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AND VACCI NES COVPRI SI NG SAME ' Thi s application is.i@s
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Mol . McroBRisl., 3:1301-1306, 1989), Neisseria (Payne

_ 2 BACKGROUND OF THE INVENTION

It is widely recognized that bacteria cultured- in vitro
using conventional media and conditions express
characteristics .that are different from the characteristics

20 expfessed 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 defiﬁe conditions that trigger

25 or enhance expression of virulence factors, welevant
physiology, or anfigens including outer-surrface antigens then
important pfpducﬁs and therapeutics (e.g., hew antigens for
vaccines, new targets for antibictics, and novel bacterial
characteristics for diagnostic applications) could be rapidly

30 identified. '

Several environmental factors have been identified which
infiuence expression of Qirulence determinants in bacteria
(Mekalancs, J.J., J. Bacteriol. 174:1-7, 1992). For instance,
there is a 16ng history of research on the relationship

35 between iron and virulence of bacteria, in particular Shigella
(Payne, Mol. MicroBiol., 3:1301-1306, 1989), Neisseria (Payne




and Finkelstein, J. din. Mcrobiol., 6:293-297, 1977) and " Past eurell a

(Glour, et al., Vaccine, 9:137-149, 1991); : Q her environnent a
signal s that have been shown to control the expression of

coordi nately regulated virul encé 5 deternmnants-of a w de variety of
bacteria in plants and - ani mal's i ncl ude phenolic conpounds,
nonosacchari de, am no aci ds, teﬂpe?ature osnol arity, and other ions
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ordinarily hi'S hypothesis is supported by the recent

“report that anti s%? %@e&aﬁ’g‘éﬁ?fﬁ t&‘éﬁv@f‘ﬁ?ﬁﬁ&l pyigl, fosE throaghithg had
only a nangi datestirect(icr. bl okl npute) vehdaunter hukeroe hosti on (Konkel, et

al ., J. Inf thv1Rx'ﬁnent1@%mﬁé§ex9t§-.4 and éowonswq{a FpuRtzation of

rabblts W th ex acter_graown e- presence of
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i nternali zat f@jeof éé%%aéﬁ%ﬁr 'u@icr%gemp i %ﬁ&'ﬁféod%a\t?ggﬁ?ﬂ?éé
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conpared to bacteria may optimally produce these invasive factors only in
' 20 response to certain environmental signals not ordinarily
present in vitro. This hypothesis is supported by the recent
report that antisera raised aéainst conventionally grown C.
Jjejuni had only a marginal effect on blocking in vitro
internalization (Konkel, et'al., J. Infect. Dis., 168:948-954,
25 1993). However, immunization of rabbits with extracts of
Campylobacter grown in the presence of- epithelial cell
monolayers, a condition enhanéing invasiveness, resulted in
production of an antiserun that markedly inhibited the
internalization of the bacteria. . .
30 Researchers have been studying growth of bacteria in the
intestinal environment to identify relevant virulence factors..
For examplé, Campylbbacter strain 81-176 grown in rabpit ileal
loops expresses proteins not expressed under conventional
laboratory in vitro culture conditions (Panigrahi, et al.,
.35 Infect. Immun., 60:4938-4944, 1992). New or enhanced
synthesis of proteins has been seen in Campylobacter
cultivated with INT 407 cell monolayers as compared to



3 bacteria cultured in the absence of the epithelial cells:

(Konkel, et al., J. Infect.D s., 168:948-954, 1993). Furt hernore, .

t hese changes were tenporally associated wth -.: i'ncreased i nvasi veness
of C. jejuni. Oher -changes .such as cel lul ar rmrphol'ogy, | 0SS -0f 4
flagella, expression of a new. out er nenbrane protein and alteration
in cell-surface car bohydrat es wer &3 i nduced. or enhanced in an avi rul ent
strain of . j ejuni when passed intravenously and  chorio-
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no effect on t e v, S. 0 xner i over, .thejr brot

cont ai ni ng - lear%' é(%é??:*l ftﬂfo%ggl Bl?fé 5Y8F Qf‘:{/%ﬁ?f h?'nva%vﬁﬁéﬂess of
E. col i ’.-?)rlﬁﬁmei—&w r38 @R3-30Pai HEIWK- -Shi gel | a. * . Synthesis of
ne\év proteins by S blthé?Eintééti&hiocé s, sidh Eﬂé in‘l@gaéﬂs td’t"E‘i'ilé%ure
and ionic conp i um acteri o
174:1-7, 1992). He Wl t%& % ?%g&%ﬁr? bff"&%{\g Fetife ngyf’s £03,

publ i shed NRFdRse P‘allplaﬁg%wté%c#%?ymtﬁmﬂgowignéﬁnw &xpressian on

30 lipids, suclbyathphbaebteatiutil serine, or nmucus and-for the . isolation of
pr ot ei ns vxhqt%e expr a g Qwt eng
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that other bile salts and detergents including cholate,

20 glycocholate, taurodeoxycholate, the CHAPS serles, digitonin
and Triton X100 and sodium salts thereof, had no effect on the
invasiveness of S. flexneri. Moreover, their broth containing
chenodeoxycholate also had no effect on the invasivenéss 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 medijum (Mekalanos, J. Bacteriol., 174:1-7, 1992).

PCT épplication'publication number WO 93722423, published
November 11, 1993, discloses methods for growing bacteria on

30 11p1ds, 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
'disc195es 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



4 epi demi ol ogy of these disease. agents nakes such vaccines an’

i mportant goal. . Shigellosis is endem c throughout the world - ‘and in
devel oping countries it accounts for about 10 percent .of the 5 mliion
_chil dhood deaths annually due to diarrhea. . 5 Canpylobacter, although.only
recently. identified as an enteric. pat hogen i s now recogni zed as. one of

the major causes of, diarrheal disefse in both the devel oped and

under devel Ompiaemlo&ogmtdiﬁ eﬂxeseﬁdLWStm‘gedtéG&H@ EQ6h NWdddines an-
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initiates celli ound
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uo

-hi.ghly a”tcffe “zf)ﬁﬁ% g’:‘}}eggﬂvésé?féc’rse§ss?ﬁﬁaﬁ:ﬁdol"d ‘n'Be ‘FIH"FFe’%"é‘ce
observed i nOﬁaﬁ mimﬁeﬁowm |ligv' @d 1 wimwvdrdve dhsokatgs f(Seasbnettinatosal
ant i body toaﬁhl f_le@tl P Pmisiel eggssgfwgsot hg?gﬁgsemc%rggment rgy_c%ﬁl ant i body
to | pa rr?¥ Jc nhiéi[ gsrea and severity o fection . Though a
nunber of >\EtRTHE CRRGRAHAT ¢ JPVRRT Y| sﬁé‘aea“tlgﬁé‘eﬁrl’%)st‘&i“%% ZRfmal s
and humans,Aa -fucc€ssénd -dhe IIaa Bpt-C, ahdeﬁufpnuuém’snamlé&smftihbe
potential signithieCanese qirdd@%s (BREALLIRS 21 N, G I HeNCR1 Y63V, acCl e
candi dat es ]g.% §I4§§ggl4§ g I.nst Shl géllosis are based on the
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Infect. Immun., 50:620~ -629, 1985). Furthermore, the 62 kDa

Ipa B protein (the invasin that initiates cell entry and

funqﬁions'in the lysis of the membrane-bound phagocytic
25 vacuole) (High, et al., EMBO J., 11:1991-1999, 1992) is highly
conserved among Shigella species. The prolonged illness
observed in malnourished children who have no significant
mucosal antibody to Shigellé Ipa suggests that the presence of’
mucosal antibody to Ipa may limit the spread and séverity of
30 infection. .

Though a number of vaccine candidates for Shigella have
been tested in animals and humans, a successful one has not
been found. In spite of the potential significance 6f Ipa
‘proteins in virulence, most vaccine candidates developea

35 against shigellosis are based on the'lipopolysaccharide
antigen, which carries the serotype-specific determinants. A
parenterally administered polysaccharide-protein conjugate



pis, 13:8362-365, 1991). A simlarly admnistered ribosonal vacci ne
does i nduce mucosal inmmunity, but its protective 5 efficacy.remains to be
denonstrat ed. (Levenson et-al., Arch. Al'lergy Appl. Immunol., 87:25-31,
1988). The pat hogenesi s of Canpyl obacter infections is not as

wel | underst ood as that of Shigella infections. 'Cell invasion . studies
In vitro (Konkel et-al.., J.:-Infect. DS., 168:948- 10 954, 1993) and’

hi st opat hol ogi Grae&aﬁérﬁﬁs Qo Buéﬁedéve]eipeal but is yeltni-.60£hotDl S.

168: 210- 215, 1 8585 ,gﬂns | Th
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These 15 &ctlvwhcesnaa;odye iaaaoelmmaw ﬁhmﬁiﬂﬁtyﬂmtodemmtecﬁﬁvlem a2
- fl |1 .
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flagella is essen o -Crass ar| ze i al
cel I monol ayermﬁml—-aﬂm}m -¥w88)61 1764 1771, 1993). 20

No specific CafTTJyI cmsa:nmthagéngem dmv:am ymasﬁ*eablins&edions 3% poet astive.
Houever , t he | botch nid? UrbnkiBita. STREOLELRS qsﬁlgE@nosgi& ns,

and-t he i muno om ant; a el . pro roms |
this regard. (PaH® 8 vitgp @Konkelyf eftal 1«M4%2 348 29@)‘2,

Bl aser and 28 ﬂu,sctagaohnnd h&mpﬁmmbgié%tahﬁim&iw@usm&), ethsl.,
| npor t ance of . ﬂ?ﬁf_l_rbrgﬁfééi‘ﬁo' glsndifﬁt)%ggegésthat 2oigRtation with

col oni zation o nt.est [ he al I protection
agaj nst i nf ect?‘b‘ﬁ‘%‘l‘hliﬁ g8 mP%'l?B@Foupghj(qDé’\?F‘S%ﬂ%“ s gonsistent;

| nun. , 59: 225@it3P G:he abséﬁﬁaﬁmd-lmvzed;aaﬁéaag:ahhed [0 tasmpyliapadter may
Canpyl obact er pe AR nHaA(s%@ﬁ tteﬁ {56k Llﬂl"ootdh?mfkﬁgeééo%lpr OO anti gen

from the 8-10 rmst c I ni ca rel evant Sero rcnao
Theref ore, 9 Jé’ié"f"efh@albr’é%@rﬁs*%Eﬁ‘?lW fheydfmaunodapinapt 63 ¥R ture
condi tions forfladetmlinngroteiﬂ.eaw rgcent ardporiSihabdatdsa thiakchhepti nal |y

i nduce or enh%ﬂ%%eh@Eaéfol 14 § eésseﬁ%%%éokofe éﬁﬂ%g?%l%gkaﬁo cross

characteristics:ingludin sur ace racteri correl ated
altered invasi dzed e 1the11al cell monolayers (Grant et al., Ipfect.
cel lul ar char Jimeni. st 6Ts17éwHANdiIRgIse3f ace characteristics with
changes in fd’lt ' genhg Qﬁgéiffcs ’Ca%})y.'lgBé dn¥h é'lllg%eoi)een esmeshed

organi sms in ? ntls or gani Sns
wi th enhanced aisnPEQ 98?\%‘5"3 01H°<¥Ff’§Fedth low molecular welght (28"31 kba)

proteins, or PEB proteins, and the immunodominant flagellar
protein are thought to hold-promise in this regard (Pavlovskis
et al., Infect. Immun., 59:2259-2264, 1992; Blaser and

25 Gotschilch, J. Bio. Chem., 265:14529-14535, 1990). The
importance of the flagellar protein is indicated by- its
association with colonization of the intestine and with the
cross-strain protection agéinst infection within Lior
subgroups (Pavlovskis et al., Infect. Immun., $9:2259-2264,

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 optimallj induce or enhance invasive activities
and/or certain cellular characteristics including cell surface
characteristics; 2) correlated altered invasiveness or



5 characteristics including surface characteristics that are nor e

effecti.ve_i.n. neutralizing live organisns used for in vitro or in vivo
chal-l enges than.antisera prepared agai nst conventional Iy "'grown
bacteria. This-i.nvention adddresses these " “heeds-and ot hers. .10

None of the: references di seussed abaqve teach or- suggest : the in vitro
nmet hods of the present i nvention nor fhe vaccines® - of the" present <
i nventi-on conprisjn ntj geni cal | y, enhanced . enteric-bacter
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and ot her H¥redeBEectl Rl Andhbieratiingi§ 68 br wmg?gégg g ore

preferably,. such | munoegen| ¢ - ant't gens cor ate’

Virulence, 25 VAtTopAF ot iye: chaflenges awe%iﬁqte aree%m% a&faieaﬁd. tions
and corrponent S q:hnrahaiomglhelgrawn bacter\ia.cmlis Imntd)onknddressest thkese
organi sns are q&g@gegnarbgﬁayére Met'hods of t-he present. i'nvention
produce antl eni cal ed _epnteric bacteria w enot ypi c -changes
such as incr sed twﬁ ?ﬁa i heparenass; ¢ dis ﬁfﬁma%?vﬁnﬁ?g‘g&é’& %ﬁaﬂﬁ‘aum
proteins, altertbe én vmcemuods ofsmlﬂeapeesmtbcitmmies noyt ttheevacaiiax e
Ilprp?I ysag;:hardfdeﬁe preséﬂ%caﬁaé@ett &ﬂ%l fb¥ £s £ 'An‘t&ge%&éﬁ'ﬂiﬁ%ﬂ&é&' ve
abitTity and/or re ~In ular syar.m n reover S 0
the Y B esenEntAEIAHAEeria- aduiaiien P HSHIAARPELon GF oY Tarerance
fermentati ons for thbsmeedtiioh axemny other sectSamd ofnthieraprilicatéoh sstedd
enteric bactsy ndtCBE d¥nstsdd as irdiRRLEIVE SLIHOLRER! ¥€féi3é§{3en9.§ such as

i'nact i vat ed whql e or
subunit vacci n?gaiggbjfebrasdpﬁbﬂ’ésﬁﬁtctﬁuFBﬁs’e’%v%d‘ﬁnas f or the ,
production of antibodi es and detection of pathogenic enteric bacteria
or to produce antibiotics. Fugt h@éﬁ_@g OF mgafwglﬁgiogs I nduced by the
enhanced enteric.baggteri.a of . th L.nveniion nma e _used as
paseve vace: nes.  Efd syBhel g proyalh dcting kLS (s BToRS RS, ¢
met hod 20 components incorporated into growth media of enteric bacteria

to induce or enhance the presence of virulence factors and
other antigens. Preferably, such antigens are immunogenic.
More preferably, such immunogenic antigens correlate with
indices of virulénce.

25 Enteric bacteria are grown in the presence of conditions
and components simulating certain in vivo conditions to which
the organisms are exposed in nature. Methods of the present
invention produce'antigeniéally enhanced enteric bacteria with
phenotypic changes such as increased total protein per cell,

30 new or increased individual pfoteins, altered or increased
surface carbohydrates, altered surface 1ipopolysacchafides,
increased adhesive ability, increased invasive.ability and/or
increased intracellular swarming. .Moreover, methods of the
present invention are adaptable to practical scale-~up

35 fermentations for commercial uses.

Said antigenically enhanced enteric bacteria can be used
to produce protective vaccines, such as inactivated whole cell



for producing enteric bacteria selected fromthe group consi sting of
Campyl obacter sp., Yersinjia.sp., Helicobacter sp., Gastrospirillumsp.,
Bact er oi des sp., K ebsi el.l’a sp., 10 Enterobacter sp., Salnoriella sp:, :
Shigella sp., Aer omonas sp., Vi brio sp., C.ostridiumsp., Ent'er ococcus
sp. and Escherichia coli, "having enhanced antigenic properties

conpri si ng: gromﬁng " enteric bacteripa-in. vitro with a conbination of ¢

condi tions n g 3 2%t 6.9 one or
15 more bile a&t cﬁd'b igar?‘cg%‘her e>o1éQ kg dég %{5' Stgé ﬁu!ggqoéé;s\/\gugn_ag [err]C
and 42[err] C, -the mroalugitémrp%wa@éhaé %ﬁymd é&heyt Y gfhRathogenigiet ween
early | og and &iﬁﬁi@ﬁh&&t@ﬁﬁ@eﬁ' tor pﬁédnﬂiwlahtibiosicai.l OFaEYh@hashe i N air

or mcroaeroph th 80%to
mor oy 1 O Eoe TS RIHS f&w e (o ﬁ%@%ﬂ%%@*ﬂ% err],
10%to 20% @ pregent ipven %wmzbeamﬁd as apﬁimmamineshe presence of a
dival ent cation chetiatetors ieh objeds ofdtheNpresdnt loNeh@ibn s H0Rekass] M

preferably 25 [efr R kife] nd 0 to 100
“[err]M of EGTAéo%\/P]rIc\?/kugingb ae? ;ﬁ{’a e@%@esfi @%gmrﬁgéﬁc% P.a dival ent
cation 25 che&onsdsting cof ﬁmpmopac mspew}’wswf@r épablqelziacqlaqtjem of
BAPTA/ AM . 0. .9 &8stdbs)piiTian 8p.,1 Ha@téﬂﬁi«{iﬁ TG]LM,OklEH:PéHE s@ﬂd

wi thout anyy thén(;%ﬁerLSt&C' %ai’)u&feﬁ%' &1, Sh.f.c?ellg é?corf
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. thereof inclu¥dbeioosms msé%idi% Sft-ef- €P§9¥‘§F‘B’—‘G{9‘§%€PO end Eschgrdchia

preférably 0. @a¥i{, ohfivilg dnibahced any. E.aeﬂrd»ﬁe:&i%%:aﬁpﬁéﬁﬁg Pgebetnied
are met hods "‘@r:’ﬁ:‘ékﬁlc ?acée"ihql 9{:' @i?z% ih §aé:§mﬂi?ﬁﬁ:§8ﬁ &f r?&dqi?:?ﬁns

deoxychol ate Q obJ ec

i nvention is éﬁ?éﬁ‘iién%actaér 0208% %‘él:’éctbéélef?’érﬁ‘tq?é%gr-eu -€oRfi #nengTr of :
Canpyl obactss mape, bile ¥iisisnbg Slts lHhkireobacitera tﬂmpefﬁ&iﬁ‘é)tmtﬁweéhum sp.,

-Bact er oi des SRne S a s
goctero o Sgpec Qa8 oyibey EUMMG W nySOLIBIEL 155 e
Ent er ococcus §ﬁ Ve @@Wellpﬁh%@ cﬁﬂﬁtmm& é?h?#&lld°§n§%rﬂll°“ bacteri a
are grown in gt&tﬂom&ﬂemhasaonmwn ot ficeanrdicphdn¥ic coriditibasptsuch -

enhanced anti genke £ ORG Losschpfl COOYa 895 B QMRRSLATw 1R FO% 1O

3% bile or O. s or sa er eof
at a terrepér"a?é?e“zbe%e‘éﬁ to 10§0Per APE HARW[COr [KEthyALR| to BRtodeh Hithse
at about earl gptDendd3sdn the pedsieee 6Arid \ivegeatdcst i e@helytohasassh or

at about as, but not limited to 0 to 100 uM, pfeferably 25 uM, of
‘BAPTA/AM, 0 to 10 mM of EGTA, and 0 to 100 uM of EGTA/AM; or
b} as in a) except in the presence of a divalent catiqn
25 chelatdr, such as 1.0 to 100 M, preferably 25 uM, of
BAPTA/AM, 0.5.to 10 mM of EGTA, or 1 to 100 uM of EGTA/AM, and
without any'bile, bile acids or bile salts.
According to the present invention, concentrations of any
individual bile acid or salt thereof include 0.025% to 0.6%,
30 preferably 0.05% to 0.5%, more preferably 0.05% to 0.2%, most
preferred is 0.05% or 0.1%. Preferred are methods wherein
said. bile acid or salt thereof comprises deoxycholate or
glycocholate.
A further object of the invention is enteric bacteria
35 selected from the group congisting of: Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp.,
Bacteroides sp;, Klebsiella sp., Enterobacter sp., Salmonella



stationary phase; in air or under mcroaerophillic conditions,. 10 such as
5%to 2000 CJ err] with-80%to 95%air, 5%to 20%CJerr] with 80%to 95%
Nerr], or 5%t0".10% Jerr] sMth 10% to 20%CJerr], with 70%to- 85%
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IlmtedtOOto 100 [err]M preferably 25 [grr]M -of BAPTA/AM Qto 10
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enteric bacteri ®ubf n?helmiet@éntm%mmoanyusmferpbwcz%mw. S8 dBABPRANnal
anti bodi es are w@sebuioam( iCITEGDAS S 0 LOALEN A ©oFr ECPALM, BF BPLEEIin a)

bacteria in

bi ol ogi cal sg%p%;} Fﬁ{erﬁhom prﬁeen%eolofcf'o Yalen ﬁ%ﬁ(i)oﬁ' aellatog' s‘tld.boéi | es.
of the present An@cheitfP 4t BFeEENaRINURS M o £fs BABTA/AMy L8 §8s10 M fe in
protecting agai BETAgNt &0 it hoot gMicr EGTAYAM £ciridokd thogk dimyedite, bite A

further object gf;phe,l 4§t E?i‘tés an in vitro nethod - for. assaying
potential antim crobral agents co(gfprl sing the steps of contacting

enteric bacteria enhiRiderapbieghiaf the invgndionecds sa|vaacdger FEmPX NG dup
consi sting of20 wholé&aentdrileabhacetersia orYeompoientspthetids,- celected sfom 10

Gastrospirill UNHZ% cﬁﬁ)ct‘:%;]gg_gﬁe gsg,f &@%aogalcﬁegp » Yez@@k% %@Cter sp. ,

Sal nonel I a sp rononas i di um
sp., Enter ococcﬁgl%‘ff’ba‘%fﬁd' ERch&fasrpgpirillun sp., a"temldes 5P+,
Klebsiella sp., Enterobacter sp., Salmonella. sp., Shigella

sp., Aeromonas sp., Vibrio sp., Clostridium sp., Enterococcus.
28 sp. and Escherichia coli, or an immunogenic fragment or
derivative thereof, having enhanced antigenic properties; and
- optionally a pharmaceutically acceptable carrier or diluent.

Preferred is the vaccine comprising whole, inactivated

antigenically enhanced enteric bacteria. A further object of
30 the invention is a vaccine further comprising an adjuvant.

