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(57) Abstract

Methods using in vitro processes are disclosed for inducing or enhancing expression of enteric bacterial antigens or virulence factors.
The methods, therefore, produce antigenically enhanced enteric bacteria. Also methods for using the antigenically enhanced bacteria are also
disclosed, as well as vaccines containing the enteric bacteria. Specifically, a whole enteric bacteria or components thereof are provided by
Helicobacter species. Also there are other enteric bacteria which are useful for the disclosed invention. One type, Campylobacter jejuni is
graphically depicted wherein the results of high-performance liquid chromatography of monosaccharides from surface extract hydrolysates
of C. jejuni are shown.

* (Referred to in PCT Gazette No. 26/1996, Section II)




(¥ekal anos, J.J., J. Bacteriol. 174:1-7, 1992). For instance, LS a
FFEiek

| ang history“tﬁ%’hi?a@arch on the relationship 35 between iron nce
off bacteria, in particular Shigella (Payne, Ml . McroBiol.,

3¥1301- 1306, 1989), Neisseria (Payne WO 96/ 11258

PCT/ US95/ 13196 and Fi nkeIRst ein _E%.?IZ!’ 1977)

and Pasteurella (
ot her envi ronnent al Pri=S oaa. GTH—t0 : v
expressi on of coordrnately regulated virulence 5 determ nants of a w de
vari ety of bacteria in plants and ani mal s include phenolic conpounds,
monosacchari de, ani §bis aapiugattenpesaeu¢@ntbah®tapnryn-aﬁuto@ﬁe¢072smﬂ1ng
(Mekal anos, 3 appBach@ibfl seridd: Aol 089%d,409, file§osieshat Hpligwens

t hdt enter an anrnal host through the 1 i nt est | ne (i.e., oral route) _
‘encount er nunerous host . envi ronnment conponents and conditions that may
af f ect bacteri al phyS|oIogy and expression of virulence factors.

These conponents and conditions i,ncld el or sal ts,
stomach pH, m croaerophillic condit*m ‘ =15 has high CIIerr]
and low Jerr]), os'm;garinyeahdonanglet:ﬁergeyerallyuh@leim n\éutrormm@e for

enteric pat §90SHAuEELHY! b2 Qﬁhﬂﬁ&ﬂn@r9i§$8551oﬁyafhéﬁtéri@ B&é@@?iéﬁhantlgens
internalization ékbad % i ¥ € €

'87:4179- 4183, 3BHPT ViRulengectactops, %?F%P%a&reﬁﬁ?hﬁﬁl?néﬁﬂﬁm&%ﬁtk%se

i nvasi ve factoenhancgdlemeeriesp@cseria,cﬁotmeﬁha@srfanneginﬁ antigéesically
ordinarily | y | p, he recent
repart that an?ﬁgéﬁgé?aggggéig P2 ?éﬁﬁgv%ﬁérgﬁa ?éélﬁgg 8§§£§&£Wh uni had
only a narg.na;neiqentcehlnlenkangednenter@c ba¢¥ﬁe¢ﬂalrzat|on (Konkel et
al., J. Infggt. Dis., 168:948-954, 25 1993). However, immunization of
rabbits wth extracts of Canpylobacteal:romn I n the pr esence of

epithelial cell nonol ayer s, €a €o¥% ey ; FRaFTEF-HS pasryeness, resulted
in. It is widely recognized that bacterla cultured in vitro

ﬁ

using conventional media and conditions express
characteristics that are different from the characteristics
2o'expressed during growth in their natural habitats, which
 includes in'viﬁo growth cf_normal microflora or pathogens in
an animal host. Therefore, such in vitro grown pathogenic
‘bacteria might not be good for use as ‘vaccine components.
However, if it were possible to define conditions that trigger
28 or enhance expressxon of virulence factors, -elevant
physxology, or antigens including outer-surrace antigens then
important products and therapeutics (e.g., new antigens for
vaccines, new targets for antibictics, and novel bacterial
_charactéristics for diagnostic applications) could be rapidly
30 identified.
| Several environmental factors have been identified which
influence express;on of virulence determinants in bacter;a
(Mekalancs, J J., J. Bacteriol. 174:1-7, 1992). For instance,
there is a lchg 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



production of an antiserumthat markedly inhibited the I nternalization
of the bawoesirss 30 Resear chers have been studyi ng gr&WHUSWSAIWacteria
in the intestinal environment to identify relevant virul ence factors.
For exanpl e, Canpyl obacter strain 81-176 grown in rabbit ileal | oops
expresses proteins not expressed.under conventional | aboratory in vitro

(ig|9t2;”e &g%'dt 'r(i'i‘x?]:e(l'%%d@ﬁ afy,, %g.;ﬁ M_;g%;@_p{;ﬁie,(:tﬁ :bBBUBg7, 6054938a4344,
w or. enhance esl. S ptr.ot el ns en.seen_in
Canpylobacf@ﬁteu{ Pvéﬁ&&dkPFh 307 ¥éﬁﬁlﬁﬁno§a§8§ léé'cbﬁﬂé?ed to’
WO 9chh25&nv1ronmental signals that have been shoWwfiT£bd/S95/ 13196

Z?CteSTa nEebtted, Khe WRpBingies U bofrBihhRRLy rebiatea, yiElTkfce O
wer e tenﬁoﬂ&ﬁpymégééGﬁapﬁdawﬁﬂﬁe VarﬁéﬁwagﬁdbFﬁ#&Ei?ethsléﬂtéla?éjun|. .

Q her Chanﬂﬁimﬁuﬁh1%%luaec@hbhbiﬁc”&b&?&hﬁ&!b heﬁasaacﬁA£ﬂeélaamfﬁareSSIOH
of a new rotein.and

car bohy dr aAE30er SSPRATEEHTS. BRMAAEEAtYn AHIaPEREFoHonE: irkalshgs, 2.
j ej uni mheggg&g:gﬂ;hntnaweneuslysand.chorlo- al l antoi cal ly through chick

enbryos (Field, §E1aljpawﬁg3eﬁg wh%EOQhQEr’aﬁBaﬁ?ﬁ??ORoséggﬁso%ﬁh Ehe

G her intestina onen | e acl ds
be |nh|BPt6F§eF§ﬁn§oﬁé -Bact O¥R4, TEUte) hengpuater &B@E§°ﬁﬁyh9$§y anot her

rol e by af eA¢irBAmentUcen n&&h&eﬁﬁaoEondlﬁ!ohgetﬁaﬁtﬁéyuafféét Pope
and Payne cr obi ol d that Shigella

g93 d Am Soc. .
flexnori cHRCHFEASE BBVBLHICHN; AP RADreseian it LHARBUERSY cEoFtoes-
denonst r at *He8et compbakedtsnhatdcednditiohscineltugeobilie| abikél acbdsl ayers.

Iﬂgya;gporgsﬁtshogﬁxﬁsch pH. NAic@bl8EoPhi 138! £8ndT¢18AL CLERL! Ent OSEYHLNT

15 has high C0;, and low 0,), osmolarity and many others yet
undefined. Invasive enteric pathogens requlre de novo protein
synthesis to accompllsh 1nterna1izat1on (Headley and Payne,
Proc. Natl. Aggg Sci., USA, 87:4179-4183, 1990) Therefore,
bacteria may optimally produce these 1nvaslve factors only in

20 response to certain environmental 51gnals not ord1nar11y
present in vitro. This hypothesis'is'supportediby the recent
report that antisera raised against convéoﬁionally'grown c.
jejuni had only a marginal effect on blocking in vitro
internalization (Konkel, et al., J. In: ct, gig 168: 948-954,

25 1993) However, immunization of rabbits ‘with extracts of
Campylobacter grown in the presence of epithelial cell
monolayers, a condition enhancing invasiveness, resulted in
production of an antiserum that markedly 1nhibited ‘the
internalization of the bacteria.

30 Researchers have been studying growth of bactéfia in the

" intestinal environment to identify relévaht'virulenoe factors.
For example, Campylobacter strain 81-176 groWn'iﬁ rabbit 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
' synthesls of proteins has been seen in Campylobacter

cultivated with INT 407 cell monolayefs as compared to
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20 gl ycochol Ys{gw }g#aodeoxychol ate, the CHAPS series, digitoni Pcrusesidi96
Triton X100 a §8 m salts thereof, had no effect on the i nvasi veness

of S. flexneri. Moreover, their broth cont ai ni ng chenodeoxychol ate al so
had no effect on the invasiveness of E. coli or other avirulent strains

of Shigella. 25%acter D NEREEiSed inMMO Middtse BE Tnd |itald1iad ?éqs

I nduced by alterin pH terrperature and ionic corrp05|t|on of
growt h nedi um (ERBkehoset 21 gnlesdnfecty is. 7 1685P48-954, 1993F)CT

application pubtuﬁﬂ&emwﬁbﬂleéw &iﬁw&ewlﬁewm&ny msodiatetl witho3,
di scl oses met Nogl f ol o g OYhoGs RAGIELd P 34 JBLOS . ¢ apges such as

phosphati dyl serTne,
expression i-sS e‘Pﬂhh&b%F’ Byexphategy, 1988 tef ;ﬁlmid@.ofemm P @emnewe.

Thi*s :ef erfence mw%embrﬁétcw&@émca{n@tm%itﬁlm flﬁﬁ%é?{.}-ié&fr&rc%se”t a5
i nventi on or I N enteric eria alng ennance virul.ence or
anti geni c propé€f '&é&y rates werg aﬁ%ﬁ“\{ﬂﬁﬁderﬁ‘bﬁ ayimpdeats steadn

as Canpy! obaodﬁrcaryhﬁkn.gama; pﬂssemtlw&ﬁamdsi@l @rnichidrd o-

.3 -
PCT/ Us95/ 1319\é\Q19ﬂ dlt,xntqroufhofcqlhcgseemc?r é’fsewg'geeln s ertr"al?é"' ! EIT'C'ITM*
vacci nes an 10 ¢ FR29BHYLI 1384 - s endeni ¢ t hroughout the world
anflI in de\ée: 3ﬁ' ng C%’tﬁéﬁ eﬁuﬁésl@ﬁ%luﬁc%‘iuﬂdg{er?@ﬁuku% raermafe aclﬁf or@alts,
mllion chi 00 at hs .annua ue to diarrhea yl.obac
al t hough only r’&%ﬂi‘?‘iyr} ofé‘h ’éﬁ"’é&"% Yorfiodr jgome baﬁé’ﬁ%ﬁe ﬁ%\ﬁ'r bile
recogni zed as ausids nii}e mpram r@fle by @iffiectdialg d/l:u‘ma:eexclen elxpiression
devel oped and qﬁp é¥€¥EUm countries. An estimated 400 to 500

obac er i

mllion Canpyl arrheas occur yearly, and over 2 nmillion cases
occur in thd5 10 UniRape ang RKayne (93rd Aghi §GQ-0M1§I‘I°§1@100n§eq-ﬂéncé9§ﬁ)

bacterial invagdibrafed hat shigella flexneri cultured in broth containing
sodium chenodeoxycholate demonstrated 3 to 5-fold enhanced
infectivity of Hela cell monolayers. They reported, however,
that other bile salts and‘detergents including cholate,

20 glycocholate, taurodeoxycholate, the CHAPS series, digitonin
and Triton X1oo and sodium salts thereof, had no effect on the
invasiveness of S. flexneri. Moreover, their broth containing
chenodeoxycholate also had no effect on the invasiveness of E.
coli or other avirulent strains of Shigella. _

25 Synthesis of new proteins by S. flexneri is also induced
by altering pH, temperature and ionic composition of the
growth medium (Mekalanos, J. Bacteriol., 174:1=7, 1992).

PCT application publication number WO 93/22423, published
November 11, 1993, discloses methods for growing bacteria on

30 lipids, such as phosphatidylserine, or mucus and for the
isolation of proteins whose expression is enhanced by growth
in the preeence of phosphafidylserine. This reference neither
discloses_ﬁqr suggests methods of the present invention for
producing enteric bacteria having-ehhanced virulence or

35_antigen1c properties.

