at 37C with sl alnq_foAfter 12 'h ecuturels di [ ut
fre

into 1 liter o URIGHE YR BrecHiahed nB%JPﬁYa&?& PAEEDHRR TP WP Py her 30
nin, ~and t hé&?f i%ahdav@st%@mudescrl bed above. Exanple 9. Shigella flexneri

2457T was streaked 98c&DME0 oreEhagsFedtnt sﬁvaﬁr@hdm%ubab@da&xﬁrm%%he@t 37C

inair. One to,r on cul ated. into f i ter of
BH nmedia and i n?gllai’? C\}}lﬁotr sgﬁagmca?]fla’r b¥2aﬂy ’%%%m% Egn‘%'ﬁ ety Q;ﬂe ?Jf'{t‘]‘re was
then used to i H&E&Pﬁ%'@ﬂrzwwoéflb‘ﬁm fed BRrFravenoyfy aF‘H?‘ﬁ’d:a@‘eW@sodl um

deoxychol ate. Therambiscukanyad ntpavigied Wihbrspakitogehd; whtramas3YC oranir.

This cul tures o15.¥Rs y % ded 0 @an CDD of about 0.17 with prewarnmed
BHI Icont ai ni ngoo IO% Doéagér%(fll ncu ated for 30.mn with shakl n ~t 37C in

air, and then harveStSRANES Fa¥cPPRIPUIHSFET et iR V6D
jejuni 81-176, pdarmdéeutnicaliCcirni8H maiyt be308mmyt isedr oh)mmqwgndlby, t hawed

and plated on 28agBeeRaP/OEagRlséSBh DshsPhimel rRhaksd - imflanknocul ated
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



pl ates were incubated in a GasPak jar with a CanpyPak Pl us m croaerophilic
‘envi ronnment generator (BBL, Cockeysville, MD) for 20 h at 37C. The
bacterial |lawn was renmoved fromthe plates by swabbing, and the bacteria
were resuspended in 10 m 25 of BHI . The bacterial suspension was
inoculated into 1 liter of BH broth alone or BH broth containi ng 0.1%
DOC, preequilibrated to 10% CO~, 90%air, in a ?. liter flaqk éédj,ocul um
was added to preequilibrated mediumuntifi&§the OD6u is equal to 0 0 The
inoculated flask was returned to the 10% 30 CO2 with 90% air and stirred

slowy for 20 Ii.a%hré”t?&iy /btretssl slml)nt thegdiastaar,i anw@xﬂﬁmahar &eﬁi&@l ﬁﬁige
descri bed above. a

dded t BH br.,ot
pl us 4% bovi ne gay?rg%%e ﬁP?%JreﬁC%g%ﬁth?%#t ﬁbef Fﬁigs Q?@‘PBOPF gn&r}%\ﬁ't h
5% Oz, 10% CQOz rags, sgwineanig nchamsitedsf and 2ahbiss) 36s mpunizkd shiti rg.

After this :3 nfwhane%hlﬁo@ mummogthccai—&gm@q%% beaDedarecd st an ? flask
cont ai ni ng ovine calf serum or
t he sane madlljum ag%g?]ic(?r%gyl glmé ﬁinﬁ rbcg?‘ﬁ Sﬂlﬁu?r{gtr cgfﬁﬁF‘é . These
cul tures were AB¥eRtiondmed wahseme ﬁchWhPﬁ%ﬂ JuyRRtuer v(ra% oi ,
10% CO  85% Nz hgetickHatc wbal@dentdndé¢ bhétimniRogehes Ceﬁﬂdi:t\dﬁéﬁe& hafavest ed

as described a I |1 %
glycerol) was g’?ggai%wggu%% ;:%Q;ei-@?P?e Zl‘n(fyglr}?'% %8%)&{4#&[ fggc in
air. One col onﬁﬁa%"?ﬁed‘l?é&érﬁﬁirr&ﬁsﬂéﬁwlﬂ hYoany L?Q‘He"éP“EB“%‘FhQS’B '

cont ai ni ng G.o1¥Th&GEerum rabkeod It s20d asieiddiushadbai ddedl @ €hE, sadHcE€Oof 85%

Ni, seal ed andphigetii8d aheipddids.at 37C with shaking. The bacteria were
thien) diluted in ?ﬁe sgneane{ib 17 .and incubat ed under identical

conditions until tHEPx WPBFE“?%@H%D%%?*’V Eedrphasare tF5PESR 135 30 nin
after the dil uteseril@sl kbovier e WhHenhanvastertaid edestibhduyd tdboeeis Exanpl e 13.

Sal nonel | a t yphbpagddyn 'taesaxsfnaakledsoauaxéﬁz@aaanma&@ éyl@eﬁuié ured for

18t 20 h at Cin air. One colony is_pigcke nsferred into. liter-of
1B or LB coteaPRPRELGLI0L BRRSUt fohc ARarat  BRe1SPTRat CoIEe Breimikedn The
culture is theﬁiblhlI«vtmcui@a)nmsmenecsmnﬁnocghlmlaawetenhchm,ednd
furmer 4 ho]yrsnélrtdﬁ{tulrdemélaaén @QBdb%donganTaggﬁﬂJ éﬂyﬁgam dt hen d: luted
in the sane fr in ted under ti.ca
condi tions unt ?P’(%‘q)cl%f'fau?ey‘foela@ t%?o%u]‘ a%’g& 6 i cal es {3 m nu°€s°5f1 er

the 25 dil utiofiel¥e] | Yngdes 'ﬁsﬁf\PeﬂlEGma%t%:R%@r fyeiontskes E%ﬁ‘ﬁ?)l’é‘ #4.
Kl ebsi el | a prenandvmaeclgcsiseat@d a0fusedHelagal xphrd ecgedhencwdtai ed 18- 20 h

at S7C In AT ufREeOlaRY.] e ughedyBRcsd nacuLaber iy Grbabiter aaf B of

HH contai ning 0. 1% DOC_and e bacteria are

30 then dilut e’BY?’rP“t%Se%énP‘h"édlt&aFanbD‘ﬁfP 6°i7f'é§1’cP'bra6\ﬁnsP%‘Elf3‘(fa )
further and t hehosen sushethats, dgsthebese alfoveleErimpiredis, SaclerasbHdTer

cl oacae is S”ﬁ &mlaeBlﬂmﬁ%&eELat %raﬁcihlymabﬁé ean@to édL1¥ tof Or
18-20 h. 0135 %g#lslnf % E liter " g};ﬁ_’ otr}]a%lnlng 35
0. 106 DOC andSSHERUIFY o SSTHAR P9t LpusdercPPEsrs Pt
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 r~ diluted in the sane nmedia to CDD of 0.17 and grown for 30
‘m nfurther and then harvested a~s described above. Exanpl e 16. Escherichi a
coli strain 0157: H7 was streakedon sheep bl ood agar plate and i ncubated at
37C in air for 18-520 h. One colony was inoculated into 1 liter BHI ?05

BHI containing 0.1%to 0.2% DOC flask and shaken for 12 h at 370 0§& 2
bacteria were then diluted to ODD of 0.17,.and grown for30 mn further and

t hen harvested as descri bed above. ExarrpI}a 7. Enterococcus faecalis is
streaked on sheeplObl ood agar plate and incubated at 37C in air for 18-20
h. One col ony i s iimeasl atedarintincludef afuBleeOﬁo'BHmﬁQBHatdSN ng0. 1% DOC f 1 ask

and shaken for ri t 7 and
grown for 30 mn fdgr?ﬁ%lry%ns(f% ?ﬁﬂﬁ e?‘ezg{ng i] escr.i g&ggo%ove 5&& n¥) e 18.
Cl ostridi um di f fGELIFR) ¢ n%’cﬂq‘lieéd’eeﬁob‘b%‘ﬂ‘%%%dlm FHATeBoRnsy cerol ) is
streaked on a plpailerdtaBomi immuapasshysn (FerApnaer obes contai ning 1. 5% agar
and cul tured g 3701&14@&& farm%am&%'idcq ﬁQQdaid%g{&%tﬁé%f@;Z c%ggg?é{a&\lzl

Onecol ony is transferred neat 2 Lym o

same medi um confatnPhgttf ﬁf‘ﬁﬁ@ﬁlaih’éea(?fg’t%ér Feauraa uP%’af‘lﬁ?Uér desired
m cr oaer ophi | | i dmogndassanacgerding fuo the brasnehthalmeatemas Thescri bed

above. Exanpl e 1%1&5&8&@12&'}&%3111%939&|é1%4emghfix?% %%Q@éi&lﬁ%l 'i;%eka i th

30% gl I t ked d ch d25 di t d
cul br o At 57CYaRBCR & SHEABBREPY 19 BRPE | BIEE Fonebresh hedhi ."%a one.

col ony i strardf aecedsaxy Fdagentsof Sush fi sdtchompddesean eninim bacteria
sanmemedi um cont iFNtRE @ré%nlao@nvlﬂelck}a,cta@avaraé ehdidci Bh&T or polyclonal

uridegr m cr oaer oph [ofo! ons

angdescrl bed aﬂé\%b r]‘Eldt oP* eer%ti' nﬁ%é'eﬂ{s:é%’ao’t’hﬁé’rmgﬁ?%%’f°§‘ ("S?IP geveral
br ot hcont ai ni ng CSO%QﬁiW@r]oP()itl somponafited afonventiionakrbity cm@ppﬁat% widd
incubated at 306e £8&dLD} @ippairent renHtvseedkiDidd iiheenefaid snadatacubat ed

f 12 h at C 0. 1%
D%E g ﬁcu:é%t dél&%ésac%&’ %nﬁgﬁ%g’ég Jl Q‘éa(;%é@ :]’?:clxﬁd&?ﬁ%'rzgltg%g&géé‘l'ﬁg

sane - 4 0 C ¥k2bovatopyManualoff) d?ard°f7 Bn&'qqﬁusaiéoﬁﬁfiﬂw Easbos0 ni n
and t hen harvestLebosstalesPriebed avewje. Evanpheichhl Kéti calyatiettspyawri was

added to HHI brg Bgﬁ@éé"ssudc% Qexhee &alffozs%&um,lnﬁf }ngcﬁbg?g% rpéitaltﬁg tlt\.?tifcé?r):%éks

were 5 flushed wth 5% %f
W th shaki ng. AFPe’Fa’c’h’ias“} ﬁ&‘ﬁbﬁ?l the BSRERY LT eC (FECH S SuadVErBRSsT erred
to a flask ca@ot dimibed Bl Tist, hHBPES, &¥%chdvi oen prlated esernroy anhébedies,

medi um addi ti onahl:u sé)rﬁe@dhaasab@w;@a%%{at Qn@il%tusg 236 bt Raybhhe€i- ﬂ;a;ese
10 cul tures vverg |nflu gdowlt ee g erq& Llc‘?{sd@xgucqe( /o ,
10% CO~ 85% Ni ) i HtTsAt &5°B Wiy e QBITES RsFEVRAY L