A further object of the present invention is directed to
antibodies (including but not limited to antisera, purified
IgG or IgA antibodies, Fab fragment, etc.) which are capable
of specifically binding to at least one antigenic determinant

35 of an enteric bacteria of the present invention. Such
polyclonal and monoclonal antibodies are useful as immunoassay
reagents for detecting enteric bacteria in an animal or




coli, with said.potential agents and assaying the bacteri oci dal or
bacteriostatic effects. 15. = Still "a further object of the inventionis
an in vitro. met hod for detectlng a_host's. production of antibedies-or
for the detection of enteric bacteriain an ani mal or biol.ogi cal
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enhanced ant’i gblbtogi@cshinple theadfeomed Tﬂ@[poubelgﬁwrh:@&%hsblﬁﬁpf
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Yersinia sp., % act eroi des sp.,
Kl ebsiella sp.€ er YEﬁs‘%l%nef{Féi%‘IPa"tSﬁ‘ §Bt+a sp.
Aer ononas spo, Gas&tidspmls@m spl.psBactixohdes. spEnikiebsdetta sp., and
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Preferre enterrc act fa

essential kit
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Canpy! obact er gadiiunwith saidipﬁaﬁp?imba@eatscmﬁd ;asgaydngi the ent er ocol i ti ca,

Yersinia pestipacteriocidaielot BhatdsfiidaypesFalagi s, Escherichia coli,
Shi gel la fl e%nerl ?%gamg onn | o Shl n eI | o dysenteriae, Shigella
boydi i , obact &F U ¢ jnvention 1gaf das¥LEre| um

hom nus, \/ baieshotiof e ai;tevi:bngm hostle paodmaalml pfi antsibodilesi or for -

;/u:oﬂ: L{J ?PEm ngbeaeté@aéﬁ 8¢ bhferic bactefi®Si iad ua}ﬂﬁ ;drlﬁ 'rﬁa%logﬁéﬂggﬂ ga
pﬁl | orum Sal ﬁﬁﬁgg?a erefromc h%?‘é%d‘gﬂﬁsw%ﬁtrﬁﬂ?ef’ SR TIPS -

Kl ebsi el | a pnbipbagieal sample fyamreobastevitt catericmattEntier ofothes

faecalis. 2o pkesérE inventRoRKd\BinigCRhAaf@dd drtGhHHE: PHopih@iBet linmited to

ent er o-t oxi c, ' selected from the group consisting of: Campylobacter sp.,

Yersinia sp., Hellcobacter sp., Gastrospirillum 5P,
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella
sp., Shigella sp., Aeromonas sp., Vibrio sp., Clostridium sp.,

25 Enterococcus sp. and Escherichia coli, antigens thereof or
antibodies thereto and screening for antibody:antigen
interactions. '

Another object of the present invention relates to &

diagnostic kit for detecting a host's production of antibodies

- 30 to enteric bacteria or for detecting enteric bacteria,
comprising enteric bacteria having enhanced antigenic
properties selected from the group consisting of:
Campylobacter sp., Yersinia sp., Helicobacter sp.,
Gastrospirillum sp., Bacteroides sp., Klebsiella sp.;

3s Enterobacter sp., Salmonella sp., Shigella sp., Aeromonas sp.,
Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia



ent er o- henDrrhaglc entero-invasive, entero-pathogenic or ot her

stralns -+ The present invention is based, in part, on the
surpr|5|ng di scovery.t hat antlgenlcally enhanced enteric 20 bacteria of
the invention induce i nuné responses that are” cross-protective

agai nst a broader range of strains or . - serotypes of the sane
bacterial species than that i nduced byl0- . ‘the sanme enteric bacteri a but
grown using .conventional - "t oculturing COﬂdltIOﬂS I n-at | east .one T
instance, the imeddg or- anﬁihOGépenShgnehmuesé QAAIQﬁQeanFﬁgen#iﬁﬂIkﬁtenhanced
enteri¢ Qﬁﬁ héae®f t he invention-is CT.0SS- protectlve agalnst a

di-f f erent .speci€s’0 er.i ¢ bacte
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t gur e an S: U (=3 a mne .-
"Gl Nac", . }A ﬁ'&ﬁ eﬁgﬁgﬁ’ﬁﬁ‘ﬁg’ kﬁ%ﬁené’ﬁg ¥%‘E‘€’ ’(%‘C}lg%ii Iucose
"dc", 35 Namesner:bmrsnigﬁagar@mi,sahimeuaeﬂwsaete&a%mge bmal I'y
grown bacteria BBF& Eréllﬂcab&&ezs \Py1888, eibI RbackErbpelny,ia - grown

accordlng to nme S A S nv . . Figure 2
pictorially dep%ﬁfgt? tirelgﬂ'ﬁtg %fnusg od sggh% ch%rae Vibrio o

sul f at e- pol yar mwolg@ﬁcué} ‘SGkhndon ypdai £iquspsB ides fragibifa
conparii son .of pEobStALdftn ARPLELLs; |SalRohelNis tphLiuriumn&alohel Far f ace

extracts (coI 5 ] 17 I

"BH " or grown ggg‘g‘}’dl A mf% &? F%#sﬂnfa% " fﬁ%mogegggﬂiré\%%#f |(¥).ﬁ1'?%fp%a
Oxgal | bile aC|Gé°14E€eﬁﬂi59 &B@moneldeoﬁyéskﬁ#idésv siella: pneumgpiff.e 3
piptorially depzﬁtérdmteesum&caﬁ WRat Bhfelddiccus fREGINSI.S Phefented
Coat o oL B Beat1Y pe PR, g B IR 0 RS DR
81- 176 convent | emkgnarhemorghagic, BFterErlﬂwﬁﬁhyeceFFtQ§°1R§99ﬁ9eBE¢f#B gr own
according to othet agdaiak.t he present invention: 0.8% Oxgall bile acids,

2 ool 0 1% degicliolalee {ilenedbnSHE (680X 1 A0k %ncthaeJ uni 15

81-176 conventional 'y gro ce exfrac je un
81-176 grown aceWRAISINIoAAEEINREY Gf‘a?h%n&igé%’éﬁ? ‘?‘f’i\?é‘ﬁFF’oﬁ" &

deoxychol at e20"bdcteria of the invention induce immune responses that are
' ‘cross-protective against a broader range of strains or
serotypes of the same bacterial species than that induced by
the same enteric bacteria but grown using conventional-
culturing conditions. In at least one instance, the immune
25 response induced by the antigenically enhanced enteric
bacteria of the invention is cross-protective against a
different species of enteric bacteria.

4 BRIEF 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 “BHI". Figure 1C: surface extracts of bacteria
grown according to methods of the present invention “DOC*.



. Figure 4 pictorially depicts the results of western blot = analysis-
showi ng a conpari son of pr-oteins bound- by, flagel lin:. 20 speC|f|c nonocl onal

anti body 72c fromwhole cell C jejuni 81- . 176 which wereg grown ---
accordi ng to rret hods of the present .invention, "3"; conventional I y-
grown, "2"; ‘grown in.a . fernmentor.according to methods of. the present
I nventi on, " 1"_. Figure 5 pictordlal |y depicts the resul ts of-

SDS- PAGE 25 showi ng g aanar pieeoﬁauwaesiaé@caﬂa&be@&é ld%S)soaiuMhO' e

1 S fl 457 t "1
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cross reactivi tan@fs)Coxd wgacgr%aa%oww% Ta?:d”%i h&f'sc Ozf-);e unihﬁ e“t
i nventi on. r accor d|
d to

met hods of .t hgj G#Véerﬂﬁ SRa;SY ¥ %\rﬁ)l % g([:é)?r‘lée(gt 5 ‘Pﬁgé“%

i nduce anti bodi te preseng éwrmmmat(p@atmxgam pidé adials \NOXt'qusoaf%
anti bodi es. 35 (de Seychidlate Gpodiyuni - .81-176 -cul tured-in BHI and: anti -.C.

Lo okt T DR Y YR L. o BLALIET R

12 - Fi gpadyss $Ashmrzm@ rompabison Afl prdagim uduedebylfsm;etofzgp.- a

vactCI nte conpye Wimﬁglm@ ondh@é&'ﬁb &&r&é@f&ﬁ@ﬁtﬁ%&ie cell &, ‘

protecting mc as "ver ed .cha j ej uni

81-176 cells. ce \A/e;eﬁ/é;cc% H‘E 8T8 %ﬂgte]é S'BT‘Y%’?QO‘"?&&%

(PBS: sol id 1i HEPYnpetles ax whole cam, lﬁ/-aae.?(mﬂjmms gtewh dd¢emding to

L or nal lt ndl nact lmeai:edscofjﬁiél@iresentSﬂmJeZ&t hiW{iQ' 6, £ |dxgali B ahi Ve 1dso Wiz @nd
arvested accordj ng ou uvan!

circle/solid Ii %Iea 15; eoxxM'I:{oﬁnE g:} v it SR eAgnrﬁ%gACéf ‘g-opf-a"m

circlel/solid9 |3|4€}75 cq@entéovaééy R Qrt,i Caﬁve%rmfenanemm of Che

i nt eﬂl nal Jeghﬁﬂlzﬁ-tlm g&&ﬁa]yaccdidm E&Aueéﬁda% otﬁaﬂ‘i‘é) riJ_yéW%t Lhe

results e n Yy Dg vaccinations using three

oral doses of J‘.‘E} er r! ngof:tllgva ’(9? gtat i“al Pp‘art I cl es per dose. Figure -

7B (niddle panel) s & HePigteriallyr depécts ditec riesnlis off fwes@ernbhlathe

vaCE:I ni’slt i ons uanagyéztu ehoking doé&ﬁatt fisdbh[6f rﬂrotelhgaﬁéthﬂ@tlﬁ;d flhtagéfi%:irf-lh

particles p Q e esul.ts o e

prot ecti on 2 ?ggjafgé g‘?’t’ﬁ’czg:n“\g/gc‘-‘}:t}t(r%a@toiﬁégng“?us‘éll)no wﬁwg% o‘?f%éﬁ dod84ut 81~
10e[rr] inacti %46 eﬁ?‘mh WeEEcErewn pacording mrme(tbgés Skt prgsent4 in

Section 11 invention, "3%; conventionally grown, %“2%; or grown in a

fermentor according to methods of the present invention, %“iv.
Figure S pictorially depicts the results of SDS-PAGE
25 showing a comparison of lipopolysaccharides (LPS) of whole
cell S. flexneri 24S57T conventionally grown, column “1%, or
grown according to methods of the present invention, 0.1%
deoxycholate, column *2%.
Figure 6 graphically depicts the enhancement of immuno-
30 cross reactivity of €. jejuni grown according to methods of
the present invention. C. jejuni 81-176 cells grown
conventionally or according to methods of the invention as
exemplified in Example § (DOC) were used to induce qntibddies.
The agglutination activity of the two types of antibodies
35 (i.e.,-anti-C. jejuni 81-176 cultured in BHI and-anti-C.
jejuni 81-176 cultured in DOC) against various C. jejuni
serotypes are shown. See Example 32 in Section 9 for details.
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20 for details. Figures 8A, 8B and 8C graphically depict the

ef ficacy of vacci ne- conprising inactivated C. jejuni 81-176 whole cells
I N protectlng m ce against an-orally delivered challenge of live-~ .C.
jejuni” 81-176 cells. Mce were vacci nated as described in 25 the hri.ef
descrlptlon -of Flgures 7A,-.7B and 7C. The vaccine. - efficacy was exan1ned
using the intestinal colonlzatlon assayl2 Flgure ‘BA (top panel) shows the
results of the protectjon ., afforded by. the vaCC|nat|ons usi ng three oraI

doses of 10[err] Ved e e fotd e 8B -
(mddle E)anel) sho(@ﬂaﬁ s %%jgﬁk ?bgghe pro fls%%ﬁcffgi‘geﬁfgi&tq# °§
vacci nati ons us® ﬁa"tqh"&eCS?%’r' 2-“61’ Blsa76 vhoke selds

particles per dineprd%egningwqﬁagammpweia)sasmpmuvdrha tBs:l.d.éxﬁgeOi:t‘t_he

protection’ affoiﬂﬁ‘é’cby ik En.i’%‘ih%tb?i‘fs wiaweéd;r%ec Q&Egoéﬁﬁz '
10 t t ed t 35 34
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- when they are ¢ Itured usi,n e net hods -of the: présent Invéntion. S.
sonnei and S. guEI?S @maée%’?%F8°ﬁﬁI¥hﬁ &ESUSRE P i BieaProtestion or

15 accordi ngd% affbedaiatli}od:heofrad:dm-xqrieaenusiﬁg/etmreenoml dosesxeppiotied in
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Figures 8A, 8B and 8C gfaphically’depict the efficacy of
vaccine-comprising inactivated C. jejuni 81-176 whole cells in
protecting mice against an orally delivered challenge of live
C. jejuni'81-176 cells. Mice were vaccinated as descrlbed in
the brief descrlptlon of Figures 7A, 7B and 7c. The vaccine
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 10°
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
bacterial particles per dose. Figure 8C (bottom panel) shows
the results of the protection afforded by the vaccinations
using three oral doses of 10 inactivated bacterial particles

25

30

per dose. See Example 34 in Section 9 for experimental

details.



was used to induce antibodies. The agglutination activity of t he induced -
anti-bodi es against S. flexneri, S. sonnei, S. 25 dysenteriae and S. boydii.
grown conventionally (BH ) -or : according to the methods-of the present
invention as ~ exenplified in Exanple 9 serotypes are shown: See -Exanpl e
36, - in Section 12 for details. T Fi.gure 12 graphically deplcts t he
effect of bile 30 concéntration and the grchh phase of the Helicobacter
pyl ori culture on-the ‘adhesi veness of Helicobacter.pylori NB3-2

cel1s: 'H ‘pylori NB¥igueel§ sgmittacgl ywnddpliotisl thecefgbtumE the aicithi Ng 0%

0. 028% . 0- 05% a%el%fbhhg %}irVﬁLﬁ dlcﬁg“tren preparag?%ﬁ's oe%ftSE

I nocul ati on. THe-T1nvasiveness “of . t hese
pyl ori. NB3-2 cde Shdgrsle fhexneri 2457F feldey, W XBSLIN2487%8 | n
Section 14 for celldetaire sgrown - conventiqnally (BHI}J, or according to thla4 '

e ot oneh gLﬁﬁ*éﬁ%PLyﬁgeﬂ*e‘f o e LARGe i B! Eenn s cd 08P ol 570
adhegl venesg of (OQSELdracthat C)I BPF‘%&.%‘%@PFS“HS whan' Bhe o qlfGrQAiEeilFs
were grown in wehiyr ogrshasa eontaacﬂ:cngiing 590%am;ﬂe1% but Chmwimlgethend

harvested at 68 eset%%%a;f:?\eiﬁéelfo hasl ﬁ&f 'tﬁ%!geiﬁ%r‘\:he cZPFS

i nvasi veness of nt g Fatons. 0 og;'?ﬁ g :
agai nst | NT- 407(098'?‘5 ar ¢he. invag WP"'SSS&!‘- ERese U PRt RxaRazARtigNF LI
det ai | s. . 10l @ells are shown. ‘Sée mﬁlﬁmm&ﬁaﬂ ﬂ?fB!IEdIeNh{ELE'l ON

The net hods of the ?i&éf‘é‘txo' Wﬁﬁn%&ﬁl}ﬁld%bffﬁ@ HP Unihcenerflod’ | C bacteria

cor ot componIRVeSTEPRaT 0%, ShtHebiA celbscvhenthtoePh oo o |
ant i gens and/ othei netloite of thégpresent invention.AsSussdmhmfc @nmnd 8ad in the
clainms the tergysent&fide’ 3818 &éé@rautearhac‘g&w&taemi*yaimn@rl nor -
associ ated with” an ni astr |r.1t es |nal tract and any
bacteri a Zd'st ﬁﬁfm%‘?i’cﬁgest% ﬁ'i‘Fn?‘%@P‘?%n taﬁyg‘fﬁﬁ‘el" of P¥ANLIA
gast r oi nt est i nekewphifiedSichExapié . bawherlmvaswleneesbu H:hese giﬁfnrent
positive and gﬁﬁéﬁifﬁﬁﬁddﬁeo?a§ﬁ£§éfia cells agaiﬂy% TREOBo7 CIHENgREs" and
“condi tions® ashgége_ e EMample 35 in Section 12 for details.
?igure 11 graphically depicts the enhancement of immuno-
20 cross reactivity.of Shigella grown according to methods of the
present invention. &S. flexneri 24S57T grown according to
methods of the present invention as exemplified in Example 9
was used to induce antibodies. The agglutination activity of
the induced antibodies against S. fleéneri, S. sonnei, S.
25 dysenteriae and S. boydii grown cohventionally (BHI) or
according to the methods of the present invention as
exemplified in Example‘s serotypes are shown. See Example 36
in Section 12 for details. '
Figure 12 graphically depicts the effect of bile
30 concentration and the growth phase of the Helicobacter pylori
culture on the adhesiveness of Helicobacter pylori NB3-2
cells. H. pylori NB3-2 cells were grown in culture medium
contdaining 0%, 0.025%, 0.05% or 0.1% bile and harvested at 8,
10, 12 and 18 h after inoculation. The invasiveness of these
35 different preparations of H. pylori NB3-2 cells against INT-
407 cells are shown. See Example 38 in Section 14 for

details.



and in the claims relate to many factors associated with an 25 enteric
bacterium s natural in vivo environment and ot her factors. Such
conmponents and condi-ti ons include, ‘but are not limted to, bile, bile
acids or salts thereof or their "~ biological precursors such as '
chol esterol, pH,. ~ mcroaerophilli-c condition, osnolarity, and harvesting
or 30 coll ectl ng t_he bacteria at a desired bacteri aI grom h phase. -

The term" antigens” and its related term "antigenic" -as used -herein and
in the clains . includes aiygugenss graphfcgrly @épicts hehiaciftect! bf sbixe! udi ng,
but not |'mtedc$t9ceg{a‘;aliﬂgﬁl§:§&”f§1§ grovt? P asguaksurfg "6hd U3k, g%ééem;ﬁ%ogy

or cell notilit potelns npr. e gartl ace pr
| i popol ysacchar ren@ncthe Afhpsiverespof gF&SF?"%%ﬁ"F pylgrii Gkl cplds.
i nmunogeni c. | #Ha., pylori G1-4 cells -were grown in- culture izﬁdmm containlhq term

" h fegg t ;
téﬂﬁﬁginzﬁtfa&ﬁeﬁé e e e oy o (9255, B Y T LY

exposed to a c i ﬂ°‘é‘6’rﬁfrj1°§‘| ngT%oir’E'aE&KFE?% ‘Hfr G&Gééddbﬁ/qufé‘tpr esent’
i nvention or 5 erpaargllréqns oif- $hai pyddnl @Gibdctellsnagainst Im-4d‘he:e1m=rrare .

"antigeni cal | y ARRAICCHee HxanpAass ofh HdedBi £5 £or PegRRfLl oS’ Of

"enhanced" .as used herei'n and.in the clains . fers to the -ant |'gen| c
state of enteric bacteria grown ~according- to the met hods of the present
invention. ®uch "10 - bacteria-have higher |evels of-certain’i mmnogenl C

antigens ~ and/or new ig ﬂﬁﬂtﬁﬁﬂdn&?i‘ioﬁ%ﬁ%a&ﬁ%ﬁﬁdﬁ‘e same °
bacteria grown using, conventional convent i onal "

. as used herein and ﬁ\ é’(ﬂdi ﬂg the Q’@F&Ptési‘f‘ﬂa"m&f‘ Fgli?ﬁ)\/ﬁ? SKOFRRI pri or.

art. 15 Tieaterie bmfzﬁmaeioprﬁttﬁq dncbhdlprmbeaefmembdhamtmonmf

- inmthe clains eeieagnt&:faﬁ%ablﬁ@pu&h@ﬂscéwpoﬂeﬁ%et éhézqe%r' kb induce

| evel s, suc&fas 5%3‘5 0% 80% % a 8;2/% 20% CcQ2 h
80%to 95% /NG f%’@" EJ[‘BF‘F"]SWW R 16%’&?“20%‘ Er‘f’]r%ef‘ﬁe 70% to
85% N2. factpesterm "virul ence"” as used herein and in the clains
rgflerts t? thgrs]e fa;:wr@séaf héBeQE‘taﬁ{d qnbeﬁé%iafim%S%H&'@éﬁﬂ «\@ntttanc«tthe o/
ability to adher 0 ,an or.t,0 survive host and/ or
cause a pat hol Sﬁfﬁ’éﬁ %°g’ Ff"ﬁﬁa norma?.l g‘ﬁ ﬂﬁﬁfb{a&e&gg R ARGt ve
as used herei npantl oh 625anheaufalmtreietgsttlmatlheradatIaxtQ/amrﬁr bhetemimne
response  zion€ngeccdisedNanbaRtRitidh $hl Ay pAirtSEECAN Rhimifioke cel | or

gastrointestinal tract. Such enteric bacteria include both

gram positive and gram negative bacteria.

The terms “components" and “conditions" as used herein
and in the claims relate to many factors associated with an
25 enteric bacterium's natural in vivo environment and other
factors. Such components and conditions include, but are not
limited to, bile, bile ‘acids or salts ‘thereof or their
biological precursors such as cholesterol, pH,
~ microaerophillic condition, osmolarity, and harvesting or
30 collecting the bacteria at a desired bacterial growth phase.
The term “antigens* and its related term “antigenic" as
used herein and in the claims includes antigens or antigenic
characteristics including, but not limited to, macromolecules
contributing to cellular morphology or cell motility;
35 proteins; more particularly surface proteins,
lipopolysaccharides ‘and carbohydrates. Preferably said
antigens are immunogenic.



otherwi.se, to prevent or_attenuate infection of the sane host by a
different bacterial strain, serotype, or species of the sanme genus. 30
The term "ipmuno-cross reactive" as used herein-and in the clains-refers
to'the ability of. the hunoral inmmune response (i.e., antibodies) - induced
by one bacterial strain or serotype, whol e cell or otherw se; to cross
react with (i.e., the anti-body bi.ndi¥y), a different bacterial ~.strain,
serotype, 35 or spelfi€stermi immmegeniat #s-msednbereis andedot the tglains

i ndi cative of dtﬂ'nfdlacter'i;ﬁé' abiIiRG0es’ Sndiie: RhtdbodP 'pridadd9on ix?raQ;Sf] .
protection an [5G0 2V P Y e - s le Thg term-"host"
as used herein ééin. N n??ﬁ%bﬁaaildrfsmri%f%‘rjs%'wgegi ol ‘3‘3‘?996%_9{;“? n an ani nal
or in vitro inSoRPrAFieg yhole barteria projucedrhy "thé paelentsinweitibar 6i n
and in :the o & fragmenticdfidaddbihols H@tekight éd o al |- 'war m bl ooded |

. creatures such:" 5 as gefgg] S ' ya(esq., .chicken, turkey, -dugk.etc.)
According to the i ﬁ?‘é t1on, jég{@gg%%%%}&e‘eg‘gﬁﬂ??ég 5 “engm‘i’:%de rﬁnfggfgic.
enhanced ent er PEOBSEERT G 1 “gRhaneritbgisnnsed heredgmend im tiericlaimye

t her eof |, 'ttd1e ewefers. taditer aatigenie state bhe%héaﬁi@-ggg_ggﬁ@gq%ggay be

i nacti-vated. agdes s ' ise an adj uvant, such -as, ‘but not
limted to, _al aﬁch%ix.f"idj w%ﬁla‘?e%%ﬁ oF, the prgs %bﬂ“ée‘f.‘b{}?% feuER -
ent er ot oxi g&fi -Eag.:e’a:ﬂ ihave highexy, davelrgefii cerrtavins inheneasdnicl egtigens
and/-or i ndi vi dapd/or resbuinmtacddreiccahtifand ld< oabaPed i@l BakB8CO) , or

Fruend' s a0hANEEH 1 220G TR : i suitable 15- . -
phar maceuti cal carrjer Iaq-lc'glel ﬁ%’% %o&&%ﬂg#rfa%eggg?% sal i'ne, - dextrose or -

(%]

other aqueous sol utitsn EeBPhEFORNRRtABNRL" a5 sedabenéin Andc dnr the sclaims
descri bed i n Reedatmsofroswhat Prsakmewaulin célle priiepcest. Mack Publ i shing
Conpany, a sg§andar gne tbEf 4 ENGH ihdhis field As used herein and in
the 20 claims, tH% ter m,%acm ne'aggfsé%}'%hhlccor?ﬁ gég. °1_“sp‘a§%9| Yged herein apd -
whi ch conpri setrifehG4PARS Fefierspkei aprengbichraaditions eogebevatsl €9 whose
i nfections or kivedasesuph eGSR @b 263 CO,S0LEN80% to 95% 1S BT €L 20%

entori ¢ bact etk Thar Soate 888 if SEEEH, B, iRBn AR PoogfrpSakith and
enconpasses at"3n &9t 83 4%- well as killed bacteria. Attenuated bacteria
nmay replicé®  bithe cermtvviausente e weBaOke i SERRA- in! ARCId14aRkON Of
sai d bact eilee FBYt & 1e O FRELSIE L L% n2 DY JBL D %%%tlégggm asb octig?:zg with
the ability to adhere to and/or to invade and/or to survive in
a host and/or cause a pathological condition.
The term “immuno-cross protective® as used herein and in
25 the claims refers to the ability of the immune response
induced by one bacterial strain or serotype, whole cell or
otherwise, to prevent or attenuate infection of the same host
by a different bacterial strain, serotype, or species of the
same genus. ) .
30 The term “immuno-cross reactive® as used herein and in
the claims refers to the ability of the humoral immune
response (i.e., antibodies) induced by one bacterial strain or
seroﬁype, whole cell or otherwise, to cross react with (i.e.,
the antibody binding) a different bacterial strain, serotype,
35 or species of the same genus. ImMmUNO-Cross reactivity is
indicative of the bacterial immunogen's potential for immuno-
cross protection and vice versa.