Vaccines against many enteric pathogens, such as
Campylobacter and Shigella, are not yet available but the
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colonic nucosa. The invasion is associated with the presence of a
plasmid f P& invasive isolates (Sansonetti et —  ACT/UDHMULE .

| mmun., 35:852-860, 1982). A fragnment of this 15 plasnmid contains the
invasion plasm d antigen (lpa) genes, |pa A -B, -C, and -D. lIpa B, -C
and -D proteins are essential for the entry process (Baudry et al., J.
Gen. M crobemdemoless efoBhese3dig€85¢ . agents makes guch evascDids |é}gl cal

vacci ne candiglat€anel ybaygh Qﬂlégfiésfécoiﬁéﬁ%%ﬁ:ﬁ%;%ﬁrﬁ% 65 e RSt

| | t ab
ot ool Y ' dnaLin Sexntor Digocasotnbes i6mpesinag fox mhos 1% A
|pa B prot edf £hées i mibbion tdieildinosd ddests! dAnid 1y Aty in

prol onged iP3¥Ragen iwm\mmqnmmas.mwmuneimammm T .
f t I senc
si gni fi cantdiarfA&LE adisedsd oy 5&15*\*.&@ &éfb}ead e severﬁ‘{?’w

of mucosal ntJbod to | |n1t t he

infection. douritri y %Fpt?ﬁtﬂﬁ%‘?d i ian Campylcdisaken a have
been test ediiarmmlmcauml yearls, a&x&tw‘eissa‘ W10 Fadey occx&e% feggnd.
In spiteg@fuditedd ﬁﬁééal significance of Ipa proteins in virulence,

nost vaccl ne candi es developed 35 agai nst shigellosis are based on the
| i popol ysacchar iShdigeldnsigerds vhicsmssguense dfe aetenipd- dmaision of the

det er ni nantcoloric niicdd.Cl AlHe/ i3 /ldiioH %@Qﬁ@ﬁ%@%ﬁ\ﬁ%&/ ﬂ%& eSence

conj ugat e -

PCT/ US95/ 15T0@ Plasmid, faund (ns adils dnyesi vecdsodpses Hsensonpstit etshow

si gni fi can@lpr,oladiscin Tmumm.1al3$ :@Beksisns Qbs@h.{ Rﬁfrabﬁ%nt ofDthis
13 S3621§6§las%aﬁ>conéa§ @ E%F'Xn%ggh”'St Egglalanilgen (Ipa) genes, Ipa
A, =B, -C, and -D. Ipa B, -C and =D proteins are essentlal
for the entry process (Baudry et al. s . Mi bio .
133:3403-3413, 1987). - R |
_ Ipa proteins are logical vaccine candldates although
20 their protectlve effloacy has not been clearly establlshed.
Ipa B and Ipa C are immunodominant protelns (Hale, et al.,
;n;__;__;mmgg; 50: 620—629, 1985) Furthermore, the 62 kDa
Ipa B protein (the invasin that initiates cell entry and
functions in the 1yszs of the membrane-bound phagocytlc
25 vacuole) (ngh, et al., gﬂgg_g;, 11: 1991-1999, 1992) 1s highly -
conserved among Sbigella species. The prolonged illness
observed in malnourlshed children who have no szgnificant
mucosal antibody to Shigella Ipa suggests that the presence of
mucosal antlbody to Ipa may llmlt the spread and sever1ty of
30 infection. ' _
' Though a number of vaccine candldates for shigella have
been tested in animals and humans, a successful one has not
been found. In spite of the potent;al szgnlflcance of Ipa
protexns in virulence, most vaccine candidates developed
35 against shlgelloszs are based on the llpopolysaccharlde
antigen, which carries the serotype-speclflc determinants. A
parenterally administered polysacchar;de-protexn conjugate
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vdcci ne does induce nucosal imunity, but its protective Eff'(‘:ﬁf)‘@éllsl%

remains to beNQ&BRS8 rat ed (Levenson et al., Arch. Al l ergy App
| mmunol ., 87:25-31, 1988). The pat hogenesi s of Canpyl obacter
i nfections is not as wel | ‘'understood as that of Shigella infections.

Cell invasion studi es in yit ro Kopkel,, et al . I nfect
168: 948- 10 95Na0%iNe ham) 34sq &5 konsdy ik |1&néfe(“R%§ E'H","’ et al.,
J. Infect. Di S-s;&ﬁfﬁﬂtﬁkﬁtowomm@um (Rolbkins et larlvasw

al'so i nportant.p i S ff-’%‘i%ﬁ:{%’sr ' Slsqﬁrbs' SLEMi i 124 matd%‘in‘ig%%% Q%ogpﬁé&

di arrhea cause be severe a assocl at
in the stool. mr&s svmdwsae rm:qy'@laslmra{fad \)autthittﬁepmﬁsﬁ&é@m nant

62 kbDa flesgeéfnrbwptﬁnmmsw@wfdémﬁraﬁw qaleR@nisbat etthal. , Arch,
presence of flagell essential for W% act% O Cross polari ze
epithelial cel K a“. St A e 1 | 88)\rmun., 61:1764- 1771,
1993). 20 - ‘No s(Pphe mat@gmédmmmammtbaVanHMmQBahsl sbtdas

as protective. daﬁ"ie:s&{%egt m*runo cﬁ)r%ﬁ(i:“lo?; éﬁﬁg@?&a( %%f%l:t?.@ﬁ% Et ‘ih@?sfmn

or PEB proteins m nant protern are

hol d promi se i studies dda ' o (kenkels et @tl-al J. Infest. Difun. 158' 48-
59: 2259- 2264, 5%%2,; lgﬁeraﬁ'dxi&cgﬂt?ﬁlld fﬂ: ei:am'i'n@t:.@h%m(lmssell, et al.,

nai cat e by | e ThEREhse Hifuon THAIAIONANT 2 4093 BROBRES SRS FRICBNE wi (1

t he Cr oss- stinvasigrotisctaled dygportantnf e Mhiisn cmnt:lius ibnois comsligtengs

(Pavlovskis et g L:g.a gﬂ(}f %seéx{)&%@ &%@%ﬁ%&%@% c%ﬁs£39% cﬂﬁ}ﬁgg%gﬁ@er may

flagella protein vaccl ne

flagel | a prot ele &eVeFen Iﬂssqqfiélt@dlﬁlll?@stbl@loﬂnll@althf g&pedant These

Serogroups. 15 activiti¥s e bed st atled A tH eHENinni¥BAbNERahRC EBARDA)
I n vitro cul tyre ndltlor for culturing or treatlngagnte bacteria

whi ch optimal | § FooeRt report; ipdi ﬁ&/ at'e?f’ﬁl n
cel lul ar char a«ptreseﬁcecs:ﬂ rﬂl]agi!.‘u‘.lg da lessentiad forhaaapyldobatites,; t2) cross

correl at ed altg 3@ﬂf¥@§yéﬁy¥§§ifﬁi cell monolayers (Grant et al., ;hgég;;
“Immun., 61:1764-1771, 1993).

20 No specific Campylobacter antigens have been established
as protective. However, the low molecular weight (28-31 kDa)
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

28 Gotschilch, J. Bjo. 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 against infection within Lior
subgroups (Pavlovskis et al., Infect. Immun., 59:2259-2264,

30 1992). However, a flagella protein based Campylobacter
vaccine may have to include the flagella prctein antigen from
the 8-10 most clinically relevant Lior serogroups.

Therefore, objects of the present invention include 1) in
vitro culture conditions for culturing or treating enteric
35‘bacteria which optimally induce or enhance invasive activities
and/or certain cellular characteristics including cell surface

characteristics; 2) correlated altered invasiveness or
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cel | ul ar WQM643258ri stics including surface characteristicsPCTUPYB1¥hanges
in antigenic profiles; 3) increased virul ence of t hese organisns in
smal | ani mal nodels; and 4) antisera agai nst organlsns wi t h enhanced

st venesseoluPht St S el EELET LU O LICh IR R oo
used for irnwith\¢hanges im aatigenic |prefblesars hnincreasest aprulenamiofst

conventlonaéﬁasarw@axbfﬁerm smdlli SaAiWED thdde PO G5 6F) té}?@fse needs and
others. 10 None he refirences di scussed above teach or ‘ggest .

the in vit r%gmﬁﬁo%r%?mtw pfEe FRREA i HIVARAVENRSY R ered of  he
pr esent |mveharant¢xﬁsticsrinc&udingnsuﬁﬁaCéH&hﬂr&ﬁteriSﬂﬁdﬁIﬁhdﬁﬂﬁrﬁW a.

Citation or f ec Qr any other-
section of ?‘%n snéa%% | ca‘kéljcr)&n'?s a'p')f/réigl %nds%%’*e}o&as: ‘ﬁ‘ﬁi‘f&a‘} v t hat
such ref er Sptlre O ra\ﬁejmmleabbermas)rtmn antisers (prepined against

3 SUMVARY &dnvidiit idW4IN QGrown bacteRlia, | MiETY | BiveH oM S diadd il t‘i-idsfé”e
condi ti ons and 20 ggﬁgren s incorporated into growh nedia of enteric

bacteria X¥thance the presence of virul ence factors and
ot her art@ gens an#e:rfatﬂl;e ‘referendes)eliscussedmabmgeieach orVizuggest

f bl t
D it enve Bt VRS SRR O SR Aiidtson A 95 Yaceines
and conponéf £he Rueaenty insientiien mqmnnimuatn@@nmam)c lenhanded

orggm Ss féxﬂ:@w%ﬁ&hﬂw U(rjceitatﬂ%dwis ltfa‘eﬁélef;gaﬁ:i%ﬂ of dx{tp/%tf £ ‘
proauce an |,Ca e.n ance en ri-c bac erra w p enotypl C C an e
such as |nc’1’g AR AN & %‘_._ hel |sectd qn. 9 thik APRIIFIHIEN, %

prot ei nsi$ late red msﬂm@s&sﬂ lndma'h‘wcee tharth dualy atefereddecried surface
|1 pOpOl ySaGeRAnaiiG as pridr®a3Rd e Whvlllididy, | NCTeased invasive
rac I Ul ar

abi I'ity and/ or I ncre se swarmng. Moreover, methods of
t he present invention are adaptable to practical scale-up 35

fermentations for comrerci al 3USgGMMARY OF THE INVENTION

This invention provides defined culture conditions and

20 components incorporated into growth media of enteric bacteria
to induce or enhance the presence'of“virulencé-factors and
other antigens.. Preferably, such antigens are immunogenic.
More preferably} such immunogenic antigens correlate with
indices of virulence. '

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 antigenically enhanced enteric bacteria with
phenotypic changes such as increased total protein per cell,

30 new or incréased individual proteins, altered or increased
surface carbohydrates, altered surface lipopolysaccharides,
increased adhesive abiiity, increased.invasive ability and/or
increased intracellular swarming. ;Moreover,-methOds of the

' present invention are adaptable to practical scale-up

35 fermentations for commerc1a1 uses.. '

Said antigenically enhanced ‘enteric bacterla can be used
to produce protective vaccines, such as inactivated whole cell
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Sdi d antigenically enhanced enteric bacteria can be used to
protective va%’@ﬁﬁé%z,sesuch as inactivated whol e cell _9{:‘?%%‘1‘13195

- 6 - WD 96/ 11258 :
PET/ US95/ 13196 or subunit vaccines, or for diagnhostic purposes such
as for the production of antibodi es and detection of pathogenic

enteri c bact erier osubwnpt oveéeinesi ot for diagnoatic (prrposemisusitiass for

i nduced by the gpba9rsquePishi 6 bart Bhodidd 4AE adtddErdiios Patdgunidy be
used as passive vaccj nes Therefore, an ohject, of the present

i nvention i s a $REEEIC Pagkeria oK FRPEIAWTS @ Wtifsee| & &%0 e e
group consi santibediéanpyduwbedtlsy idpe ,entearcted aertferididdotemia &@f the

sp., Gastrospir] p ' | ebsi S t erobact er
B G ool oA P PRELS) RS el B VAR Ry
C ostridiumsp., EntBhrexetere, s;n ehirEs 9 rthsinresento|inveniiony isnisameddiod
= Conbl nat | on oo SESCHELAS | ke e haliter | Etat dF i e S % 1 o

: . 0to 3% e or. 0. oto
0. 65% of one_or AUNRARENG |SF LAREFIAPACHAE Aoy SRS LR, Rerrp HAkiFAbATERL
BEt ween 30[ esp | ,C Gastr¥a<pi ril 1um asmy 0\BdoyEmnides spQuikleddiellag sphase,

et ween earlya | Lonary ahgut talio ,

m A or iy JRtEhareld UEY St 4. Siger e . oo prbE .,
80%to 95% ai r VEIEI® SR Giegtgiddum S0 (ENtEFraroRays sp- S #sphrrichia
derr], 10%to &% CHSFidg enndhcdiodm Rr0hid Yrdpertiits coipri¥idg:Y gridwing

t he presence of I val ent. cation chgl at or,, .such as, but not limted to
0 to 100 [err] g™ G RAFLEDER [} T QWith @\epabinatdan, of SNt ieaea,
and 0 to 100 [ eimdiMaind=CTA)AN. 8% to [B% duilen o) 025¥ o O.16% |fe omec @rof

Ferrim o T8 ERFEBATE Rifs Sohith ‘aibrdbe 4  Wafpddafuliil Betuein
"EGTA/ AM and 30fiQ langd 42RChiuntibia grawtls phass |at adiowd: early log phase,
between early log and statibnary phases, or at about
stationary phase, in air or microaerophillic conditions, such
as 5% to 20% CO, with 80% to 95% air, 5% to 20% CO, with 80% to
20 95% N,; or 5% to 10% O,, 10% to 20% CO,, with 70% to 85% N,; and
optionally in the presence of a divalent cation chelator, such
as, but not limited to 0 to 100 uM, preferably 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 cation
25 chelator, such as 1.0 to 100 uM, 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 selectéd'from the group consisting of: Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp.,
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella

-7 -



Accor di ng to the present invention, concentrations of any i ndi vi dual
bi l e aci W@P6/EIZS8 thereof include 0.025%to 0.6% 30 pref FEBVIPSEIP59 t o
0.5% nore preferably O. 05%to 0.2% nost preferred is 0.05%or 0.1%

Preferred are nmethods wherein said bile acid. or salt thereof conprises
deoxychol ate or gl ycochol at e. A further object of the invention
is enteri. cspaptShlgeB.%asspectAdrbmonas hep g5 dlpbrimsspt ) nBlastridiy | spact er
sp. . ﬁ‘ﬁf;?bécé@cuﬁ"? ,C é%&&hé&c%??%éﬂﬁ"&ﬁé:l-é':(‘?x SPaid ent@Fi£r 0l des
sp., Kl ebS| e nt er obacter .s

-7 - acw%/ g{g5grown in VJ.tro -under a combination of conditions
PCT/ US95/ 16&9§ramotesénhaﬁbedehhﬁ1§6n1c sperefesp.said iowd SPions

enter o b FeiPeieindl 4P CBrOHR €$t?€”%§€°heré T e OF e s
t o pronot cnenedpile amiﬁgeQrCSQIDQethemf st xoreiiperature Soetween si ng:

a) 0.05%t €1 96~0. t alts
) *902d0dnd 42 T ‘Q%g{%\eﬁn e‘?%&and 42 errﬁaél%ntl ti]‘![gréo’wth '

t her eof , gb%a terrperature
phase at tween e3riy lonAnd staki W ®hases o PR AE ABMBnary phases,
or at abo&tatﬁwﬂrprpmas@ham ain cﬁtruzﬁueﬂmﬂﬁrdﬂa‘ M&Hdn‘ditions,

cop 1 eqoeyd® el %o Sk e ) ot WBAPRIELOsE Thakhn B8 0%

with 70% t80% t??ﬁ%\l[lbr,r Pr él%dt?pgﬁ&rlﬁkl‘ylﬁi dmkaIMtZthcQ;n whthavo%, teuch
b r

BapTA AN 260 o B Bppiaidy 4 s opitle BREIEh" Eﬁk%l?éé .

ina) 15 éa&e‘ep!tofr i imited e t@f100 d’rW-alme,!éﬁb Zhdit B E mm«. ‘

1.0 to 10® [&s r:ld\/lmmr@f PR Y 2Afd [@rﬁd Moo)me/&T%ﬁdiMnﬁa S5 &0 ph0 4EMiqf a
EGTA, ])[{) to 1 M of
a

EC d
b| le s difeept t‘?f"l?ﬁs?f'b‘]""ec"l’l\ir:l dt ‘fjnvé’ t?ﬂoiﬁﬁq% h.f']\)%ﬁ? 'né"(%’rcr:ﬂ'ﬁss?:]g

1 0 to 100 uM, preferably 25 uM, of BAPTA/AM, 0.5 to 10 mM of
EGTA, 1.0 to 100 uM of EGTA/AM, and W _;;ngg; any bile, bile
acids or bile salts. - :

Another object of the invention is a vaccine comprising a

‘20 whole enteric bacteria or components thereof, selected from |
the grbup consisting of: Campylobacter sp., Yersinia sp.,
Helicobacter sp., Gastrospirillum sp., Bacteroides sp.,
Klebsiella sp., Enterobacter sp., Salmonella sp., Shigella
sp., Aeromonas sp., Vibrio sp., Clostridium sp., Enterococcus

25 sp. and Escherichia coli, or an immunogenic fragment or -

. derivative thereof, having enhanced antigenic properties; and
opticnally a pharmaceutically acceptable carrier or diluent.

Preferred is the vaccine comprisiﬁg 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.présent invention. - Such
polyclonal and monoclonal antibodies are useful as immunoassay
reagents for detecting enteric bacteria in an animal or




20 whol e enteric bacteria or conponents thereof, selected fro ou
consi sting ofvodeanyssl obacter sp., Yersinia sp., Hel i cobact ?F“g‘{&mﬁl% P
Gastrospirillumsp., Bacteroides sp., Kl ebsiella sp., Enterobacter sp.,
Sal nonel la sp., Shigella sp., Aerononas sp., Vibrio sp., dostridium
sp., Enterococcus 25 sp. and Escherichia coli, or an inmmupogenic frggne f
or derivatihOOiPGIGQi,SﬁapiﬁgtBEHQFEBH'an?pﬁeﬂ?ﬁyﬁ}ﬁﬂé}tgﬁg;m%ﬁﬁF ona

.gfé}gP?LLyig FEg&EBS&EEECBk|ﬁhécﬁﬁaﬁﬁhtﬁiﬁﬁéntﬁonoardiéhsotuseful as passive
vacci ne conprisin n i ty | I
enhanced enterVEcﬁéefﬁrEBF R ?u?Phgfgggfgé?ao?gééxsﬁgg?%$5%€i%%8?%Pg$ Y

vabcine furthe@nteppibpsngndnd&aﬁasaat.. . A further object of the
Fresent I nvegtion I g th@ﬁ&gfoﬁﬁect'aftt diRveht PShUIE NEn bk VoErd i métiesh
o: antisera, purified gG or "I gA_anti bodi es, , Fab fragnent e£§igg lgh

are capable f8F 3gsavingappientaalngntimicrebial agents¢
det er mi nant 35gekpanogntentactingeentepict bacpeesanhavingnénbancédcantigenic

lycl I d I ' [ ' ' '
pol velonal, andoIugel sl eRSbLERA' BRofl EpkSkphooconiibetagay; ' oasents
- 8- WD @8mpy26Pacter sp., Yersinia sp., Helicobacter spgy/ US95/ 13196
bi ol ogi cal iﬁ%ﬁ&%{ﬁﬂ@g@@ .pobxetepaldasdsprnorlepsiellaaspi podi es of

brotocti ng agaFRSETERREERE Aot cBAMIONSIARGEPT onShidtl if cEBsehergaonat p.,
fg{ggf{afbgﬁffz?bfggfs'Uyeaﬂbﬁﬁriaiﬁm kp.yi Enterptbodus sporandsBycherichia
_gnteric bacterFQiﬁavVﬁ 2%§gh§8§ggﬁﬁﬁégﬂgggggsp?%%égggggigéfg% gBIP?OWIthe
group consi sti bgcteriociGadpgrobacteriogtatiereffieatsp., Hel i cobacter sp.,
_20 GﬁStrOSpiF'llu"]§Q§%IB§CFﬁfehgfsoﬁﬁecthfb€h3|iﬂvéﬁtion E8t ghopacy £Ero
p., Salnnne | a sg., Igella sp., Aef onpnas sg., \ ; ]
method for detecting a host's production of antibodies or for
the detection of enteric bacteria in an animal or biological
sample therefrom, comprising the steps of contacting a
biological sample from a host with enteric bacteria of the
20 present invention having enhanced antigenic properties
selected from the group consisting of: Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp.,
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. - o
Another object of the present invention relates to a
diagnostic kit for detecting a host's production of antibodies
30 to enteric bacteria or for detecting enteric bactefia,
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.,
35 Enterobacter sp., Salmonella sp., Shigella sp., Aeromonas Sp.,
vibrio sp.; Clostridium sp., Enterococcus sp. and Escherichia



v

Vibrio sp., Costridiumsp., Enterococcus sp. and Escherichia coli, with
sai d pot aMOi9elt1288ent s and assaying the bacteriocidal or BePV8¥Y386atic

effects. 15 ' Still a further object of the invention is an in vitro
met hod for detecting a host's production of anti-bodies or for t he
detection of enteric bacteria in an animl or biol ogical sanmpl e

therefrom &SIy Gt rentiodiePstiérevntamd idll thdy Wex@malalsxipgl e froma
host with enteric bacteria of the 20 present invention having enhanced
anti geni ¢ TURINGIREE  selected fromthe group consisting.of:
Canpyl obact er sPreferrad senteribp.hactkdricoithate rthep varGous @s.qmectls wh sp.,

Bact er oi desu?é)iré‘éé’x?é' fﬂw}ém?{}arbrﬁi Sp Qe e %%J*Pﬁ%%fﬁéﬁ er dcoccus

Shigella sp., Aerononas , dostri

sp. and ESGRRRXARRAGLET "okt FOrES i tazocol tiGa, Yers inid @es tisd
screeni ng fxmrrsam.iéaqshmfd&tmrculasng,r E¥oherichia coli ABhiyellej ect of

broduct | on AR FLGET sdfes, SNGHER drsbneartadostigelia o °
bacteri a, boxﬂiﬁwlﬁﬁliFQbﬂQ#ex:innnﬁdeﬂﬂiﬂn9ﬂ94§ﬂmam@idsantlgen|c

properties Gudadssh S0 %xﬂ{zmso C QG ¥HSid Qﬂ:d?.ferae Bpsipbacter sp.,
Yer si ni a sp. Fbllcobacler Gﬁstrosglrll unls Bact er oi des sp.

Kl ebsi el3% RgFah a&?"ﬁi‘f@r%ct ﬂra%"ﬁterﬁﬁdgﬁ [EFagdlis,
Aer ononas :mqstridtﬂdmr i £l ci Xé ossaund:mmo ty pHatneiraen, C tsalmneaadz

Escheri chi

PCT/ Usos/ 15781, Salmopells gallinarym., safmeried a, putorfh; Saabohtiia
kit co raesuis, Sammasekieentemitidiscidebsielda mevroniaes
aspects of gnterobacter cloacae, and Enterococcus faecalis. Preferred

1S'Escherichia-coli'include but are not limited to entero4toxic,
entero-hemorrhagic, entero-lnva51ve, entero-pathogenic or
other strains. '

The present invention is based, in part, on the

surprising discovery that antigenically enhanced enteric

20 bacteria 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 liguid chromatography of monosaccharides from
surface extract hydrolysates of C. jejuni 81-176. Figure 1A:
standafds: 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".

- 10 -



t He present I nvention rel ate to are Canpyl obacter jejuni, 5 comaRRsber

coli, Yersini ¥MUE¥olitica, Yersinia pestis, Yer si ni a
p§eudotubercuI05|s Escherichia coli, Shigella fl exneri, Shigella
sonnei, Shigella dysenteriae, Shlgella . boydii, Helicobacter pylori,

Hel i cobacter felis, Gast r os |r|IIun1hon1nus Vi brio ch | er ae, rio 10

par ahaenol yti cus, Vi FrHERER, 12 BHGEeE 13 A9t depigts FP&gFFﬁ? ts °é1§§9 B3 um

di ”I cile, Sgl lmmsad &Y séiilllﬂsﬂe-tpmysanymaeiilde gelt lpnhctr@phmeshlsa (SDS-PAGE)
gal l'inarum Sa u C ui S

Oneri i dis, K ARevA, Y ddtinkRs s3 BY Brate ns” 02 GRBTRLCR1 17 (B URhE"1,
Ent er ococcus fa@(ml i3. o sunfiane BXtTaghs i(celaScend 60 cogdE - biejund Badtrize

limted to en&e&ﬁmﬁ@ﬂﬁ%onatagnaeﬁﬂnheem&mhe&lgro%ateeebta&ﬁalfe methods of
entero- pathogen%§ﬁ9 ot her esent, |nven

based, in part tﬂ’r’«?sents&nﬁ'ﬁ%lr?é' dlos&?vQP‘?ag'IJraPl&ﬁt BGafscaP Bﬁhgnéed
enteri c 20 bact deicxychdlate n'mu"l)on I nduce i mmune responses that are

cross protect | ve agaigiyhd i 3480309 Aopiktdl URekooyi 28’ 80V RERLEEN Dot

sanme bacterial speciés € Saite enterrc
but grown usi ngahedyseds; emwmg eupmpﬂwgsooneft poeteins houndaby Gm;ret IgA-

i nst ance, tthleﬁh&ei%an@e&ﬂemge ueea By iheedRibacical WiotBhartede.
enteric bacteri,a nve 0SS- prote ctive ag

:
it feront speci J8IBPIeRITLS babheis,car &1 7B 81 873 Sapppplionatsy
DESCRI.PTI ON OF @hiowbRAMANGSo2Owhole Eeddr €s jAjuhB 8nd1¥€ grewhi aetbyding to
depict the resu | perf n chr h " won
nonosaccharideshFrggps g%r gge%gf rggtgﬁvgrggbgatgsgg?bgggig %ﬁgg T°19§ 2%,
Figure 1A: St oxdQra$: degxysholpge;, "R#'acerysugiaaet exsrants' of| Nacjejmpi

acetyl 9'UCOiQ”Bﬂel7€1EN%Qentg%hQQH?SQroGﬂ| ”49LU695§ur§LEe:eﬁérygﬂgoéf C.
"Man". Figure 1B:. ,surface conventi onal | acterla "BH '

Figure 1C surfd8duBd i soﬁrBHBtEFFSrdlﬁﬁoﬁﬁ EﬁéﬁPegnaftG RePFR8EENE! the
present inventi dnveR®fdbn, 0.1% deoxycholate, "5", - 10 -

Figure 4 pictorially depicts the results of western blot
analysis showing a comparison of proteins bound by flagellin-
20 specific monoclonal antibody 72c¢ from whole cell C. jejuni 81-
176 which were grown according to methods of the present
invention, "3"; conventionally grown, "2%; or grown in a
fermentor according to methods of the present invention, "1".
Figure 5 pictorially depicts the results of SDS-PAGE
25 showing a comparison of lipopolysaccharides (LPS) of whole
ceil's. flexneri 24577 conventionally grown, column "1i%, or
grown accordlng to methods of the present invention, 0.1%
deoxycholate, column "2%,
Figure 6 graphically depicts the enhancement of immuno-
30 cross reactivity of c. jejuhi grown according to methods of
the present invention. <. jejuni 81-176 cells grown
‘conventionally or accordinq to methods of the invention as
exempiified in Example 5 (DOC) were used to induce antibodies.
The agglutination aétivity 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.