as descri bed ab‘e‘be 1i7keaxmriLEsheEmmgdAmmsc BACTERI A 15 Exanpl e 22
M croscopi ¢ exam natMetthods et tﬁ@mﬁ&yinhaeheémﬁdw:inulude 2wl ag okrsternie

motility and Qgpgéfﬁffnﬁﬁx %g¥u1§§"6{ea sa@ygéée 8 89§ e Cg\ la)f.uﬁap&ghe as

staiining in I'n rosin er arr S were
count er - st ai nedP RFt‘PP‘E:erﬂlé'-deFBI‘é?mmeﬁf}aéﬁge#‘(ﬁdtliagﬁg beai heard infnsipn
magni fi cati on. prbdbl ptBHIYgY Lotibaateth 2180 t shiegp dAood dagry tMSBAEE hods of
the present i ”Vﬁ%bé’ﬁha( *}&fo%h”afq&@hézﬂfzﬁ'h'&@ﬁ L3S pEBltm%Ege 'Eéﬁé%é@f) was

ol ered comer el Lo, HosSaurapied yosael e doslone Cenventyondl)

grown). For ins i\ i

| ar ge cl unps 36of ioellhtSJ,nq/\IrhUItengbnllmﬂQﬁn&bl 9.07owe 3&| bElewene Opﬂéﬁl’bmcnant |y

solitary. It wag,appef Sile B&om;ﬁamee glhiak NbNGa1dat 8hé&dors eVl oldipicad

change in the béct e‘gl acl, l{ ef f:ergk_lgge bé'ero‘i t %1%0&%%699 ?’rpé hods of
hEFOH: °5h sur ace hs(fl a SEGFY

the present inv i eration éc ed in the
i ncreased bi ndi hgtwser BNANER 4284 angi 1t ﬁeglfﬁ‘ﬁrhos’hﬁ%erﬁér @BhepE searbmiere

stain. The "ENHANGESD) Hrttle’hi dafByHIdE@nAi gbémcmatryl phase@npireaf 3abdut
jejuni surfagg. SQQPPQ%QFE%ES amla)/%.‘e%rb%il B 'cr%éahgﬁlﬁ Eé&é loheVer €

made from C. “Jejuni f own ‘conven ured acco ing‘to
Exanpl e 2 aboveSuch ?%jﬁfntocépﬁsc%?’ét‘haﬁ%eéﬁoeas rHe ic 3tt 6P 2 He O ri iy

centrifugation gesdesagsbad; aow’r. téheos e, vpal 1@k vaS20% co, with 70% to



4 OCT 2002 extracted for 2 h at roomtenperature with 1% phenol. I ntact
ceIIs were separated fromextracted materials by centrifugation for 45 mn.
The supernatant containing extracted bacterial surface conponents was
di al yzed against 5 distilled water overnight. The retentate was centrifuged
105,000 x g for 3 h at 4C. The extract pellet was redissol ved ign4108b KRS
and precipitated with two vol unes of col g »95% et hanol . The precipitation
was repeated, and the sanple was |yophilized. Subsequently, the sanple was
10 dissolved in water at 1 ng/m fox further analysis. Carbohydrate content
of the extract e\ﬁésNa‘s§a9e€P‘;\rﬁg qrldMeigcthe Hregenee «pft @d dpMahent satdgni ¢ aci d

met hod utili zi %e@hﬂ@@,s%u%ﬁ asptitdaiod 1UhOEE tRCodt6 ONdE i, Obréher My act

was neasured Wi, h the .carbazol e 15 Leagent .
Total protein ctgnf‘% A?’%g/% (Ce%ﬁs’a?g’v%‘ﬁg\’g%g{’é% R R tﬂg
bi cci chi noi ¢ amraggw%@pie@@wmwyl @sterRoMriepwlan Probes, was
not abl e that suEpoagese AR} WastabserdM oforsthe extracts. Many typi cal

bact erfal caps kefy AfuifiaTBOPEM erdREOTL L AR LaBOLYISI g, SUERLL o1 10! .

surface extractg d'-lr"a om narit ['y” pr ot ei n.
However, total SBEPESHY ECar eSEonk¥HE 0O} he? "%\IHR&CE@“C@C"ITA«#NraCts was
I ncreased over (ethbexgamwﬁoxpeMwitemattylo)‘Fmaaacbbrqdrate to protein

ratio of the e 3 3 O.G.T 2002
rat 2 ot the boﬁ&i@?ﬁ?&%ﬁgﬁ?%ﬂe& %E@?é&]\l D 8Bles 3hudene ~of) O the

ace Extract$ of ej uai
Grown Converd 8F SEFPLRARATL i ﬁan?btwhaado?omw & pr MCED) 5
TI me after addantigenicalByl eidtiddoEBntedid®dat@2ig.0.02 0.10 4 0.02 0.15 10

70)03 0.29 According to another embodiment, the methods of the
present invention also include growing enteric bacteria as
described immediately above except in the presence of a

1$ divalent cation chelator, such as, but not limited to 1.0 to
100 pM, preferrably 25 uM, of BAPTA/AM, 0.5 to 10 mM of EGTA,
or 1.0 to 100 pgM of EGTA/AM; but without any bile, bile acids
or bile salts.

Bile or bile acids or salts thereof useful for the

20 present invention include any natural bile compound secreted
by the liver and normally concentrated in the gall bladder as
well as synthetic bile acids known by those skilled in the
art, such as but not limited to "OXGALL" (Difco Laboratories,
Detroit, Michigan), bovine bile (Sigma Chemicals, St. Louis,

25 Missouri) or other commercially available preparations,
cholic, deoxycholic, taurocholic and glycochelic acids.
Preferred is deoxycholate (DOC), a commercially available bile
acid present in vivo in the distal small intestine and large
intestine sites colonized by some enteric bacteria. Also

30 preferred is glycocholate (GC).

According to the present invention, enteric bacterial
cultures selected from the group of Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp.,
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella

3§ sp., Aeromonas sp., Vibrio sp., Shigella sp., Clostridium sp.,
Enterococcus sp., and Escherichia coli can be prepared as
frozen stocks by methods generally known to those skilled in



t There was a direct relationship between inclusion of DOC n the culture
“medi'um and enhanced | evel s of surfaceextractable carbohydrate fromthe
bacterium (Table ij.i5Surface extractabl e carbohydrates were increased nore
than 8-fold in bacteria cultured according to the nethods of thepresent

i nvention; no increase was seen in bacteria grownconventionally. The
aggregation of the bacterial cellscul tuigi in DOC nmedi um appeaé edLTt 00be
attributable to theZOConponents of the face extract. Upon rehydration,

t he extract ha elin cityin water rendering the solutjon

hi ghl y vi scous ﬁda’r‘r%c‘if% gt‘?l\ﬁ?"%n 2fa38| Trifiox fPﬁ“E?la"Psfct eFoF plRffance,
aggr egat ed bacEseeks e Ceapylplactiert yegphni hmreber prepamsie byl gdowirg rthei kea

25gl ycopr ot ei n%:&%@mw%meicas@d%yd@r %&Qﬁ’i‘ﬁﬁ?@rd%d%%fr?ﬁiﬁ@@é
wer ehydr ol yzed I u roaé%tl c acid in. sealed vials esanpl es were

dried under F}‘S eF SF8pented 1 il PFI %t HAY 502 BIRE were
separated by SHPmemax@phinormfmmpp,c'maj'rraifogra@m.c storcks aﬂd a sol vent

system consi Stfggb&tlcalf)aof:ogi5ﬂl%%9% % 9m§§~i ) iRl coBIBEL P B 1S

detectionwas utili Ergasurerrent 0 arate fronosacchari des.
Anaut henti c noft §a§%’lﬁée XhftFdr §2BohD aé'f" df B EReW e, the o sm
gl ucosam ne, géhabt@‘behegrgcbls@smndbmtmdsM\Mis abmrkesibj egheklet 0 HPLC
ana:cySI s f?r CRAPPES for fréefiGg 89\2&]51%&0%%&@&& offotrhgnbgslﬁ% ed
surface extrac resencge_of sev i des ure
i). There apge%ﬁ’ge%’ %%’g‘en‘é&l‘ga G £8F Ve RET g?‘ﬂﬂc’e” :Efﬁaﬁgngg}ﬁbﬁ/af a’f? e
conposi tion of 9iyeerod. ra@tlétmmﬁnf@ﬁn#m)f@@&lll gxpenimendis Srbfereria grown
Scf?rd' ng to t bﬁod[&itﬁ@iﬁ Qérﬁﬁﬁ’ﬂﬁleng a&o\& p@y@d by Tangr gaﬂafauyatl vg ]
i fferences me I [ ot |ns zed by
SDS- PAGE and B\‘?%F‘%F I ng. % %glgro Sy tg? € r@‘ Ig(j]"tn‘ac.ry(\/\EBS
Letters 58: 25412%% a9f975): FHEC u&n@er #ﬁeoxgatm@yshem¢ s=°axd1@19n§c=mﬁ ithedus
gelh C(ﬁnSI st uagtﬂnﬁdwngcayémgldecéww as haly-of&% ard askitngigel agddr@ifhg and
a hi gher perc t D was
9 p e@ﬁal&ecllﬁ: a”%rfeeg:’%%?%@ i éxQ‘i an@czBibeﬁ Ref@id

i ncluded i n bot ers use rotelin separation was

according to "F%’i’ﬁﬂ CéPzﬁe RaTyestes HO0User PV amRY PetdRdr GePFR Y s were
15 used. Vi suakngvat iten tbbse egiandieddiprdieiars , wasclhyassibyv eenst df ugatg onf.

fixed gels, and m'l@ﬁkbk@%e&é@ e@lx%&iﬂéx‘f@é' Qﬂ%l&@ﬁ&m@eegﬁéﬁ&@r&éﬂ% b
val ues of k 9 used as_s dlg{ eg) ni “cell, B[OtEI wer e
separ at ed bg \g%gg)&y zﬁrz‘if’vl EOE F’z'% }b)?fm Pee? "scflaﬁsnﬂﬁéu EF it ei ns
i ncl udi ng a 62andagstopeeferahly pfidtbedejundnbaneinl §4r1d6l | arenanwnednwi t h
DOC (Figure 2)a e Plesdhtidl duhexperhedi® \A@§e@&admzyeénbybp@ﬁﬂol
extraction. s.,4l&gqnerh ﬁp.'f&fpz@lré%“ %ﬁ(’“"e’bt '1°”§J> yororab%ﬁtaSCé’{%S’}t% %1‘9 the

present |nvent| on as exe abo Wwer e harve

cul ture medi und3BF daner pixERre @F a§°ﬂ’és¥9 it9ed 0B beReeWith rﬁﬁﬁﬂty§ﬁc‘éﬂa?‘?ﬁes
(LPS) were estinctad Ryrivéstawetaiedr othd\egiowital oanthe w1 tLEa: hda; r\ﬂucﬁbﬂer

ed. ) Methods ~ &ﬂ{_{lé{%%?i&éephq}.%”kéﬁéé dutV%'tégaoR? 383’*‘%%65)5 ]ﬁ. !

cells cultured I'n exenpl | ove rvested
by centrifugat?®iPtatd WHad3fktr dﬁ't?é?“ﬁﬁt’F‘BB The ceI s were then ext racted for

15 min at 68C w t h 4S%thbaenatefierredt embodilmenex| r amt i gétd caddy eenliancedC and
centrifuged. T&@ulsp%fcgﬂi?‘éﬁéquuppﬁfef’é%%q Sophase é%%z%prié”h%hoi:} and
35 di al yzedagg i nst, di,sti cf Vé?t " ’Eﬁs’ gate was cent 92(1?% h at
80, 000 X g, YRk ariag 99 &St RESLS T‘l%lltefﬁgoﬁ ’8 & tinal
pel l et was | yopte Idrogl. in & basaloessqhtlyjzculture 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.