30 skilled in the art. For exanple, the bacteria may be chem cally
I nactivated, such as by fornalin fixation, or physically inactivated
sueh as-by ‘heat,  sonication or ° irradiation, so that they are rendered
incapable of. * “replication and/or infeéection and/or causing disease: 35
An effective anobunt of the vaccine should be .administered, in which
"effective amount” is defined as an B appunt of. enter| c bacterl a or an .
[ mrunogem c fragnment or. 2
derivative thereof t¥a¢ teym2paste as %eédbe’rw éﬁ‘dl frﬂ‘uﬂéﬂ °1aiF“§sﬁﬁffl%r§ in
subj ect. The arpuaitherdad wWivbl in ey dﬂﬂﬁamdmﬂgn vitopoin targmant cgkhi City
of the bacteria nt’ r | o t e S :
cgiéﬁgéi? «rn% g.Q?xE eﬂ{ﬂm% a% &b%%dneg@n 41 SRCEhE ScAhs -

wei ght of the su v-accl.na e_ascel tai ned. using
standard techni &aegudes bqtn iﬁr B?%r#jé‘ﬂteﬁoﬁ@ 2% M‘E}Mﬁm?§ pres Hsé“’h
i nvention, ans as sihwcls wndabbodd (d.guacchi&qlr,odurleey, aiuckl etat)on of

anti- ~.  bacterial ﬁéﬁdémxg we{e v@htéfx?“u{ s&ovae *ﬂ&m@dy
titer prior to vac i'nat 1 ‘0. a pre erred, ‘specif on
embodi ment of +ABtigeaiqaldy enhan at%’-’ an ter| a

and preferably- tﬂ{:mexit tox déﬁi.eattijveba:uéeeoﬁ, ahe enteriic rhas:lteréd my dehost .
Preferred are V&E{Eﬁ&e%i%”p&héé%ﬂ or g&?cﬁé Vﬁia%@ V}Qgé & RChaY 'furtner

The term "effective anount 0 passi Vv vaccl nes |
of anti body FHaFW%r‘?ifpéﬂl éd%‘l“'a 'prsé’GBn??n@"é‘r "QFt%#RHﬁdn Oq - sz‘t‘,‘?'erq
di sease or infewaten.emulsibs, almmﬂabékelebbmﬁ lfruarqntzha;wé:nmiggnim(m tcbéi

type Of  anti posy diftoidigedtt ARGL thiRbor Y43, LirPRAR/SE SAdIVRLAN O

the subject- to ccl nat éd, e ascertai ned usi n S I,

t echni ques. sub “%&Pﬁﬁ%"%‘f l’tar‘FgE peCatnetteraneT th (RSF be°‘éd$ﬁ"rﬁ"§t & ed
| ocal'ly and/ or adftvartcahliymiyy alsp futrtber loomprise a mwitable I ncl udi ng,
but not I'im i?%ﬁé&rm&d&h@&éﬂ%ﬂ%&‘bcﬂﬂé‘im% but :'xc% rl%.'iﬁ‘i%@&' €4 salme,

i nt ravagl nal , traperitoneal , int ranasal cosal routes.

or
Vacci nes may be R PEr 8 % a@“?ﬂ?’fa‘fﬁ]é‘t(}ﬁlint oFher e ﬁﬁ’r’%ceut i cal
carrier, may beplromacestiicah camrierapane ei;e,scribadndimmgyghg_tmrrprl sed in a

sust ai ned rel eaSithinitledBical Science¥2CHAdE PuliYsH rc_%bxni?e AdAaatar ed
at several 30 in

fervals |0 order to & i b
Vacci nes of ther‘?q%\fé"ﬁ‘f:faohe%y“gré:hdgegy‘?ﬁcotﬁgﬂﬁlﬁ? ‘iﬁ"f‘ha“d in the

20 claims, the term “vaccine' also encompasses “passive
vaccines, " which comprise antibodies that specifically bind
pathogens against whose infections or diseases protection is
sought. )

The term “inactivated bacteria," as used heréein 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
irrédiation, so that they are rendered incapable of .
replication-and/or infection and/or causing disease.

3s An effective amount of the vaccine should be
administered, in which “effective amount" is defined as an
amount ef enteric bacteria or an immunogenic fragment or

unt




ot her bacteriocidal or bacteriostatic nethods. Ant i bodi es of the
i nvention nmay be obtained by any . conventional nethods known to those
skiflled in the art, such 35 as but not linmted to-the nethods described in
Anti bodies A Labor atory Manual (E. Harlow, D. Lane, Cold Spri-ngHator

18 - Laboratory Press, 1989). In_general, .an aninmal (a w de range
of vertebrate species can be used, the nib%t ,commn-bei-r_]g m'ce, rats., .,
gui-nea pig," hanst ers ‘and rabbits) is i mruni. zed With a whol e cel |

i mrunogeni-c frag e t'i ge a entérlc
bacteria of the Hgﬁv ‘gliﬂh%g&{ %L' igt?\aeé rs'Lengegic")‘g&hL i%@e%ﬁ

adj uvant or any: rewe ARaf M%%nhﬁhﬁea‘!%q Areded 131 é"PF&:@?m
and -boosted atupsgyuiiRd antligénidity: bfhax@rbarmier&a; Uﬁtaganaﬁsabeddéﬁvatihlae

presence of deS| a ;ﬁn; sgrum. or =
bl ood of said ani &? c%g{#bgﬂx %d&% ?ﬁ %i eogewg t%;{/2"-Qc])§etl Bémtl bodi es.
For tonocl onal SayRe@idmted, hgt rm”stb&rés??—’éféc days: ﬂg teghniquesyen
an accept abl e ants bferivead nén-limdem@tﬁhodrihenesldmltué iauéhama,etinand

ﬁnhiezpl _ee\rllm It?\ ;55?&[{?1 caH”l elec Srggf:fﬁmﬁdlﬁ@ %’hee @?grcgklalar i

i ne, and-

the mxture is tRsgE Wn Qéﬁtt°t§7-'p|1&§g¥yt"’° the| artibadycol
or the Iike, V\hlt:ttqa-r mz:estds headciantiows- In. aebfeferﬂdujelsptabésiac -

ci rcumst ances# %x@%&uﬁ’ﬁ?ﬁg%i@%ﬁs e ‘iﬁ%ﬁ@i&?t o dup Gi‘%"f&l |

m xture toget esu tFhg

product. The | leareterdial and rpieefiexablyr aﬁt@dlpgnr bﬁGi‘#Ei]ﬂ #ne

specifically t t
HAT: hypoxamﬁﬁ%‘ﬂ&%‘ﬁgpﬁ%ﬁ hobl, | TreREal SR NelcciRet dofor S5 °

persist in cul tl}r‘?cﬁiﬂ'ﬁF?ﬁ Qig Bﬁc’ﬁ?g&%‘re are those that are hybri ds
bet ween cel | s deri vetthér tern Hefifevtive eohahatr asnapplied - tonp&tsi’ma cells.

After fusion,1g h&&%bﬁ féeaxfilahu%ﬁé @flcantibsubteﬁ&@ Isncsbsbﬁéléaet ive nmedia.
The .cul ture madl . Screen ant | body,

dosiTed 30 speciBeYPRyLPS. Gl AL tERUSEHIS an PAREFELH. SoARBER Ol Hieas on.
cont ai ni ng t he Oikei budynbinesidedcwihl evaﬂyo:iegeb@mq rponnghe typé wfi on until

it can be adduca@.tabaaytm }@le! aftibddye tli%er, Shddre epbbiéd Md Helghther
anti bodi es of g PLEESOL: o b SHEL ALY CrlE sl RASELERENAH 183a30% 15!
enteric

20 standard techniques.

Vaccines of the present invention may be administered
locally and/or systemically by any method known in the art,
including, but not limited to, intravenous, subcutaneous,
intramuscular, intravaginal, intraperitoneal, intranasal, oral

25 or other mucosal routes. '

Vaccines may be administered in a suitable, nontoxic
pharmaceutical carrier, maf be comprised in microcapsules,
and/or may be comprised in a sustained release implant.

Vaccines may desirably be administered at several

30 jintervals 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 bﬁ 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 (E. Harlow, D. Lane, Cold Spring Harbor -



35 bacteria infections and di seases. Met hods for the detection of
anti bodi es -or. .said bacteria °~ in-a host include- i nmunoassays.- Such

i nmunoassays are known . - - in the art "and includé, but are not
limted to rad|0|nnunoassays (RIA), "enzyme-| i nked i mungsor bent assays
(ELI SA), fluorescent inmunoassays, and fl uorescence pol ari zat.i on -
innunoassays (FPIA) .57 Another emBodi nent. includes diagnost.i.c kits ’
conprising “-all of the essential reagéents required to performa desired

| nMmunoassay aCCQIaﬁbﬁetbﬁy frespl c3989) J Nrangéhéral, Taa aniuklaqaoeide ﬁadgemay

be presented in %olg 42 ﬁ]@ %chgglggg‘ege uséé’r@hﬁsmé% W tg,g fniquae or

nore cont ai ners- necessary :r eagent T Sés
an enteric bact &Atf: ‘guinga pig. phanshars; aodrarhitsinls cﬂfm&“‘ﬁ‘ﬁﬁﬁc‘l’%‘ﬂhla or
pol ycl onal ank«hbmdyc@n tdteiﬁmemqénﬂmtemm 1our depbratdivieo b i h sever al

conventi onal " I 9) :
readily appar ent to oselikef"f;g’gg&{]telnh %ﬂ%&;ﬁ;&?&?ﬁﬁ?ﬁ} ?*F%g‘éd I n
numer ous publ i céﬂ’ﬁﬂ’éim? A& ﬁBFn@b%ﬂq%Sﬂl pEesence: Of i AAFMyaRtne) anpE.

Harl ow, D. Laneagé‘ﬁtek:lﬁﬂ Wogldaréntiance: tnboimmweﬁﬂeseﬁfe&aﬂme@mt i onal
kit conponent 5 BBXsted 'aH;C gﬁléf'%ﬂeh%[? ’TtIeOSn%Q'Me%um E@%}ééfé&

pl-ates, buffe | " t"he g assay m xtur '
not 20 I'imi ted FBe'W’F%se"HEPEé d"é'tj&'ﬁd aEBH"EE:Yalbéfda ¥ R such
as per oxi das@octhé¢ usmtuet oxnbleod e shid a@uimaany:aanbe-dsgﬁ as tlnetémxra:el ot

from™whi ch the %bifélcﬁﬁtl' Qggyhgmsderl ved) and . the like;. and.other
standard reagents r.es i nvention include grow ng

S t
enteric 25 bacteria H9F 3o8ge %flﬁ]e aﬁ‘&éﬁ?g%eﬁf‘ Bpl Ane tXeAk R AR such as
but not |i it eddescidedeaboviél y Wheai habdt@céptabmehaaribadlyf titoem'is broth .

"BHY, Luria brgifectdd, tﬁQeéxPinEhOQQ @Gﬁ{at}:é%é" and tHe %‘g%&ﬁ goth,

Meul | er-Hi nton broth, [ir ot eose tone extract etc.,, with

vari ous condt?i FRPEARIE PR 95 F‘r‘ﬁjr%l ngRe EPIRAN Peiit AFe Bi¥edsos t o
3% bile or 0.028d%k @ spebificalflyselecterbrigmbital avieclomnar cell tkineheandf or

ol s e e
phase, between B es:hViB Pﬁnﬁ‘??/gld%%egg pft"’“&%ﬁﬁt k?:%?’é‘ﬁif’f‘o%%ry

phase, in air oreldsder Underdamwpmrd:mmsmstfmn takeslplecehdint 8 20%
Cerr] wt hz8%ﬂdbm9§éqééfxox5%ahoa2ﬂ:ééaﬂc%ﬂ]mw:éd}e t8§ei&r N2, or 5%

to 10% Qerr] i th 10%to. 20% CJ) er J&pe\mltshtze result:mg product. The

myeloma cell lines that are used for fusion are specifically
chosen such that, by the use of selection media, such as HAT:
hypoxanthine, aminopterin, and thymidine, the only cells to

‘25 persist in culture from the fusion mixture are those that are
hybrids between cells derived from the immunized donor and the
myeloma cells. After fusion, the cells are diluted and
cultured in the selective media. The culture media is
screened for the presence of antibody having desired

30 specificity towards the chosen antigen. Those cultures
containing the-antibody of choice are cloned by limiting
dilution until it can be adduced that the cell culture is
single cell in origin. The antibodies of the present
invention have use as passive vaccines against enteric

35 bacteria infections and diseases.

Methods for the detection of antibodies or said bacteria

in a host include immunoassays. Such immuncassays are known
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prepared as fr@x@lﬂ@t S4kb ftemptasodfoygeenangley hicvetitert hdateskiduffdrsn'
to maintain the PH of the assay mixture (such as, but not

20 limited to Tris, HEPES, etc.), conjugated second antibodies,
such as peroxidase conjugated anti-mouse IgG (or any anti-IgG
to the animal.from which the first antibody was derived) and
the like, and other standard reagents. -

Methods of the present invention include growing enteric

25 bacteria in a suitable basal esséntial culture medium, such as -
but not limited to commercially availablé brain heart infusion
broth “BHI%, Luria broth “LB%, sheep blood agar “SBAY,
Brucella broth, Heuller-Hlnton broth, proteose peptone beef
extract broth, etc., with various conditions and’ components

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

35 stationary phase, in air or under microaerophillic conditions,
such as 5% to 20% CO, with 80% to 95% air; 5% to 20% CO, with
80% to 95% N,; or 5% to 10% 0, with 10% to 20% CO, with 70% to




the art and nmaintained at -80[err]C for future use.. For instance,
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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 glycocholic acids.
Preferred is deoxycholate (DOC), a commercially available bile
acia presenﬁ-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, epteric bacterial
cultures selected from the group of Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp., .
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella

35 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



22. ~In further preferred enbodi nments, antigenically enhanced.
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sul f at e- pol yacryl aﬁncl@:eﬁdrreldeemb@qﬂunml,Saﬁﬁﬁrﬁﬁlyaﬂmanced cells of
23 20 campylobacter sp., preferably of the species jejuni or coli

and most preferably of the jejuni strain 81-176, are grown in
a basal essential culture medlum, preferably BHI broth,
additionally comprising about 0.1% DOC or about 0.8% bile at
37°C in a mixture of about 10 to 20% CO, with about 80 to 90%
25 air and -harvested after the growth of ‘the culture has reached
about late log phase to about stationary phase, typically
about 20 h after inoculation.
In other preferred embodiments, antigenically enhanced
cells of Shigella sp., preferably of the species. flexneri or
30 dysenfariae and most preferably of the flexneri strain 24S7T,
are grown in a basal essential culture wmedium, preferably BHI
broth, additionally comprising about 0.1% Dod or about 0.8%
b11e 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 early to mid

log phase.
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Motility and gross morphological changes ca be seen by
microscopic examination of either untreated or stained
bacteria. It is possible that other morphological chariges
might result from methods of the present invention as could be
25 seen through electron microscopy or fluorescence microscopy.
The morphology and mucus-like characterlstlcs of the
enteric bacterla 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 1ipopolysaccharides, can be prepared. The
enhanced carbohydrates can be seen bg.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
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roduced b
P y associated with virulence.  These properties include adhesion

to and invasion of cultured human intestinal epithelial cells,
and Congo red dye binding. The Congo red dye binding assay is

- 25 a generally accepted method predictive of virulence and is
described below and in Andrews et al., (Infect. Immun.,
60:3287-3295, 1992); and Yoder (Avian Dis., 33:502-505, 1989).
Bdcterial 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

3s and administer a number of vaccines of several Lior serotype
~ strains or a combination vaccine to obtain generalized
protection against Campylobacter. Antigenically enhanced



the nethods of the present invention are used to prepare prot otype.
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81-176 was contal nrn
soy agar, -  Modelj| gf Cabdwpkl, bFFnﬁ’ted @Mﬂﬂecyi%s‘)l ®rd1BAcubat ed
in a 1983) . This model has also demonstrated the association of

20 Lior serotypes with cross-strain protection. However, this
model measures resistance to colonization rather than
resistance to disease. The ferret model of Bell et al.
(;nfect Immun., 58:1848-1852, 1990) may be a more useful
model because this animal does develop disease symptoms like

28 thosé of Campylobacter disease in humans. A more recent model
is the mouse colonization model of Baéar (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 desc;ibed by Mallett et al. (see infra
Section 13) is used to assess virulence and vaccine efficacy.
With Helicobacter pylori, the Helicobacter felis.gaEtric

35 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.




m croaerophilic GasPak jar (BBL, Cockeysviile, MD) for 20 h at .37 C. -
Lawns of bacteria were renoved by swabbing and -. 10 inoculated into

fl asks containing 1 liter of- BH medium pre- ' .equilibrated.to 10%
Cderr];.90%air, wth 0.8%OXGALL (Difco, . ° Detroit, M). Cultures were
|ncubatedfor 20 h wi th shaking o at’ 37[err]C|n a closed flask at
10% CO err], 90% air- and then . 2%arvest.ed.as -descri bed ahove: :
15" - Exanpl e 2. CaTRRABEE th?%JWaérwa@#%re}W%sto enteric giyeaked
on bl'ood "agar ‘pbateerfahiiviasiony axwﬁhufeessms @andaghey -cafi be usefll th et

defi bri nat ed sh 0 u

m croaérophilic Easgé(yéijmaer . Eﬁﬁc%o%klgggw ﬁ%éﬁgeﬁir-:n%(z%c ter:.a produced
37[err]C Lawns 26Foxd Bt Rrassnkglayen on. 20 i nocul at ed
into flasks: centai nidtge: hdt&genm&ll@l—ibnnadcmnqxfuenc bacterieqprbdbé@d

(]:-?:%')[ Fgafr& \glr Eagiage&antﬁﬁut 05:@ g,%%@hg(%w ol ire used t(’(Eso¥ utron -
separ at-e. f r om t RECtghyneeii mlﬁacell or S%Htﬁﬁ’?lf%d These - the BHI
mediumto a fi nvicmresenheatad:ﬁmsteraa o -Zhith¥st ‘ean. Hé’/osumdtataiqud&ef ore

i nocul ati-on of Hi‘@ibodieﬁ an@a&;dsrl % %‘g%&fr%‘%& %Oc/o ttggﬁpﬁ vari aus

tinmes up to 20 akln 0%.
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Exanpl e 3. Carrmdcmmjhe.r cglaj. (prtoduicesi ceRls thatwmske more3@fsicaakas on bI ood
agar plates (copyijpe trypticase soy agar, pl.us 5% defi bri nat ed
sheep erythrocytes i ncubat.ed i-n, m croaer.o hilic GasPak j ar
(BBL, Cockeysville, H'B?’-Fﬁrcaﬂﬁul‘?a&? preparatxgyfep;?@cqga sthe wefhods 9

were renoved bytits\piresagt alhwivention can rmusaﬁeﬁitmwazfﬂoasknucm:lal ni ng 1

liter of Br uff':.nﬂn&ﬁ&QEann stz%?:e &Sseé’é“z'dd*&&:@t &f 1ifeddtx tegﬁ? né"" t h 0.01%

to 0. 1% sodi um eox S wWere | ncu a vmth
shaki ng response. Su cessful 1mmun1zat on- pretocols cap tgﬁq Peggn 5%

derr], 10% COter protéStodatimle thahldrayedestieh tise pathogdascwittte@drabove.

Exanpl e 4. Canpyl t n 76 on bl ood
aga?ppl at es (con%gpgfngﬁ?:{%% %a‘g%éés’%ﬁléés Alé’@%ra'ccing% dé‘ ?li%(rjl nat ed

sheep eryt hr ocfPETRIaRed testad s eF°“’%meﬁ1 Y,?“Eﬁ}é'ﬁeéph PT ceX8MBLK | ar
(BBL, Cookeyavishligeli®)and @amp@lbbatter cellZ|er rddipopankts dierwadt ernabeer e

r enoved by swallpRgnafthd 20cihai&dvddtigef.! asks containing 1 liter of

Muel | er- H nton r ot r.e-e | i brate 10%.CJ.e with.0.01%to
0. 19 sodi um 10 decRys ErERerEa} SpREoaRhes FFRTHRERIPEL ATAPLE; Phe
shaki ng at detpetidrC o chamgperi sut@dce Goittigdns 864 ¢Nzh%md t hen
harverted as 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 imﬁunogenic response

30 which is protectlve agalnst infections by a broader range of
bacterial stralns, serotypes andfor 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.



descri bed above. Exanpl e 5, Canpylobacter jejuni strain 81-176 was
streaked on.bl ood agar plates (containing trypticase soy agar, 15 plus 5%

defi-brinated sheep erythrocytes) and.incubated in a m-cr oaer ophilic
GasPak jar (BBL, Cockeysville, MD) for 20 h at 37[err] C. -Lawns of
bacteri.a were renoved by swabbi ng and I noculated into flasks contai ni.ng
1 liter of BH nmedium pre- equilibrad%®d to10% CJerr], with 0. 1%

sodi um deoxychol at’e. Ngno lﬂk%gégcﬁ%%%g& nggb&te g %ﬁ n@(.}LA;"ert B Sizoé/‘_’

stirring at 37[err]C1n’ Yo @l r.an en- harvese -as
descri bed above, Aescribed. bel belawpl e 6. . Vibrio-cholerae is streaked on BHI
agar -pl ates- (cont ai ni ng trypt I case soy agar pI us 5% defibrinated
sheep erythrocyt gs)- and,
bacteria are renoved Dy SWab i s
liter of BH nédium Wl% s&ﬁWObaG%(ﬂ@ﬂﬂﬂét%tra&ﬂ ?Errﬁ'é‘a"faé .
i ncubat ed for 20stredkdd shakloeH aigar pBatey r(contaiming ﬂrh?phibm&/@iyedgas,

descri bed above: r@g&!hé‘ cﬁggé er.asi ked on-
BH 30 agar pl a?]é% asr?ddleﬁﬁa{%u%m éé g ! i ééLd (i%sg .
bacteria are rerbtRPARFoRRABIT RpsRAk ?%c@%'eﬂ%iﬁlﬁ“‘fii §I($12 f%ﬁPaPn?T'rg
1 liter- of BH .3mdd.unbawhé ﬂfwéxxediarmere rémovyd [y awebbifyldnd es are

i ncubat ed fouaoixtbamfat&eah &qﬁﬁtsgs c%ggéﬁ%}ﬁ'ﬁ@ézr ofl BRY. Mﬂ&sgﬁge as

descri bed above e Ly |rrur|um|s Lr
Luria br ot h %@Eﬁiﬁl“é{:ﬁg %&q%neﬁbaPQa ?gﬁ’ gt
Lawns of bact er iDetatod ti, nME)] ataitupesd ddms ktacnbanted rﬁourgzn h with shaking

R iLer Qe BelecBdl LIRS ¢ Qlésﬁ%&d X¥g404 Al Lﬁur .

are incubated faor err C'l n 10% err 90%
air. . One col on}‘a'r”é’eFF&ﬁs?%r‘HﬁfrriHF ‘F Q‘ﬁ er of LB containing- 0. 1% DOC
and i ncubatedi$ n a cEsarplé ap f lcampybbbatteer jéfin (dtralinvel-fhadasng.