- 11 -
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Figure 2 WO®631358| |y depicts the results of sodium  dodeR§T/USIS/13196

sul f at e- pol yacryl am de gel el ectrophoresis (SDS-PAGE) showi ng a

conpari son of proteins of whole cell (colums 1, 2 and 3) or surface
extracts (col 5 and 6) of C. jejuni 81-176 5 conventlonally grown "BHI " or
gr own accordlngﬂ; 7aS ah andthe prephitallycdepdet(€h8%OEgehtybbt e

ds "OX" 1%
opl ot o 1 nd vaksise &o%%é)i | 3hBerihtka o degunll 841578 DhEIRIERIY
prot ei ns bamn@rbyeb¢nmstmugA-agelu§Nta|nasglhuCdglpwsaeéeahbylenqecofon .
wﬂhmme?H&i?m@wu%Eﬁ$W%k@%£vwW%ﬁ&H&-

conventiona I uni “81- 176 gr oun
accordlné P@°5P GH?fGFthéaﬁ#€§eNPBFMV§99P9n11898@6EﬁﬁaPF 8i FE aci ds,
"2", or adji%anecoXpdjavant,; dash Qﬁ.neolrfaomazﬁ.nauacniv&eﬂewnyejﬁm

81-176 conggnaygngngsgggW&s tﬁ8§ riguégéﬁﬁ Prﬁ§E§eQ£e§:accot3§§§Ito

81-176 grown acco met o esen
deoxychol aExamp3e 5 wlthoutFagdnyantpK§W6w|apey aépcéetsehédrbéne)sonf

west ern b'Qﬁth L@nahx&vSn%thweg+aAagﬁﬂaht§oaomidpeefenayssgyadlbue .
from ] €j.uni

flagelli Té% eci,fic nocl gnal anti bod ﬁﬂ ﬁ
81- }?6 °ﬁéP& § %ﬁaﬁéﬁﬁrﬂPﬁgeFBm efoHsing the gPﬁgéﬁf"al
i nventi on, c6lbnicatient assayl.y Figuee 72" (top paned)i shews therrestits

according te qggh?ggtﬁktagﬁuP?@E@?E§E§¥ gégoggcc%natlons usifih WA

pictorially depic % conp rlsgn of
| i popol ysa@!{ﬂ&r Agsss(pLsEO f1mtbvate%ebﬁcgriabmtiqmm%mﬂq onal ‘/

grown, col g gBT re Vnogmiddgéoggnaizo%ﬂbgg Eﬁe”?égﬂﬂés éft@ﬁep%PEEQ ion

i nvention,
depi cts Fhéf§ﬁﬁ§ﬁéeP¥nF GfVﬁﬁﬁﬂﬁétisascﬂﬁéégrEBE?FV9¥910¢°€?SJ@fugp gro

accor di ng &aaee&badaﬁoﬁacteyhs1pps§e@elasv§ﬁflgas i&hf&'?élgﬂgét&ﬂ"s

- grown conventi ona or accord g e I nvent1 on as
exenpl i fi eBaPﬁltxﬁhﬁwﬁ Shepeefudife Gssaetar%eﬁ'eeoan#%em%% by thee
aggl uti nat vascinatiohy akihgethreet ppas aésestcboﬂo%anacnvated

bacterial particles per dose. See Example 34 in Section 11

20 for details. |

Figures 8A, BB and. 8C graphlcally depict the efficacy of
vaccine comprising 1nact;vated c. Jejup; 81-176 whole cells in
protecting mice against an orally delivered éhallenge of live
C.'jejuni 81-176 cells. Mice were vacéinated as described in
the brief description of Figures 7a, 7B ahd 7C. The vaccine
efficacy was examined using the intestinal colonization assay.
Figure 8A (top pénelj shows the results of the proteétion
afforded by the vaccinations using three oral doses of 10°

inactivated bacterial particles per'dose; Figure 8B (middle
panel) shows the results of the p:otection afforded by the
vaccinations using three oral doses of 107'inactivated

30

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

as using three oral doses of 102 inactivated bacterial particles
per dose. See Example 34 in Section 9 for experimental

details.
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35 (i.e., antj-C gpuni 81-176 cul tured in BH and anti-C  pifigiijiaros
)

81-176 cul t ur¥Q 94 agai nst various C. |ejuni serotypes are shown.
See Exanple 32 in Section 9 for details. WO 96/ 11258

PCT/ US95/ 13196 Figures 7A, 7B and 7C graphically depict the
efficacy of a vaccine conprising inactivated C. jejuni 81-176 whol e

cells ~ in protectiPtgwree graphical psigpictreltheeffestalaletde growth
but fered cal | nd s PEthe: FHAELIE LaBie N LAY bn bHE ISR Reness of
line), formali nt.%aiff#sv%ueﬂ"@é’f@%ﬁi24?7%1@3171@mo%9@31%%%r @457 3wn
and Iha/r velsftgd aceDlsli wgré agrowrttxesmrentiondXnut (BHI )yvart acddkdimgerto the _
circlelsoli [ . V4, + ' tegs [

circle/solid %ié\%’.‘&ﬁ) %3%%%%%%%?’%%4@%&5%%@%5%. r'i% tEﬁceample 2

i nt esti nal cIQFTERL) iorthatads RNesting (the qedda whenokde Rultare ds in
% : t he] pr ot'e;:,t léﬁtk? meqshéai/e wq?ﬂaf@édl&iiﬁ'd%dlsﬂﬁﬁzﬂgﬁ ee bu%BQ?Q!ogg.;?@e%h%f
err] inactivated bacieria i cles per dose. iqure 7 e

panel ) shove t HFEUER (50 FERTh TATR otag Fhass ReGAms: Rahyastdng: Hoen sekdfs
usi ng three orafDa<sts) of THE cinvasivensxd iofitthedem dififerientaprieparations of
dose. Figur t el) o] | 4 : 0 i
af f or ded bye"f%e%éﬁgva%?l n%’%‘?’g?fs usséé;gv%grébgl%_ﬁ léf)ss(egsc% ‘?llg'ﬁeﬁ:‘raitt ddtails.
i nactivated bact FigMreHQ ignaphinallpAepichs thensnhagrementeofi on 11
officaoy of  iivasivened & sryelts AL LI et ThEY, e SLthrea using

: , .. J_€] unj - celI's
in protecti MMenAAERRAR [RE ChE RERRRYANAREAP ol o REBREE S
jejuni 81-176 ciydentdtize Vi3 wiere mailohrasl deasrenikcnal 135 (BT )boref _
description | Y/ T Ci ef.f] exam ned
using the i nﬁc%s%%ﬁ?’g%?.z%é?g%é&dasy% \@% (fu}%es. ,& &né%%%§ﬁe )%sshqws t he
resul ts of the g¥enpdcifiied in Bxanpleal Dy (The Vav@asiveness @fi these ddffexent

doses of 10[erdreparations of Shigella cells against INT-407 cells are
shown. See Example 35 in Section 12 for details.
Figure 11 graphically depicts the enhancement of immuno-

20 cross reactivity of Shigella grown according to methods of the
present invention. S. flexneri 2457T grown according to
methods of the present invention as exemplifiéd in Example 9
was used to induce antibodies. The agglutination activity of
the induced antibodies against S. flexneri, S. sonnei, S.

25 dysenteriae and S. boydii grown conventionally (BHI) or
according to the methods of the present invention as
exemplified in Example 9 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
containing 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.
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I nactivated bacterial particles per dose. Figure 8B (mdd anel )
shows t heWOS6(11258 of the protection afforded by the vach’Hgts?séﬁ Pbusi ng
three oral doses of 10[err] inactivated bacteri.al particles per dose. )
Figure 8C (bottom panel) shows the results of the protection afforded by
t he vacci nations using three oral doses of 10[err] inactivated bacterial
particles  per dofégureelpxgrpPbigally depirts theorfEeptrefichile

details. concentration and the growth EhaSEZOf the HY¥DiO6bHA&EEB pylori

T ! 3 1%urg, opy the,adbRElSeRedhp %ﬁ#f§?§e§h3%ﬁ85?§6§2%§ciegelt??

t he Shi gel Ha pydemdr G12452¢ldsl were @hownl in €uiturei m@dSi contaihingere
t | h th t t
grown cogvgytignak xﬁ( Bty bgea%argwee%g%g ﬁE e, "B gé Q%é g &Sf

i nvention as’exemp anE rves
cel I s whenht A8t EHIPHPE“FQtFH“° BPI}“VBﬁlﬁﬂBSES °5rtBE§9r€¥ﬁ§e¥6“Exanple 9

but al I'ow pgapheatz.oﬁ5| berg.t pyneﬁ; hciali ecedYspagatnbef INP-H07 Veeil80akde

ol 5 are ENEUR SASERURPIISETA Shek IRR T8, koe gpbapier 0" 0 12

10 graphically depicts the enhancenent of i nvasi veness of "Shigella cells
when thgy are cul tured using the nmethods of the present invention. S
sonnei and S. dysenterlae 3818 Wer e cultured conventlonally (BH') or 15
according to the net hBdsRETAL .SCR N OF cTHE BEEOM i fied in
Exanpl e 9. The TﬁéaﬁetHBGBSoﬁfthéepEedeﬁfeiﬂﬁéntloﬁrﬁéﬁiﬂél%Sg@é Sggella

dota 1 o0 Sterld LeGr8F1a*1f Firro P18 tha BFestRE 71 5 ERRBER S S0 €

20 cross reactuntqondlshogelwatgrmtamwmmemtmqmw theindyeesent

i nventi 9§. 0. eAhSXBE! thé ‘e¥prs®Yon 3G£C4Rt IYeh® and/or virulence

factors. : S

As used herein and in the claims the term “enteric"
refers to bacteria normally found in or associated with any
part of an animal's gastrointestinal tract and-any bacteria

20 that causes an infection in any part of an animal's
gastrointestinal tract. Such enteric bacteria include both
gram positive and gram 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 compdnents,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. :

- 14 -



néthods of the present invention as exenplified in Exanple 9 pu@s to
i nduce anti bd¥P&§2Be aggl ut i nation activity of  the i nduced® ant F%ﬁgggg
against. S. flexneri, S. sonnei, S. 25 dysenteriae and S. boydii grown
conventional ly (BHI) or according to the nethods of the present

| nvention as exe @'%é%&'"&mﬁ&aga@%;%us%§0hgaa5na&elahawa iReenExanRifs
36 in Section- 12 tor detail | depi,cts the
ef fect of b|IerFGeE@hGEhFﬂﬁnaﬁﬂléﬁH e 4 &FH%FhaB ?ngfPFﬁauﬁéFPBobﬁc?ﬁr

pyl ori cul t uamitalt hefaihwmeram.maaf ideleixpolbadt o pycompolB8idn cel | s.

H. .pylori NB3- |J:S. £ |t n %
0. 05% or o.l%)éﬁﬁiréna”ﬁéﬁwgé%a chepia' WrBalbguiRy +H& baRRENS, tAbeRs PR o
The invasiveﬁesstHQMH@§e°§55mlﬂf@h@ﬂﬁ ppep&raumens of H. pylori NB3-2

ge{lslagalnst I NT-  phef@erecirantigenibamy §ﬁﬁaﬁééap|8:38ehﬂa§€§&'aﬂtiéeﬁﬂé
etails

PCT/ US95/ 13196 Properties” or "enhanceqdy GPaBﬁPéaPﬁyeaapFBFslPhé 81 FLaimyy
bile concenteibmsntan&hhhangnguhhcpbaaeeobfthatbbhccbhateeiapgfown

cul ture on theaadBeaiugness cale HRLNGANAGECLRRYLORRSRE Spblhtin, BughY! Or

Gl-4 cells were grown rrn cul I'um con Yo bi |l e
and harvest 8@ Racgerda hgveihighgr,lgveds ofhcartein|haeunaeeehc 4h§193n5

i nvasi veness oanabeirefzéwf fiﬁinﬁﬂ'bgenlér aaeﬁéxhgnssOthbawh%b tledsame! s

agai nst | NT- 40; cg ng# Section 15 for
detail s. acteria” 9’°"“5“5Eﬁ‘ﬂ| FERVBRSERP §HE | NVENTI ON

The net hods of t he mheseermlﬂwenuennloahaveasougedmhegeln and in the clalms
relates to what is known in the prior art.