Prior to analysis the LPS was resuspended in water (1 ng/m).. The purified
“'LPS 'was characterized as to car bohydrate content as descri bed above, and by
sodi um dodecyl sul fat epol yacryl am de gel el ectrophoresis (SDS-PAGE) as
descri bed 5 bel ow and shown in Figure 5. S. flexneri protein profiles
reveal ed no maj or differences between conventionally cul tured and
"ENHANCED" cells when anal yzed using this partl cul ar SDS- PAGH gystam

Car bohydrate to dry weight ratios of LPEY rom "ENHANCED' cells |0 was
decreased as conpared to extracts fromBH cells. However, SDS-PAGE

foll owed by oxidati pn anttieir peefeatmidiengoainéntd,| anaegénﬂdaslgleemmtdeat ed a

maj or change inJdife §k r}?&:lt.l Ig%a%géglﬂ}%q%Nc%f%%%}?eok% strafl (ﬁ'lt-&;‘ gel

the O-antigen fraction o xneri1- was reduced in 15
length. This r&SaPe. c%?zet?é’n?éa“t S GRAFAQGEN 6F PREAY CRIFERABANGUHANTE dr y

wei ght ratio omedPSnf rmraferhbANGET eiths. additsmnadiyl danprigiagtalsduts t er
O anti gen si r t at N I e al_l
g de oG8k NeHrBRRAL Bt hﬁrbdﬂ% o E%MEQ 058 hﬂg%@e& gﬁéc) alty

m ght render tg FQ’afet eri g nor.e rophobi c, nor e terl um 20
ni ght have great Rt BXEPER tarPWdPSpﬁ‘bb?‘@ &0y Mdtbsabopt BO¥gEe 9
Exanpl e 26. | maimegen|ahdut @bt peat witls ammtdeteo,niviel dhoudesser) Bhats.

Proteins from haelgitén URR ERL ﬁne!f' e ﬁ%ﬁ@%%m Sr.Ichﬁgt? dBurods  of

t he present |néent| on :as bove were

é I fi ?‘

separat ed by SDSBAPE, atf‘?’l‘é:ns\ﬁé bg% Bﬁﬁor em @aF‘P‘y’et‘i‘%ﬁf?FEF?ed to
nitrocel | ul dsPee@bomﬁmﬁbaaqeblam%aevtﬂw(adtarttheacgﬂandar!thst)l ocki ng
agent [ 3% BSA, reQchdd Hhout( le; @se 50 MM Nadl, 0.2% TWEEN 20]. Primary

ant) body was appl i in.30 ffer, the blot t he shed,and a
secondary anti bodyegrétecfrﬁ ePaE g"-\%grﬁépﬁ‘i%’&dlfﬁ%ﬁ%?ﬁ mﬁg'é‘}#l%@% Fﬁ

bl ot was vi suaprzéeln‘thrwenitgm lcﬁrvechrl@ﬁnp@mca’pppédmmmg andifsrrealds. The
reporter noi et yoUSELk MRS ahayee pradiveh aef@aq.daﬁee pfo@éllﬁl i ne phosphat ase.

Sont et e 3 eR fbSo RIUER AL O ANIBL LR Bl o Mdd) oL TG 1200 ThouS

cont ai ning I gA seen el e was ‘eI frunodoni nant
anti gen. The aRBFERMIgayjes at @Jcsereéoézvglacoatpa%*% 8D crbls pPwktaredyén
greatly enhancedsah melius slbfielr eadphiifmtim Dﬁﬂﬁnfratnl téndilitionsptivd eighhamgeal so

the predoni nankegntygan LAt Ak Sids ase 6¥ | pHog8hi E8H Safupt Cg&qxﬁ‘ﬁ‘f%aci o

Ut|||2|ngarmwsie ffonocl onal ant Cross-re ctlve
flagellin, it W&% b"e‘rﬁ?n&faﬁf&eﬂ“t%talt ﬁ%"%%edvﬁ%%cﬁ‘ﬁé??}aﬁeéj uni
flagellin (Rgantiggns Thas anos enhsingeif ox aittduceddeay zeddastiSimder al

researchers have dq&matlwtsﬁd tﬂsr&oi jieah émg;%sl EBni e igaeal ¥gd in
pat hogenesi s and_associ.at ed ive char%e r| stics 10 of 1The

Dactorum . ExafbPESSPPiE fhtinat icoh Aates KHETt 3t
virul ence. Ent Bafkelidct eftaigrrngsibdavemy cﬂ?@lerym?mglogﬁcabmgm to the
met hods of thempgies ardsuilay epdih QiethoBMHANGRE' preBelt im@atioh dLoald be

Qoqtaining Q502§29(3H¥33959912¥¥é%n 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



15 resuspended in distilled water and extracted with acetone for 10 m n.
‘Cellular debris was pelleted by centrifugation, and the O>488 of the dye
was neasured with a blank solution of 40% acetone, 60% water. The dye
absor bance was conpared to the cell absorbance at 660 nm and expressed as
the ratio of 20 OD, 88/ OD~. The data are shown in Table 2 bel ow. TABLE 2.
Congo Red Dye Binding of Enteric Pathogeaia Bacteria G own Conweptgconzmbi v
(BHI') or According to Methods of the Prpﬁnt I nventi on (ENHANCED) f 25 Dye
Absor bance Strain BH ENHANCED C.j ejuni “81--1760. 070. 4930 C.j €j uni

81 1160. 060. 49S ohitpl} dRiii! BuBEL 1r P Grafivi bh aoih 2T ARAohAY.- el a

: : e 2 shows at for “seyeral” species,of enteric bacteria
cul tured accor d?Eg‘?%cﬁét%gﬁgdﬁ?tetdné;opFggg‘r’ﬁt‘? r‘r@‘éﬁ??ﬁnf"%iﬁ%o ipbpghrrial
bi ndi ng was enhgrtddlarm leardle exbradies protaime@Spehwtdwam.tiganvi tro

met hods of the BhRSESOind B¥eRLLOPIRY eonaetbnd 0 iThdUecadtid Yreage and ot her
characteristi gs knfv@ t.0 cor&el atr&:{.‘w %h I N, Vvivo Qat hogenesi s _for of her
bacterial speci 8831% %ﬁpﬁg 28748 e&ive L "Rt PR PE S 1295l i al
cel I s was anal ygbang@a@ssiocahted idiho Angneasesk dypads ivengssc orbaditénedzal ar |
and Curtiss (Praatiddicitgcad. Sci.USA, 86:6383-6387, 1989). Tissue culture
cells (INT-407 or nl.e : . JTCC ~ , - ATCC Y/ .
human 10 intesti nai_ef(}leﬁ Iﬁﬁl‘hé %ﬁmﬁé’%gﬁﬁ eo(faiqﬁd%%\e% (at]';{sggﬁg 'Lc_%éa‘%d}‘e r
~~ plates (37C, aB%3qens @b kecriantidded by Wrnteym, BIPlLingdi umis dependent
on the cell RkonEmmneshenicitpubbdeimincednodi {itedeBabheterimdprotedndr 10%
fetal bovine se £ 0 _{Azg?ﬁ [Llqb L S i n was
used for Henle ggﬁls, aeﬁdbggég%’ 628Bn€%rul}'%11v%¥zﬁqu?’eet g[sﬁg%w e serum
and 50 ng/ ~Cl eatFeRfehERrBniaver Gfakgster flotfdne smdassedbed belqy.

cul ture of CaCoAfy csdurse Af hrtitiody kaheborneedssavch tdwe convhlescerdi um was

renoved and t hey i ; K . q i I i on
(R CWTh osEille sRkECpE IR SEs)! hind of B anepciah ol

gne$| L{__m an ﬁil L%]m The 20 nopno aé
with antibi ofPciPrEESSr GRRh ¥t iinl 1 Ve FOTI3IHITES| BROYR SRVENEREndLN &Ff a
wer e prepared ascéatdings toFoetiddavodr bhe rgresengr iovéenttian)i, aistiest iaal

Canmpyl obact er apgedde! (seaact 8F ide ah@ehbedy Rl polltuseadentikyrsp syas diluted
to an OD6zs of 19 1 fre re i brated ned and then use n the

th ui LU .
hosay. Por sni gafoctania, pREfeedlL R hhdl Al oHECLIR AL LBl eRt AR T
culture was di |'¥itey G-0Jejuni aflagedldng for faseal ingriearfieiriphr avewansdi um and
then used in2bhe assme ihBeedodd Rricaubien addedvbpal her neepi bieddrdlaicel | s
at a multiplici £:¥t1r°%{)enismi C%EQ{E Oﬁri%gu@f\ﬁf e{rih%n@%@e??f'éf &592@94.:9«5 i
ac ulated into the tTs ﬁture_well

saturation. The number o ria | noc ue cu

was cal cul at ed ¥FE9itedcBiRR i HiFulrsFe owi ThESE RrPREETHSSOANGHES 2R T or
Canmpyl obact er, om0 imvasion Ghicgakhaed unbenmndnbast Brala ePpétreBial erdted by

washing wi th Heg REJrdeerby Shye HinkiRg MNAlAYBhgY Fdu Gyb%beRa1NS Hlsake1and
Pl atjl ng for SQea dgeénegrglq.gt ngeggedagngggégnpredictive of wvirulence and is
I described below and in Andrews et al., (Infect. Immun.,
60:3287-3295, 1992); and Yoder (Avian Dis., 33:502-505, 1989).
Bacterial binding of Congo red indicates ability to bind
hemin, this ability to bind hemin is correlated with
30 virulence. Congo red binding also correlates with enhanced
bacterial invasion of epithelial cells.
Previously it has been shown that most conventionally
grown C. jejuni Lior serotypes are not immuno-cross reactive.
Based on this information, it would be necessary to prepare
35 and administer a number of vaccines of several Lior serotype
strains or a combination vaccine to obtain generalized
protection against Campylobacter. Antigenically enhanced