1L o e GRS S ey bisis gy ppelogh iy s

fresh prewarrred medi um an .
harvested as dediMfped dehihrinated sheep EfXﬁBF%clg?es’SﬁPﬁe}‘Fcam?alt@Ené?ra2457T
was streaked on nﬁmrgaerophh.ngﬁrsapt’akejaxar(BBanﬂ:mmvimlezmm Lor320 e ratC

inair. One 7c€d £l Q0 lhed |ng1Iiter'
of " BH e %neﬁﬁ  ES e BACERAG) S rpitin, byaSkEER 300, |10

akin :
cul ture -was tife §EaaF%d|’rﬂf€ulf%f‘§k?5‘i?%algf"‘{)r’evﬁ1tﬁ€d°grﬁm medéBﬂtBﬁ"?u ng
0. 1% sodi um deoxgulidibtatedt® okt Coewikis 0.01%i houbatedodith démbyichglate 4

h at 37[err] C inpaky. (R SiCWitiEa1 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 o.dl% 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. cCampylobacter jejuni strain 81-176 was

30 streaked on blood agar plates (containing trypticase soy agar,
plus S% defibrinated sheep erythrocytes) and incubated in a
microaerophilic GasPak 5ar (BBL, COCkeysville, MD) for 20 h at
37°C. Laﬁns of bacteria were removed by swabbing and
inoculated into flasks containing 1 liter of Brucella broth

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




15 was then diluted.to an.ODerr] of about 0.17 with prewarnmed BHI

contai.ning 0.1% DOC and incubated for 30 nmin wth shaking at 37[err]C.in
air, -and then harvested as -descri bed above. . Exanpl e - 10. )
.Canpyl obacter jejuni 81-176, 81-116, or HC “(in BH with 30%glycerol)
.was rapidly thawed-and pl ated on -20 -sheep bl ood agar '((SBA, 0.1 nt per
plate). The .inocul ated “plates were i&%ubated in a GasPak jar-with a

CampyPak Plus atif3oeoagi ®ic,j GLORNCOS,0BERNN, GRECLRER hdrRBEte§0ogkeysvil'l e,
VD) for 20 hd%t.cggggér#%v The bacterial-lawn was rernpved fromthe ’
pl ates by swabbi n§,' na-t e.l?écteri_a were resuspended in 10 nl 25 of -BHI.

The bacterial. suspenBxamplmd-i nbempyhabigctarojqjynt strainB1-g36. Wasth al one

or BH broth cogtpeakéd h BIob@Cagd¥ Platese peontdiningdtipptitidseCRoy 989413 .1 ,

ina2liter f , €y nxal ulum - a - reeguild brated,medi um:
unti'l the OO ér iﬁﬁlss;? dee’_s &ggggge%%%%%ﬁgg%%%ﬁ%ts ngﬁl ais’f"“%&?gﬁe Bréhed- to
t he: 10% 30-CO2 Wieroaewsriiilisneaskak Jéy PBIu \Cackeysyihlex MP)| £pF| 29 h At
this poi it t Bgebacimiunt OEr Padiuries wetle afetAs bpeduatisiigy and -

Exanpl e 1l .- 'Hel k¢ - Qr L+ Was. . I 4] hee el 49 Vi ne
oalt serut At SROSEELa BHA' A3, SERESChENSY aBRBL e, mbLIR LRGN
10% CJ err], 85braih pre-equibipeateadtoi20% Gz 3BIUY[GOARCER ¢ HLE IFking.
After this inoulabkgtholate. M coltures wesdl indubates F6XEd & kddht shakigask

contai ni-ng BH pro i h g ' % boVi . rump of t-he sane
rredi um addi t i ongf'.l %/%(Wi% .séoo 'allgl%n%ozo.' ,5%%‘@0%‘?%%%%%%%&%?%%% These
cul tures were descrihad gbpveshed with the nicroaerophilic gas mxture (5%

%er'r] ' 10%.. - CGheinple 85%ddupylbbacter jéj@ubaé%ﬁ,{)ﬁ41h6aﬁaé37l["err]ZC.
e cells were rye e . . :
Salmonel a1y EhEstkalr phBLES Wt TRTALEE A MMM Ening cxypricael B laBal |
agar plate ahd Bli#s fedefébringted sheep jgryfhiocyhesl rgnd iincypbatedyin @ol ony
vs%sc pi c]lc<|ed End hicrsierophillic fsaspiant §ait tﬂm(r) cai:kéfs\]onje(l)s nbptféTiznggOO/aﬁ;A)
in flasks t r r], :
seal ed and i ncu?gce'd L%Qmé (Fforga‘tlé%'g%g%\t% érr%rﬁog%\ne%% ssﬂ?gléligg%éfhe bac(; eria
were then di| utBprqulated inte fHiagks. centapriagr L biter f BHE medimmere-under
i dent i lcial _ggndiéquls.' indberated tdiaosulcoyr e:itlﬁacrwe @iy dégxycholatphase,
typically Aalher & | : 7 o 3
descri bed ab%)élneé.':ll 6 Llfe dj&égba{egdlg& Jggpmng%g?l%ﬂ%y%ﬁtfﬁsﬁi%t??%tc r 8aked

on a LB agett S« @%n&iEUFg‘?]jrfé{f"f BArYestRy [Rsafeserihed @boNeair. One
colony is picked anegxamppefes r #dbrid occHoledriaer i8f stibaked Bn BHI agar

plates {containing trypticase soy agar, plus S$% defibrina;ed
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.ére incubated for 20 h with shaking at
37°C in air, then harvested as described above. B

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. '

3s 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



contai ning. 0. 1% DOC and incubated for 12 h at 37[err]Cin air. 20 The

cultureis then diluted (1/5) in the same fresh nedia and . incubated a
further 4. hours under i dentical conditions. The cultures are, then

diluted in the 'sane fresh nedia to ODferr] of 0.17 and |ncubated under
I dentical- conditions until the . cul-ture reaches Iog phase, typlcally 30

m nutes _.after the .- 25 dilution, Cel+28are harvested. as descri bed above.
Exanple 14. Kl eBsiter af pBehmedine vibh (0. d3keed bm aleemchalat%rgacuptar@s ands
i ncubat ed 18- 20 ateatindubtded Eorn2ai ki wi@hesﬁ@knﬂy at 37°cs1:pl ¢o Doy

I nocul ated into It 0 ake-n
for-12 h at. 37[e#‘r‘:LC :3{:{; éﬂ%lﬂg(h%bal%nsﬁggk inqg{%& E‘ﬁ%ﬁrcﬁﬁ %C ﬁaf'h sanme
medi a to O err0-3%. BOG Anthdngnbaked dm a- 0108@}1 op " £laskhart S3ACt with slovw -
harvested as deshakifg. ab®ter 12 h, 60 mEsangie oh&tur&nisﬁrdafaa%hafiﬁwqcae

i 5. stréeaked on HE: a nd in at’ 37[.e arr for-
18- 20 h. One ii@ %I %%yﬂ?es%g%octﬁazﬁ% %rem efP gpmo?n cbl}’aﬁ

cantai ni ng 35 fgribend? M:sﬂ%e@%ﬁ-sl‘zaweﬁteﬂ{iémﬁﬂirim thY%rl a.are
t hen * - Examplé'9. Shigella flexnerdD24s57T rdd!istsebRedén 5@?@

nedia to err f furt hen
har{/estedazi[s de%gal %gdilgbﬂ%gsgéﬁwnc%aégd@%(go F uﬁﬁ@s?ﬁe%#ﬁhl zf’}?oll
strai n- 0517: AP #8< <ol ¥as inoglatrdeintn (ﬁi@“&g@?miﬁiati@gahdlitﬁmm ed at
37[err] C in airBfibrmedi®h andSiRéubate@neitilshaking srwcmlhat egoifl of thiker

BH ‘or BHI- ol 0 % sk '
37[err]C. ﬁﬂfl%act é}ralgaghv\é’r{e&%adotg 3%1&1‘% er A}ag%eg%%gigr own
f or 30 nin FORENEHNG, Q- Lhspdiam deprichedages crihr Fudbyve, vas

Exanpl e 17. Entgnewsciuds viskcitidkingi Sor s¢ neaked7o0 fhedp. 16nbd cadtasar

pllate and in f 0,h lon

i nocul ated i rsft gﬁﬁ‘iﬂfetn ié&féé& staf‘a?%m g?n’%‘%“& 0. 16 %} lb&%e%% Xaéf'g[
shaken for 12 heeptaimiggr pls Dﬂﬁ'eaﬁéci-%‘N%t&ﬂefor 3¢ min withishakiagoater r]
of- 0.17 and gr omddm 3@rmamd \Whehehapvebted abh@gsdyaibéashbovas -descr i bed

ﬁgg:ﬂjm \:}\AS'[ h 30% gl ycer o |Jé6js?rgg;§kan eU 1'78‘#4(13&0% FI e&/gﬁop%g

for anaerobes ctHt B Hith 3% gdyrexed) é‘[i’lst Hﬁéﬁd-"a}t thawed au Plad'-ﬁéefm
m cr oaer ophi 20 i sheagn ®ilbod Nsgl5YSEER @ r5YedN2plrateie Thecn’tdlma.alt&d

transferred to égcetsegeﬁg {);g%;bfaltgg f,pcho%%gpg?a%angl qﬁdhu&&g di um

cont ai ning 0. 1% teria are nder roaerop illic
condi tions at S‘P[‘B'PPFEPPHHPZ epvironment gepeEREQ @Ldeg‘éﬁ”ﬁiﬁifl&%vem)
Exanpl e 19. Bafitreroi Hest f37egi.| | Thé rmxbiterédl choppedsmeakoved from the

plates by swabbing, and the bacteria were resuspended in 10 ml

25 of BHI. The bacterial suspension was inoculated into 1 1liter
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 ODgs is
equal to 0.05. The inoculated flask was returned to the 10%

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

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

35 37°C with shaking. After this incubation, 2.5 ml of the
culture was transferred to a flask containing BHI broth with



medi umwi th 30% gl ycerol) is streaked on a nodified chopped 25 neat nedi um
agar plate and cultured at. 37[err] C under m croaerophilljc conditions
(5% COerr] and 95% N2).- One colony-is . transferred to 1 liter of

nmodi fi ed chopped neat meédi um or sane medi um cont-ai ni ng 0. 1% DOC. The
bacteria are cul tured under .. microaerophillic conditions at 37[err]C for
12 h, "and harvested as 30. descrl bed aboveg: " Exanpl e 20. Yersinia-
pseudot uber cul 034% Hduimieachlftderum ornthe nédwg &@%g:hwﬂﬂicﬁionailxt reaked on

L ot A%8ntasning! B aéggmupga Peingidiel ! [ibeddient bhod deve
A’ PiErRRIPALIS o AR (T Qa4

culture is 35 dl?‘{ﬂjébl f@'ff’g?d
h at 37[err]C Sndaseq%relm | yand fimoubhted e30-t4e lidat 328 nTheecells were

31 ‘medi a § Q%% ok &)eg&iq,ggl Qg&;@t ed a- further 30 mniand then

harvest ed as descrl bed abov. I"'coba ter lort
was added.to BHI - broﬁ’FamplepHrs Mﬂ%ﬂr’eﬁ %@’é‘?ﬂfﬂ RfPEr ation .
the flasks were gly:ceﬁ:lom heals vititeaked Chrra LB 298 Qfate ]apd8é%$timd ]foa:ndls-

| ncubat ed.f.or 234 t%t 3736 Hif etk C Vbﬁ@eﬁh% y'as pidicel EH&S&ME&% n,

2.5 nl of the cutture was_transferr f.l-as BHI broth-
with - 4% bovrirﬂ,; Eigﬁ’hﬂﬁ d8 PRLE £RNGR Hr"ﬂ?n ?a'cfé 3%08 %/{' ks ‘that
cont ai ni'ng abtﬂ,rtal:& f%zsbedbdth aoz%:opvsmecw,l QS% NEheSinema@dl incwsatesy o

agai n {1 ushed wigdy 4BennherHARS QR éﬁal&aﬁ %&H&r@.ﬁ%ﬁ-@%ﬂen &Q%ted
CCIerr] 85% N[ e;ie;]r)tb and I acupat %d 20-24 N t 37| ER%’{Q ce | s ver e
har vest ed as. de 84SaABO AL 0 ODgy of °‘ dENHi :
ANT| GENJ C BACTERIdentical corgidiphs @&til. Neher cstupie renaheaaeam diogwet

mount ed bact a@e""aﬁyﬂiéallﬁregot ﬂn?b&fire‘fetﬁptdiidﬁioﬂnd 85 PE5 vere

mor phol ogy. rs were rve y capsul e staining In"india
i nk. (ni gr.osi haﬁf’f"ﬁgz‘ir?s d’ﬁﬁcrfgbe‘?rﬁb%'& ‘I's were ‘counter-stained with

crystal violet. Al Ebmlmtﬂ%nsSakmmeaﬂlaZﬁymﬂﬂzmmgai $toedkegnon a LB

Mor phol ogy of bagherhfa Eé”édar %ﬁlﬁﬁf&i 39 1%026“%& hadg7et in 4§16 pPogeent
I nvention (hererngfter ref err teri tered

conpared to tho§® eny 17 &igke bﬁggltra“%ﬁafﬁ a"btﬁ’el( ggﬁe’én‘[’frﬁ&ﬁaﬁy br own) .
For instance, " ENppaDEDIg 2518 DPojami iaggbetied efthr d3dhfat ndtPq dmgeirl unps
of cells, whideefhe culture is then diluted (1/5) in the same fresh media and-
incubated a further 4 hours under identical conditions. The
cﬁltures'are_then diluted in the same fresh media to 0D, 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 18-20 h. One
colony is inoculated into 1 liter of BHI or BHI containing

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




conventionally grown cells were predomnantly solitary. It- - was appar.ent
from capsul'e stainig (data not shown) that. a change in the bacterial
-surface was effected. by cul turing usi ng et hods of the présent =
invention. This surface 30 alteration actually resulted in the-increased
binding by - "ENHANCED' cells of the nigrosine partlcles dfromthe.stan.
The "ENHANCED' bacteria remained highky notile. -".  "Exanple. 23. C.

Jejuni Zur;aced%qm&em TheeEEn@ iRldiacto oo‘nycﬁw aaatqmcflmr En;ﬂﬁct s
were made from : own orw or cultured -
according to EESFHE %1'2‘“‘ %ﬁﬁﬁaﬂ@sﬁ%& i ecséi we%‘f%rvested from -
culturé medium by - Exawpite ﬂ.ﬁuga@'smgbﬂ%wllibé&fa%\&lsﬁm vas| straaked was
32 extract edpf: Qﬁe@g hh1Rod! RGR (AEREF aﬁalrﬁ;dubhhea%ﬂm in & afdr- 18~

cells were-separated from xtracte ugat for 45
mn. The sup%pﬁgt nt . YR ﬁf‘¥1 gﬁ‘)‘? eadd%géter{'gféy gﬂfgagg %%Prrponents
was "di al yzed agentaining ®.a3kste IQ-@G ﬂﬁ@efl&?kemﬁgﬁhak%é@‘eién‘ﬂa%‘é €
" centrifuged mﬁ@%&@é&ﬁiagwéeé theh at 14681 RHoCon, b 0x17 alitd paiokmt funs

redi ssol ved in_10%" NaCl an -at ed A t.h -t cal d 95%
et hariol . = The" BPe’B I\E ﬁgé%g’e stediof é@scﬁ&éﬁeﬁb@re.

1 yophili zed. 5ubseapmnuey;7: héEntetiptecqus fyecalé%ois/@d:rsﬁkﬁﬂt@i sheep ng/ m
for further ;3nBhysd Sagar p1LEBé Wdhé&ﬁawlta%nhwé LhaisXrogcis¥ee Mssayed

with the ner al acceted Q qu
gl ucose. s a s?ﬁ RSP YA B RO, a&eg #‘I Ehet éﬁhgﬁaﬁgtﬁ%@ cgﬁaiﬂ#\%gsured
with the nethof@.d% m%(ﬁleslﬂsﬁnfb shakenaford3l b.at IT:enTheThrgterifopEen

content of thetﬂéﬁfulhﬁ:éarestom%f o.Qvahﬂ@ctgid:m tort e Wi Guekhepi andici d
assay kit (Pi e ' It was notabl e that

em ckf o
uroni c acid vva Sé]arﬁ'eFFSﬁa?%éiescréé?é ag;[ov “‘Many typical bacteri al
capsul es ar 8Sconposixanpile208 ur sHiostatdium gligféeile Jnaddfded Fhornad pgat

extracts of C. medldn?ldi'%h 35% %c‘é@b@ |ih ;S%Q'Eaﬁé&c@md"l@llhhé Of Beif liver
DL ooy B e BBt o RENGHR ety Heasiaones
protein ratio widehaisxeperephildigscentifions fﬁ%l@zla’éfﬁl%ﬁﬁ Nz)* .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.
Exémple 19. Bacteroides fragilis (modified chopped meat
medium with 30% glycerol) is streaked on a modified chopped
25 meat medium agar plate and cultured at 37°C under
microaerophillic conditions (5% CO, and 95% N,). One colony is
transferred to 1 liter of modified chopped meat medium or same
medium containing 0.1% DOC. The bacteria are cultured under
microaerophillic conditions at 37°C for 12 h, and harvested as
30 described above.
Example 20. Yer51n1a pseudotuberculoszs (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 35 33 TABLE 1.

:Car bohydrate: Protein Rati-o of Cell Surface ' - "Extracts of C.
‘jejuni G own Conventi onal ly - (BHI ) or According to Met hod
of Exanple 2 . : . (ENHANCED) - Tine after

addi tion (hi . : BHI ENHANCED 1

0. 0.02 0.02 , 32 R ~0.02° .

0. 10 ' SRS S - 0. 02 o .~ 0.15 10

6 : media0t® DDy of 0.1%- enQQanubated a fincther\a9 widiametithen

rel ati onshl p beh&@@ésﬁé@'d&hﬁ&c?ibé@ﬁbove' n the culture medium and enhanced
| evel s of surfatce- extractabl e Clica%@ydrat e fromthe gg %erl um (Tabl e 1).
15 Surface extract ab’f:’éa%eb Shydrig Feer Je¥fafippdded fp BEI breth g jn

bacteria cul tur pﬁluaoe%)rlwhmget ‘calfiesarsimiodBLidy tineculapias ditte iflasks | were No
‘increase was gegfuifledapsl 58 81,0363 co,cOBYEN, | AR dncunkieadger A2y ag of

the bacterial cells culture

&_,U{nc& g to be attrlbutable
to the 20 conpoﬂ%n‘t’s"’jcffh Ehaking ¢ ad‘gté%tf;ho{ ationy 2,5 W8 theon, the
extract had a hecgltyed ivag tmpesfdanred tonavglask mnﬂainil@gtﬂlﬂ: brbthiwith
highly viscous @Q%Wchﬁeserum W}' EHe erineS nfddli8h. AdaLRRGhG" tO the

aggr egat ed b?Ct erntainlng about 0.1% ‘to about 0.2% bovine bile. Thése
‘10 cultures were agai.n flushed with the microaerophilic gas’
mixture (5% 0,, 10% CO, 85%' ;) . and incubated’ 20-24 h at 37°c.
The cells were harvested as described above.'

.7 EXAMPLES' ENHANCED AN'.I.‘IGENIC BACTERTA

. - 15 Example 22. Microscopic examination of wet mounted
bacteria was utilized to observe motility and gross
morﬁhology; Surface layers were observed by capsule staining
in india ink (nigrosine). After air drying, the cells were
counter-stained with crystal violet. All observations were at

20 1000 x magnification. . .
Morphology of bacteria cultured according to methods of
the present invention (hereinafter referred to as “ENHANCED"
bacteria) was altered compared to those cultured in basal
media alone (conventionally grown). For instance, “ENHANCED"
25 C. jejuni aggregated, and formed large clumps of cells, while
conventionally grown cells were prédominantly solitary. It
was apparent from capsule staining. (data not shown) that a
change in the bacterial surface was effected by culturing
using methods of the present invention. This surface
30 alteration actually resulted in the increased binding by
“ENHANCED" cells of the nigrosine particles from the stain.
The “ENHANCED" bacteria remained hiéhly motile.
Example 23. C. jejuni surface compoﬁents 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 functionality of the extract resenbled nucin-1ike 25 gl ycopr ot ei ns.

: For anal ysis of individual nonosaccharides, extracts were hydrol yzed in
i1 Ntrifluoroacetic acid in‘sealed vials. The sanpl es were dried under
nitrogen 2 h, and resuspended in distilled water. Sugars were separ at ed

by -HPLC using a Dionex 30 Corp chromat ographic matri x-and a sol vent system
consi sting of 3% of .0.5 "N NaOH 97% Bi20- as sol vent. Arrperorretrl C

det ection d_for urenent. .of separat, sac

aut henti c rmnosae@%‘ﬁ 5:8§ g‘f%r?dg‘?& cﬁ?ff}‘brsl‘@ﬂ‘p&f"ag'g’éeo?é‘%g 18 ¥ (o1 sakf‘ﬁ% t

gl ucosani ne, galqu-ﬂ-éswergl&ﬁm&'@tednﬁrmmacm&megeatetﬁﬁct ed to HPLC

agflcySI sI for co;aw:ri atil.on for. 45 min._ The supetnatant containin 34 . .
C analysis o e tract re sence

of several nono$ 5ﬁ5€¥‘g ‘%ﬂ'@ﬁi a%&?ﬁponents é’ﬁﬁe‘g’.r?d”teg Bgaﬁgsg

qual i tative dif Hdstatbed ivatier Oxemigldr-at ghe retentafpowasiomtafifuged -~

extracts from cqoy ObOQE\&_:} |86 rdBONNa @ 4 oC., éhba&ﬁfa'c% PELIEE 3RO di ng to t'.he
met hod of Exanpkeé

V m npr tive differenc s
wer e ‘appar ent . ss° ved I‘&‘aﬁﬂf‘eﬁb "gaefﬁ?*%ift%%eg 1;‘%& S YoRREES
SDS- PAGE anglde8serethanods i ifhe pmsigétafsgm was népe_aﬁgdenbadgthet al
'((]I FEBS l_etters 58a£§ﬂe35a‘ist 1%5&111\9&1 usgdbsl&@ez&q Siﬁﬁéeégl.dpieawas 12%' .
i scont i NUOUZ .0 |n i ca
st acki ng gel iol—ﬁtl'i %‘gg dr §%’éra‘b L z{;‘i&%’am ﬁ? Iybss ;Zepfégfélon
gel pH 8. 8. SDS (0. 193rhohydrate eentent pbitheextract wasmssayedow e
usedI P(r]I ot-ei n ﬁéﬂ&ﬂlw;ac%ﬁté&cﬂ{éﬁdlgsﬁpfurlc E&he%@a{oém:enam;&? ?r 12%
acryl ami de’ sepag at | separ,at ed
rorei s was byILRreRs 48 8 elfaarg. BrPRRS acsd SERLLACIL 4N oRERRECLEE
det er m nati ons Mgasured withptke bﬁ@-‘él?doﬁftwa{eeﬂsfnvﬂhﬁemmbﬁn pr ot ei ns

gsengs oAGE 153:‘:@&@51{&8 Total protelnCcoheéwlofCQhé ﬂié}{dil RxtYEEE wepar at ed
y - an er st a| r QL otei

including a 62 valx?aQ-k §’gaét b%Fic#ﬁ %?1% (Elﬁléﬁ' rsB%eLﬂ‘t ured
with DOC ¢4 glﬁ@ki?rd IL) Exa'rrpl e 25. S. flexneri LPS was