15 The term Fmicroaerophllllc conditions" as used herein and
in the claims refers to anaerobic conditions or elevated CO,
levels, such as 5% to 20% CO, with 80% to 95% air; 5% to 20%
Co, with 80% to 95% N,; or 5% to 10% O, with 10% to 20% CO, with

~ 70% to 85% N,.

20 The term "virulence" as used herein and in the claims
refers to those factors of an enteric bacteria associated 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 reactlve" 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
serotype, whole cell or othefwise, to cross react with (i.e.,
the antibody binding) a different bacterial strain, serotype,

35 or species of the same genus. 'Immuno-cross-reactivity is
indicative of the bacterial immunogen's potential for immuno-
cross protection and vice versa.
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enteric bacteria invitroin the presence of a conbination of certain
. condi ti onwoMetA288er t ai n conponents sel ected to induce 15 oPCEM#AHEHY he
expression of antigens and/or virul ence factors. - As used herein
and in the clainms the term"enteric" refers to bacteria normally found

In or associated with any part of an ani nal astrointestinal tract and.
pngh

any bacteria 20 Theittermsthost ias aaedheneim ritn dhey ®laiingrefers
gastroi nt esgd @ tidACin Wi B idnfiRfl @y ad RAIEIe B0Ehimalgicamposi tive

e uSed hordyguresyq Te ern tanina il AC {Hpd HRPA AU, L6 SLAIAR (h

an 25 ent erimhaieserhutﬂ:ss rrmtjrledmited/ltm aamnwmmnom (uzhsan:uresf auchr S.

Such co ’ﬁ]ﬂ s 1 , gt &4 bil e,
bil e acids or sa {here t{? Clﬁi o |c e|yécursors su@h as
chol est erol , "pHAccording a"é? Hﬂ‘@’ﬂﬁmﬂ:t iigh a d’sﬂﬁﬂi&\q lc;ﬁ’mp&'ﬁélﬁ'ﬂrvestl ng

_?_L 30 col | %‘ﬂﬁmﬂi’tﬁ: tei'iha%xo?&d éﬁ%i@%é&éﬁd Jr @O\ ¢
e e SR, AL T S N Gl bmee AR i 2
but not | i reittden d,i\reacban‘n:éxacajlcas may d:mtﬁndmttmmetd)acﬂl imalya if uarkhyelrol ogy
Flr pggl): ysatg&dﬁfgirpfacﬁ bo tycr}%tfbégqé I q:I'Hf era ?/'Ligal A ng;%llggns oe]frle.
i munogeni @ater emulsion, heat labile toxin from enterotoxigenit) fizgcoli
P|CT/ US95/ 13(1%% nc:{n(;:oxr]lgen'ﬁltﬁﬂm 'Hmeaséfg iR énm)uammﬁr g?ai&ﬁauau t he
ani el af t SRS, fnpredh, Hacids CpipRadaaiemis B, & s . g
bacteria prdjuantharchaay edan funther conprise a fsmé.gzmile of sai d whol e
bacteri Y& pharmaceutical carrier, including but not limited to saline,
dextrose or other aqueous solution. Other suitable
pharmaceutical carriers are described in Reminagton's
a ceutical Sciences, Mack PubliShing cOmpany, a standard
reference text in this field. As used herein and 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 herein and in
25 the claim, refers to enteric bacteria that are incapable of
infection and/or colonization and encompasses attenuated as
well as killed becteria. ‘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_formaiin fixation, or
physically inactivated such as by heat, sonication or
irradiation, so that they are rendered incapable of
replication and/or infection and/or caosing-disease.
‘38 An effective amount of the vaccine should be
administered, in which "effective amount" is defined as an
amount of enteric bacteria or an immunogenic fragment or
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The tern1"ant%%§n|cally enhanced" or "enhanced antigenic pro ertieg; or

"enhanced" 1%} ein and in the clains refers to the antGHEspSe3L96
state of enteric bacteria grown according to the nethods of the present
i nvention. Such 10 bacteria have higher |evels of certain inmmunogenic
anti gens and/ or new i nmunogeni ¢ antigens as conpared to the sane

bacteria grown &éfﬂgaﬁ?ﬂﬁeﬁ&éx‘?&é& Eﬁé@oﬁé capable o of F&é&ié&n&w%&@

as used .herein and I'n alns, . known T n the_ prior

'S
art. 15 ThESERPRSE rr%@r%a%\"am?ﬂ i CT% rﬁmwrb?.sme%%e%s‘éhlhe‘faeﬁ'm %ﬁaﬁndmg
in L he c|50a/i s rzg%;/eﬁswé snaﬁg] ﬁhié%t/wrﬁtt%/ﬁmsbﬁ%?ﬁlﬁt%t/hmﬁﬂor déﬁﬂﬁiﬁve
SucC as oto 0 t 0all 0 err W -t
80%to 95% N er F$%96 gé‘ﬁm e 1%@""&%% A YIS, 9%, Aﬁ’ﬁ’e‘?‘%][ 4? 70%
to 85% N err]$ Q@ccmat&dne bt mayibe ascertained ais ing sitandard rtadhniques.
cl ai ms refergnt éf@ﬁfeéacﬁ@ﬁslﬂﬁi@{hfrﬁﬁé&m{éérd@ ﬁ?éoﬁhﬁéﬁékdr/]ﬁ {han

the ability to aggere to and/or to 1 nva d/or to survive in
and/ or cause a PEIRSFLYR cApoRRNE | YAEC ne pro YRS 13 R ?Yﬁﬁﬁﬂ?(9§x§9ti'
protective" as baetlehiaki antiody Phtdhets| ot riedst crvo trindee vy larityibsdy

t he i mmune response. prf'i&g"@gdv%) %f&gterié fs:;elt%é}roéq ﬁééés/iﬁec whol e

cell or ot herw sSe, reven enuate on o host
by a differek® noRtbiniting rembodiment \gf: the ipentions amoxlmmdﬂfsto

30 The t er{B11 HEUAGSGL0RR" BRGFRERRI0° 1480 NEID Ragli el

clainms refers to the abi unor response (i.e
ant i bodi es) | nch:hexhigterm bm:taarhaaét.st rereferred o atgqm,namcdcmpmlslny

ot herw se, t he anti body binding) a different
straln sero éype %é?é bdtteria

bacteri al or species of the same genus. | nmuno-cross
reactivity is i nTheitFemn JfefFRCHHG ANQUNt nam AR ket dice massivier
l miﬂéno- dv%séé%ﬁm@@tiﬁrhx@%dﬁ&@ ofrfHtibody that is capable of

preveé%;ng or attenuating a bacterial disease oéTanE%/f%%&QG

The amount needed will vary depending upon the type of
‘antibody and the antibody titer, -and the species and weight of
the subject to be vaccinated, but may be ascertained using

20 gtandard technlques.

_ Vaccines of the present lnventlon 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, may be comprised in microcapsules,
and/or may be comprised in a sustained release lmplant.
Vaccines may desirably be administered at several
30 jntervals in order to sustain antibody levels.
vaccines of the invention hay'be used in conjunction with
other bacteriocidal or bacteriostatic methods.
Antibodies of the invention may be obtained by any
conventional methods known to those skilled in the art, such
35 a5 but not limited to the methods described in Antibodies A
Laboratory Manual (E. Harlow, D. Lane, Cold Spring Harbor



The term "host" as used herein and in the clains refers to either in
Pas1ep

vivo in 3O3R or in vitro in animl cell cul tures.

"animal " as used herein and in the clains includes but is not limted to
all warm bl ooded creatures such 5 as mammual s and birds (e.g., chicken, ’
turkey, duck etc.) According to the invention, in a vaccine

conpri si ngLabogatoggnPreksy eaaamcedlangene:abacanraainalahaiwddem;pnge
fragment Ode%i-gékaEet Q@é&? I:gﬁ 68t§£é8 bé‘ﬁlieﬁbé‘t "BYmiSn be %%{?é' ve

bacteria of nact urt her 10 ‘cOnpri se. an. a
such as, bﬁﬁtﬁatgﬂ#ﬁﬁﬁealgo hawaﬁﬁrslﬁnd rahﬂ%ﬁ$)ehﬁlbmﬂﬁpl¥ﬁﬁuw4Eﬂn¢e

toxin fromgeLereenxi eﬁniﬁmﬁnogéhic fréﬁénﬁoei-oaeﬁmeﬁ@ras amereof (eg.
mL.T) and or het eof C@Enette GUerln (BCO,

or Fruen *lgaaiﬁeihr sniinaea. SuboFis Thact8E  Ft Endir dacs

phar rraceutinuentaom tn, thacabdengebar poeséncetefl an adjuvant orch!xyrose or
ot her aq“eQb'énﬁOtﬂatoﬂouﬁlhéﬂﬂﬁﬂé&a@ﬁ@ mﬁ:&@?é’ﬁ%“&ffﬁéﬁ ﬁéré‘é Sard ©
ar maceuti ca ences Pub

described Ih entn% t sh
Conpany, aPQPShedrdt regylarcipker¥ais; ThesaRimal serumshs) %ﬁﬁ%ﬂ?g
the 20 cl atms,pfeoeheenbfvaesmed ahﬁnbo@pqapasﬁyxomﬁm metifsdi nes,

whi ch b f

L SRS L GBGALEE ST bAILL, Yo oflh S MELAEL
|nactuvatpqlnelpnalaant&bo@sea herein and in 25 the claim refers to : :

enteric baCter'ﬁofhﬂéné&foh&faﬂﬁ@iﬁo@ies cﬁ%ﬁ%&é‘%&é”tyéﬁtéd”ég“ZaI'O” and

enconpasses attenuated as acteria. Attenuated bacterla‘l

may repl i GRECTibed abayR ot @%ﬁ%eaPn?%E?PE#P%ﬁ ALY tieR®idMti on of
sai d badététtedpythe anina)! ishedtlanibred rﬁaxtdtome K-mwezbyié hose 30

nact | vil e el it aad cheRRPRR) For { lafRE " e Tae® AT 98 b9 suen

as by heatwitra Cw¢©:hfiﬂ:allyr$awgt¢®mmt%tmywmr¢elbrmed and
i ncapabl e e miﬁ@ﬁf&aiéoéhéﬂdéféoés@éeeé'&? AehOr Gapatdp¢li sease. 35

An effective anDunt of vaccl ne should be ° administered, in which

"ef fect i vePARRRYL ?%eo%*Y‘ﬁ‘étl oK the likeuihigh eﬂﬁ‘@?‘??%ﬂ%rq%’cﬂn ff

|nnunogen|ceilsmﬂmmnder these circumstances fusion takes place in a
20 random selection and a fused cell mixture together with
unfused cells of each type is the resulting product. The
myeloma cell lines that are used for fusion are specifically
chosen such that, by the use of selection media, such as HAT:
~ hypoxanthine, aminopterin, and thymidine, the only cells to
25 persist in culture from the fusion mixture are those that are
hybrids between cells derived from the immunized donor and the
myeloma cells. After fusion,'the cells are diluted and
cultured in the selective media. The culture media is
screened for the presence of antibody having desiread
30 specificity towards the chosen antigen. ‘Those cultures
containing the antibody of choice are cloned by 1im1ting
dilution until it can be adduced that the cell culture is
single cell in origin. The antibodies of the present
invention have use as pa551ve vaccines against enteric
35 bacteria 1nfections and diseases ' '
- Methods for the detection of antibodies or said bacteria
in a host include immunoassays. Such immunoassays are known
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16 - WD 96/ 11258
PCT/ US95/ 131980 96/11258 deri vative thereof that is capable of pr 8’6’&"1538‘%%‘

I nune response in a subject. The amobunt needed will vary dependi ng

upon the antigenicity of the bacteria, fragment, or derivative used, and
the species and wei ght of the subject to be 5 vaccinated, but may be-
ascertai ned usi o sthancartd angc limcjude,, butlarpraberiem;tadntblnltlng

enbodi ments of ha oﬂ%@@&kggfaggaAPF%&Be%Ehyﬁeaﬁ?HﬁEdORmM§ﬁ8§8€bQﬁ€dH&ﬁ%yén

el evation of anti - to at
ant.i body tit SELHSAIr EIupxescernt énmnﬁa&sgwéﬁ eppadfluprEesFeRce )0

non-limting erﬂwilalmrzhtqbnt Hanuivassa a, (apmnwl mately 10[err] to

10[ err] bacterja and %bﬁrab éO&P k 18% r#ﬁbaetﬁ caklﬁ
adrii ni stered to a ho 8 véEE}H cBARPRCFRY R aEPPRELI &g
whol e bacteria. all of thghessentiadf reaegentsareguiredstapperfdrmoapdesived