-, 4 OCT 2002 The effect of tenperature on adhesion to INT-407 oells~by C
‘jejuhi 81-176 grown conventionally or according to the nmethods of the
present invention as exenplified in Exanple 5 above is shown in Table 3
below. 5 Differences in adhesion of several strains of C. jejuni grown
conventionally or according to nmethods of the present invention are shown
in Table 4 bel ow. Percent adhesion is expressed as the nunber of {4 Qgtopg?
formng units (CFY recovered fron1the nol ayer divided by 10 the nunber
of CFU inocul ated onto the nonol ayer iplied by loo. Table 3: Effect of

Tenperature on {1 onal |y
(BHI) or Accor dlé%ﬁﬂ %ec{t%gdgg Q%ﬁogﬁlr:égg% qclté F'bgglﬁ Sloge,\%ll:l%ol—ﬁ

BHI ENHANCEDTenpédR¥ention o gdhBananror-gdheasoiies rgsinsh 3 aroader minpge29hb| e
4. Adhesi on (Fabubmybaslwarﬂ&m&byb&iﬁe&r Qilingt covEntibhallpjgtivivn

e ANG ED ) 30 CRERPHIAEREANCEREAEIS ot Bl Contaiah SBKGSrLe" |
i nvasi on assapsPrefiqaceresPréing Londhe Q?M%ﬁé phe peresendc dByentien éthe
met hods descri béfimab®rroker rédetive afdOithincRdsadpestavtigesayaibackeri a

grown conventi OH%A?’erorraﬂgQO £ §}rg g%@lH%QQ{&sOfthEHettE’aKi%@thX%f%a%“ ver e

added t4 the epitheli s at ct1ron of
bacteria per ceF?“V?’lflﬁ\?B JY sEE W shage ll'?re rﬁ?ﬁﬁ&rlmu%fﬁ'@?? reafdieat ed
into 5 the tissardciinumocecyess matectivel ptarbritiepl are induirated). by-dhleow ng

2 h infectionoupdanl a¥cE0agh Pt GRAFBh0RESS ﬁ,anandaéé’iﬂa theli eSdaRdiBeqt he

|nf ecting bact e% f were asplirated off, he nonol ayer was overlaid with
grioyt h medi um c FtH ni ng gentamcin to k| |1 any extracellular bacteria. Any
cul turabl e 10 bact eMethodgadhithe sreshnt poientihaveor predadtior afpit hel i al

cel | nonol ayer. aibﬁ;édi@ubzaplmaﬁwaal eue&wdﬁbt@%fé&rr%latbnw hehhaaeed of
C. jejual |nfected ceIIs a gﬁl nfected cells. gol ayers

r e
wer e washed w tYll g@ﬁf“gﬁl el%and y%’é t%?mfﬁ l%d"}ﬂ“tm n of
0. 1% deoxych@Fa¢an bﬁusaétéwqu st Ré 4—‘%1@@&@59@ einaaseai Bdh AN - at Ene
counting and pemeemtsuua\iaalmMeexﬁm@mta&ft bemiides off e gidariy Gsn

resistant bact epa LOmRLEM. %e*;%l ihel. Ol du3ACLUBDATLELRE, (DARHON 1 S

expressed as the percent er| ng th ayer rm ned
by the nunber Mooy ‘F%?“Hf Wt 81 ( CHEnLesko LB 1 437 LhES HIASI ayer
af ter gent anyci mg¥)eat Fens rdmdaldadsbylstdnedemmﬂserabédelﬂd anecoistieh ofit 0 t he

nonol ayer ”thlﬂiéxe%e%t Os 8 %ﬁrf:§§ls&fa1tne'598{:ééwcﬁn ONpLRYRSH ORnQk

| NT- 407 cells b% eEI|>< # t81 176 rqﬁ Fyent Iﬁ‘&'?‘al IX or according

to the met hods B1993 RAPEESt ARRISEPE-E bt mHEBL LT
resistance to disease. The ferret model of Bell et al.
(Infect. Immun., 58:1848-1852, 1990) may be a more 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

3s colonization model described by Chen et al. (Lancet, 339:1120-
1121, 1992) is used to evaluate the vaccine potential of H.
pylori produced by the methods of the present invention.



Differences in~invasion of INT-407 cells by several strains of c.jejuni

" grown conventionally or according to nethods of the present invention are
shown in Table 6 below. 30 The effect of DOC on adhesion to and invasion
into | NT407 cells by C. jejuni 81-176 grown conventionally or according to
t he nethods of Exanple 5 above is shown in Table ~ bel ow The éﬁf&mﬁf DCC
on adhesion to and invasion into |INT35 7 cells by Shigezl a gio
conventionally or according to the net s of Exanple 5 above is shown in

Table 8 bel ow. 'fheQe aIeZQQ%ELI afliRap: mﬁél&&e?gv;ﬁgﬁﬁ 3k EFL?” | NVASI ON

of | NT-407 Cel | j.erun nvent i1 ona HH
According to I\/BFﬁB a(}f N ESF’?%M lPﬁ?%?&‘?'bﬁ“@ERPM(Eﬁ)
Tenper at ur e | ¥fonveatsziine of ivoamdlof3EE: EntnkedSenPér i (ba%téri@ Hicdruse@,

l EN Aﬁl OC\ISr E)\I/:\ngl_gglr:\%ea@’??:lo: ehe %&dﬁg?o%ﬂé ptﬁés%é{%ﬁﬁthc%g;agns o ICD:r esent
uni Vv

Lo ant i on B e bt BER0LE i o106 | adbr oy Brobutel 27, g

10.0 1.0 26. 7 the mgiihods oEf the tpresePOCLIBEIGdonNr are¢ owsash tadheepare and

| nvasi on of | :ﬁ réEotyde killed Uto13ledlP &F QbuRREVeAddiRal.l yra&EL) or
According to t hods of th reser%g IQventhn ENHAN%D) SOTT{:eaIan
8-3

Adhesion | % IH@%&ﬁQﬁ?I
ENHANCED; 0. 1%ncibsties apdoting establlsh the vacclnes' protective

10 potential. Elevation or induction of these antigens in a
bacterial cell produces cells that make more efficacious
vaccines.

Vaccine candidate preparations produced by the methods of
the present invention can be used with various mucosal

15 immunization strategies to induce an intestinal immune
response. Successful immunization protocols can then be used
to protect animals challenged with the pathogens with or
without enhanced antigenicities. Also vaccines can be
formulated and tested as combined vaccines, for example

20 Shigella and campylobacter cells or components thereof can be
combined as a single vaccine.

The experimental approaches described below enable the
detection of changes in surface antigens and other
characteristics which are associated with enhanced

25 invasiveness. These changes are both qualitative and

| quantitative. Most importantly, these experiments establish

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.



-. 4 OCT 2002 Table 8: Effect of DOC on S. flexneri Invasion (Percent) or
"Adhesion (Percent) to INT-409 Cells Grown Conventionally (HH') or According
to Methods of the present Invention (ENHANCED) 5 Characteristic CHI
ENHANCED Adhesion 1.0 140.0a Invasion 1.0 94.4 10 a More than the initially
added bacteria Wre recovered due to growh of the bacteria during the ,, ~
assay Adhesion to and invasi on of cultliéag | NT- 407 cells by 15 &&E&r 02
human i solates of C. jejuni (i.e., 81-176 and HC) was greatly
enhanced by addition of bile or deoxycholate to the culture nedium (See
Tabl es 4 and 6). ThBoppkimidfingcexamplessefothOmresastoinventiapl arg). The
great est resporpecribedBaioned at 37C, but not at 42C (the 20 tenperature
at whi ch Canpyl obacter is conventionally grown) (Tables 3 and 5). Simlar
findi ngs were nade vvlth Sh| gel | a flexnerl (Tabl e 8) Sh| gel | a grovvn
according to tHfe EBAMRLES:QMETHADS, BOR, PRODUGH NIG CERIA
abilities of $oth admm 1andcahpyIvrageen. Jeijesdﬁam showrgeikeds of the

present | nvent g0, gphanGe m@xgs%f gﬁqtéghgéan%%&ng%ﬁﬂt&cgéahQ%fgo &r 0ss

Exanpl e 29. A rapi I'on-as
reactivity. C B¥fupd %ﬁfriéﬁrﬁ'éaﬁ?%me?@ EBﬁVB?ﬂqYé'ﬁﬁP | gnGringupated i 2o t he
met hods of themjicesaatophivdnt GasPaks jaxe(BBL f icadkiepsttkriy| &0 fer e2ehpased

Lo serum|gG fisgauani falis GETHALEGT ML Cremeunby&;wéﬂb@n(;thﬂa 5) grown
ei ther conventi,on \{;{%ﬁ or, ccor ding t ﬁ

resent 1 nventi on
Exanpl e 5). WhdBPg P oE1aian COBR VIR 15 J4hbrPpriite PR Hum diHesq
| at ex beads. | fecmhbilermed tpP036% retact90%e adpi t vpes betweseALhe(Di€st, ser ot ype

andit he anti boﬁle%?oﬂ@“%‘?}t ed aﬂﬁle&%t wEP@ H&{ba@eﬁefﬁyﬂﬁ’h LWhen &ealing - 4
OCT 2002 i medi ate_cl uj utinations o ) iS visible.
This cl unpi ng iag PAat%e r}E g&l Ber afls?%‘gl Btot0% o $O%r RAF 3P o‘%eﬁ‘g t he
reaction to prbereestant ax dhsctilper abdvef tine, where 0 neans no observabl e

clunpi ng ands3 nmeangyntiedh, S %ﬁ%b%té‘ﬂ%}éﬁh‘n&aé’c%n flelﬁﬁs‘kﬁés of four
strains are pregent ed i i or

serotypes G owli hn o%ZF?‘g a(9§|q| f’ Feice"(ﬂ’ﬁlar‘iﬂl’?% W'ﬁ&&gs%f ¥Yh€96%esent

| nventi on (ENHAREEiﬁ% 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
20 inoculated into flasks containing 1 liter of BHI medium pre-
equilibrated to 10% CO, with 0.01% to 0.1% sodium deoxycholate
(DOC). (It is critical to prepare and autoclave the DOC as a
stock solution separate from the BHI medium, and to
aseptically add it to the BHI medium to a final concentration
| 25 of 0.01% to 0.1% immediately before inoculation of the
bacteria). Cultures were incubated for various times up to 20
h with shaking at 37°c in 5% 0,, 10% 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 5% 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% €O, with 0.01% to 0.1% sodium
deoxycholate. Cultures were incubated for 20 h with shaking