~anal yzed by phenol 1t wasexétalsld PhatSurdhRXRAREE €& ldbs@heWerewretnt i onal |y

above ver e har VESPETHE: onliet (iR ALatEE Uy Sae G P EIn o 8y b SeE o2 °

descri bed ab%)‘?/é‘rﬂlﬁoﬁﬂ?sa‘éhﬁ'mqsdess'e{mswﬁ& esuntacec gxpyacts 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. '
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t he nethod of Westphal and Jann (In: R Wistler, ed., Methods I n
Car bohydrate Chem stry, vol 55 p. 83, 1965). Briefly, 30 cells cul'gured

in BH or as exenplified in Exanpl e 9 above wer e harvesteéed by :
centrifugation and washed once in PBS. The cell's were then extract ed
for 15 min at 68[err]C with:45% phenol in water. The extract was cooled to
10[err] C and centrifuged, The - ' - LPS-3zontaini ng upper aqueous phase was’

aspirated off and .35 dialyzed against distilled water. The retent ate vvas
centrifuged .7 h at 80 000 x g, 4_&*” "C once, and three 1 mes. :
each at 105,000 x g. TMBEEiInal TRER:R ) of. ce11 Sirface Pr| or -
to anal ysis-the LPS was resus{daa-t e Zﬂ dconv ﬁ%%gﬂi ied
LPS was characterized as to cé é%e Font: F . -.as déscri ove,
and by sodi um dodecy| "sul fate-- - polyacryl ani de gel ‘el.ectraphotesis
( SDS- PAGE)- as Y&Scriped 5 Del ow and SowT. M. Frgare o5, - . ~S
flexneri protein profil esTivey @fitess no major " di fferences bet ween. -
conventional ly cultured amiitENRAKNYD' —cetls cthis
particul ar SDS-PAGE system " Car bohydrate to. dry.wei ght ratios of LPS.
from " ENHANCED" cells .10 was decreased-'as conpar®d®%.0 ‘extract s04¢2om BH
ceI 1s. ° However, SDS-PAGE f§l|owed by oxidatialrsnd silver sg i ng of
.flexneri I4S dermonstrated. g maj or change in sStructure “JdaFi gur e 5)
As_seen in lane "2" of the gel, the O antigen fraction- of LOF’ from
"ENHANCED' S. flrexnerr. was reduced rn 15 Tengtn. TS Tesult .conptenented
the findings of red arb /. fro ..
R 950} " 01 fike w28 ORI STALLIHBLAL ok BbR PAohfI il 8F poc
chain pr esendBt toe %tuEﬁl—Rﬁﬁi‘Bl ang| P@aw PEVEAS afwmrﬁaﬁq render
the bacteria noegthyckaeokagbokydEite Fy-8h oftie® bz thedtiftr (TaBID 1yi.ght have

greater inted&ck|,on W té}it'i%ilggﬂfé’ béa@b%ﬂ&ﬂgggéﬁ 'v&re ihggegéjéd Jgere thagl 8= o

Exanpl e 26. | nmunogeni Ci terns tern
Proteins from bfetérim Wié%ﬂreénapemng thébermﬁgodcso ofhsheet hods
of the p(r:I e;ent presait vaaﬁtﬁ&zﬁnmhbli-eedelwhdfmﬁﬁl Enlbﬁtéh&bqw?ﬂered
separated by S e r t erred to
ni trocel | ul ose gr ﬁﬂﬁéﬁn%ﬁrang%ﬂ%n o §§££§}80 fe%‘ﬁwi %’%{:g&lﬁs'gggggr d

bl ocki ng agent Fabbued igoDaf) medium sppgargd tx bg\pttripuyable to, HyeEEN 20] .
Primary anti B8dyommmernpl bedthe @ thlceckitenduif fer, the bl ot was then
washed and a Second%ﬁ*ﬂytﬁhydration, the extract had a high ge;ing capacity

in water rendering the solution highly viscous and mucus~-like,

[ X

*<3
mam%

which was similar in character to the aggrégated 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
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.- 2n
authentic monosaccharide standard composed of fucose,
galactosamine, glucosamlne, galactose, glucose, and mannose

was also subjected to HPLC ana1y51s for comparison.
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anti body reporter cognate was applied. Follow ng washing, the bl ot was

visualized with I'ight or chronophore produci ng substrat es. The
reporter noiety used.-was horse radish ‘per oxi dase or al kal i ne
phosphatase. 35 . Fi gure 3 depicts proteins fromWstern Blotting wth

I mmune rabbit. nucus containing |IgA an be seen, the 62 kDa protein
was the i mmnodom nant ant i gen. The. ant?‘éehi city v
36 of the 62 k t léztﬁ.‘él u :
with.DOC or bile, This “3‘1%9’%@ ﬁ}?{el ﬁgﬁ?@ or?lwfsgé ctt 5-89 led t he

surface extract tBFcEF?%e’L"tﬁ P&rﬁﬁ"ﬁatlh’ﬁ&saﬂ anige (ﬁim&mnﬁwmm
anti body cross- appearuda ta e ﬁo@lﬂ&ltﬁlﬁc&eﬂiﬂﬁex@ehbl in the warbdhpdrstie at ed

that the enhancgg | n qgﬁ.h,gh his was
a - signifi cant ??O%Rﬁﬁggaﬁ% seve a‘?ﬂtﬁ ?"éédéar C ergiﬁlg%/%y %rélm n]::ls_t rat'ed
that the'C. jSepPafrF eﬁ%@i‘*’i‘n‘?@’f% ¥aqthe methed: Af BXAnlE 2na %g%om at ed
with the i nvaS| uewemamtiabrsquastilﬁtdiret aif fmenees ivere apparenExarrpI e 27.
Congo red dye bi ndi rﬂz%%% Uﬁﬂd té)ad{%"i‘:i e%rotéi'nrﬁub P& Can 1'?}%@ g&?@ﬂdna

gr own ‘convent i.onal 4 accor t hods resent

i nvention (" ENHA “ﬁtem 8ﬁ°1§-1‘r“%rgam‘ﬁl gtk SYRHERCBR TR B9 0285, ongo
red were ‘15 resumqgtsgu_ds&tzw-easwalmsnnasen*seact &henigel agetemé.sf ar

10 min.  Cel iyl g s i ntol@s @f"%&gaét?y%tl el iy ugaémm Rd (¢ typ &81 /SD[ err]

of the dye was asure W|th bl ank so 40% acet owat er.
The dye absor bafb Sp9fL Pt &-Fmeand %3{19 25 SBERANTR IS 2BBH A den
expressed as t heepattadtionf gébd maarsr.] 500 €041%) wah ei mziaiedr dnshotin gelsTabI e
2 bet ow. . and. aYiBbasferSUKHY, Reﬁr@@irﬁ'é&ﬁhﬂﬂt?&n Ei&%eEonr ng to

Pat hogeni c- Bacterj.a vvn Convent i ona 3/ g

According to NE’P#cﬁf'%‘ ffge, and 8 5 12% acrylppide fepaggtien J(SENHKQCED)
25 15 used. Vlsuallzat:ton of separated Pyetdirsomaanby silver -
g&r "i‘;g : sotai7nin_g oBEixed geéts, and ERNGERY size determinationsChidPé

made based on the M, values of known broteins used as
standards. ’
c. Jejunl cell protelns were separated.by SDS—~PAGE and
20 visualized by silver stalnlng. Four proteins 1nc1ud1ng a 62
kDa proteln were induced or enhariced in cells cultured w1th
DOC (Figure 2). .
Example 25. S. fiexneri LPS was analyzed by phenol.
extraction. §. flexneri cells grown conventionally or
2$ 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 Chenmistry, vol $; 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 aqueous phase was aspirated off and
. 35 gialyzed 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. ‘



30 ' C..-jejuni 81-116 - . 0.06 0.49 : S.

typhi murium SR11 . - 0.05 . 0. 30. ' S. flexneri 2457T
0.02 : 0.13 - : V. cholera 569b - ! 0.70 . :
2.00 35 Table 2 shows that for several species of enteric )
bacteria cultured according to nmethods of the present I nventi on, -Congo
red dye blndlng was enhanced.. These resugss,' . ' ' 37 :
show that in vitr; lead Leg At el |
i nduce virul ence %ﬁ ot berﬁngﬁgér{a}% t@ﬂ §t§|§ wA{ E?Qn&‘é& ﬂ?‘%zfa%r at egIvnv% R

in vivo pat hogenest& BUgH éﬁﬂeﬁ‘l’%é’@ﬁe%?ac rr}-zegpéﬁl%% carbo(ﬁy
28. Bacteri al acﬁmsimrlbedcaﬁm edndpby heeddl fauim dodecyl cuilifatesas anal yzed.

N e P g il gy s e

cel I's . (I'NT- 4075 die}qnprd shown SpoFigureac % GOL6), and CaCo- 2 [ATCC # .
HTB37) hulman : 10 isut £réxmeati mbteim r}ﬁsjfil‘eerfeuéleaad majad - - vwel I
tissue culture Pl t&gg r 0 ac&%g&ll %ﬂ?ﬂq

The medi um, - Bé%%e%&gﬁﬁt &H“J%na%gyuf eﬁufteg%l bec

modi f i_ed : %mmhuﬁ%m s PaBtichlaZ, SOSrBAGE Jﬁﬁﬁ@mm
each of p@au:bnhirdra@ awd asy eet ghty ejat i v so £l RS ifrom HEENANCGHDIYS ce b sl
15 RPM 1640 ngfliyam %&&AM fat ébmbﬂ@c?%os @fyé%m fplcepey - . of

enicillin Gand_stre wa
(F:)el : sI lAt | east B%"’ﬁ 8 y@ %&&;fgf}@‘%wu%i "d‘r%f“"g suv?ﬁ'a?%%?ﬁo“

and the cells weSe metmeht ibSe denoms timtieds a- major’ dhangecin kB8 tstyabtttren
(HBSS) with magng %5@@% Calpg aaanT lane’ 39«@@%@3@& "eRe d%%igaﬂeSI o

overlayed with ant ptic-free qgrowt
assays, the bact EFRGEHRR €Hi&fa Eﬁ‘“asgmcmfﬁ1 (ﬂff’mﬁﬁ WO HIGRANGR
enteri c bact etisalengthas This reé)ahq:)waxinﬂementemctudelﬁmdhagts arf rledubadt eri al

culture density carﬁényms@/h&l&eﬂe%&@&aﬂegb%fhﬁ@ foh “‘Eﬁﬁhﬁé&* ﬁus < nd

preequil i brated dium a en used in t assa
ot her f ast grovﬁ"ﬁ’g‘;eeﬁf"@PEES Eha%estash ?ﬁ%e’bé’c'taéﬁzﬁ'é?“&{dt _
diluted to 0.17 presBjtertionwohh"ENRANCGEDYr celjls | idndapetieneihlim mdht render

then used in thetﬂésﬁé/cte-piﬁ Rast %y&owasiéddqa &&et hﬁdropﬁ&le%séeéfﬁim
cells at arrultlﬁllm i-nfecti'ion of 10 bact t o, avoi d

saturation. Tﬁg H#Hébéﬁﬁ ggeegeregnteractlon w1th hydrophobf% sur%aces in
' the qut.

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 electropl :;~~ically transferred to
nitrocellulose or PVDF membranes and were blocked with a
standard blocking agent [3% BSA, 50 mM Tris (pH 8.5), 50 mM
NaCl, 0.2% TWEEN 20j. 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
peroxldase 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



I nocul ated into the tissue culture well was cal cul ated by plate
counting. - Following 2 hinfection under 5% CJerr] for - s

Canpyl obacter, and 30 min for Shigella, unbound bacteria were - -35-renpved
by washi ng. Wlth HBSS before lysis of the nonol ayer ' with 0.1%"
deoxychol ate and plating for the detefni nati’'on .of. - adhesi on. ' s
38 .. ~The éffect of tenperature &® adhesi on to | NT-407 cel'ls by

jejuni 81- 176:19&?1%65%5%@@%'«@ Sﬁﬁ*déxﬁf&ntc%dt bR cenéT%hhfedfe&f

the present . lnve Lhop as e e ove §{s:ishown i.n-
Table 3 bel ow. ¥ >ife‘!raﬂ’?*énctg ?rP’:é’ ‘!5?‘? (fflsé’eﬁgf AqminaBt ¢
j ej uni gr owrantd.qeenindmd Isprﬁacamngof meiélsr]mitm['ed Ieithr pognt .

iveseed °5E e Ml 4 Kikieytiore, SO O okt v

the nonol ayer HiSHPRE gb égﬁéridbr L&?W&Fﬁ %L%?ﬁto%?‘ﬁe W?R/er
nul tiplied by . protefn was c. Jejﬂ‘ablﬁaa'ellmf&igwfe Ilsirpahitmnfasoa ADHESI ON
to I|NT-407 significant £1ndBRY | FediiisE: sbRbriy: r@ée%cmetﬁ%@nal ly (BHI)

or According to MVetho 0 e-Present .1 n,
(ENHANCEDI) g demons i'sated ttpmat {:h C..j gu.ui flgﬂellin is i!]nvori % NERNCED
Tenper at ur e pathog%ea'cﬂse gndnyssoqiftedheitivthe invasive charaetggist}j@s

5.5 ‘10 of thé%a%t%@ ‘ a2[err] C 5.9

11.2 dheS|o EASE).  t L NT- 407 25
by Different strai nsmfﬁ‘m ? un$ H éyeOandlyng was use% to measure

Convent i onal | y VEFR}enge.Ac aatqri@ tza@teria grown conventmnallywlésubnsomf t he
Present |nventi @Bcording to the methods of €HRAPNIGER} invention . ("ENHANCED“)

on BHI agar plates and containing 0.025% Congo red were

15 resuspended in distilled water and extracted with acetone for
10 min. Cellular debris was pelleted by centrifugation, and
the 0D, of the dye was measured with a blank solution of "40%
acetone, 60% water. The dye absorbance was compared to the
cell absorbance at 660 nm and expressed as the ratio of

20 ODy3/ODgy. The data are shown in Table 2 below.

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

25
Dye_ Absorbance
Strain BHI ENHANCED
C. jejuni 81-176 0.07 0.49
30 C. jejuni 81-116 0.06 0.49
S. typhimurium SR11 0.05 0.30
S. flexneri 2457T 0.02 0.13
V. cholera 569b 0.70 2.00
35 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

-



30 Strain’ -BHI ) ENHANCED

81-176 " 1.0 8.4 - . 81-116
1.0 ‘ ' 12.5 . ' HC _ 1.0
28. 2 35 I n invasion assays, epithelial cells were gromn-and

prepared according ta the methods descrl bed above for. the.

3 hods o o) OnSﬁé&a&% i nven’?{:“wl ﬂtﬂ%sdgg\éﬁ{g lp?—EQL},pI & ﬁx&gﬁgri‘.&_g‘é %Jué' -at

met hods of the pr-esen on wWere a

a multiplicity B infuaa vérubencs apdcpthen gevactprist .
saturation. Thecétrdlarteotwibhci® vio paeud:g‘;eatésiat flor &ﬁéxe bacgatifarul tur e
welt was cal Cu%‘?&b pI ate counting. - Follow ng 2 'h. i nfectdi ort Under: 5%
qurr] for Ca acter, and.30 - mnfor ‘shi gel | a, thelnfectln

bacteri a \ier eSaspi r Fraupder28. . Bagtentalnadhiesion tacultared; GPW‘LGH-S@}IOM h .
medi um coht.ai mmg,ls gt anuyzred.o babteﬁm emleawdxlwalsahsbayéara@ Any

culturable 10 Ih%dl’ d&o -oRav atll nyadgd & -Q¥at hel i al
.cel | nonol ayer I ncuba | on contl e * e ad t he
case of.C. jej Bfit qWé‘éPﬁal 8% . . Biesue sultpse %’@eﬂﬁéﬁ‘"o? e Head

cells. Monol a)maf]s.s/\ﬂnecwaﬁmut.sw,thndﬁfa%d-a (RTON 6 HTB3GNimwmain, and | ysed
by. t he -addi ti&&xﬂ!es@iﬁa{& dgory “1'1&%25 evex.JEB cﬁt"i‘éh%a A3 4L %ﬂyéfésﬁfe %ﬁ&@u

enuner at ed by countin I nvasSl on_was expresse

nunber of gent &th 377Csizh S MFeF?&f’f,‘%ﬁﬁﬁr ef €980k nThscpediun

i nocul-um h bgdtseﬂlependent on thavaémrwx&based?saﬁd mxabbbeonalermitfia& cel |
entering t e Q t ng .
uni ts ?i(%V%?‘Xé I’ om gﬁefér%nnoq%le#{rﬁe% gR&CIgé]) n&:}ég:t 85&8

di vi ded by the qﬁuﬁseici#lﬁeng .aﬁecﬁtzé&mwaﬁﬂa Y3 qﬁﬁ%rayeﬁenle weldEpl ardl by
100. 1sTReMEl 1660 wdd fummpethl10e fetal Nbeeim seruhNInd Gb wol/ks ba(ct?.S
C. jejuni 8l-176 g&ﬂ%\@ifﬁh"%%bﬁ@g%}ﬁ% RER Nl 'lﬂ;ego H]ethe dHedSeP

Exanpl e 5 above i own . ff erences 1 n |nva5| on
of | NT-407 cel F8CBy2sefthsyl At leash s hopeforejanfiayar sha SwHuEe: redimy or
according to wasetéasktedlandhehprasiind vebe cwisiad avdcehwith iHankabl e 6

below. 30  LIhengld asheobo Rl O QMRRF Qfert Gl <t DY AP o B! Nine

20 monolayers were then overlayed with antibiotic-free growth

medlum.

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

25 was diluted to an ODgs of 0.1 with fresh, preequilibrated
medium and then used in the assay. For Shigella and other
fast érowing enteric bacteria, the bacterial culture was
diluted to 0.17 at ODgs 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 fhe tissue culture wvell wvas calculated by
plate counting. Following 2 h infection under 5% €0, 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.



407 cells by C. jejuni 81-176 grown conventionally or  according to the
met hods of Exarrpl e 5 above is shown in Table . .7 -below. . = - The effect
of DOC on adhesion to and invasion into | NT- 35 407 cel.l s by Shi gel.l a,grown
conventionally or according to the _ nethods of Exanpl’e 5 above is shown in
Tabl e 8 bel ow. : 40 . Table 5. Effect of -
Tenperature on | NVASI ON of 1 NT-407 38" 7 Cel I s by C. - jejuni 81-176 .

gng;r ggre}\r/],?nt onal l y The effect ? teeﬁsp ﬁﬁé Bl ) ég@% tr«]:g Ikg' k/g‘; qﬁﬁH;y

ENHANCED Tenferieiund 81¢376 msredyonvex(tomxlmeew according .to the

1737£er' r ]183 . metiods rof the p reéé?xt5in?&{t§ifgn} ﬁgR eE’,&eS Eglifiteﬁ ?nNT Eazaom lge I'.I
: €; i nt.o s
by Different Str%??l"'segifs ° g[th\{A%O\% below. = .Grown Conventionally
(BHI). or "Accor 8ing . 15’1ffereﬂ°es in adhesien mfd§e8¢r¢h@hmé9§n9f|¢wmnaﬁ

gENT?gCED) ' groun conven®idl)ly or according to ﬁﬁﬁ;fdflgf thejaﬁdQHQED
1.0 '. 1%PY?Q£}°£ Qre sho Cin Tagie 4 below. 1.0 26.7:

Percent adhesion :l.s expressed as..the number of colony
forming units (CFU) recoveréd. from the wmonolayer divided by
.10 the number of CFU inoculated o_ntp the monolayez; multiplied by -
100. ' ' '

Table 3: Effect of 'remperature on ADHESION to Im'-«n
Cells by C. jejuni Grown Cornventionally (BHI) .
or According to Metliods of the Present
Invention (ENHANCED)

1s
BHI ) ENHANCED
Temperature (% adhesion) (% _adhesion)
37°C 5.5 . 62.3
20 . 42°C 5.5 . 11.2
25 Table 4. Adhesion (FOLD INCREASE) to INT-407
by Different strains of C. jejuni Grown
Conventionally (BHI) or According to
Methods of the Present Invention
(ENHANCED}
30 Strain BHY ENHANCED
81-176 1.0 8.4
81-116 1.0 12.5
HC 1.0 28.2

In invasion assays, epithelial cells were grown and
prepared accordinc¢ to the methods described above for the



25 Table 7. Effect of DOC Concentration on Adhesi on and
| nvasi on of [NT-407 by C. jejuni 81-176 G.own

Conventionally (BH) or According to Methods of - S the .
Present |nvention ( ENHANCED) 30 - . Treat nent i Adhe3| on (%
| nvasion -(%: - “BHL - ‘ 9.3 .- 6.3 ...
ENHANCED; 0.025% DQC - 18.3 C397.4 ' ENHANCED; 0. 1%DOC .
52.6 . - 3dnD:ion Hsa acteria grown co%%ignalﬁ‘f&cEcg &y
S..:.flexneri lLnvasr on erg 2 :’ercent)
Co’ | NT- 407 ol | BeEiosih of the Prdsent Savention jiave 3AGPd,q e 8 ! ng

to. Methods of cells at a multlplidﬂty Breintectione ofi 20" Qi@&éﬁﬂ@Eﬁ&r cell

Characteristic tg avoid satkation. TheEW%f bacteria ‘inoculf€BES{MDd ..
1.0 40. 0 vasl] 0 1.0

04.4 10 . 5 the tisgeccihbwre ﬁ@%lnvaﬁam;c\&@&e& BEcRIAYe: cpgpting. -
recovered due tmmcm/ilxiq af ht ief distdioar uadexir§ o, hEbr Campylobacter,aaaayso

Adhesion to an o Yar
i sol'ates of C. dni:f‘lﬁ? %ﬂigglf%'ltt%GQng?&éy ?‘:&h% é\f\’iges%% egtg*'%/ enhdnced
by addi'ti on of - é’@r%éﬁlﬁ%l“éﬁew‘*%ﬁﬂné’% gEP qig‘?"( sertadmings 4
and 6). The nDsgentamlcxn to kill any extracellular bacteria. .Any culturable

10 bacteria remaining at ‘this point have invaded the epithelial
cell monolayer.  The incubatiop continued under €O, for 3 h in
the case of C. jejuni infected cells, and 1.5 h for Shigella
infected cells. - Monolayers were washed with HBSS to remove
gentamicin, ‘and lysed by the addition of 0.1% deoxycholate.

1S Bacteria in the lysates were enumerated by plate counting and
percent invasion was expressed as the number of gentamicin
resistant ‘bacteria compared to the number of inoculum
bacteria. -

Invasion is expressed as the percent of cell entering the

20 monolayer, as determined by the number of colony forming units
(CFU) recovered from the monolayer after gentemycin treatment
divided by the number of CFU inoculated onto the monolayer
multiplied by 100.

The effect of temperature on invasion of INT-407 cells by

25 C. jejuni 81-176 grown conventionally or according to the
methods of Example 5 above is shown in Table § below.

Differencee 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 € 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 S5 above is shown in Table
7 below. .

_ The effect of DOC on adhesion to and invasion into INT-

as 407 cells by Shigella grown conventionally or according to the
methods of Example 5 above is shown in Table 8 below.



effective dose of DOC was 0.1% (Tabl e 7) The great est response was
obt ai ned at 37[err]C, but not at 42[err]C {the 20 tenperature at which
Canpyl obacter is conventionally grown) (Tables 3 and 5). - . Simlar
findings were made with Shigella flexneri (Table . 8). Shigella grewn
according to the nethods of the present. - invention had greatly enhanced
abilities of both adhesion and- 25 i nvki on. © These data show net hods
of the present invention enhance . . invasion and-adhesi on of- ‘enteric - ‘
pathogens. "EshikepiSe 2BELect A Eeupetktunggbntimnasnmm eESINTYWOT used’
to show i mmuno- cross ‘react i vfedls @Y ;'e j Jejuns- 63336 Grown Conventiondldyal | y

or according to the nethods zg arding tPnVE 9% ofs thechpesanted | n

Exanple 5 were exposed to se ﬁﬁ? lnals i mmunj zed.-with C

jejuni 81-176 (Lior 5) . gr own elther conventlonally, or accdrding to the
present - i gVEMITON- (&, O, Cxanpt ;
i mobi lized on Protein A Coated Iatex beadﬁu;lf therqmgmgcgpcross reactlve
epi topes between the te angst. adea thO ﬁ eae at ed agai nst
the Lior 5 serotype, then nearly - 42
i mredi ate ¢l unpi ng (i.e gglutlnatlon) of2+Bhé cells |s49 5VISIb|e This
clunping is'rated based46 a.scale of 0 %093  after aftdwi ng the
reacti on to proceed for a short perlod .of - ti me, mhere O means no
obser vabl e ¢ umprg—amt—3—TEAaTs—a i gh ot
results of four strains are - presented in Table 9 bel ow. s Tabl e
9. Cross Réactivity.of Lior serotypes C?omn o Conventional 'y
(BHI) or Accordlnq!to N@thods “of .- ~the Present I nvention
( ENHANCED) 10 ION (FONWIINCREASE) into m—4o7 callEACT I VITY
CONDI T ONS 81- 176 (L5)’°Y Diffgpent st f-+| erJﬁJ
Anti-ENH[erig o~ 'Grown conventio
: to uethods of the res Inve ion I-:NKMICED)
Strain BHI ENHANCED
81-176 1.0 9.2
20 81-116 1.0 10.0
HC 1.0 26.7
25 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)
10 Treatment Adhesion (%) Invasion (3']
BHI . 9.3 6.3
ENHANCED; 0.025% DOC 18.3 : 17.4

ENHANCED; 0.1% DOC 52.6 : 37.0

3s



" Anti - ENH . 2.5 L2 - » BH

Anti - BHI © 1 °20 . ANt -ENH 1.5
ENHANCED Anti’- BHI 0"~ " Anti-ENH 1.5 - L8 -
BHI Ant i - BHI - "2 . " : - " Antl-ENH

1_25 . ENHANCED Anti-BHI |

Ant!:ENH 2'5'Tqb1é.8' 2 ect of Do erxnerz I (Percent?