15 vaccines | s dmiudbadf a820ra0dy tBAknkSpEaRaRLeiALent Ay OIhENO O
attenuat i ng a baqt eri al lpybgase or infection he anobunt  need

vary dependi ng G389neRE topay bgnhpresapteddinng SHW%BGP%HePaCW@ he
speci es and wei gormots a tbabinhkteh bE bﬂevaﬁcmaﬂéedonbﬂinéﬁs Rélding the

ascert ai ned i ndar chni gues. . a o] rese

i nvention nayibgggégﬁé%gtggggen% FochF§ 3n5}8r°89§F§§$ $?y35§2§ﬁ€ ghﬁﬁa
known in the arPf thej presenkginivention,| aniéifed acmohacianahoos, polyclonal
subcut aneous, anh&bhag%‘fuhﬁé pk&Eéﬂ%a%{}éht;th iﬂpééinbfﬂéé‘ion | P ERNESGbral

oral 25 or other mucos rout es. Vaccl nes ! admni stered I1n a
suitabl e, nontoSPBventignalpkiti FemPOREPESer , CARYERE EB%%r*%Edc?%P°“ents will

m crocapsul es, be gedadlynapplfef@NPbi 8REseNsRitléed ainethé caftsend n@prant .
15 disclosed in numerous publications, including Antibodies A
Laboratory Manual (E. Harlow, D. Lane, Cold Spring Harbor
Laboratory Press, 1989). Conventional kit components may
include such items as, for example, microtiter plates, buffers
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 essential culture medium, such as
but not limited to commercially available brain heart infusion
broth “BHI", Luria broth "LB", sheep blood agar "SBAY,
Brucella broth, Meuller-Hinton btoth, 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% O, with 10% to 20% CO, with 70% to

- 19 =



Vacci nes may desirably be adm ni stered at several 30 intervals in order to
sust ai n aM 9684388 evels. Vacci nes of the inventionPhE{PSBI3%q i n-
conjunction with ot her .bacteriocidal or bacteriostatic nethods.

Anti bodi es of the invention nay be obtained by any conventi onal nethods

known to t €4Ski §%ﬁ£ {
nmet hods deggril Alllr?Ar#ab&gﬁg ,&n rator t"rﬂa é("gglltsg&l tc:%/ttlﬁn Lane,
Col d spr|nth;p§gr, such as, but not limited to 0 to-1qQQ uM, preﬁ!ramlﬂlz58

PCT/ US95/ 13898y, of ahp@ngmou ?é@ﬁﬂeﬁ@&%xy)éﬂaﬂﬂ‘fﬁé' JSAmammal (a
wi de range of v can e npst conmmon bei ng

e AN e eeE Lk BT nSRE Sk ReERYL SRR L) Mo LerRERh SEabeR o n
whol e ceBl EngenepuORyenoctér agmaMt oBrEGPAI vati ve of an 5 antigenically

enhanced e?aeayfahas&s?bﬁyeéhgbsngﬁféfgi?%.%ééwsggé ol i de éﬁ;& ce or

presence o i hance t he rmrunogen’ s
ef f ect i venEReRAGEHL COpooStedlavisegiPhy @ nk@riRQ M qﬁéﬁ%?##ﬁﬂ serumis

?gs$ﬁed fotethyléﬂeﬁée§6ﬁ9 15&6hi€£h£6#*€6&%h£&é@ﬂ% Convenlen$ net hod.
e sery od of, sai used- as the source.g

pol ycl onal éﬁ\?‘{ b olols) etﬁ r%?\g%‘l"bﬁ%’f %ﬁ‘?ﬁdl Jengi R fhe
treat edlasresul;l'exngl cbetlbmuaon V£ ncamd Hciems sdmd mmpd:mdyts i preducing

det ect ed, 53@ een C§#+§ﬁgé&eghéégk é#%l. l.s 15 aseptically renoved 

for fu3|on S are m specifically selected

i mortal nyel onﬁc"é%?‘? RI ko apether epbedinent, jthe methodmsefl the an agent,

typical y pre@aweixlwémﬁoﬂlafm QEcIﬁ@e'Qi@nlﬂ@léﬁtﬁwm&ﬁtém fagpi on ofg
cells. cger trk? circ ce fusion t kes pil_ ace in 20 rfandom '
sel ecti on i eHWEE Y?mﬁﬁ?ﬁﬁ R jthe presence o

15 divalent cation chelator, such as, but not limited to 1. 0 to
100 uM, preferrably 25 uM, of BAPTA/AM, 0.5 to 10 mM of EGTA,
or 1.0 to 100 un of EGTA/AM, but x;_ngg_ any bile, blle acids
or bile salts. _

Bile or b;le acids or salts thereof useful for the

20 present invention include any natural bile compound secreted
by the liver and normally concentrated in the gall bladder as
well as synthetic bile acids known by_thdée skilled in the
art, such as but not limited to "OXGALL" (Difco Laboratories,

. Detroit, Michigan), bovine bile {Sigma Chemicéls, St. Louis,

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

30 preferred is glycocholate (GC). ' '

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

35 sp., Aeromonas sp., Vibrio sp., Shigella_spQ, Clostridium sp.,

 Enterococcus sp., and Escherichia coli can be prepared as
frozen stocks by méthods generally known to those skilled in
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uif used cell's_of each type is the resulting product. The [ﬂﬁ?s
| i nes that ar@"ﬁ%‘é’dg r fusion are specifically chosen such 9g€'h|9?h

use of selection nedia, such as HAT: hypoxant hi ne, am nopterin, and
thym dine, the only cells to 25 persist in culture fromthe fusion mxture

-are those that are brids:between,cells romthe i i.zed donor
‘and the nyelo ec%’ﬁ'y é\ painkRineg, at h?ae%e# { gé"ftﬂq%t‘ﬁscfl °Irzc,’15'1s[ &’
in the selecti vstamkh aof G&mpﬂbbwbene;bﬁms cars dree prspamed tl:be grossiay €he
f ti body h

of anti body having, Con |n| né&é@f&ééécé%’ ré&éé‘ﬁa ﬁ g?l‘g‘ﬁﬁ!ﬁated

Thase cul tures nti bo choice are ting

dilution until $’!e%rﬁ¥i§tm%ﬁﬁt(ﬁ§3khea%é? G Fe Qs 1°*s?9¢3| 835%™ in

origin. The asit (M@&eﬁp&bﬁ@rm&uom M) GRoxh aME HiS € Stipdkas Dfve
vacci nes again %%?t ey i c 35 b cte

| nf t| ons and di se
Met hods for th Pt | %?’I%’ ?eei'ﬂcﬁbf“'lﬁ?ﬁ pylori
i ncl ude i mmnomwugam .flsmnmakm ke prepawed by JHOWEsYgl T8 organism

L5 0% g WA oMot (. b by

radi oi mmunoassays (RI nzyme- assays

f1uorescent | mipw¥asked fom freeming dohany knawmmethadn §
(FPIA). 5 10 stabibitig etHe Gubtire and dessulpaidisig GrkigHy Walﬁuﬁl@ 30%

all of the esse ag ui rf orma desire a
according to tlég%%&ge]ﬁt eﬁ%/%h %71 troﬁeanaloy}xacga%seﬁ PERGMe S nggﬁfeé
in a commerci alpxsoqmﬁoageofermémzatma cmnthmmnapamfd daye agy wmrally
contai ners hol g rﬁf‘eé%dbecesﬁﬁﬁ{y n?’?/?xea da?gtr?ono ro'ns%%la%lth

enteric bact er| a resent | nv onal

pol ycl onal Ao RERDAY h3e7°|c9 amngdar .Mﬁleﬁ iasmasphegiis ea i«m%@h&m
conventi onalxilﬁrmmm ¢ -a @INEY ld&!l&ln}klﬁo GHELH QNS cmh:lunngbacm@ih\g

apparent to thQ:SGme ho s op tthhee parrése% 1nvent10n described herein.
Bacteria can be harvested for use by any method generally
known to those skilled in the art, such as by centrifugation.
In preferred embodiments, antigenically enhanced cells of
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 medium, preferably BHI broth,
additionally comprising about 0.1% DOC or about 0.8% bile at
37°C in a mixture of about 10 to 20% CO, with about 80 to 90%
25 air and harvested after the growth of the culture has reached
about late log phase to about stationary phase, typically
~ about 20 h after inoculation. |
In other preferred embodiments, antigenically enhanced
cells of Shigella sp., preferably of the species flexneri or
30 dysentariae and most preferably of the flexneri strain 2457T,
are grown in a basal essential culture medium, preferably BHI
broth, additionally comprising about 0.1% DOC or about 0.8%
bile at 37°C in air and harvested after the growth of the
culture has reached about eariy log phase, typically about 30
35 min after inoculation with a culture that is at early to mid

" log phase.
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15 di scl osed in _numerous publications, including Antibodies A Laboratory
Manual (EYORIBR, D Lane, Col d Spring Harbor Labor at oP¢THEE431961989) .
Conventional kit conponents may i nclude such itens as, for exanple,
mcrotiter plates buffers to maintain the pH of the assay nrxture (such

s, b 20 E d, nti bo
Such as per oxi dARerBEAnE FERTERTET Sundhinsnts SRS EFERY eilinneqd o
ani mal froquanftHeliWéecaﬁrrwﬂqrm\aspnefem;yaqﬂ thetsrbraukeuemd

other stanggsga] eRESLbSor Gi-4, adbl§AGin Ofn!dCRigR CBbsdAVER] ARG Ude
sui fabl e_basal essential ture nmedl um

rowi ng enteric 25
guch ag ﬂ%uﬂotpF?ﬁ?F%%f¥oB§BnHEQE?aI?§d%ﬁ%ﬁ¢%&4% ?ﬁ%ﬁ?ﬂ?&kﬁtabqﬁiwron
broth "Bsll 0,05%rta about 0l8%, bibeecyr bhloowt aQa05$ S@Pycochoﬂwe(d@ ot h,

Meul | er-H f t ,

Vort ous Coulef, BhoA miREGLE0RE BERIENSY ETa0s G WATh BRBLE. gBkCep RN,
3% bi | e oradr p2ey, alkout DOHIERH wikd ebomb é%bDI; evith cabaut BHY Nyt hadeof or
bi ol ogi Ca'harv@é@é&”&:@fértfﬁ‘é f?foﬂﬁ%ﬁ%ﬁf%@fﬁﬂ&'ha@tr&r%wog

bet ween 30 err$ nd 42C unt rowt h ase at about ear‘¥ phase
bet ween eat?y PHRRANE s?%??b?féﬁ’;’/yd%%%% O'Fna& nexR tPrefertrd onary phase,
in air 20 embodiment pakhieprells care Mhiivested afteitie Wbtwre Had"d err]

W th 80%t9e§%€0%}:?§t/2%@g% err] W th 80%to 95% N err]; or 5%to

10% g err] err] with 70%to

- 19 - VEnteyriq dpgcteria cultured according to the methods of the

PCT/ US95/ nt in¥@¥e{¥n ik WIEE R nodphd Ny iUES 1 val ent
0

2 o) et EL o8 R SHRAR ASRRALH D BROSSIIA i E”etei amoot
aci d/ ack ddpopdiysastiar idéd emd for I%alh&ﬂxydra&:d@woza@ucm to 10 nM of
EGTA (R PSR RO WA Y dVeYs (i ' ¥eids Bl Tired in
basal medium alone. Optimum cultural conditions that enhance
cell yield and the indices of pathogenicity can be identified.
Utilizing these cultural conditions, virulence-associated
20 antigens that are enhanced or induced can be identified.
'Motility and gross morphological changes can be seen by
microscopic examination of either untreated or stained
bacteria. It is possible that other morphological changes
might result'from methods of the present invention as could be
25 seen through electron microscopy or fluorescence microscopy.
The morphology and mucus-like characteristics of the
enteric bacteria cultured according to methods of the present
invention suggest that capsule and/or surface layer expression
might be induced. To test for capsule production, phenol
30 extracts of surface components, such as_proteins,'
carbohydrates'and lipopolysaccharides, can be prepared. The
enhanced carbohydrates can be seen by high pressure liquid
chromatography (HPLC). o
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