15 20 25 30 10 CULTUREGROWMH CONDI TI ONSBEADSREACTI VI TY81- 176

*(L5)BH Anti-BHI al"" Anti - ENHb2"

" ENHANCEDANt i - BSI 2" " Ant i - ENH2. 5L2BHI Anti - BHI 1" " Ant i - ENH1. 5ENHANCEDANt i - BHI O
Anti - ENHL. 5L8BHI Anti - BHI 2" Ant i - ENHLENHANCEDANt i - BHI 1" Ant i - ENH2. 5L21BHI Ant i -
BHIO""Anti-ENH2"DOCAnti-BHIO""Anti-ENHZNEdiaBHIAnti-BHIO-~ti-Equ~8

Ant i bodi es i nduced by 81-176 grown con%? tlonally 35 Anti bodi e§ 4 AQLAR by
81- 176 grown according to nmethods of the“present invention as exenplified
in Exanple 5 - 4 OCT Z~JO2 Table 9 shows all four of the tested Lior
serotypes (L5,at B7°C8in| $¥)0:¢r 8% -GRacidd Muiane &henblrkrvesdedr ased from

ani mal s |nnun|¢égbﬁmuéa gpoesiced C. jejuni 81-176 Lior serotype L5. Muicus

| avage fromthe i nt}&%;nhggs of Jﬁﬁpiégﬁé&feﬁ%ggﬁé&ﬁn - J_f.}é,l S81-176,

corrpr|3| ng | gA, reacte oft &Fihi&ar serotypes
(i.e., human p%tmﬂsvg@ﬁsynom@d Jaspﬁnplgﬁrwcaeéémﬁwg trYPHEERRI $OFT AghE:
present I nvesitpxis (sl%Oaafﬂeﬁﬂ{aﬁiidV‘éhhe;arﬁrlyftﬁdbeﬁtéQ lanar ihcwiedtddy Ra st rain

(see Table 16 lpeér%\g)e é/mfl I%Ek ﬂ @g E}'{'&Qﬁ,ﬁlet, hﬁD)Drteb%eWhl I at <o

i nvention si gniticant |or serotgges rv
react with ant3Z°er uﬁ'FY’P%rﬁ%rhal%PljliirHﬁ}'rﬁ ZéEOWF@ Py is¥abBingrafidpe strain of
C, jejuni. Al sinocaqueeal inpredlesksf céitiagieling grmmemmomdennezi-mﬂebhods of

the present i iyenhl gpe-Luly fialakBaSE, oo ol5wﬁQgV8n6i[fr@J Y23 eact

V\nthIgGantlb |'s 1 nmruni z aflexnerl 457T

o o o R RS, ACEERE IS ACPESHAE 56 b WA Sreking el
for studying Ganpylecbiant®t Q0 i Mogerssd 8, cad benskakvwstadnasiel to
evaluate vacmm&&%bga@(ﬁ@ protecting agarnst col oni zation and/ or disease
because infection Q errets reﬁrodum bl y generat es two of the three

di sease mani f est at FEAEPLRetr | FRBREPRACERReAEY YR bFTIAIN 810t (R &S0l d nul e
ferrets were istmeakeddo®plaoal kbygawi platEst HeonPBSirgs teppticdge soy agar,

formalin-fixed,1Gs s¢ 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 BHI medium pre-
equilibrated to 10% CO,, with 0.1% sodium deoxycholate.

20 Cultures were incubated for 20 h with slow stirring at 37°C in
10% CO,, 90% air and then harvested as described above.

Example 6. Vibrio cholerae is streaked on BHI agar
plates (containing trypticase soy agar, plus 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.

35 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



Jjejuni strain 81-176 grown conventionally (BH') ox according to nethods of
‘ Exal-rpl e 5 (ENHANCED). Serum was isolated to determ ne baseline I1gGtitres.
Al'l vaccines and PBS were adnmi nistered in the presence of the adjuvant LT,
two tines, 30 one week apart (Day 0 and day 7, "vaccination"). Serum was
collected one week later (day 14j ("post-vaccination”) to deter[n

antibody titres. Four weeks post-vacci ion (challenge), the ferrets wer e
anest heti zed with ACE pronazi neKetam ne and chal l enged orally with a 10 m
PBS solution 35 containing live C. jejuni 81-176 (ix101~ CFU). Thereafter

th I d I
Sheddi ng of “ciﬁg?ﬁ%f A nlbe oD DL S HOBPrAate: R rede e

n
and fecal |euk8E§tHEH ef%’Fn 20 \ﬁaé”"&gt BRPTRD PP AW G 19% €D/ nPOBf bl ood
fromthe jugul airveigneofcodnegt hettireeadfeeredtintand Livatbalfi by ¢hecadpdagnen

in a vented trwnwa%eylhe@&wlmuaeclo%é@c% ff‘éskt thh'?o@' ﬁ%r sBb@t es

were takcn a ost C enge. um sanpl e
col l ected pr f"'ofh?}f)l’}%%gﬁf {v)% }{)ba@efnp % h%ngu e i d l?ﬁ%d s‘é@é’n&l
i muni zat i on, ahtemtof kbet sape cﬁrecﬁhapre\ﬂigmedamdd@m amselinposatarhal | enge to

deterrlnonae 1 gG ll’itxi'ﬂf& 3@cauh{ -AhO W ewass ded8elsedabys t&%tc'r'ﬂge&e%are”?te” 3'
on a macul t ¢ ec i stain
with nethyl ene bl u?’%amp&et gtt % FQFeg‘%j’E‘WésE?géﬁ A2 ﬁ&ﬁﬁ?’ﬁ"g‘{](ﬂn Congo
Canpyl obact er %ed asraplrteednsy inghbatehfaen@ars 4% Gh Ceénadimswalbseon

Canpy!| ﬁbact an- f&d artliony weghmadmatea iﬁw&tmeasec&maﬁqag 15f/§t%|%669 bl Ood
trlrret oprim X | an Qe
Ren Lenexa, é‘%s &% rom ?ﬁeggtrgxs%%ang ?szhal;}eh resé@% li-'h%abl es

10 and 11 bel owl%ﬂﬂ @aioth%d{ﬁ%#aFPoh"w%@tésﬁ\gﬁ St pcewtauéﬁl%iﬂﬂﬁl i 76 20
in Ferrets POStdntéEnTobChil BATEH AN uWAGEb RFcHAAY tE . PAle GdAtLENGRaE DI SEASEb 25

30 PBS 6/6 1/ 61xﬂﬂba(ye§ gi@h Wﬁg 59{' 54 hO/a@ Wn@eirn r&;ﬁ' t "ilr?ls culture

col oni zat i on$l t,e Presente %ir)een mucus/ unf or med/ wat er
stools One & H'n“'f*ﬁ’etﬁ’rﬁﬂp B@t@F U de 141 Uit RxevaEresd BHifed but

bef ore col oni mnmmg 8chy apC38nd incubated for 30 min with shaking at
37°C in air, and then harvested as described above.

Example 10. Campylobacter jejuni 81-176, 81-116, or HC
(in BHI with 30% glycerol) was rapidly thawed and plated on

20 sheep blood agar (SBA, 0.1 ml per plate). The inoculated
plates were incubated in a GasPak jar with a CampyPak Plus
microaerophilic environment generator (BBL, Cockeysville, MD)
for 20 h at 37°C. The bacterial lawn was removed from the
plates by swabbing, and the bacteria were resuspended in 10 ml

] 25 of BHI. The bacterial suspension was inoculated into 1 liter
of BHI broth alone or BHI broth containing 0.1% DOC, pre-
equilibrated to 10% CO,, 90% air, in a 2 liter flask. The
inoculum was added to preequilibrated medium until the ODg is
equal to 0.05. The inoculated flask was returned to the 10%

30 €O, with 90% air and stirred slowly for 20 h at 37°C. At this
point the bacteria were harvested as described above.

Example 11. Helicobacter pylori was added to BHI broth
plus 4% bovine calf serum. After inoculation the flasks were
flushed with 5% 0,, 10% CO,, 85% N, and incubated for 22 h at

3§ 37°C with shaking. After this incubation, 2.5 ml of the

culture was transferred to a flask containing BHI broth with



- 4 OCT 2002 Table 11: Ferret Sera 1gG CGeonetric Mean Titer . One week At
* ‘One« Week Group Basel i ne post-vacci ne chal |l enge post challenge PBS 6.4 4.9

6.4 1380.4 BH 6.4 94.0 94.0 26505.3 ENHANCED 6.8 234.4 1621.8 56234.1a a

Mean titre for the five surviving animals |0 Table |10 shows that upon live

chal l enge, aninmals immunized with a killed-whole cell vaccing ?
present invention were protected agai nsygcol oni zati on and dlsease he data
in Table 11 show that a much greater | nti body 15 titre results from

vacci nes of .the gr esent invention (ENHANCED) than fromenteric bacteria
grown convent i okl PGVinBHFRLL HRIE PEsthe sarendadivmtadditdonabdyinogenicity

(Table 11) and ééxwaeiﬁﬁln@nofmmdoﬁﬁ&ﬁthbchIbeelo)TM&fe @mauﬁe@I wdrteh 20
vaccines of the, Péﬁ?tegshé'{l%b drOQRaNg; Y&, Iy %Eﬂct % r e &‘M‘e”lo%

ani mal s were vactina acteria grown onvent ona ref ot e
bacteri a produce® B§* thhé. nﬂ%dd@ubﬁtﬁﬁez%‘rzésénﬁtlmﬁéhtl Shea%ell%éf%ﬂe as
vacci nes to psoh&testednat sdédddribeafl g6évedn. 25 Exanple 31. M ce do not
natural ly devel op Cetg@ er .Shi l.a, 5N ns,.as .d ryets, but
they have been used %Fﬁggfei skf??m% t@pgl{'ﬁ%%&’gh W ?‘gsgé{:ﬁn:{cog% to

i ntestinal col o%¥Ra%e I)I Hb%rF"iﬁe&P‘eéh‘a’Pl%#ﬁeaaﬁrlﬁhﬁﬁzﬂé@ SHikwred dor 18-
resistance to i20 rest graclim@irnf eché aroleny Wasnp ZabdandbtBanskerbed nDUse
ntranasal | NoC@l 109 188e e By OB AhedIRdnl 00 PLEHAR! shey £ Cax of

vacci nes for _use in assay. was Cri
Mal let, et alt? FmdLdmghed l‘i"tlhgéof*9§°2'1§§3§’°2'GBBﬁp‘%z'oFe?&Fc’f AR é“B‘é\"b‘i‘"éi nice
about si xteen vEmkl20hda853 ¥ eikhmsinkzieds.or #héybadtdria were then diluted

phozphat e- buf f e{@%@%hﬂ@ éé%ﬁ%) tQ obg‘g:'ﬂi ogoﬁ\s%t' geeﬁéyecg L&b\et@r( BH ) or C