Ant i - ENH 2 g; Hé

Anti - ENH 5 - Vedi Adhesio cEn 113 Gro

ANt - 4 vedr a onventibna ) or of
, CALICENH -° . Ghe m:esen 3 P b TFEGF O
conventional ly b Ant i ‘bodi es i nduced. by 81--176 gromn accordlng to
methods = . . ‘of the present invention as -exenplificed in Exanple 5 -

43 : STable 9 shows--al I f:our of “The tésted Lior ser otypes (L5
L2, L8, L21) cr.0ss-react éfa¥pceernygul i3 -
i muni zed ‘'wi t h enhanced % ée uni  81- 176 Lior serotype

"lavage fromthe intestin Dbbi ts |nfected : éfanp 81 176,
conpri sing IgA, reacted % ht out of | PO ma| or cI | nieéaf o
serotypes (i.e.T—tmomampatthogens)y—of—€ e trt—gromw—aceor-thrg—to———
met hods  of tgs presant | pygatéwyh theciﬁﬁéit{ﬁ%‘:ta%@ew bicedtiibedirgs to Lior 5
serotype strain (see Fabbverda @0kOB) grld@H @FUthe BiwMriRaludPhyodse Of

the present 10 inventionassgyificantly extend the nunber of Lior serotypes-

“which.cross react. with anti-serumfromani mals i nmuni zed: with Lior 5
serotype strain of C. jejuni: Al so, several species of Shigella
grown accordi ng to met hods of resent invention, but not_ those

grown 15 conventi oﬁgple§1°‘&r*€%§"tdeél§i’a%r‘?‘h 9Ty QUALRTeR FNI 407 oRe kb i s
i Mmuni zed Wi jid SBhiegalll hubhdm xisaliat2456 1 o glepuniit Qi DEC 81-116, 81-176 and
HC) was gréaily 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 conventiénally grown)
{(Tables 3 and §).
Similar findingé 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
2g invasion.
These data show methods of the presént invention enhance
invasion and adhesion of enteric pafhogens.
Example 29. A rapid slide agglutination assay was used
to show immuno-cross reactivity. C. jejuni strains grown
3¢ conventionally or according to the methods of the present
invention as exemplified in Example S were exposed to serunm
IgG from animals immunized with €. jejuni 81-176 (Lior S)
grown either conventionally, or according to the present
invention (e.g., Example 5). The IgG antibodies were
3s immobilized on Protein A coated latex beads. If there are
cross reactive epitopes between the test serotype and ‘the
antibodies generated against the Lior s serotype, then nearly



8 EXAMPLES: VACCI NE EFFI CACY

st udyi ng -.Canpyl obact er

vaCC|ne

because infection of ferrets reproduci bly generates two of the
Twenty-four 7- to 9O- week-ol d

Exanpl e 30. The ferret nodel

di sease mani festati.ons seen in humans.
mal e ferrets were |nnun|zed 25 orally ﬁﬂﬁh elther 'PBS (as control)

formalin-fixed
accordlng

day 7,
("post vacci nat

promazi ne-
containi.ng live

were nmonitored daily for

Campyl obacter,’
44
m of blood fro
i ncubati ng t @
Subcultures to
chal | enge.
(basel i ne) ,

“vacci nati,on"

lﬁyFﬁ vher

C. -jejuni

Serun1mas

e Jeapqi PR
KerdgbAted Nth dapikbed

¢ SrmonshEh Fludii 234 48

det er m ne bésel ivigib3€e. i This: cmmpimws mednua%qnaaescalachﬁ L) SﬁpeBed
t he presence of 4:4%@:&91%% \che FuBctidiEto pPocd WeeKadpRélt giaioﬁ 8gd

%@et%ﬁﬁfﬁoﬁﬁw

post - vacci nat |S)|degre(aehﬁlawig¢)ipatﬁ@a‘ ‘eIThet sesklts mfeSolivt $taing aire ACE -

dyfﬂly with a 10 m PBS solutlon 35
81-176 (I xIO[err]-CFU- Thereafter the -
frucoi d diarrhea, bacteremi.a, - fecal
. and fecal [eukocytes. Cpavertianedlyq(BRE) o3 Ag
m the jugul ar ¥Be Brgsent. Inweatiny (EVEREEED)

20 pat hogenesi s can be used as a nodel’
efficacy in protecting agai nst cal oni zati on and/ or’ dlsease
© “three

onve

apciap)

ek Ia
gln

speC|nen |n a vented tryptlcase soy broth-

A5 pe

1 nall%F%EéH) or

melghtahtﬁuﬂ}esCroseL#Qadﬁi&ﬁﬂy of Lior Serotypes Grown
ingkionYetheds of »

. and '

culture. .

for
to eval uate

eEsLi h

in-

- animals
sheddi ng of

Ww

of chall enge, 0 _ONne_Week po$ chal 'enge
Occul t bl ood gard?s oAl destin®ffecal lenn Al Q
Fecal materi gk pwas sneared onfa slide and nethylgne bl u
to detect fecaltevkocytes: Fecat stredgrmy—ot—CampyHoijacter—was—
established by |culturithg sneals ENHANGED ;e fTBHE 2
Campyl obact er- dei ecti v nmedi up pl at es ( rypghﬁﬁagnﬁoy 49 %sheep
bl ood, tri nmet hqgprrmm—t5—varco] TTT; - prrar ot d.TI?T
anmphotericin B, B8l lenkxa, KBHI Reg tsﬂmﬁénﬁﬂﬁese experidents
presented in Tgbles 10« and 11| bel ow. « Tgmkg-éﬁﬂ Vadci nat i 08
Protects AgakRfqr—cC feiuni 817620 T Ferqets
ENHANCED Anti-BHI : 0
" " ‘Anti-ENH 1.5
L8 BHI Anti-BHI 2
" " Anti-ENH
25 « ENHANCED Anti-BHI 1
" « _ Anti~-ENH 2.5
L21 BHI Anti~BHI 0
" " Anti-ENH 2
30 “ - DOC Anti-BHI 0
" «“ Anti~ENH 2
Media BHI Anti-BHI 0
" Anti~ENH 0
a Antibodies induced by 81-176 grown conventionally
3s
b

Antibodies induced by 81-176 grown according to methods

of the present invention as exemplified in Example 5




PCSI TI VE COLONI ZATI ON VACCI NE . DAY.5 POST- CHALLENGE[ err]

DI SEASE[ err] . 25. PBS . : . 6/6 . .. 1/6
BH - g ... 0/6 ' "2/ 6 ENHANCED -
0/5[err] . 0/6 .a Nunber positive .

col oni zati on/ nunber tested 30 b Presented with green

mucus/ unf or med/ wat.ery stools. . A8 One .animal died in the group

after di sease Stat eraiire 9 shous all fole!6f WQ&%‘&Edbﬁi&f eséﬁatggtegagwn vas

scor ed

Ferret. Ser a I g{faz Gerbﬁfetltzlle RS Hepgted with antibody ?ﬁ‘ée%? from. ;.

ne week adimaks- iBausized Wi[tbslenhamd]€. Jeljuhli c8lyei76dsbr serotype
chal | enge - 5L5PB$(ucus lavade ”from the‘&x?testines Ef r8ohits inféé@@d %ith 6 8

BHI - - 6.

234.4 - 16y Jefunt’slians, g ﬁ&??fsi"g aIg“'wﬁgﬁ"‘ od ity STOHE Y% of
sur.vi vi'ng anl nﬁl% 10 mgjor -climisdllesepotypns -(Hhet ' Ulvaman ipatholyehs o C.
_ani mal s g¥bl dcddrding- ¥oohsedds oraeRs r’ﬁréa‘entthfin%ﬁé

‘I Aventi on vvere rot cte za‘tlo and di'se ata in
Table 11 show‘f gﬁggf% é‘Pg%é |t5’o O¥ 55 (F4% %ngsﬁFFEm
from vacci nes ?ﬁb%épreM- i Mhenteswlts shBNHENCEDettiods DF obthe pixmsent

bact eri a ‘gr povE@nesbh| QMﬂﬁcantiﬁiﬂtend the nunlb&s f 234kt Se {rate
rotection from..nfectio 10)

vas obtai ned wEesoodt et srer it aE Hidd i St e (han
t hat Lior 5 serotype strain of C..Jjejuni.
Also, several species of Shigella grown accord:.ng to .
" methods of the present 1nvent10n, but not those grown
15 conventionally, cross react with IgG ant:.bodles from animals -

immunized with Shigella flexneri 24S57T grown with DOC.

8 EMPLES: VACCINE EFFiCI\CY
Example 30. The ferret model for studying Campylobacter

20 pathogenesis can be used as a model to evaluate vaccine
efficacy in protecting against colonization and/or disease
because infection of ferrets reproducibly generates two of the
three disease manifestations seen in humans.

Twenty-four 7- to 9-week-old male ferrets were immunized

28 orally with éither PBS (as control), or formalin-fixed C.
jejuni strain 81-176 grown conventionally (BHI) or according
to methods of Example $§ (ENHANCED). Serum was isolated to
determine baseline IgG titres. All vaccines and PBS were

. administered in the presence of the adjuvant LT, two times,

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

35 containing live C. jejuni 81-176 (1x1,010 CFU). Thereafter the
animals were monitored daily for mucoid diarrhea, bacterenia,
fecal shedding of Campylobacter, weight changes, occult blood,



seen whenani mal s were vaccinated with bacteria grown conventional ly.
Therefore bacteria produced by the nethods of the present invention are
useful as vaccines to protect manmal s frominfection. 25 Exanpl e 31.
M ce do not naturally devel op Canpyl obacter or Shigella infections as do
ferrets, but they have been used by those skilled in the art to show
resi stance to intestinal col oni zati orf4ipon oral chall enge of i mTunl zed
ani mal s or resi stance to illness via lung infection of immuniz

ani mal s. 30 The #MlidErhtietkesktes noBarkerdianias| deteshed y- b’é’aﬁ%ﬁ@l %-do
predict the eff |zatJy off blzemtlfm'es ey jugtlamn wetihcof atieskhetizmed feurets. This

assay was descriggf th@tsﬁﬂcmé}{aﬁ?'an%ntedl t%%@iéq%@ sb9%otn

G oups of 10 female‘\_TBaI blﬁc 8E’Qabo%‘8 Xt een Weef d 35% |€§u

oral ly with phospHatEShurTHFa4™REss f’ 293F Plateq,Fers, '|;?Z
grown (BH) orS@ng-dj.days g%OGWnchald@clqﬁdl rprug. %ﬂ;ﬂsewérém Huiotoses
of about 10[err]tdHum@hization (bdselitie}, one-week ‘after the.second 46

1000111 U LM gd 4 0 €] TSI b, gogessc”

bel ow. : 5 chal *&M% @Zdeﬁwiﬂésﬁﬁé'éé'xﬂﬁ er Oral. I'mmunization with
(10[err] Occult blesd %edétécmmyIthrfM ea€etislVancanes
In © 10" Hemacultlagd, Fecal miﬂglli'&'lzaéé %ea;:@& Gf 2 %1& taﬁﬁ[ err]

% Responders[err
E?\IHANE)ZED ( 10% er IE};?iTﬁ— with methyleneﬁlue to getect fEﬁM@EES%XBT%r r ffcali 8.
75 shgﬂ{ﬂ:(xgg) P@r C.}rypylobactepo was estahlxshedza( cultur:.ng smeargH|

(10[err]) ' £88m rectal ‘swabs b4 &amp 1obacter-19@uaae1¢é h@a;w | )adlegs- t he

rr;egg anti-C.jej Q@Lyp@ibéatsétégy agar, 5% s?ltegi:r@]gogd?rtg me op ix\n(l ual group of
15 vancomycin, polymyxin B, cephalothin, and amphoterxcxn B,

Remei, 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 :
VACCINE DAY 5 POST-CHALLENGE?® DISEASEb
6
25 PBS 6/6 1/
BHI . 0f6 _ 2/6
ENHANCED . 07s¢ - 0/6
2 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

3s



b Responders are defined as those ani mal s whose endpoi nt titres
exceeded 2 standard devi ati ons above the nean of 20 the ani mal s

recei ving PBS al one Tabl e 12 shows that aninmals i Mmuni zed with
bacteria grown according to the nmethods of the present invention have a
25 higher intestinal 1gA antibody titre as presented by a greater -
percent age of responders than animals #dnuni zed with bacteria gr own

conventional ly. ,_.ahle 11%°F r@@%@hg JECEN SM Lk | C ALTERATI ON
R =" ENHANCEMENT BY DOC 30 - 9 Exarr%l\ﬂe S A hough not

I ntendi ng for tTTe present . |nvent|on o .be Ilmtgﬁhto any aﬂl atar

nmechani sm of acti I ha ned e that
suggest s t hat - gp%fych e[ii% a pear% h%tga ¢ wo f ey 1@&;& on in

altering or. %?ndnLugg‘lne antlgenlbrly‘ur EHLBF1L bacterear ‘lucnbe
i ndi cat es. that ‘onéPBspect of<HOC &t ef f of. i s nmedi atted thrdo}glq é.al ci um
dependent effectsaas ‘DOC bsnds catcj ugxamd © .. 94.0 . . .26505:3°

47 t hus. “ﬁ@f& cal c c_oncent tion int d| um
evi dence is as ogv\lf';,‘?D V\he% . J ej uni zrlg% 476 is cgﬁ ured J%?“h i He
menbr ane per.ne

mmmmmm—mawmmu—mﬂmm
i nvasi veness -of | Nf-407Meah [titre Eoridiheedive suappving #uduals 10-fol d (see

Tabl e 13 bell®wW—BARFAFAM——i-eat-TENt al one, however, does not enhance the
| MuNo- Cr 0ss I eaCtablet 0 gfho@s mmmpoallibﬁ(eﬁchellmge, animals The results

shown in Tabl egduieled. Qb&alanﬁdwéa-%o@e ceilewaeinélarlzﬁe Presuhed
according to tg % ocol desc% d t Eéorrg e‘_g] exc(g hat 25 [err]M
BAPTA/ AM was sUDE Pefe¥ o PO ig}:e ag&is PP HRAE8 ?ﬁ%re carried
out and scor edThe data dnsialiliecdlshdwshpt @ mchngader okgd agisdbedy
Tabl e 13 ?Faﬁiﬁﬂa pbstiV¥s 406nCoddsindy & iR Bﬁésﬁﬂ)\iﬂﬂrentlon
Conventi ona y(é&ﬂﬂﬁ&EBf éﬁéﬁhf Aﬁ”Zﬂt yhc bacteria grown conventlonally
(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.

25 Example 31. Mice do not naturally develop Campylobacter
or Shigella infections as do ferrets, but they have been used
by those skilled in the art to show resistance to intestinal
colonization upon oral challenge of immunized animals or -
resistance to illness via lung infection of immunized animals.

39 The mouse intranasal inoculation model then can be used to
predict the efficacy of vaccines for use in other animals or
humans. Thls assay was descrlbed by Mallet, et al. (Vaccine,
i1: 190 196, 1993}).

Groups of 10 female Balb/c mice about sixteen weeks old

35 Were immunized orally with phosphate-buffered saline (PBS)

C. jejuni conventionally grown (BHI) or C. jejuni grown
according to Example S (ENHANCED) in doses of about 107 CFU or



Cul ture condition 20 Strain BHI

BAPTA/ AM C. jejuni 81-176 3.0 36.9
25 Several bacterial genera that are susceptible to antigenic
enhancenment or alteration by bile or bile salts such as DOC (e.g.,
Campyl obacter, Shigella, Helicobacter) have genes honol ogous to | ow
cal ci um response ‘(1cr) genes from Yed$i ni a. The 1cr locus is known to

regulate virule f 30 Yer 0 ow ca Ct evel s
Canpy! obact er- 9893 %E's %vofﬁsg '}? I‘ag%ﬁ :%ﬁf%’e"%(%r% kes*‘ les%ﬂ%‘ﬁ/ "\ﬂhl ch
are requi redeil@r grouRsvene @&temiﬂeldbw BIISA, egthqﬁsednd nalpalpnrébynted the

| cr product. An_@ﬂ,yfdbsleoiz tihaolehavi or of Canpyl obacter . flaA*and flbB
mut ants grewn conventional |y, or- under virul ence 35 enhanci hg conditions of

the present ipvention show that ‘invasi-on, but not. €ongo | ed dye bi-nding
or increased ﬁress- _ reactiwi 1y, is cal gi um' dependent (see Tabl € 14
bel ow) . ' ‘Table 12. IgA Responses After-Oral.Xéfunization wifiog(io®sul ts

shown in Table 14 were obt'ai agdL $|a§p1;8rlobacteze1mlécc|¢11ulvedctm¢wémt ional |y
or according to the nethods ¥ice . the present inventi-on as exenplified in
Exanple 5. The Z invasion a::av: mprp rartlpd Ot And Sscored_as dpcrr|bed
I n 5 Exanpl e 28aovle ' : [ nof INTb407 CeIIs by
C. jejuni Miants- ' n ' - er
According to . PBS . .. " Met hoc§§3 of the Present ,j4nvent|on (ENHANCED)
10 . _ ENHANCED (107} %4 tute conditiongs ]
) ENHANCED (10%) - 78 . . . 75
BHI. (10) 40 25 .
BHI (10 ) 32 12

1s

2 "Lavage titre indicates.the mean anti-C.jejuni IgaA 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.inﬁestinal 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

30 Example 32. Although not intending for the present
invention to be limited to any particular mechanism of action,
the present inventors have obtained evidence that suggests
that deoxycholate (DbC) appears to have a two fold action in
altering or enhancing the antigeﬁicity of enteric¢ bacteria.

35 Evidence indicates that one aspect of DOC‘s effect is mediated
through calcium dependent effects, as DOC binds calcium and




Strain BHI  ENHANCED C. jejuni 81-176
3.5 40.8 15 C. jejuni flaA 0. 05 0. 05 C.
jejuni flbA 0.01 0. 04 20 The C. jejuni fla
and fl bA nmutants do exhibit significantly enhanced Congo red binding
and i nmuno- cr oss reactivity when cultured with DOC (see Table 15 and

Fi gure 6, respectively). The result€7shown in Table 15 and Figure 6
wer e obt ai ned tissnloders epurwaxdihmucacbemﬁuem:t Qhakhy wididh.acmer ding to

t he met hods of |ormiae'§1 I 5 above.
The Congo red J&H&l‘m n§'§egL ‘f&gg’g’% : %ﬁﬁgt giare g%own N ?abl é 15,
S metficons BEIREPIS AR Shedater BARR/M A o1 055

were carried,
reactivity, vvlm!;botlfemch sits eMsmn®§99W07mE$asredthn’wdout as

ggscrl bed i f&kﬂua%gl bibLEfold (see &%bhé 13 below). . m Ivut - 't
i-n an
G own Convent ShRa %'T Ellﬂ”}e‘ ?‘°X{8‘é ?‘d%ﬁ s '6°t Qanance éhel "m“m crﬂﬁf hods of
the | nventi onTeEHAMEEDPL €. Jejuni '81-176 cells.;  © . - _ Culture -
condition .- . The results shown-in Table 23 were. obtazned using c.

JeJuni 81-176 cultured dccording ‘to the- protocol desgribed -in

.10 Example S except ‘that 25 uM BAPTA/AM was substttutéd for 0.1%
" DOC. - The invasion assays were carrxed cut and scored as
descrlbed 1n Example 28 1n ‘Section 7 above. ;

Table 13 Invasion of INT-407 Cells by C. jejuni Grown

15' Conventionally {BHI} or with BAPTA/AM

Culture condition
20 Strain BHI BAPTA/AM
. jejuni 81-176 3.0 36.9

25 Several bacterial genera that are susceptible to

antigeﬂic-enhancement or alteration by bile or bile salts such
as DOC (e.g., Campylobacter, Shigella, Helicobacter) have.
genes homoiogous to low calcium response (lcr) genes from
Yersinia. The lcr locus is known to regulate virulence of
Yersinia in response to low calcium levels. Two Campylobacter
genes involved in flagellin expression and assembly which are
required for invasion (flak, f1bA) are regulated in part by
the lcr product. Analysis.of the behavior of Campylobacter
flak and f1bB mutants grown conventionally or under virulence
enhancing conditions of the present invention show that
invasion, but not Congo red dye binding or increased cross-
reactivity, is calcium dependent (see Table 14 belovw).

30
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Strain BH  ENHANCED C. jejuni 81-176

0. 07 1 .68 10 C jejuni flaA 0.10
1. 60 C. jejuni flDbA 0.12 0. 80 The
flaA nutant is unable to express flagellin. The 15 flaA nutant and a
flaA-fl aB doubl e nutant (received fromC. Gant, NIH) are both

noni nvasi ve even after treatnment with 48 DOC, indicating that fl agel linis
required for invasiTie resultsitshoeatimgaplethe vepe nstbtainedhadirged. (| .

non- DOC i nducegdjuns aumm %9@&61%@.&&1,)/%%@9&?&&?&8&@%&8&5'é:.ogem c.
parent 20 str n of t gnie %nutantse%(‘; t{?u g slﬁ"aor serotypes

of C. jejuni’ i-s afEERET T TIEHER &t £ HdK2aEPLe ¢ .can induce
t hese flagel i mmra@signmmvg@e ecelrried mtﬁ”landeteboredl pmarsceibed $reactivity
and Congo re§" pdifi1e02s above. These fi ndi ngs i-ndi, cate that DOC.regul ates
virul ence. 25 functions’in enteric-bacteri.a- via cal ci um dependent (e.g.,

i nvasi veness) and cal ci umi ndependent (e. g , Congsp red dye_ _ binding).
nmechani sns. These ffeRAfNHE AFvesien ‘ﬁ’nﬁa_' fUReRes oss
reactivity and Congo red bi ¥ ﬂgﬁ%‘} ““113 ‘% N%E)% R, part-
flagel I i n-independent. 30 A D .
SEROTYPE AN ) SPECTES T NIWJNU UHUbb REACTTVI TY OF. (.AIVI-’YL(BACT ER
JEJUNI Exanpl’'e 33. The serotype i Munatnresconddgdonvi ty of

Canpyl obact-er jejuni grown according the net hads af the 35 present

i nvention was am-ned using the, rapi-d slide -.agg| ion assay. The
assay used |ntsg'§ #thal nucus from 1 mmuni zed B&ﬂd n%#}r%ni zed rabbits to

determ ne t he effects : 50— of
altering culter.ejsnnd gionss on the cross- react3| gity @f.s Het er ol ogous
strains of M@anpyl obacter. The rabbits were i mmuni zed with live C
jejuni 81-176Cgrdedurdodiant i onal ly. The a@gbsti n®-06n activity of the
mucus anti bodi es vvere, tigted ) '

C. jej 0.01 0.04

The C. jejuni fla and flbA mutants do exhibit
significahtlylenhanced Congo red binding and immuno-cross
reactivity when cultured with bocC (see Table 1S and Figure 6,
respectively). The results shown in Table 15 and Fiqure €
were obtained using C. jejuni cultured conventionally or
according to the methods of the present invention as
exemplified in Example S above. The Congo red dye binding
assays, whose results are shown in Table 1S5, weré carried out

25

-

as described in Example 26 above. The immuno-cross -
reactivity, whose results are shown in Figure 6, were carried

30 out as described in Example 29 above.