Cheni cal Co. Louis, M), O to 100 [err] M of EGIA AM
(ethylenebls(d§§%¥ﬂ§¥%nenltrlIo) tetraacetic aC|d/acetoxyne?ﬁ@?m%%?gw;
Mol ecul ar Probes, Eugene, OR); the 10 resulting comnbination of conditions
and conponent s producing antigenically enhanced enterlc bacteri a.
According to anotherrgg?odl t he net hods of resent jpvengion

al so include gr GRRG &Plg%8§8t§FP§ ggganlgggcgrgga inmEanyentionat media.
except in the pseseomsnoﬁsacbiddcteaenb ewhluatehchahges indiced, ibhubacoérial

limted to 1.0 0 r 5:Le P 0 5to
10 nM of EGTA Egllul%g aka g???w?*?EEéﬂiliqu%%ggng hgﬁﬁ;x% e,
bile acids oF“BPF§i§EIP§ alter;ng gepdigions) o These Gﬁt%a9f§e¥hereof

useful for thc &QanﬁeaeabelananQuaatiaatﬂde Qﬁfofﬁéﬂi@h ébﬁ@e€ Us\§rface

secreted Ee | iver and g aﬁ h concentrated in g derﬂ;
wel | as synthetF apgps AEFQSiphs w5§ t hBSESRRE Iéﬁv?ﬁlYﬁ% &' alter
but not |inmtedantigend&aity.(Difco Laboratories, Detr0|t M chlgan)

bovi ne bile (Sigm C@ﬁg‘iﬁhﬁﬂoﬁénlﬁogbﬁenﬁ§?§4éfofﬁ&ﬁc d oL and§£§ET§£¢§%lC

avai | abl e preparati ons, t aur oc
aci ds. PrefeFFEHgP§sdGB¥yPﬁoFﬂﬁétéfﬁﬁy by @%ﬁ%@?%l%l??th51lable bil e

aci d present1on1umuﬁoganibet9|afahnaﬁaéa bht &3teréed adctér D£l1 r¢f§fﬁ§lne

(aoy. °0 oM dpEREeBobY EBRPRAGH, Sfn Bn: Fratulf Sl h e raghdrafly ' ©
cul tures selectedcepbedthecgnmqpesfothﬁpgtebachkmtﬁ;nq as dessribedsnalow.
e oot o1 SpAny CHPBESBPGE | hiEbSy can BECUESE) Bipinhe dANIRAME?
sp., O ostridi uhpepne raEﬁ@ErBEO@EEEeEpser%nﬂsQBEW%rQ%rﬁ%F%RﬁqY(ﬁﬁPﬁm?nlmals
prepared as 1sfinfestédockaldy wetholSv@eorgahismdngvéwn Cccdivse Sdnd18d o
bC%?UéQS/lSlQG ggc&%&?ﬁg to methods of the present invention), intestinal
mucus (source of IgA antibody), polyclonal antisera, or a
monoclonal antibody, for instance one that is cross-reactive
with C¢. jejuni flagellin, for assaying bacterial antigens.

20 The increased production of several of these bacterial
antigens is accompanied with enhancement of propertiés
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 virulenpe and is
described below and in Andrews et al., (Infect. Immun.,
60:3287-3295, 1992); and Yoder (Avian Dis., 33:502-505, 1989).
Bacterial binding of Congo red indicates ability to bind
hemin, this ability to bind hemin is correlated with

30 virulence. Congo red binding also correlates with enhanced
bacterial invasion of epithelial cells. .

' Previously it has been shown that most conventionally
grown C. jejuni Lior serotypes are not immuno-cross reactive.
Based on this information, it would be necessary to prepare

35 and administer a number of vaccines of several Lior serotype
strains or a combination vaccine to obtain generalized
protection against Campylobacter. Antigenically enhanced
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the art and maintained at -80[err]C for future use. For instance, stocks -
of Canpy| woesi1#258) ej uni can be prepared by grow ng the BCHTOSISIINEN
trypti case soy agar containing 5% defri bi nated sheep erythrocytes (SBA),
at 37[err]Cin 5% Jerr], 10% CJerr], 85% Nerr] 5 (mcroaerophilic
condition, "MC') for 20 h. Stocks of Escherichia coli, Salnonella

t yphi nmur i unfamjeylahédcter roygduced accoriiSiy du methoenefi then presgnepar ed

b row n | h t i a
onn b M LR S taind %%%ﬁiéiﬁoiﬁém%@ 2 prclder) xaHE8' 5
swabbi ng t Hel QX SRFLYRRE rhan mnvgnse%nallgr PEOWSH|

Cul tures ftar aﬁaw&:.ememm&g Oraﬂwgenlmqwlﬁﬂmdﬁ m@etmens can

ngiﬁfﬁﬁr%mﬁ&atﬁvt FOESA gty g0, MR R 0, Hhey esBh S iRepapr, ove

condi ti ons immhndrerrdss txreamme\re mgi dmuung-snosso protectiven agadnsdl @uri ng

according ri
Bacteria cahnrc'tbéa%wie xl\‘/Eeigfee?% r#yél\rrée%?h ri1geq"‘rftle%ri:aIOlg%(h' ng%/r]fnt o t hose
ski |l ed i nqaveRtk Ldyat i(Th@se 1mmuno-crogse s

embodi ment an@rﬂmngmu-cm&dss leﬂzﬁpﬁrﬂ@scaﬁwlim@‘a%ds Py, the

Peiun - A z¥sds HE RGN SSavp, an Yaliine PR, derenitae
pr ef er abl y B@loWyr ot h, addi tionally conprising about 0.1% DOC or about

0.8%bile at  akii¥dd Gf e 'Presdt Tnv@%‘ibnl‘%&oﬁ%&@gﬁhr bewi th about
80 to 90% 25 air and ]Parvested after the growth of t ul ture has reached,.

about | at e 3FIAIGALLY shancad, rig, corzelate tgo,gphanged
after inocwixtulenhce in smalin aﬂtﬂmrl moa‘ee.rg.ed S@vbeérlrramnesta&t apdnaas! |y

dysent arta el besle A Bodh i e ReBriiRpabeds, pigeRRa ntnndigll ' 2fis 0
in a basal MMimrm thediskandpeing: of! \imBMnization: effiddeyi dsal |y

conpri si ng t@:@%&r&éﬁ@ﬂte@ﬂ%ﬁt{ié addi1te rabbi €l a&&k@hbg h&TﬁﬂS
har vest ed after t he &aﬁyajﬁ t he cul'ture has reached about early og

phase, typMoR migt &lier (LRSS LBAUR-v 4243760148 8Mat i s

at early tasmnd Thig miv@tel 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.
(In:gg;i_lmmgg&, 58:1848-1852, 1990) may be a more useful
model because this animal does develop ‘disease symptoms like
28 those of Campylobacter disease in humans. A more recent model
is the mouse colonization model of Bagar (Infection and
Immunity, 63:3731-3735, 1995). This model involves
immunization‘fo;lowed 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
Tchallehge assay as described by Mallett et al. (see infra
Section 13) is used to assess virulence and vaCcine'efficacy.
With Héliéobacter'pYIOri, the Helicobacter felis gastric
3s colonlzation 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.
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PCT/ US95/ 13198V0 96/11258 In further pref erred embodi ment S, arﬁ%@é‘l’ﬁy
enhanced cells of Helicobacter pylori, preferably of the strain ATCC.
49503, NB3-2 or Gl-4, are grown in a basal essential culture medi um

preferably BH broth,,addi tiaon [of LS| u 5% t 0. 2%
bil e or about 0;05@6aw&%bcﬁ5%%?%&%5t§gg#hi Q%??g%r%&l?xgggngét%nggggabout
5%t o 20% CQ er ackertiadhdmvagd®n engsdpfeckion andalbey cem bel usefl ot hest
about 5% (Jerr] g Raxhwe SFWiNaey brattle enRahved! 8dtatier bhbeesiaWpPolliced
the. cul ture has reached agﬁyt I%g gr a%ogbﬁstatlongr¥ ghase. In a nore
preferred 10 enf& g o the metheds,of, Fhe-prepesr LA¥eBRLRPBre has
reached about 8 og phZhe antigenichilgr enhaacedr eaterlitubadterdar gprogutedt be
methods of the tnepﬁigﬁﬁhs'%%e%hhogrﬁé&ﬁtakh$éﬁﬂigﬂr898'ngﬁstoagﬁégérse"
notilities and/ or produce certalrn NEw proteéins, | "'popol'ysacchar raes

and/ or car bohydPxototype kildedhwholegeeddoptceubynit ¥pceingstcvEhese

conpared to cel haceinkd Glen"admiRistereBdicdMapindts Eahiaungﬁagﬁuga{inggﬁe
lclty

condi tions that enhance cell vield apd.the | ndices of patho
o ent 11 i antibeaies, ahdl tabsc aEtaPILoRoEhP: VoRcines ! PEREECEI¥EL: ot od
20 anti gens tlbapoteatdalancElevativruocedindnchbiondest thesd. antigens in a

Motilit d A i ' '
exar nati on of DRCRAPiRd, FaddcBreftigRaCEes 8 Bhad hR R nppebEERIAARLES, |,
ot her nor phol ogV@gFiBR8nges m ght result from nethods of the present

invention as coul d bgadeingeBahf@iaH8B prephtaliBhs’ pP6aiYed’ by tRECAEEREEs of
m croscopy. and nucus-|i ke characteristics of . th _

The ngr hol o t he
enteric bacteri XPeuPFEFER aEBBPBgﬁB“tSaﬂepﬁoﬂ§egfw%ﬁE BRELEHE MUCPRILnt i on
suggest that 1sapmminigatdion strategikayto éngueasannintestghal btmmaneced.

To test for Cap§&£§oﬂé€?“CEhSEesBPﬁE°kmﬁ9n§é£E§8£Sp?LtSHBiQCSaROERQHeﬂéSused

such as proteins, :
to protect animals challenged with the pathogens with or

without enhanced antigenicities. Also vaccines can be
formulated and tested as combined vaccines, for example

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

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

25 invasiveness. These changes are both qualitative and
guantitative. Most importantly, these experiments establish
that the methods of the present invention enhance invasiveness
and induce immunogenically relevant antigens. Such
antigenically enhanced bacteria induce an immunogenic response

. 30 which is protective against infections by a broader range of
bacterial strains, serotypes and/or species and are therefore
useful as efficacious vaccines as compared to conventionally
grown bacteria. -

Several well-established models generally known to those

35 skilled in the art exist and are useful to evaluate enhanced
antigénic properties, virulence of bacteria and vaccine

efficacy as described below.



car bohydrates and |ipopol ysacchari des, can be prepared. The enhanced

car bohydWw@ 86128 be seen by high pressure liquid chr onRETY$%ARIY6 ( HPLC) .
Protein profiles of outer nenbranes prepared fromenteric 35 bacteria grown
under virul ence enhanci ng growt h condi ctions of t he present inventionVcan :

b h teri d d | f.at I I
oo Popbor oo Sp IR i len ' SRR MRS e,

WO 96/ 1125%escribed below. ' PCT/U895/13196

conpared to those from organisnms grown in conventlonal medi a. ‘SDS- PACE i s
conducted to eval uate chanoes |nduced in bacterlal ceIIuIar and extracted
proteins i ricEERIRE BEHODS, ODRCING ENHANGED A , ACTERIA. o

dﬁt a of fer 5 mpmu ve cambﬁumcr&at ljéyuzm‘ @ﬁf&ltmprsleqrvcaewsﬁg surface
C anges assoc | NCrease vasl ven Q. a ter ant| eni Ci ty N
The |rrrrun %:é'fﬁaiéep‘gt I?hla?ocgf %ﬁi :Ie%‘%ﬁ' (aﬁqré %tté:l é’g SR be
i denti f i ecolns B tdrfilntinated) sheep renythypodyties) @nd ndxmmtad dnt er ed

bacteri al g, SEerA I
general ly ﬂdyécfdcée}'so hl%%ﬁdgiﬂg :I(;afi- st ern B?%gt}IélIﬁgﬁ@ zﬁscrl beétdl;(iI OW.