] €j grown acgcordi,n oses out. 10~ CFU or

E
- 40cr Zooz ’ﬂ?@%ﬁ% ?Wédrft&ﬁaﬁl‘éﬂ thlegﬁ“%F‘t"F%erﬁlsl RRELY i 409
mucus' i n each grlage, weypickellyr 3onein byt telll $Aenei hodiorandcalés preasent ed i n

Tabl e 12 bel psv.p5-vEakke 4. dd%lgeém After Oral Imunization ~rith
(10" ~or 10 ~ Canpy obac er. Wol e Vag nes in Mce i nmuni t| on vage

|gA Titres ~ Respond&PEB ?LOIBPBSS%’"TZF NPEEIAH if gtrea D (
109 ) 7 8 7 5 Biar( pdatesnTuBEHnré¢d OfHr 3B~20 H5at 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 ODg, 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 ODg, of 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 18-2C 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



Lavage titre indicates the nean anti-C jejuni IgA titre obtained for each
“individual group of mce. Responders are defined as those ani nals whose
endpoint titres exceeded 2 standard devi ati ons above the nmean of 20 the
animal s receiving PBS al one Table 12 shows that animals imunized mh
bacteria grown according to the nethods of the present i nverrt4 #&Th a 25
hi gher intestinal IgA antibody titre as; ?r esented by a greater percentage
of responders than animals immuni zed with bacteria grown conventionally. 9
EQAMPLE: MECHANI SM OF ANTI GENI C ALTERATI ON OR ENHANCMENT HY DOC 30. Exanpl e

32. Al though neijiuRb&@ngh ehd @ambkh@ediL3RNbD] N¥ENS | PN drd BBl NEdredot aiaNy
particul ar rrecg:anl gm of cﬂct[th' on, _the tPresen I nventors have obtai ned

evi dence t hat 0’56 &t s*%ha e&egﬁﬁﬁ% e(ﬁ@s(%ffﬁr%ﬁleﬁ 2Y¢0 have a two fold
action in altering Bramp¥madéi.-- ngseharimhingepd tistyradh ehdtyH7c vBacstreaked3s

Ev: d_encedi ndi C%S%h%?ﬁt?w aggggslbﬁed@% fn@iﬁa&:‘éﬁdhﬁ Fec atngd%fhf%ggxlrs-
cal ci um depe e cts. .as i nds..c iuma el - ~
thus lowers t é%cg O dol(%'ﬁ’t V%?i%’hoﬁ%a?ﬁg Jrﬁrag(ﬂ Emh"-l‘]eﬁ’é%é&i Sgng Pi S as

F'ci Um con
fol l ows. When Contajining @.1k760i 8. IR0 EYask tand sbakembiand 2pbr #kabl %€ -

cal ci um chel at aheBARIVEAM aReteWEhEW W11 td OD G \G¥Siovanesasa QfrdwiNl £407
celIs is enhanggd, o, apprqxlmatel ¥, 40410l gs‘,scﬁeasT%gl Cr iYWk, BAPTA/ AM
treatment al oné, holever, do&s no LARENEESThS H’gﬁﬁno-cross reactivity of
C. jejuni 81-176 ceExampiphd7resBrteraseeaisi freradie is stereakest aPnghPeRi ng
C. jejuni 81xolPBdoedl dguredlateoand Nthdubatbe Ht @70Coindencridreds-no . Exanpl e

5 except that u T SUhs tiif Ut f.ar O/J_CX%;‘ 1 j on
assays were ca%?fe%gﬁ? glnsﬁyg?ggled astlhge:gc?id)ble%ri %Héx% gﬁf%ﬂ,\éec ion 7

:
mpl e
Sbove. Tabl e 18- MhvERE dagk ARY- SHPKRAEPE 1Y Koot a7y Gwhegseria are
Conventi onal | ythBhl dibrted tth 8BRTALAM LCulandr greamdidyi o0 &0n SurdiherBehd

BAPTA/ AM C. | ejcHBl Bdrvdedted Bs38ekrddeaeiifl@l, bacterial genera that are

susceptible to antlgenl ¢. enhancepent or alteration by bjle or bile salts
such as DOCYe. g. . EXSHRAA dfact 105 SHAJR LITAGITE, HHRT LT iech ShapRRsh Reat
honol ogous to heddem|witm3Léspbynsarqll)ciy gormsketr om ¥kt af Beef |ldverotus
i's known to reguhdh® #dy Wn8BEBHOE 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% €O, 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. VYersinia 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 containing 0.1% DOC and incubated 4
h at 37°C. Subsequently, the cultures are diluted in the same



30 Yersinia in response to |ow calciumlevels. Two Canpyl obacter genes
‘involved in flagellin expression and assenbly which are required for

i nvasion (flaA, flbA) are regulated in part by the |cr product. Analysis of
t he behavi or of Canpyl obacter flaA and flbB nutants grown conventionally or
under virulence 35 eT~ancing conditions of the present inventigngghewst hat
i nvasi on, but not Congo red dye bi ndi ng Qr i ncreased crossreactivity, is
cal ci um dependent (see Table 14 below).™ ™ e~ - 4 0 C T 2D42 The results
shown in Table 14 were obtained using C. jejuni cultured conventionally or
accordi ng to thediet hod®Dfof b 13r esénindubageti anfusthexenpl nin ecdi th&xanpl e

5. The invasi Oha3%8a8¥8a e @lesaribed Mékeand scored as described in 5
Exanpl e 28 above. Table j4. .1nvgsjon of |NT-407 Cells C. jejuni
Mut ant s. Crown Conve f?’&%ioﬁ 1A ( *lccﬁbaﬂgﬁﬁr@f Jté’ﬁﬁtﬁg d 5‘91 Ph@qﬁ%@ent
| nventi on ( ENHANGEDS Y h@duiet gadf cermlint.i oAF Bty dinecBiat ENHANGEDTaskejuarie
BL-176 3.5 40 &aCneaoyitti <l of) 408506, 066k e irfchvbel. Bdr B2042Ne C.
j ej uni a an o .do e | ni ficantl.y e C ore
bi ndi ng and i m%ﬁngﬁé?%gghgaégPVi ?#We%hgﬁlJtrt‘ﬁu}&tt\}\nxfh%m‘(isggoeg%l.e 15 and
Fi gure 6, respe®l¥Brg)vwastiarapsfernesd dsoantlaskaonsaining @Y Juekh ofidhe
obt ﬁi ged ]lc.ISi Eg 4€, bpeindicadl sored diowen&ax]gma:lé@auﬁr 28aieiunainng to thﬁ
met hods of the ' [ X Ll [ e 5 . The
Congo red dye. SeRgchind et SH XB SHBLLTO N GRyEE L, IRRYE N0
carried out 39 GudErreedare Exaip Busbedbuith thee migrodrratdddre®reivity,
moﬁrg results amietahewsd 0, Fiimsr eof 85¥€nH ,cahdi bebdlinitedasodpsar akked7 ta.
Exanpl e 29 abo - o> abl e .. :2aNg Dye Bi nding by C
j ejuni Mt antswﬁagéﬁlsdﬁégﬁﬁgnea%eé ?El—ﬁl% B gchgi?%g t oMet hods of the
I nventi on ( ENHANCED) Cul ture condition5Strain BH ENHANCEDC. jejuni 81-176
0.07 1.6810C, jejuni flaA 8xA¥rrFEs0CENHENCED ANTWAERId 2X0T6BRTRe flaA nut ant
i's unabl e tqsexpresg.diAagebbi n.yjl @BL@@ gg%?ngrﬁratggg & Rearnbliagedoubl e

ot h non

mut ant (received from C. G an NI are iinvasi ve even after
treatment w t hBRE-ST Hi% tFﬁ@;“ﬂ&ﬁ to) 8RRRTYH MoS LAY 3y 9FGFS

i nvasi on. | nt er aetphelagy .t hunbacmllayeex hvdrid exbserved, bin@apd@le staining
par ent 205t 1 ai oy i A (Kiadodtasyt I Ares ?%ﬂd"fﬁé? P oL Ser ot ypssof C

p s [ se f,. S [ [ S S :
jejuni is abseﬁ?uf‘%e’fﬁgaﬁﬁfgn‘f’s%h ﬁ&é(é%?,"‘_tﬁé%‘r eg ijre?ﬁsceé'ﬁ thaﬁ%e‘Y#ﬁes
flagel |in-1 &9s1ANe antmpand fégaut . enhancedi nuno-cross reactivity and Congo
red binding. These fidindasgy nef Rl ebhat clAureagubabesing il Roehf wact i ons
I n-enteric backgé';t%[Vs!e%tc%g%#s't”%o%egggggi‘%aéte-r %fwil%?'t‘éeg‘éss ﬁl}&%a{m .

cal ci um i ndependén ?e. g., ngo r dyebi ndi g__%) nmechani sns., ese t1indings
further suggesP2ERIEh¥Accyl FeRfthGORPRERA o diPert FuitiFedoAfoP3d bi ndi ng
i nducedby DOC medidd deast (conparntiohlhayel drewn)ndependimgtadide] O EBBINMREE" DOC

I N S EN D YR C S | )
A o ENCE téxgﬁépg%é%e LES EAMINO-1GROSS REARTIOY TN £, while

OBACTER JEJUNI 3. ‘The_serotype | Amuno-cross.reactivity of
Campyl obact er PRNESH Y DU LB HES T (HGIEPOPaT iy $81AF R Em¢ Tt
invention was waandpredensi igon rapsadedssaindamgadgebe i mett isbowaksthyat Bhe assay
used intestinabhakedISid kB8 HAPREY 1290 saPEa AORrdsTRY b S€ch rbg_bﬁ_hlﬁuztﬁ\gdet erm ne
the effects e lng 4:?: % Téoﬁé of alterjn (;_ulturerc.%nslutrl ons on t he
cross-reactivi F§BY HEPEFEI BhoU® SFPEPNE ’p"f'%aﬁﬁ?[oba el 'T’ﬁe rabbits Were
i mruni zed widtPhaltexatdon eptivelBl reEelgedwin ddevdnererrfid fpinding by

"ENHANCED" cells of the nigrosine particles from the stain.
The "ENHANCED" bacteria remained highly motile.
Example 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



The agglutination activity of the nmucus antibodies were tested 5 against
“twenty-four Canpyl obacter strains, conprising eighteen serotypes gr own
conventionally in BH -YE medi um or according to the nethods

invention as exenplified ~.n Exanple 5. The results of the agd*utlnatlon
assays show that the cross-agglutination of heterol ogous Canpyl obacter
strains was 10 broader and, in many cqggg, stronger when the strains were
grown according to the nethods of the ention than when they were grown
conventionally. Specifically, there was an over two fold increase in.