- 35



5 agai nst twenty-four canbyl obacter strains, conprising eighteen.

serotypes, grown conventionally in BH -YE nmedi um or according to the
nmet hods of the invention as exenplified in Exanple 5 The results
of the agglutination assays show that the -cross-aggl utination of

het er ol ogous Canpyl obacter strains was 10 broader and, in nmany cases,
stronger when the strains were grown ggcording to the net hods of the

i nvention than when they-. wer e grown.conventionakty SpeC| fically, there
was an over t woTHhe ﬁhc?@%‘b&eﬁ Pre Biads mUaraag Jeiunfatuanteact i vity:
6 of 24 conventienally- gg’é‘&@ ?‘Eﬁﬁt&&% ?ﬁi’%@ﬁﬁt% 15 -at

| evel + or greater in the an fs e ‘H’s ' 14 of t he
sanme 24 strains grown.under DOC conartions aggtutrated—at—t+evet— or
greater. Further, whil-e ei.ghteén of. the hetqleﬁggwd%{&r ns

denonstr at ed5vveak (+) or no . aggl.utination_when-conventi onaldy gr own;

el even of these safre-20 strai‘ns showed an enhanced aggl-utination response
when grown ENHANCED cul t ure condi tions f(e. DOC cont ai ni ng’

medi um . él&(;Li‘ir"bl e 16.il1ustrates cross- régﬁtr \/&?@“ﬁﬁoantr -81--176

i mune rabbit TUCUS againsyr 19 heterorogous tror—Serotypés25—eonst5ti ng of
22 strains gromn]@gnueml-analty (BH - YE) or 0.8 ng it gg net hods of - Exanpl e
5 (ENHANCED)_ Even tho:tgh thi s experd nent assayed only a fraction-of the
known Li or Gedeiypt 1&@\he Tésul t-s--denonstraix0 that«6de nmet hods of _the

i nvention mdttce g Qﬁt‘}‘l?»}} i .mmino- cross reactivity between 30 - Li-or .
serotypes. Thé t rther show that . t he@g&C °e?l?tanced or |nduced
antigens in Carrpyl obacter appear o be T nportamt—in—the—secretory—[ gA
response associ at eg, Wi esi stance to and recovery fromintestinal

i nfection g‘ﬂ)yl‘golﬁﬁc’f“é{a gs unable; tonexpresSTeLidgedn. nothal t hat
strains of {5 dlal arifianteand @ HfileAoflad diofibbe onttagpe (tawiveanfydmwlcact er

coli. One of ckent, armt;ratéﬁbo(tﬂcﬁ&?:)nﬁfsﬁr@'éve‘ixe%%éfpetx%ra'i:ﬂ@% X’”‘%%gll%l nat ed
anfi-81l-

(34)

i mune r abbi t DpcundifAFing that flagellin is requ?ﬁﬁ? ffﬁ/aeg?ﬁ’é"herr ved from
a C. jejuni SFP‘a‘F‘F?S(té"g Yo |§hGr noymally ephibifiedy (€@ c MoosDE dindetediai nst
het er ol ogous semwtq—paesss reanittiity idveesaae ek R Sthd ik ogbsit Phbeht

Canpyl obacker s&RaGs e thésé 9“19 mu%yégcp%‘etr%ralﬁoeéﬁer ?%39 s\M?:r lt:h nOtI ng is

that Lior - seL ot ég b evaI ent
di sease- assoc? at ed-7 i y’ﬁe§ FBME dnFhe muftaags aI*Fowever « DOC Etrehtment

can induce these flagellln—less mutants to exh1b1t enhanced
immuno-cross reactivity and Congo red binding.
These findings indicate that DOC regulates virulence
2§ functions in enteric-bacteria via calcium-dependent (e.q.,
invasiveness) and calcium—-independent (e.g., Congo red dye
binding) mechanisms. These findings further suggest that
enhanced immuno~cross reactivity and Congo red binding ‘induced

by DOC is at least in part flagellin-independent.
30

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

Example 33. The serotype immuno-cross reactivity of
Campylobacter jejuni grown according the methods of the.
1 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



denonstrated detectable cross-reactivity in this assay.

20 25
52
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50
of altering culture conditions on the cross—reactiv1ty of

heterologous stfains of Camgylobacter. The rabbits were
immunized ‘with Yive cC. JeJuni 81—176 grown conventionally. .
The agglutination activity of the mucus’ antibodies Were tested
against twenty—fou: Campylobacter strains, compr151ng eighteen .
serotypes, grown conventionally in BHI-YE medium or’ according
to the methods -of the- invention as exemplified in Examplie S.
‘The resuits .of the agglutination assays show that the )
cross—agglutination of - heterologous Campylobacter strains wae
broader and, in many cases, stronger when the stiains were

-:grown according to the methods of. the invention than vhen they'

Were grown conventionally. SpeCLfically, there was* an over
two fold increase in heterologous agglutination react1v1ty~ 6
of 24 conventionally—grown heterologous strains agglutinated
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 (t) -or no
agglutination when conventionally grown, eleven of these same
strains showed an enhanced agglutination response when grown
under ENHANCED culture conditions (e.g.. DOC containing
medium) . '

Table 16 illustrates cross-reactivity of anti;81;176
immune’ rabbit mucus against 19 heterologous Lior serotypes
consisting of 22 strains grown conventionally (BHI-YE) or
using the methods of Example S (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

Lior serotypes. The results further show. that the DOC

enhanced or induced antigens in Campylobacter appear to be
important in the secretory IgA'responsé associated with
resistance to and recovery from intestinal infection by
Campylobacter.

It should be further noted that strains of Lior sefotype

8 are of a different species, Campylobacter coli. One of the

2 strains (VC167) of this serotype strongly agglutinated (3+)



Tabl e 16. Aggl uti nati on Response of 20 Canpyl obacter

Serotypes G own Conventionally (BHI -YE) or According to
t he Met hods of the Invention (ENHANCED) to

Non-i mrune[err] or Anti-81-176[err] | mmune Rabbit Muicus
5 Aggl u;ji nation responsef[err]

Non-i mmune nucus - | mmune Micus ' Li or Strain

Ser ot ype Bl ¥Eti-s1-ANeAbGkine BebbiE mucuENHAMGEDresusd 3arcaves . . 1
- [erthhtlé) vaccﬂag5der1.\red from% C. Jejun.i stra:l.n (e.g., Lzor 5) .

+ 7Q-
[err] + Lot only <:ﬁ§zi,ﬂ.-oss--prgij:ecif'7 61ga:|.nst h%terologous serotypes
+++++ 15 6 within the sgme species, -but aLso other Cazupquba;:ter speq;gslle
6 5 .(€.g., Campylobacter cdl:l.) - Also "dorth no‘Bﬁzg is that L:Lol-
- 8 4{:
i Ve 1 67serot‘y%581, 2, 4, 9,.%nd 11 ‘are’ among the mos £6ew\.%9.gﬂ§:9
. - disease-as$dc1ated serotypes ggrld«wxde. The:y al
- - demohstrated det_e?:téble qross-reédtlvity in t‘:h:.s assay. '-" -
+ .t 556 .17 - - ) +.
- 563.10 18 - .. - oo . - 25
544 - 19 - ++ - _ SR = R 699
21 I o+ ++ 1180 - . 28
- - + . ++ 1982 <0 29 - s
- - ' - 30 910 - =32 .- i ++
- [err]- 2074 . 36 : - -
- HC . 36 - . + - + 2984
46 1s : - - - 79171 72
- - - 35

20
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30
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53 a The anti-81-176 -nucus were obtained fromrabbits

infected wwth live C. jejuni 81-176 grown conventionally b The
non-i mrune nucus were obtai ned from uninfected rabbits 5 C

The aggl utination responses range fromnegative (-), to very weak
(), to very strong (++++) 11 EXAMPLE: ADDI TI ONAL EXPERI MENTS
OF - VACCI NE EFFI CACY 10 OF CAI\/?’ZYLCBACTER ' Exanpl e 34. The
protective efficacy of formalin-fixed . _whole.cell Ca

S

X AL y4 obacter jejunis
grown according to t¥dleelhodgglutinatics Resrenme ggé%%?gﬁ. ;ﬂ’gf"er m ned
et €
F2pr

oL 32 A -on§‘ 1 nmun. ,
15 63:3731- 3735, 1995). “cenmincEDY ¢3! 00 RS, 0 QAL @dld 798I Vest ed
according to Exanpl-e 5 an(éumgggt e0dddh 0.075% tormalin as described
above. G oups, of. firve 6 to -8 Wweex 0 emal e- Bal b/ ¢ mi ce- were -
adm ni stered shr.ee ofFal doses (0.25. 1/ dqose i1 endot oxi n-free 2€ PBS)
containing €ither. 10[err], 10[err].-or_10[ Phggl'i’%'}af Mﬁeu-a—l—
particles alone or in conbi-nati on W {Non2Smithefnutli€ heat Fmuunbiecus
enterotoxin fromE. coli (L'Qi. Doses ‘were ¢iven at 48" hour intervals and

imredi ately aftef,. twy 0.5 ggags ObyPXE = SPdiASER Caheudke Sk (pH
% m nute nte.Hé@E,wo%lizefgas_ ric 'ac_'_.Tlty.
n

8.5) were given

usi ng the nouse col oni zat i §f%° piskci ot =i s g

As contr ol s,lgrdl?ﬁs .~ of anitmal s were-vaccinated with PBS al one or
conbi nation ™ wgkh the LT adjuvant. Approximtety 28 days-after *
admi nistration-qf the third dase, vaccinated anipnel's were_ chal |l gpged
either nasally Or orally wth ‘approximately 108 30 colony forming.units

(CFU) of live caf9entionallySgrown C. = jejuni 81-176. Thedur at i ohtof
intestinal” col oghzg$éon was g determ ned by nonitoring fegeal sheddiwg every
day over a 9 day ‘“period. Fecal material was enmulsified,in steril g_HI?BS and
al i quots pl ated®n Canpyl obaéter bl ood agar. Plates ver e¥35%i ncubaf'ed at

35[err] C under sierpaer ophilkic condit#ons - + +*
35 7 - - - +
52 8 - + + ++t
VC-167 8 - - + ++t
20 vc-159 8 = - * -
88 ] - - bt +
244 11 - - * e
556 17 - - + -
563 18 - - - -
25 544 19 - ++ - ++
699 21 . - - + ++
1180 28 - - + +++
1982 29 - - - -
30 910 32 - ++ - +
2074 36 - - - -
HC 36 .- + - +
2984 46 - - - -
79171 72 - - - -

3s



(Canpyl obacter GasPak, BBL) for 3-5 days to allow growh of C j ejuni.
coloni zation results are expressed as the percentage

54 of ani mal s sheddi ng canpyl obacter organi sns on a given sanple
day. As shown in Figure 7, all nasally.challenged ani mals, -
bot h i mmuni zed. and cantrol; shed organisns i medi ately after 5 chal | enge
(day 1). Eighty to one hundred percentspf the conttol. animals remai ned
col oni zed for 9 days atfer chall enge. In contrast, significantly fewer
animals in the vaccinated groups shed organi sns during the course of the
9 day assay period. Both-the degree of and time to clearance of :
chal l enge 10 B JanRTRin Vel 6 -d9RCREaR vabe lbltaaRUNErd raBbitse

admi ni stered.  Thesdra@ebd Qs li(aardl gbgsj;ﬂm)7ar‘g?kdm eonweditdbaally vacci ne

doses (10[err] particles/dose) gave a gradual - and i nconpl ete. rat e of
cl-earing. g presence oOf adjuvant - - mcreased t he degree of: protection
at these doses. 15Buf FT%P}”’f\'@Ieym“%&s t“ﬁﬁel‘ﬁw [err]

particles/d se) - xabhdtHon- adj uvanti zed vacei ne produced a Ievel of

Comarant oot LRSI A R e e i
en

results were obt ai ne cl nat €d 20 amni mal S wer e SUbsequent |y
-chal I enged oralTy (see Figure:8). .= "These results indicate that

i mruni zat'i on wi th-{nactivated Car_rpyl obacter grown according to the
net hods of the prééentEMWQWWOFWEg%H oﬁl% Feequent

chal | enges16f | i ve SpRdE e "and—t-he—rmren
~even 25 When adni Eixstpleddor athe pmﬂ:hgtlivq Iﬁfﬁsﬁclbﬁfaﬁoﬂﬁmaﬁi—xed

" The protect :jvxﬁuﬁﬁaf EERE Yo igﬁi@e‘rn jl&ﬁdg’%ﬁh%cﬁﬁk‘hmg @amesik obettiods | ej uni

grown accor di ods [ t e.g.,

Exanpl e 5) ao‘%ﬁ&‘gtg’r’%scfn% Fﬂ‘{?'g:?}ol"l %Sneda ;F;E ul;\'{ﬁga SO éég uated. For

t hese 30 expmh?eh%tllm sagel grerpyted il @aBan? nministered a

singl e dosgg af3:373¥1P{xy,r hogR) SX10[err], 5.0X10[err], "|.0X10[err] or

2.0X107 .inactivate J | t grkgggog& fgge PBS

W t hout adJ uvant . é rfgjgr?llng :ﬂv\?eira%rsc%%ﬁn dﬂaléllé(%es lat% th a single

| ethal dose d¥apple %a’ﬁde}ﬁ?ﬁtlgftf‘%mth( ng?%%mé I 12%0 6?%’%’? CFU in

endot oxi n- f r ebokBS) Glehipseoffive 6 to 8 week old female Balbfc mice were
adninistered three oral doses (0.25 ml/dose in endotoxin-free

20 PBS) containing either 105, 107, or 10° inactivated bacterial

particles alone or in combination with 25 xg of the heat
labile enterotoxin from E. coli (LT). Doses were given at 48
hour intervals and immediately after two 0.5 ml doses of 5%
sodium bicarbonate solution (pH 8.5) were given at 15 minute

25 intervals, to neutralize gastric acidity. &As controls,.groups
of animals were vaccinated with PBS alone or in combination
with the LT adjuvant. Approximatély 28 days after
administration of the third dose, vaccinated animals were
challenged either nasally or orally with approximately 108

30 colony forming units (CFU) of live conventionally grown C.
jejuni 81-176. The duration of intestinal colonization was
determined by monitoring fecal shedding every day over.a 9 day
period. Fecal material was emulsified in sterile PBS and
aliquots plated on Campylobacter blood agar. Plates were

35 jincubated at 35°C under microaerophillic conditions
(Campylobacter GasPak, BBL) for 3-5 days to allow growth of C.
jejuni. cColonization results are expressed as the percentage



55 I ntraperitoneal 1ly.

"Animals were nonitored daily for 4 days
for.nortality. As hown in Table 17, a single intraperitoneal dose
of 5.0X10[err] inactivated C. jejuni particles induced an 5.

i mmnol ogcal response sufficient to protect aninmals against a. live C

j ejuni chall enge.. Tabl e 17: Protection Afforded By IP Delivered
V2l nactivated C. jejuni Prepared Accorging to ' t he

Met hods of the Present Invention 10 Dose Mortality
Survi vors Day 1 2 3 4 1. 3X1010 0

4 0 0 16 D 2.5%109 0,0 -0 0 20
15 5. 0X10[‘{-‘fr Prmals shed@xngo Camgylol:@cter organ:.sms 2151 a given: saf"]ﬁ(lOS

i 7 0 0 - aay. 5 0X107- * 10 6.:-2 ..0. .

2 PBS Contjg all nasally. chélleng%ﬁ animals,. 12

cares. ooc ST ﬁu%ir Shea Sidanigne Spweingelyl ALY,

of Shigella ﬁ)chglbwuge r(day 1/)|-t rBiglstmﬂ:begm%dere@epmﬁr@f $her owt h
phase. The 25 idanesél 8RARE19 realindd |&1Bh%l§&fbr2§5fa-§scﬁkt§r @HaMlénge.

|
compl 1 11 0d by S aHEss a%?éi%ﬁggm e P T 8 o URRE] 00

| og phase cuItSFE?PS(ﬁhedc€€H%ﬂH$

1“9E§Q&nﬂq§r§etﬁﬁ thel 8\fay 26RRY cul

AND
eness-

as
arly
ture

to reach 1at e begiqiﬂlaseoth the degree of. and time to clearance of. challenge
10 orgaulsms were dependent .on the amount of vaccine .

18

20

25

adminlstered. The low (10s particles/dose) and.intermedzate
vaccxne doses (107 partlcles/dose) gave a gradual and -

1ncomp1ete rate of clearlng. The presence of adjuvant
increased the degree of protection at. these doses. .
Surprisingly, at the highest dose tested (109 partlcles/dose)
the non-adjuvantized vaccine produced a level of protection
equal to or slightly greater than that obtained vwhen a
comparable dose was administered with the LT adjuvant.

Similar results were obtained when orally vaccinated
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 S) administered

" intraperitoneally (IP) was also evaluated. For these

30

35

experiments, groups of 20 female Balb/c micé were administered
a single dose of 1.3x10!0, 2.sx10%, s.0x10%, 1.0%10% or 2.0x107
inactivated C. jejuni particles in 0.5 ml endotoxin-free PBS
without adjuvant. The animals were challenged. 14 days later
with a single lethal dose of live C. jejuni 81-176
(approximately 1.0x1010 CFU in endotoxin-free PBS) delivered



30 before harvesting the cells (DOC-LL) was tested according to t he
procedures described in Exanple 28. The results show that cul turing
wi th DOC enhances invasi veness and that the maxi mum enhancement is
achi eved during early-1og phase of growh (see Figure 9). 35
Culturing with DOC according to the nmethods of the I nvention al so
enhances the invasiveness of other Shi gse!J’ | a species, S. sonnei, and 5.

dysentariae (see Figure 10). In
56 pol ari zed epithelial cells the enhanced invasiveness of

Shigell a was observed only. when the epithelial cells were i.nf.ect-ed

basol ateral |y byricbgpbaticitly. TRh$niidiWedd idnitoredCQNSISELAN dlykh the

I nvasi on procesg gbl%ervelq_t I N vi'vo. "5  Conpari'tive -studi es -Show t hat
Shi gel l a grown accor to the net hods of the present invention are
nearly 10-fold h%r ovry i Tablet han owigele anﬁrépa?#@n&é&o‘i@mgfto t he

proocedur e descrlsbeﬂlthﬁ/iRaBei\&Itealc. éjﬁzﬁitpaz&lldm‘yrhn&%ed?:ﬁﬁ- f 3648
1995). 10 | e 36 Shl l-a- ¢ accor- t he -net hods
of the present 1]‘?9';& p%?ﬁ?bﬂ#}e‘rﬁ*&ﬂ 5P 858 8"?%&‘“‘&15 ARARAG.2 S,
flexneri 2457T Aﬁue@ 9911%# reddangonvent i onal Iy (BH) or according to the
met hods of the present invention as exenplified in Exanple 9 wer e assayed

for their dye bindi- 15. a2 ribed i'n Exanpl e
for their dye bindingyiely,; bséaeeﬁgzogw%&g ﬂm S P&z&am e
bi ndi ng by the two Shigel¢ta HREEES okota@ p&Qsteﬁt: Hveaeidabl e f
Table 18: Codfo_Red Binding by 'S " flexneri and S sopnej
Grown conventional 'y (BHI) .or Accor ding to 20" - -0 Met hods of
the Present |nvent|d’r?SEENHAN$E§)) rtgll- Yo, ‘Survivors
Cul ture condition 55— r-HaY-is 3 - Bt
ENHANCED ~ 1.3%1000 0 4 0 o 16
: 2.5%x107 6 6 0 o 20
1s s.0x10% 0o 0 0 o 20

1.0x108 11 7 o0 o 2

5.0x107 100 6 2 o0 2

PBS Control 4 3 2 o 1

A

20
12 EXAMPLES: DOC 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 culturet!s growth phase. The
invasiveness of Shigella flexneri 24S7T cells grown
conventionally (BHI), or according to the methods of the
invention as exemplified by Example 9 (DOC-EL) (wherein the
cells are from an early log phase culture), or according to
Example 9 but allowing the culture-to reach late log phase
before harvesting the cells (DOC-LL) was tested according to
the procedures described in Example 28. The results show that
culturing with DOC enhances invasiveness and that the maximum
enhancement is achieved during early log phase of growth (see

25

30

Figure 9}).

as 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



S. flexneri 2457T 0.04 0.44 S. sonne
0.02 0. 40 30 Shigella is divided into four species and
vari ous serotypes. The inmuno-cross reactivity of Shigella flexneri
grown accordi ng the methods of the present invention was exam ned usi ng
t he aggl utination assay as described in Exanple 28. The assay used
antiserumfrominmuni zed rabbits to geternine the effects of culture
conditions on the i mmno- Cross reag ivity of different Shigella
species. The rabbits 57

were i munized wt-h formalin- flxed shlgella flexneri 2457T gr own
according to tﬂﬂmﬁzh@@i@elﬁaanzphs Xhe EhRanced ifggdivienassjam activity of

e noC ANt bolitga1pbialnedsLivem hty %ﬂ‘%%%%%?e?,ﬂ;{?@f%% " rad um or
agai nst a e s vent |

-agcordl ng to %ﬁlfecgé%tsﬁgﬁ%eﬁ#i{hgy ﬂ\?e\ﬁn?ﬁf 18y gTR 5&%1‘1%“93)"5 The results
of the ag@omsintairy aﬁths@m/snsmrt naocmnbhewqdn ipogivo. -

si gni fi cant Isy enhademshrikeveudiiaftaabtidiicast IsHib¥ 10 drden accdi‘aﬁﬁl_quOUS
Shigella flexpgr ghéq?e[ E“Xlisaéf ttﬂgsgrt%fenli:hfn\%&t?sﬁ ol hm? (if %O!lfg Shigella

species to antd - ner I- 13
EXAMPLE: VACCPRES EHIMAEAYS - @%ﬂl‘%ﬁlA prepared ERM@QS?O thee pr otective
efficacy of fprowéduref ﬁgeckih&dvxhgnbpeeét Bhi qehtéct.| eXnidn.gr gedseeesor di ng
to the met hodgegsd 19gsihe présent invention. was.deterni ned usi ng the nouse

13°5600- 106 Hh 007 Belaene 73" BBt SoFeutl hSbirdiiotty GioReblity v cot oo

according to fh Ph‘eﬁ%ﬂféi@ﬁﬁﬁ‘-#ql‘eélﬁﬁ %béhpteermame@r@maceci vated with
0. 075% f or mal bindingdessr iflesnbsi 2¢3up|€nd 5. B%anwpgewmkr&n&ﬂ@u&

i nactivated bais" ba! a@@gxtdiﬁjyeéo WeCmethods of the present invention as’
exemplified in Example 9 were assayed for their dye bznd:.ng
1S abilities using procgdux::es described in Example 26 above. The
results show that growth in DOC enhanced Congo red bindiné‘ 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) oY According to
20 Kethods of the Present Invention (ENHANCED)

Culture condition

s Strain BHI ENHANCED
S. flexneri 24S7T 0.04 0.44
S. sonnei 0.02 0.40

10

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 aéglutination assaj as described in Example
28. The assay used antiserum from immunized rabbits to
35 getermine the effects of culture conditions on the immuno-

cross reactivity of different Shigella species. The rabbits



used to vaccinate 14-16 week-old fenmale Balb/c mce. The i nactivated S.

fl exneri was suspended in sterile, endotoxin- free PBS at a
concentration of 10[err] particles/m and 35 pl of 25 this material was

adm ni stered nasally to groups of 10 lightly anest hetized animals. A
total of three immunizations were given at 14 day intervals. To
test the effect of an adjuvant on the protective =~ ability of the Shigella
whol e cell vaccine, groups of animals 3® were i muni zed usi ng a suspensi on
t hat contai ned the jinactivated vaccine and 5 pg of the heat-labile

ent er ot oxi n fr E. coli ) rteen days--a r tLhe thjrd

i muni zat i on, "ém“rﬁéi‘éd ‘#x#i §ﬂﬁ@a§‘ ipsEixed, %‘Fﬁh} fgﬁf‘ﬁ?’ﬁaluswwast i'ng
dose (10] err] Gtayncﬁcmmq tio e Jnettiods ef-ExempBe ‘9. -Ebanei . | mrediately
before and at iggfutihatiaﬂ éﬁﬂi@!ﬁy of the IgG antibodles obtained from the

58 . foIIo j.e 1 mean -
group weight - e erm %aﬁﬂgﬁesﬁ s are sh %}Hb?'%gg eﬁg - Table
19: | nacti vatSegpepigsoorava eonventionedily t;eMHI mediwn or accq%agn‘éo Mhet ect s

M ce Agai nst I\heahodaralflenganvention CR- Examthd) L'i vige-Srestthexner i’ or S.