het er ol ogous HACLBRL EQD ‘i’uaﬁrt' i‘béﬁ( ‘te %p@?aﬁér&%‘&ﬁ“i%%?éx{&i gr QX\E‘act

het er ol ogous s rai ns aggl uti nat evel + of qreater

anti-81-176 i FfﬁEﬁsseR/ﬁfértéés ’iﬁmcﬁ"tﬁ'ﬁétg‘ér@tfﬁ &LF s grovvn under DOC
condi ti ons aggrefitrifugdt bdn |fewek s+mim. gimhat superfnatainer comtdilrdngi ght een of

the heterol Og%&ﬁ%&@hnﬁaé@mgﬁt E @&é’\%ﬁpéﬂex%s %saa%twéhafab%n%e”

conventional ly grqown, el even o ese sane trai ns showed ,an enhanced

aggl uti nat i oh HEEHIIAEE Vit é’t”&ﬁﬂlﬂfhﬁer Eﬁll—ﬁf\f&%ﬁa(?&l f’ﬁ?e‘:%& tuegds (e. g.,
DOC cont ai ni ngragadiogdnk.g T 8 h6at|4 1t r Thesextriosy- pedtet Wasy of

Consi sti g of g eevavhl LTS NEsE dift piiclEl QiR gaue ‘L‘*&Z"ﬁ‘%gé Z‘p‘enét hods
of Exanple 5 (ﬁ%ﬁAklé% éh%{f’gﬂ ﬁgﬁgﬁf%‘iﬁpﬁa%%‘ﬁ iREnte 5%%1%}%

fraction of treavpdewkas| brO_pieri@zyqbes Subiseqnestli.s t@ierrsmkeamSt _ha_t t he
get hods gg iLmimsa\ieaaImuﬁ%&cstsyltﬁgt/@Pt Pfat mmm Eﬂﬁﬁyﬁsiﬁacu vity g
et en 1 or ser.ot e results t w. tha e nélﬂnce
of 1 nduced antigen %gk&qﬁ%‘l oﬁgeﬁee?t é"f ga’r %thba& Wpo ‘If Dg?ﬁﬁ
secretory | gAgensyahdl aeaantedt eﬂewwwlésrwaw@ F‘étb%l trfeléé\?ény from
intestinal infQgidoeas 8y Laganiabact elronle &tidhantdnbeof WwHehektpatedidshat

trai f Li l.qpact I
e of the 2 AeaEgh Tyt e Fgﬁaﬁ?%ddsf’;frbg%%% @#%gfngﬁy e ated (34)

ag

- 4 OCT 200%5 ineagspt. 811'%7’6 PEALAEN remiientnot e PREROE e%’&rtacl tnHREat es t hat
a vacci ne derievadubtetwiti thej biccttrigodc(acif aslsagrkﬁﬁ (Miercentyem.an
cros$- prot ect (_q)qal ngkp&t@rqwgous serotypes wthin the sane species, but

al so ot her Canpyl‘obacter speC| es pyl o cter col |}__ Al so worth
noting is that Lioftstddtifradle, that fr%lcaﬁﬂldliyaé ﬁ?fb‘h e the st
preval ent di seadeaassociMdrad tyenoayws;t\wnbd oimRlefhaye a:mmgnéngt rat ed
detect abl e £¢ Q3enfigagtiyigaiykBriNi ss@§3a%indly 15u2@ack xradls 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



35 Lior Eerotvne 1 2 4556 6 78 889 11 17 18 19 21 28 29 32 36 36 46
72 Table 16. Aggl utinati on Response of 20 Canpyl obacter 8erotypes G own
conventionally (BH -XE) or According to the Methods of the Invention
(ENHANCED) to Non-immuneb or Anti-~i-176a | mune Rabbit Micus 5

Aggl utination response i rain 134 10 195 1 |70 81-176 is 6 81-I1% 5 52
VC- 1 67 20 VG 159 88 244 556 563 25 544 «89 1180 1982 30 910 428%k 2984
79171 35 Nor-inmune rmucus HH |- YE ENHANCED - + - ++ - ++ - + - 4 0Cl' 2002
i mmuneMicusBHI - YEENHANCED- ++- . - ++++++++++++++++++++++++++++++++++++- +++- +++
+++++- ++- + :

TABLE 1. Carbohydrate: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

There was a direct relationship between inclusion of DOC
in the culture medium and enhanced levels of surface
extractable carbohydrate from the bacterium (Table 1).
Surface extractable carbohydrates were iricreased more than 8-
fold in bacteria cultured according to the methods of the

is

present invention; no increase was seen in bacteria grown
conventionally. The aggregation of the bacterial cells
cultured in DOC medium appeared to be attributable to the
components of the surface extract.

Upon rehydration, the extract had a high geling capacity

20

in water rendering the solution highly viscous and mucus-like,
which was similar in character to the aggregated bacteria.
The functionality of the extract resembled mucin-like

) 25 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

3s was also subjected to HPLC analysis for comparison.
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C. jejuni cell proteins were separated by SDS-PAGE and

20 visualized by silver staining. Four proteins including a €2

kDa protein were induced or enhanced in cells cultured with
DoC (Figure 2).

Example 25. 8. flexneri LPS was analyzed by phenol

extraction. S. flexneri cells grown conventionally or

25 according to the present invention as exemplified in Example 9

above were harvested from culture medium by centrifugation as
described above. Lipopolysaccharides (LPS) were extracted by
the method of Westphal and Jann (In: R. Whistler, ed., Methods

in

Carbohydrate Chemistry, vol 5; p. 83, 1965). Briefly,

30 cells cultured in BHI or as exemplified in Example 9 above
were harvested by centrifugation and washed once in PBS. The
cells were then extracted for 15 min at 68°C with 45% phenol

in

water. The extract was cooled to 10°C and centrifuged. The

LPS-containing upper agqueous phase was aspirated off and

35 dialyzed against distilled water. The retentate was
centrifuged 7 h at 80,000 x g, 4°C once, and three times for 3
h each at 105,000 x g. The final pellet was lyophilized.
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‘ Example 26. Immunogenicity of proteins was determined by
Western Blots. Proteins from bacteria grown conventionally or
according to the methods of the present invention as

| 25 exemplified in Example 1 or 5 above were separated by SDS-
PAGE, then were electrophoretically transferred to
nitrocellulose or PVDF membranes and were blocked with a
standard blocking agent (3% BSA, SO mM Tris (pH 8.5), 50 mM
NaCl, 0.2% TWEEN 20)]. Primary antibody was applied in

30 blocking buffer, the blot was then washed and a secondary

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.
3s 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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%one, 60% wvater. The dye absorbance was compared to the

cell absorbance at 660 nm and expressed as the ratio of
20 OD,g;/ODgy. The data are shown in Table 2 below.

TABLE 2. Congo Red Dye Binding of Enteric
rathogenic Bacteria Grown Conventionally
(BHI) or According to Methods of the
Present Invention (ENHANCED)

! 25
Dve 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 $6%b 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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cont ai ned t he eh@peniicil din \Gagidnetaapt Gnyajnotas hesérb fior] &hel euldnrer efoxi n
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S. flexneri-or's §§ LAY Tenss ﬁe‘ffebg']ag‘g% WG VEEh a5 04 7 days
~J balanced salt solution (HBSS) with magnesium and ca101um The
20 monolayers were then overlayed 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
T} 25 was diluted to an ODgGs 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 0Dy, 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 $% CO, for
Campylobacter, and 30 min for Shigella, unbound bacteria were
35 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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“group weight determined. Results are shown in Table 19. Table 19:

I nactivated Shigella flexneri Wwole Cell 5 Vaccine Protects M ce Agai nst
Nasal Challenge with Live s. flexneri or S. sonnei Challenge Vacci nati on
Percent Wi ght Change organi sm Post Chal | enge 10 Day 1~ Day 2 D%{ @qnay ~7
S. flexneri PBS - 8.1 -18.2 -17.7 -18.33kgccine- 5.4- 2.9- 2.0

vaccine +- 7.0- 2:0- 1.51.5adjuvantS. sonnei PBS- 8.1-17.5- 9. 3-

6. 4vacci ne- 6.7-11.3- 6.5- 6.0 20 vaccine + - 6.4 - 5.2 - 1.3 - 2.1
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and underwent _nore rapi.d _we as. conpared .to.,unvacci nated m ce,
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al one al so conf&ermagpppitet (W)t senereses 6gemstla¢1a4qneﬁgﬁsr tiivddedohyei .
Tk~e inclusi o €He tudbkF 6fljgRAAThochHDAERE ontBOothe iftnplapBaneertiphdéed by
pr;ot}ecti on agai{\s¢, the challenge by S. sonnei. These findings 5 indicate
that vaccine conprising inacti vat ed Shigella prepared according to t he

met hods of the |nve& 8 %s CEIV ina.r CO%I’II zed_ Shi eI I a ase
nodel and does not éh Pr ‘%’eéF t9%h %;gﬁsa I)
various Shigella infections. Hé

ADBESI VENESB OF 8. a j PYLORI '&QVANL fhe a erence of H.
pylori is enhdnced bygrowth in glycochol ate or b| I e OeI s of H pylori
strainl5NB3-2 qr_Gl-4 were added to BH broth plus 4% bovine calfserum
After inoculation the flasks were flushed with 10%CO~- 5%0~- 85%\~ and
incubated for 22 h at 37C with shaking. Aft&fTthis incuba JOHIANGER culture
was diluted 1 to to to afre SHRIER AGHESR M Wi th 4%
bovi ne cal f 20Ser um cont a3ddng vari ous concengrati ons of boving kile
(0.025% 0 0.280. These cagdaures were agai nsfsushed with the sane

gasm xture, and incubated at 37C. The cells were harvested atvarious tines
up to 18 h and

described in Exanple 28. Theresults show that culturing with bile enhanced
t he25j adhesi veness of H. pylori to INT-407 cells (see Figures 12 andl3).

For the NB3-2 strain, ~peak adhesiveness, a 4 to 6 fol dincrease over that of
nonjenhanced cul ture, oo;‘eam_reed,afgmmmt (gobpofucm_rm‘g@h £dig-a032). For
the Gl-4 str&in, peak30a~eSi venessy mifferen8 gedadnsnereasejegumi tGhatvn of
none- enhanced cul ture, occurred beemesntidpally h(EHI)gPoWECITLIBI2PI | e
(Figure 13). These "peak" times gégireds pfcbhe BRrGEAEITBVEREBeri od when
the culture of each strain was in Wﬁé&egr.om h. 3515 EXAMPLE: VACCI NE
EFFI CACY OF HELI COBACTER GROWNACCORDI NG TO THE METHODS OF THE PRESENT

| NVENTI ON

30 . Strain BHIY ENHANCED
81-176 1.0 8.4
81-116 1.0 12.5
HC 1.0 28.2
35

In invasion assays, epithelial cells were grown and
prepared according to the methods described above for the
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andit her ef ore arl ejanafiulg 12375 3¢ Tonventionally or according to the
methods of Example 5 above is shown in Table 5 below.
Differences in ‘invasion of INT-407 cells by several
strains of C.jejuni grown conventionally or according to
methods of the present invention are shown in Table 6 below.
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 Shigella grown conventionally or according to the
methods of Example 5 above is shown in Table 8 below.
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Table 6.

INVASION (FOLD INCREASE) into INT-407 Cells

by Different Strains of C. jejuni

Grown Conventionally (BHI) or According

to Methods of the Present Invention (ENHANCED)

20

Strain

BHY ENHANCED

81-176
81-116

HC

9.2
10.0
26.7

[y
- ) .
coo

1 2%

Table 7.

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

30

Treatment

Adhesion (%) Invasion (%)

BHI
ENHANCED;
ENHANCED; 0.1% DOC

9.3 6.3
18.3 17.4°
52.6 37.0

0.025% DoOC

35
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10 a More than the initially added bacteria were
recovered due to growth of the bacteria during the
p ) 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 S).
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
o 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
30 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 §5)
grown either conventionally, or according to the present
invention (e.g., Example 5). 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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which is harvested froma culture of Helicobacter bacteria grown in vitro

under a conbi nati on gafb1e08di téUhs REABEI®It}Y0radidr HatdeGpbs’ @D

chel ator, selected fromthe gretieneDesABly NBEY) P AUbcoka@nfotd ods oM of
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about 70 ~O to [Gbout—o65 90 INZ;| P B v R
81-176 (LS) BHI Anti-BHI? 1
18 " “ Anti-ENHD 2
" ENHANCED Anti-BHI 2
u “ Anti-ENH 2.5
L2 BHI Anti-BHI 1
1] 1] i
20 Anti-ENH 1.5
" ENHANCED Anti-BHI 0
" " Anti-ENH 1.5
L8 BHI Anti-BHI 2
“ « Anti-ENH 1
} 25 " ENHANCED Anti-BHI 1
“ " Anti-ENH 2.5
L21 BHI Anti-BHI 0
“ u Anti-ENH 2
| y -
10 \ DocC Anti-BHI 0
" " Anti-ENH 2
Media BHI Anti-BHI 0
" Anti-ENH 0
a Antibodies induced by 81-176 grown conventionally
35
b

Antibodies induced by 81-176 grown according to methods

of the present invention as exemplified in Example 5
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wherein said Helicobacter culture is at about early | og phase) between
early | og phase and stationary phase, or at about stationary phase. 3
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C. jejuni 81-176, comprising IgA, reacted with eight out of
the 10 major clinical serotypes (i.e., human pathogens) of C.
jejuni grown according to methods of the present invention
cross reacted with antibodies to Lior 5§ serotype strain (see
Table 16 below). The results show that methods of the present
invention significantly extend the number of Lior serotypes
which cross react with anti-serum from animals immunized with
Lior 5 serotype strain of C. jejuni.

Also, several species of Shigella grown according to
methods of the present invention, but not those grown
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
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
orally with either PBS (as contrecl), or formalin-fixed C.
jejuni strain 81-176 grown conventionally (BHI) or according
to methods of Example 5 (ENHANCED). Serum was isolated to
determine baseline IgG titres. All vaccines and PBS were
administered in the presence of the adjuvant LT, two times,
one week apart (Day 0 and day 7, “vaccination"). Serum was
collected one week later (day 14) (“post-vaccination%) to
determine 1gG antibody titres. Four weeks post-vaccination
(challenge), the ferrets were anesthetized with ACE promazine-
Ketamine and challenged orally with a 10 ml PBS solution
containing live C. jejuni 81-176 (1x1010 CFU). Thereafter the
animals were monitored daily for mucoid diarrhea, bacterenia,
fecal shedding of Campylobacter, weight changes, occult blood,

The
ly

vacci ne according to claim, 1 or
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and fecal leukocytes. 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 to 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, and 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 material was 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,

15 vancomycin, 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 5 POST-CHALLENGE? DISEASE
1/6
25 PBS 6/6 /
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 week At One week
Group Baseline post-vaccine challenge post
challenge
s PBS 6.4 4.9 6.4 1380.4
BHI 6.4 94.0 94.0 26505.3
ENHANCED 6.8 234.4 1621.8 56234.12

a Mean titre for the five surviving animals

10
Table 10 shows that upon live challenge, animals
immunized with a killed-whole cell vaccine of the present
invention were proteécted against colonization and disease.
The data in Table 11 show that a much greater IgG antibody
15 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

20 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.

") 2§ 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 aniwals.

30 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 sixteen weeks old

45 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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ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] caV] caV]caV] ca] ca

()6@H" "a
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a] caU] ca] cal ca] ca] c”a] c"a] C%% caf i p38pscter wt}ole cefl &éﬂﬁf ¥

oIttt ##zupkf a\ V] c] ¢ adiea] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca
V] caV] caV] ca] cal cal] cal ca] ca] ca] ca] caV] caV] caV]ca] ca]ca
#HHHAHISSEXS~$$$$PSSW0P &~ &EE&&EE' " ( ) b
‘0 Immunization _ Lavage IgA Titre® % Responders
i) PBS 0. 23 14
ENHANCED (10/) 114 - 75
ENHANCED (10%) 78 75
BHI (10 )] 40 25
BHI (107) 32 12
15
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 whose 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

-

25 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

Exanple 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 Evidence indicates that one aspect of DOC's effect is mediated
through calcium dependent effects, as DOC binds calcium and
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C. jejuni 81-176 3.0 36.9

25 Several bacterial genera that are susceptible to
antigenic enhancement or alteration by bile or bile 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

a0 Yersinia in response to low calciun levels. Twe Campylobacter
genes involved in flagellin expression and assembly which are
required for invasion (flaA, flba) are regulated in part by
the lcr product. Analysis of the behavior of Campylobacter
flaA and f1bB mutants grown conventionally or under virulence
ag 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).
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The C. jejuni fla and f1bA 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 6
i were obtained using C. jejuni cultured conventionally or

25 according to the methods of the present invention as
exemplified 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

3% Gut as described in Example 29 above.
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25 functions in enteric bacteria via calcium-dependent (e.g.,
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ca] caU] ca ca ca

invasiveness) and calcium-independent (e.g., Congo red dye
binding) mechanisms. These findings further suggest that
enhanced jimmuno-cross reactivity and Congo red binding induced
by DOC is at least in part flagellin-independent.

3o

10 EXAMPLE: DOC INDUCES ENHANCED SEROTYPE AND EPECIES
IMMUNO-CROSS REACTIVITY OF CAMPYLOBACTER JEJUNI

Example 33. The serotype immuno-cross reactivity of
campylobacter jejuni grown according the methods of the
35 present invention was examined using the rapid slide

agglutination assay. The assay used intestinal mucus from

immunized and non-immunized rabbits to determine the effects
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)
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 conventionally 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-8i-176
immune rabbit mucus against 19 heterologous Lior serotypes
} 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+)
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Non-immune mucus Inmune Mucus
Lior

Strain Serotype BHI-YE ENHANCED BHI-YE ENHANCED
10 134 1 - - - ++
195 2 - - - +
( ) 1 4 - - - 4+
170 5 - - +4+ oot
81-176 5 - - ++4+ +4++
15 6 6 - - S +++
81-116 6 - - + ++
3s 7 - - - +
52 8 - + + ++
ve-167 8 - - + 4+
20 vyc-159 8 - - + -
88 9 - - - +
244 11 - - + +++
556 17 - - + -
563 18 - - - -
} 25 544 19 - ++ - ++
699 21 - - + ++
1180 28 - - + +++
1982 29 - - - -
ag 910 32 - ++ - ++
2074 36 - - - -
HC 36 - + - +
2984 46 - - - -
79171 72 - - - -
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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 $) 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.sx109, s5.0x108, 1.0x10% or 2.0x107

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

5 (approximately 1.0%1010 cFU in endotoxin-free PBS) delivered
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12 EXAMPLES: DPOC ENHANCED INVASIVENESS, 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

25 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

30 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).

35 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
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10 Example 36. Shigella cultured according to the methods

of the present invention also exhibit enhanced Congo red
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

=,
St

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. flexneri and S. sonnei
Grown Conventionally (BHI) or According to
20 Methods of the Present Invention (ENHANCED)

Culture condition

25 Strain BHI ENHANCED

S. flexneri 2457T 0.04 0.44

S. sonnei 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 determine the effects of culture conditions on the immuno-

cross reactivity of different Shigella species. The rabbits
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Ten mice in ?ach group were immunized 3X nasally with vaccine
comprsing 10/ inactivated S. flexneri grown according to

25 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.

30 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

35
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!1096)‘& ()'go(seéﬂﬁ:ggﬁgg§hgkésv§;féus concentrations of bovine bile (0.025%
to 0.2%). These cultures were again flushed with the same gas
mixture, and incubated at 37°C. The cells were harvested at
various times up to 18 h and their adherence to INT-407 cells
assayed using the methods described in Example 28. The
25 results show that culturing with bile enhanced the
b adhesiveness of H., pylori to INT-407 cells (see Figures 12 and
13). For the NB3-2 strain, peak adhesiveness, a 4 to 6 fold
increase over that of non-enhanced culture, occurred after
about 8 h of growth (Figure 12). For the Gl-4 strain, peak
20 adhesiveness, a 2 to 3 fold increase over that of none-
enhanced culture, occurred between 12-14 h of growth in 0.2%
bile (Figure 13). These "peak' times generally corresponded
to the period when the culture of each strain was in log phase
growth.
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15 EXAMPLE: VACCINE EFFICACY OF HELICOBACTER GROWN
ACCORDING TO THE METHODS OF THE PRESENT JINVENTYON
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at 37°C under 10% CO,, 90% air in BHI media containing 4%
bovine calf serum. An aligout of this culture was used to
inoculate a 10-fold volume of the same media conﬁaining 0.1%

10 (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

ty original volume of Hank's Balanced Salts Solution (HBSS) at
' room temperature. Cells were recentrifuged and again

suspended in 1/100 of the original volume of HBSS. To the

15 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

20 administering 3 doses of this inactivated whole cell vaccine
orally to 6-8 week old female Balb/c Helicobacter-free mice 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
25 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
30 getermined 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
35 Helicobacter whole cell vaccine prepared using H. pylori
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Claims :
1. A vaccine comprising a Helicobacter bacterium or immunogenic

fragment or derivative thereof, said Helicobacter bacterium baving 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% to 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 uM of BAPTa/AM, O to about 10 mM of EGTA, and
0 to about 100 pM of EGTA/AM,
wherein said Helicobacter culture is at about early log phase, between early log phase
and stationary phase, or at about stationary phase.

2. 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 under a combination of conditions comprising: '
a) a divalent cation chelator, selected from the group consisting of
about 1.0 to about 25 uM 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% CQ, 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.