.sonnei - Chﬂxé %uﬁinatlc}{afgéaﬁ%[ L:RQ« that 5% y‘?ﬁﬂbﬂé‘ﬁ‘:ﬁﬁ& change .Day 1

Chal | enge - .
Day 2 Day Da?:tqnlf:r.cangly ﬁ“&iﬁ%ﬁ"ﬂ epwlutinatlon actigiﬁy of8t12e -17. 7

-18.3 vachom:elogoaszlSIzig@lQa fl.@xﬁer.v. as. weBl as thogecofhdhe ﬁhree? 0O - 2.0

- 1. 5.0 heterologous 3nigélla %@h&f@é‘tto amti-SPNFebxners. auEEEbdy
17.5 . vacci ne - 6.. -11: 3

-1
8.1 -17
26 5 - 6.0

f%ee Flgure 11)..
13 EXAMPLE: vnccxus EFFICACY OF SHIGELTA
Exahéle 37. The protectlve efflcacy of formalln—fxxed
1s whole céll.shigella flexneri grown according to the methods of
the present invention was determined using the mouse nasal
challenge. model developed by C.P. Mallett et al. {(Vaccine,
11:190-196, 1993). Briefly, Shigellé'flexneri was grown and
harvested according to the methods exemplified in Example 9
20 and inactivated with 0.075% formalin as described in Example
30. Approximately 107 inactivated bacterial partlcles were

used to vaccinate 14-16 week-old female Balbfc mice. The
inactivated S. flexneri was suspended in sterile, endotoxin-
free PBS at a concentration of 108 particles/ml and 35 gl of
25 this material was administered nasally to groups of 10 lightly
anesthetized animals. " A total of three immunizations were
given at 14 day intervais.
To test the effect of an adjuvant on the protective
ability of the Shigella whole cell vaccine, groups of animals
30 yere immunized using a suspension that contained the
inactivated vaccine and $ pg of tﬁe heat-labile enterotoxin
from E. coli (LT). Fourteen days after the third
immunization, animals were challenged nasally with a sublethal
wasting dose (10S cfu) of either live S. flexneri or S.

35 sonnei. Immediately before and at i, 2, S, and 7 days



20 vacci ne + -6.4 - 5.2 -.1.3 -2.1

adj uvant Ten mce in each group were inmuni zed 3X nasally with
vacci ne conprsing 10 inactivated S. flexneri grown according to 25
Exanpl e 9 The m ce inmuni zed with vacci ne conprising inactivated
S. fl exneri grown according to the nethods of the invention were

protected agai nst challenge with live S. flexneri "organi sns. 30 Those nice
suffered | ess weight | oss and underwenb8nore rapid wei ght recovery as
conpared to unvacci nat ed mce, i.e. the PBS- sham control group.
Surprisingly, Iiﬁﬁ fl vacci-ne . _al so protect ni ce agai nst
chal | enge wit tftq Y ﬁéﬁ‘u NI a1 FnYﬁ"E)F vane §nae‘élé‘? Vi®AG t he
vacci ne al one gnetaov¢ighitedetgmined; Mﬁﬁtm shov|in pableded agai nst

t he honol ogous S. flexneri- challenge as anlnals that recelved t he
vacci ne.

adj uvanti zed .
_The S. flexneri vacé]llne a1 Inactﬁvatmg.égei " aﬁ{éit gw*&i&ﬁ gL&r ol ogous
chal | enges 5y S.” sonnei-. " TheLén L;*@@,ug;%&{l oaé&yvant ver
noticibly enhanced the - protection against the chaI | enge by S. sonnei.
These f|nd|nge S_indicate thdt vaccine.. ronnrlcjnn |nart|uaLed_Sthe||e
prepared according to t-he nethods of the |nvent|on is effective in a
recogni zed" Shi gedilengesease miditinaggowloes ‘N@ereent iWedght changedj uvant in
preventing or esdasismating various Shigella Pq:ﬂteambh&xge 10 14
EXAMPLE: FAQGTORS THAT AFFECT. THE ADESI VENER 9: B v 2. -Day & Day LYLORT TO

ANI MAL CELLS nced by
growth in-gl y@chféleﬁ{l%l‘-’or bi IRBS Cel |'s of K ‘8p| ori8 SR r at¥i-7 B or- Gl-4

were added to BH broth plus 4% bovine calf - serum After inoculation the:
“flasks were flushed with 10%vaccine . ~ 5.4 = 2.9 < 2.5 - 1.6
18 vaccine + - 7.0 ~2.0 -1.5 1.5
adjuvant
S. sonneli PBS -~ 8.1 -17.5 - 9.3 -~ 6.4
vaccine - 6.7 =-11.3 - 6.5 - 6.0
20 vaccine + - 6.4 = 5.2 = 1.3 - 2.1
adjuvant ' .

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

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

3s LT adjuvant were as well protected against the homologous S.
flexneri challenge as animals that received the adjuvantized



CJerr]-5%2-85%\2 and incubated for 22 h at 37[err]C w th shaki ng.

After this incubation, the culture was diluted 1 to 10 to a fl ask
containing 1 liter of the BH nediumw th 4% bovine calf 20 serum

cont ai ni ng various concentrations of bovine bile (0.025% to 0.2% . These

cultures were again flushed with the sane gas m xture, and incubated at
37[err]C. The cells were harvested at various times up to 18 h and their
adherence to I NT-407 cells assayed u§?ng t he net hods described in

Exanpl e 28. The 25 results show that culturing with bile enhanced the
- adhesi veness of H. pylori to INT-407 cells (see Figures 12 and .. 13). For

the NB3-2 straikBccpak &fuaeﬁl WQBRASKH] Fatkcife Grildfkedalse Idaﬁre Over that of .

non- enhanced c¢ ur r owt ure 12).
For the Gl-4 s?’%é?egtmé‘aé q-‘eé'ﬁ% ?ougngggygﬁn?S gy é )i %08‘"? e over that -
of none- ﬁé@qsupt-’ ke Iﬁce@am@@tbehgmxznqmq@bér gﬁmdl the). 2%

bile (Figure 13)-&:&‘&1%& Agenict theahaleEage by sCossmpIondekese rifaide

s EXAVPLE: © %‘%@ﬁ&%‘%@%@ P R S e %ﬁﬁﬁ%ﬁ

TO THE MEFHODS?EROrARBIpREdiqTvriiadqrofnthe invention is effective jn a-

60 re®@lﬁZIeé mgeIIhed.tsreaisecﬁd:dea ahalmnot faruinki _anf | xéd
whol e cel | Hel a&ﬁh%ﬁheinﬁﬁﬁe%@htﬂ{d)‘@} BECAHiaREnd %:Jisug%m@i - of the
present inventjo W(js det'er m-ned ‘usi ng-t he nouse . | cobact er felis
gastric col om%’é‘{] ﬁf)blel described by. . 5 Chen et- aI (Lancet,

339:1120- 1%#91;°1992).. Helicobacter _ pylori .strai.n Gl-4, was grown as a

seed culture for-ahgut. Mu’ph}:. FaRiroRd [wny Krreete ratOfoKEdIvERESs Y¥@ai 1
BH nedi a contai njing 4%YLOR X cErgerym An.aligout of thi's culture

was used to  INosdle as 10+l Qdmléﬁ@e &f- & h%giaﬁf 12 dhAa £Q2 Byni ng 0. 1%
10 (v/v) bovine I gro 3/[err] C, e cells
are. harvestedqﬂ?> nf’? Fﬁ“g;rthé'fnﬁ lé;sltfspeﬁﬁgos %7 @yﬂ&r 1y fegrain o g nal
vol ume of HpnWES-Babnrftied gat@ adgeti Lt BRI PHBSS)JIHS 4%, bovdpen ¢agifper.at ur e.
Cel I's were receunl f Ugr@draifodifaition thes #386KelérenslsHed @ith h@tori gi nal
vol ume of HBS%O,-HOE-%%NZ and incubated for 22 h at 37°C with shaking.

After this incubation, the culture was diluted 1 to 10 to a

flask containing 1 liter of the BHI medium with 4% bovine calf
serum containing various concentrations of bovine bile (0.025%

to 0.2%). These cultures were again flushed with the same gas
ﬁixture, 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

results show that.culturing with bile enhanced the

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 G1-4 strain, peak
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 iog phase
growth.

20

25

30

35
is EXAMPLE: VACCINE EFFICACY OF HELICCBACTER GROWN
ACCORDING TO THE METHODS OF THE PRESENT INVENTION




15 buffered cell suspension, formalin was added to a concentration of
0.075% and the cells inactivated by stirring t he suspension at room
tenperature for 6 h then cooling the solution at 4[err]C for 18 hours.
Protection potential was routinely neasured by 20 adm nistering 3 doses of
this inactivated whole cell vaccine orally to 6-8 week old female Bal b/c
Hel i cobacter-free mce at days 0, 7 d 14 or at days 0, 7 and 21. Doses
of 10[err] bacterial particles per dose were eval uated in conbination
with the heat |abile enterotoxin of E. coli. Fourteen days 25 after the
third immnizi ng dose, animals were challenged .orally with a single dose

(10Ferr] CFU dose) mtamphue ‘43, f ehéSprotective PSS K:%éﬂiﬁén%hﬂk@&‘ge the
aninmals were s o}lglgeeﬂ ﬁngicoba%@u_ﬁgl%%grrﬁrc‘?@sggne{%s anai o{&@grggse

activity to et-er N ng resen
det er ni ned by F’lﬁcﬁ'b%ltﬂ’-‘r‘?ﬁeaﬁt#‘ﬁ’lenf-%%% (Hass daperanined: @F%‘gn’f—he m&a@art s .Ur ease

Broth (Renel) ﬂblimﬁadten’pﬂémsugestﬁc éo2dnizathi6nlHoded a@é&‘iﬂéﬁaﬁﬂe from

clear to red @@ﬁgﬁiagaw tm# Jdelgl 5339 1&351-9&1"”3?.?55’)““15@? %%nceﬁp ve urease

result. A? mnrstration o

Hel i cobact er "wh® %r‘cgl\g?'a%&ﬁ“ﬁe"ﬁ ) FGef.© ?+f°r about 22 h

61 strafh fm‘-@upﬂ@t dote@0anpotlairadgai BEL madia-i cdx&lau‘.alwg ar .

challenge. ° bovine cIQb'&r%Q Fxrpta‘i@.&bt?@ d%%ﬂ%{cdﬁht@%h@é?gﬁ e((:; '0325
nact i ¥

W th |
According to VEIIRgEte;a ;f?-%ﬂ?em gﬁ?‘ ?lééﬂ’[% medga °°“tam%
Chal | enge. 1° ("/‘W)m‘i’ﬂm-‘ﬁ g le. A%egaﬁ?'slrﬁsh °f Mhl 2ed7IC, the dedisent

Agent s[err] are. haﬁé)st(ﬂl)oy centrifud®tidn and resusBéﬂd&Iltihoﬂ/m of the
or1g1na1 ‘volume of Hank's Balanced Salts Solutiorn- (HBSS) “at -
room temperature. Cells were recentrlfuged and agaln
suspen&ed in 17100 of the original wvolupme of HBSS.. To the

15 buffered .cell suspension, formalin was added to a
concentratioh.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 107

bacterjial 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



Experinment: 1 H pylorif[err] H felis 4/ 13 71
PBS + LT H felis 9/ 9 _ 0 Experi nent 2

H pylori[err] H felis 2/ 15 87 PBS + LT
‘H felis 10/ 10 0 a Al agents given with 10 pg
LT (Labile toxin of ETEC) 20 adj uvant as 3 oral doses at 7 day

I nterval s b Gven as 1 x 10[err] 6QFU of Strain Gl-4 in a 0.25 m dose
Results of these experinents show the rel evance of 25 enhanced enteric
bacterial properties to in vivo - inmunogenicity.. The nethods of
the present inventjon produce batterid .capabl'e” of i nducing an - "

i munogeni ¢ r et oeGiit @Erotected gndmats jagainatl amé-efelds Ardluseful as
vacci nes. 30 .challengdf ~ DEPOSIT OF M CROORGANI SM - The follow ng

m croorgam sns have been: deposited with the- Amsri can Type. Cul ture

Col | ection, 12301 Parki'awn brive, Rockvi | | yl and 208 USA and
have the indi cat ed’-"B‘!}%EBeng "rﬁ} inSt Heiico c with
Accessi on Nos Depo,5| t ﬁggg’é Ee 3%1;13“

Sept enber 29, 1995

Hel i cobact er ,pyI'orl G -4 - _- ; Septenber 2.9,_ 1995.
ctzaue'n'gé. L .
Immunlzing Orgipisms Coloniied/ ‘Percent
Agents? (10 CFU) . Tgtal’ .. Protection’
10. .

Experiment: i.

H. pylorib' H. felis 4/13 ' - 71
PBS + LT H. felis 9/9 " : 0
1s gxgefiment 2
H. pylori® H. felis 2/15 87
PBS + LT H. felis 10/10 0

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

b Given as 1 X 109 CFU of Strain G1-4 in a 0.25 ml dose

Results of these experiments show the relevance of
25 enhanced enteric bacterial properties to in vivo
immunogenicity.
The methods of the present invention produce bacteria
capable of inducing an immunogénic response which is

protective and therefore are useful as vaccines.
30
16 DEPOSIT OF KICROORGANISM

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

35 accession numbers:

Microorganism Accession No. Deposit Date
September 29, 1995

Helicobacter pylori NB3-2



5 O her equival ents of the nethods of the.present invention may be

easily determ ned by those skilled in the art and such qui val ents are
i ntended to be included by this invention. The foregoing disclosure
includes all the information deened essentil to enable those skilled in
the art to practice the 10 clained invention. Because the cited patents
or publications may provide furthergpseful information all the
materials cited herein are hereby incorporated by reference in their
entirety. 15 . 20 25 30 35
. Helicobacter pylorf Gi-4 ° " -septefsér 29, 1995 -
.s -other equivalents of the methods of the. present invention

may be’ easily determined by those.skilled in the art and such
N equivalents are intended to be’ included by this invention.
) The foregbing disclosure’ includes all the 1nformaticn deemed
'essential ‘to enable those skilled in the art to practice the
. 10 claimed invention. Becduse the cited patents or publications
may prov1de further useful information all the materials’ c1ted
herein are hereby 1ncorporated by reference 1n their entirety.

is

20

25
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35



63
DEPCSI T
Col |l ecti on

countryl 12301 Paddewa Drive Rockvilla.MD 20852 US

" Sept enber 29, 1995 Accession Nunber”
C. DESI GNATED STATES FOR WHI CH | NDI CATI N ARE MADE[ err ]

[err]

M CROORGANI SMS A. | DENTI FI CATI ON OF

Name of depositary instiution America Type Culture

Address of depositary Institution (including postal
Dat e of deposit

8. ADDI TI ONAL | NDI CATIONS ([err])
D. SEPARATE

FURNI SHI NG OF | NDI CATIONS[err] [err]

-

MICROORGANISMS

| Getianet Steet da conneciion with the microadzaniom riferved ¢ on pege ST, fnes 30-38 of fhe déscrigtion *

| & ooexvRcATION OF pEPOSTT*

Fucthac degiosits-dcaidentified o eq additianal sheet *

Asieticen Type Cutidire Collection

Address of depasitacy institution Gncluding posital code snd countryl *
12301 Packlawn Drive S ’
Rockiille, D 20852

{Uus

Oate of deposit * September 29, 1935 Accession Number :

8. ADDNONALWD(CA‘NONS'MM«.;: policable}. This dafoceucion & £ an € seperanc eaachod ehoot

C. DESIGNATED STATES FOR WHICH tNDICATIONS ARE MADE * ae o

D. SEPARATE FURNISHING OF INDICATIONS * Goave blask if mox agplecebiel”

Ttve indicagons cced below will be { 10 the & Qureau dater (Spacily the gencrel aeturd of the indicatons €.0..
“Accesson Humber of Oeposit™y :

E.Dﬂkﬁmmmivedwiﬁ&eh&cmzﬁqnﬂwpﬁadoumufdod(wbcmm by the gecetving Office)

(Autharizéd Officer)

O The date of reccipt (from the applicant) by the Inecradonal Buccau =

wis
(Authorized Officer)

Foren PCTARO/134 (January 1981)

code end



E. [err] This sheet was received which the International application when

filed (to be checked by the receiving Ofice)
(Audt hori zed O ficer) [err] The date of receipt (fromthe applicant) by
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(?Fgf (ramm(:j)elrSZQ ,mmﬁmml""gulmme conprising an enteric baet 2r5i nm o\rmgn '

I mmunogeni ¢ fragnmeénttortnderiative thereof, said bacterium having an
enhanced antigenic property and being sel ect ed fromthe group consisting of
a Canpyl obacter species, a Yersinia spggies, a Bacteroides species, a
Kl ebsi el |l a species, a Enterobacter species, a Gastrospirillum species, a
Sal nonel | a species., a Shigella species, a Aeronpnas species, a "Vibrio
speci es, whatdDstdlalimed bgpeci es, a Enterococcus species and Escherichia
coli. which enteric bacteriumis harvested froma culture of the enteric
bacteriumgrown in vitro under a conbi nation of conditions conprising :
a) about O. 05%Io abovac8imbi kemprishogt a6 0ABéric bacterium ofro sabout
0 6% of o ts r

at o TERIBR Q! LEdite OF dexivative Sherafity: =oi¥ Blcteriun
42[err] C, having an @;nharxqed aamtlwnlenpwp@feeéyrcﬁm|li>e1neor$@1ﬁc¢red

wherein  dhgy tHECH Cgpébhéistlﬁgmﬂﬂ'&n Camp lobacter sﬁ@&@ébsesa')
about 5% to0 abpui 20% ouf 80%to0 ;a} gut 85% ai r:

ii) about ¥%§iila species, a yRaaternides W’?ﬁﬁzut 30 sfiedda 95%
N2; species, @IEnteédootér %écﬂéﬁmlﬂ CH%rdspiin]i Nininh spleiiles,
10%to aboutﬁz % ﬁ ] with about_7 é bout i 2 35% N2; and
d)  a di v&l efPIEQAEIH 3 nEPSFSFTsel bt 6 athgpec es, a &aeron

consi sti ngedcies,o0 abouVibhodper epicdés, a ClostridiBmPTApaNie®,t o about
10 mM of Ctoé-b r&edcus st—:cies and aﬁQEﬁe}_QghL%r 'dJ¥i0f ‘ﬁﬁ'}%A%&l wharei n

said enteri acteriumculture is at about ear | og phase, between early
| og phase kaffestidin oddr y hgrasstesr &rombodt %‘%Jeﬁu%aﬂf phdee enteric

‘bacterium grown in vitro under 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 an microaerophilic condition,

wherein the microaerophilic condition
comprises i) about 5% to about 20% CO, with
about 80% to about 95% air; ii) about 5% to
about 20% CO, with about 80% to about 95% N,;
or iii) about 5% to about 10% O, with about
10% to about 20% CO, with about 70% to about
85% N,; and
d) a divalent cation chelator selected from the
group consisting of 0 to about 100uM of
BAPTA/AM, 0 to about 10 mM of EGTA, 0 to
_ about 100 uM of EGTA/AM.
wherein said enteric bacterium culture is at about early log
phase, between early log phase and stationary phase, or at-
about stationary phase.



- 66 - A vaccine conprising an enteric bacteriumor an

2.
an ennanced IMRTIMTAM |5 " " *una™bei ng seiecteafrom the oroup

consisting of & t *Canmpyl obact er species, a Yersinia species, a
Bact eroi des species, a Klebsiella species, a Gastrospirillum
speci es, an Enterobacter species, - 66 - an Salnonella species, a

Shi gel | a speci s, an, . Aerononas. species,_ a \/ébrho sgeci es, a

C ostridi um . YREERE, CORPEALAFS. STt SR ETEtF eB2GHETEIH &N At a
coli, which enteric baneogemicsfhagmentedrf demivative theseofh aaidture
of the enteric bactegr] L ' - amhi.pation
of condi tions %é%]g%@r{\rin?glﬁa: an enhé{ﬁéég) aﬂggggp\}gl é’rﬁo(‘pc%}gn

chel ator sel ected frapdthpeing selected frowyrthg gxanp onaisffingdol a.0 to
about 25 [err]M Campylobact&f ?’gﬁ@yj S FOrahotd paM of, EGTA
about 1.0 to about 100 Terr]M of EGIA, AM . b at” a tenperature
bet ween about 30[ er rP&CEFHOLEERt species, a Klebgiglla, sprries, a ()
in air or an mcreagtpplpirtllannsbécdes, an Enterobactemeéries, t he
m croaerophilic condi té' 9 11 , conprgd,ses .i,). about .5% t o, _about
20% CO{err] with 28 Salmonelly, gpegies, &, Hiosddd, PPEFiTeapfit 5%t o
about 20% CC2 wi th abenome&04s tapexhing, 86Vil2io species, a Clostridiym about
5% to about 10% J er ; ahgu .00 0 err]
w th about 70%to ab’5 ?é.é\iéél, _QH hnter?cgg&)uﬁlzs _eggl%fé)ntaglgl erﬁ%?’ll%m
bacteriumcul ture igohi, asbich enteaifedpekaniun ofsphaswesses:t fiXPhary

phase. h3- Jmfc_ﬂaelclcéa@c@fé;mg:% téhtf‘éﬁidﬂbhﬁex%t.}[ﬂ Rl in
conmpri sing a phar maceytica cceptable carrier, or diluent. .. . .
The vaccine accordi n§t#6°cl a‘%/rf‘ffq_ror B, ﬁ%‘ﬁ?—:’i%@aﬂrﬂ eftfer i €M™ i s

I nacti vat ed. comprising:

a) a divalent cation chelator selected from the
group consisting of about 1.0 to about 25 uM
of BAPTA/AM, 0.5 to about 10 mM of EGTA,
about 1.0 to about 100 uM of EGTA/AM;

b) at a temperature between about 30°C and about
42_"C; and
c) in air or an microaerophilic condition,

wherein the microaerophilic condition
comprises i) about 5% to about 20% CO, with
about 80% to about 95% air; ii) about 5% to
about 20% CO, with about 80% to about 95% N,;
or iii) about 5% to about 10% O, with about
10% to about 20% CO, with about 70% to about
85% N,

wherein said enteric bacterium culture is at about or

between early log phase to stationary phase.

3. The wvaccine according to claim 1 or 2, further

comprising a pharmaceutically acceptable carrier or diluent.

4. The vaccine according to claim 1 or 2, wherein

said enteric bacterium is inactiwvated.



- 67 - 5. The vaccine according to claim1l or 2, wherein said enteric
bacteriu lm“ﬂﬂ ‘ ormal in treatnent. 6. The vaccine
accordin Iﬁ u wherein said vaccine is suitable for nucosal or

par ent eral* or* mico8al s arrd parenteral adm nistration. 7. The vaccine
according to claim1 or 2, further conprising an adjuvant.
- 67 - )
5. The vaccine according to claim 1 or 2, wherein

saild enteric bacterium inactivated by formalin treatment.

6. The vaccine according to claim 1 or 2, wherein
said vaccine is suitable for mucosal or parenteral or
mucosal and parenteral administration.

7. The vaccine according to claim 1 or 2, further

comprising an adjuvant.