Any sour c& ofCantirns SRR verg Femeviesh Py ing andyune rabbit
or ferrsg :swcaxl(ma czﬂmi Msmuﬂﬁmm Al 18 ter iof @HIethedidin prd-t h

pr esent ;Mo R R A UL 8,  ¥a! air JiEER b s SxERLE D[Ry e, the
pol ycl onalDetrdigar MI)or £u1tmsm¢exraal1mhdhn@/ foror20 ihs tweirbhe shiak itnigat i s
Cross- rea(‘a"'r.' W ec ‘I’I & doded ?hélé aelidan cd, 0" 048 HIIQ"‘?ese I al

anti gens. e | ncrease roducti on of éever 0 acteria
anti gens P‘?ré'@@&%rﬂ%di%qq%"IﬂEMnt of properties ~ associated with

virul ense. Thesxaipieerd. ecdnBilsbactéiesieduni strain 81-176 was
streaked on blood agar plates (containingitrypticase soy agar,
plus 5% defibrinated sheep erythrocytes) and ‘incubated in a
microaerophilic GasPak jar (BBL, Cockeysville, MD) for 20 h at
37°C. Lawns of bacteria were'removedsby~swabbingfand' '
20 inoculated into flasks containing 1 liter of BHI medium pre-
equilibrated to 10% CO, with 0.01% to 0.1% sodium deoﬁ:ycholate
(DOC). (It is critical to prepare and autoclave the DOC as a
- stock solution separate from the BHI medium, and to
aseptically add it to the BHI medium to a final concentration
25 of 0.01% to 0.1% immediately before inoculation of the
bacteria). Cultures were incubated for various times up to 20
h with shaking at 37°C in 5% 0,, 10% CO,, 85% N,, then
harvested as described above. -
Example 3. - Campylobacter jejuni strain 81-176 was
30 streaked on blood agar plates (containing trypticase soy agar,
plus 5% defibrinated sheep erythrocytes) and incubated in a
microaerophilic GasPak jar (BBL, Cockeysville, MD) for 20 h at
37°C. Lawns of bacteria were removed by swabbing and
inoculated into flasks containing 1 liter of Brucella broth
35 pre-equilibrated to 10% CO, with 0.01% to 0.1% sodium- |
deoxycholate. Cultures were incubated for 20 h with shaking
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to and invasion of cultured human intestinal epithelial cells, and Congo
red dye bi ndi (WO%RES&€ongo red dye binding assay is 25 a genera?m%&?@évﬁed

met hod predictive of virulence and is descri bed bel ow and . in Andrews et
al., (Infect. Ipmmun., 60: 3287- 3295, 1992); and Yoder (Avian D s.
33: 502- 505, 1989). Bacterial binding of Congo red indicates ablllty to

bi nd heni n, &k 8748 Lnt $3t 0:hiX¥RE hi n85¥ Bpand hen Wazvesded asgl ence.
Congo red blndlagsagggegogggbgtes with enhanced bacteri al |nva5|on of
epithelial cells. |ousl |t has been,shown. that

conventional |y groﬁﬁaEplfeﬁunl 1ghagtepadedy n%?r?ﬁﬂu%%'%7%§§as
reactive. Basstreakelli sni biiooanagar, platueu[dommmgs'eryptbczpsemp ﬁ&ar,

and adri ni steg g,QuRer 4gk¥BeRLPES OfoS8VEEAntLOrtSE] FhNRC nedbh A1
da:

conbi nati on vac I ne genera i(.g
Carrpyl obact er . mergegreahuscienﬁaaeelg Jar (BBL, cockeysv 11e, MD) for 2023at

WO 96/ 113%8¢, Lawns of bacteria were removed by §%§E$§§§V45396
Canpylobacter pt oduc c ng.t o, net hods resent vent i on are
fas88 pafoqth

i muno- cross re4BPFY ?55ﬂe?°?5%b%1§$ ??ﬁ %Ew%ﬂ THipton
t hat obt ai ned ubraghcprneeegubbibratedota 10% GOy wdlthc08101%Sitwi 031kky sodium

anti geni cal | ¥ocglaReadoBOLEC | Bu1 B PLOTYERS PEESRLEY 18- 110 HRLIANS RN Ll

present invention 5o Cr 0SS reacti Ve  and T AntTo-EF 05s® prote
agai nst a bratide? ° €ahge5§f0£h|1@éﬂ IC9, 5 p2%% &, mndntheat harvested asi ng

conventional |y gegupisbldghbde, These inmuno-cross reactive and
| mmuno-cross protectjive ropertles are indicated,by,the 10 results of

aggl utination assaysEXABPI8cEt neCARPR] QRAGERE (THIAL SHAR, 81-176 was
Met hods of the gtmehédiauemow Agdr ppDaites | Ofowtainimpttfast ivddey soy agar,

enhanced ent ggi, backer dae cOLIELELE. 400 SONANFEkocytdd ! SRECASIBL in o

ani mal nodel s. I'can
mzcroaerophlllc GasPak jar (BBL, Cockeysville, MD) for 20 h at

37°C. Llawns of bacteria were removed by swabbing and
inoculated into flasks containing 1 liter of BHI medium pre-~
equilibrated to 10% CO,, with 0.1% sodium deoxycholate.

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

Example 6. Vibrio cholerae is streaked on BHI agar
plates (containing trypticase soy agar, plus 5% defibrinated
sheep erythrocytes) and incubated in air for 20 h at 37°C.

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

Example 7. Salmonella cholerasius is streaked on BHI
. 30 agar plates and incubated in air for 20 h at 37°C. Lawns of
bacteria are removed by swabbing and inoculated into flasks
containing 1 liter of BHI medium with 0.1% sodium
deoxycholate. CultureS'are incubated for 20 h with shaking at
37°C in air, then harvested as described above.

35 Example 8. Salmonella typhimurium is streaked on Luria
broth agar plates and incubated for 20 h at 37°C in air.
Lawns of bacteria are inoculated into flasks containing 1
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15 can be used as nodel s of Canpyl obacter disease in humans. The

studi ed fW@®6/41288 st andpoi nt of inmmunization efficacy is P%S%S@%"ﬁa bI e
intestinal tie, adult rabbit diarrhea (Rl TARD Model ) of Caldwell, et
al., (Infect. Immun., 42:1176-1182, 1983). This nodel has al so

demonst r at qq. %960&5%%&'ﬁehq%mou3%ﬁ o.9% SBHALKPRBOWEHCTRRSS Sthitlires

protecti on. asures resi st fo cal onr zat |

rat her thamre Hmﬁ#%ﬂﬁﬁb@°Fozel§eH§§h $hakipgr at ﬁBdSIlﬁleépom:%ﬂ*
(Infect. |pw). , opd £E31%nY8323 ti3RRFeFpiabenBonr e iuaef ut LB &aﬂehlhtﬁeuse

t hi i mal I ' t I-i.ke 25 _:thos

LS 20 4 Be oo 3R8RR AR, STBepEed 1SR K ER B Gl
of Bagar 5( shakdingon after 12nhun60ym163f31&§-éﬁ3§ur§99§)d1Ihtednmdtb 1
vol ves g 4k RBE 308k R4S Sl BreRasdbaChedidh Shal ifedpasgalg || Ve

Canpylobacter to the 1 nmunize am nati nt esti na
coIon|zatlSﬁrﬁyeﬁDﬁPtE#PngaPSrtPﬁé pPcbarvessed agaApFrEbhedecprbpPNes ecal

@ltlte{t V\;’t hI ShEﬁtﬁhbde bhe Bhﬂ??lﬂasﬁgexnﬁbm Izgage aasagtﬁaaﬁefa%nbedng&
e et _a see eCl1 0 S u 0,a S.,vVirulencg_an
vacci ne efFF9a8§ PQFPESHEP C&BEEEQ% éyF8F|§8tHeanﬁ?e§béBt§? re|5§
gastri ci85red| enilgayi wasndvecudatedi hptiobhglasks conthiningnteld it@89e0£120-
1121, 1992pyrSndagd agdexghuﬁaeeahaﬁacshaﬁlagt g8t 2b Al Mso m1P¥EOthis

produced by the nethods o res I nvent
24 - cuptuyeg vassghen used to inoculate 250 ml of prewarpggygg@5/13196-

There ar e ebheammhgab redsbaitnl éoRrychelates! i the clhaghgei vhsi nvasion aid
RN T ok B Gt M ARY T RER
present 15nwast then dilutedThe ant PDgyiafaldbounitarkFedvidit @riewarasde BRI
brotot ype. KCTTEURARAL o 08, PoG, bR, ERERERLalHER! siTathouLER uhhghat e
7°C in air, and then harvested as descrlbed above.
Example 10. Campylobacter Jejunl 81-176,.81-116, or HC
(in BHI with 30% glycerol) was rapidly thawed and plated on
20 sheep blood agar (SBA, 0.1 ml per plate) '~ The inoculated
plates were 1ncubated in a GasPak 3ar with a CampyPak Plus
mlcroaerophllic env1ronment generator (BBL, Cockeysvzlle, MD)
for 20 h at 37°c. The bacterlal lawn was removed from the
plates by swabbing, and the bacterla were resuspended in 10 ml
25 of BHI. The bacterlal suspensxon was lnoculated inte 1 liter
- of BHI broth alone or BHI broth contalnlng 0.1% DOC, pre-
equzllbrated to 10% CO,, 90% air, in a 2 liter flask. The
inoculum was added to preequlllbrated medlum until the ODgys 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.
Exemple 11. _Helicobacter-pyiori was added to BHI broth
‘plus 4% bovine calf serum. After inoculation'ﬁhe flasks were
flushed with 5% Oz 10%lcog 85% N, and incubeted for 22 h at
35 37°C with shaking. After this 1ncubatlon, 2.5 ml of the
culture was transferred to a flask contalnlng BHI broth with
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vacci nes when_admi nistered co an| mal s can be shown to induce &2‘#3 gl es
and thus est aBYQ &1 vacci nes’ protective 10 potential. El evdt 9 ’? 19

i nducti on of these anti .gens in a bacterial cell produces cells that nake
nmor e ‘ef fi caci ous vacci nes.. Vacci ne candi dat e pr epar ations

roduced b t he, o) PaT=RRalg |§yﬁé1t
¢ d %I?B&?{iﬁe éal é &5 e déuaée an |nt est | nv%}ll nmune

vari ous nucosal Vi St on strategies to In
response. Succe%%@%ﬂ“‘%n@z%*o?P%%o%bY@%Q%n FeheRe Fultures, waret

ani mal s chal | enggslin £ushed paitivoewe wldérosdrophlid Qs Qﬁﬂiﬂﬂﬁ@jd s:b o, ,dlo%
antigenicities ci nes.can es as i ne
vacci nes, for e?%%é ‘Sh?lb%ﬂ‘ré %ﬁr&%‘{)}c% aagql (Lj[ﬁ’e(:(ﬁﬁ}éﬁ

t hereof can b%® harvestedecas adescsiberd cahowei ne. The experi nment al
approaches descri be eabl §&5H o MiesHface
antigens and ot her Ch,pﬁhar acterl gstl'ic}go%lf% eﬁ;ﬁshslg'm ate \?\n'%th éﬁﬁar??gd 25
i nvasi veness. THEERREREh Tenked Rr3 tLR iaganRiate Anghiquldured fazss-
importantly, tiesen empemmru:s é“ﬁﬁﬁbMﬁéT coldﬂ}atwéiublm%d)ftﬁéﬁﬂ@zwt

t h d t
ant i gens, Such Tied i EASERGF 18, £ 1A Foita TR it B, et e coat
response 30 Mhiaxe iSlysheeorithe :0/iCo;t, BAf €01, @EE Dy, asbaded cand aimcubdted
bacterial stralfiy PPIPIAPOH YN Conve‘?ﬁongji!fé'%a%ﬁfoﬁre il Wiadtea

ef fi caci ous vaccines as conpare bact er

Several wel | - esihithe fRameRRdia ¢t QDo PLkAoWA @adtm@%bese%kwcﬂea in the
art exist and ddentsiaddll deh®Ma s QarpiieRaRd cul&iﬂﬁél%a‘éh@solé%&tl'yeiog

vitulence of ba te“,g‘ltgggi A Yo mitt AT G BIWR PUelts were
PCT/ US95/ 138@6 harvested as described above. _

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

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

25 dilution. Cells are harvested as described above.

Exampie 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 omw,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



Non-linmting exanples of the present invention are descri bed bel ow.

6 EXAVPLEWO %#13%8DS FOR PRODUCI NG ENHANCED ANTI GENI C BACTERFRUSEY13196
Exanpl e 1. Canpyl obacter.j.ejuni strain 81-176 was  streaked on bl ood
agar plates (containing trypticase soy agar, pl us 5% defi brinated sheep
erythrocytes) and incubated in a m cr oaerophi |l i'c GasPak jar (BBL;
Cockeysvi | BdlukB¥ fior thé Bame med3E[ bor POy losfivts. IGF adred tgsrowen e 30e mined

by smabbinQP?Qg }Oahaogﬂkgaﬁgffgggralgﬁ%ﬁegegagéalggo liter of BH nedi um

pre- equ rate E/o OXGALL (Difco,
Detroit, M). CBKemPde MEre EREheELchiporodd stwpin QRERFHY wasastnepked|C .
in a closednf ERekpab1b680 Sgher plat@04nai 1naﬁﬂatbanat 3hagvest Sﬂraﬁor 18-

d b 1 176
atr oakedYoASoho0dOR8aPoRPRY cRbpC HAPSPARHEY: FUBD: EaibEen bul of Buf ) (1O 8e.
deflbrlnatednthéapngr9tm%ot9tGs?%ahdclﬁtashtedd|ahaken ﬁocrbaehoph|37tC-

GasPak | arTﬁ@%ac@ES&W&E% eNDaliefeaota 8B, of5 0.8 lana 'q?m For

bacteria were renpve bbi ng and I nocul®at ed into flasks containing
1 liter of BFP1HEGPHF¥5Feand tBﬁﬁlFFBYQ?Eﬁdt63169§€£}BF¢]ahPYﬁ 0.01%to
0. 1% sodi um deorpyshphat £7. Emocébt-ussjfsécnml isOosPrearead oRdsreépcl ave

hoeoti cifrbTand YSF pIRES AR 16EGRAEE LARNIPE Th afF kST 16080 1R. o 010

to 0.1%i nﬁndlaobo;xybgsOieocubcuedt intool liter BEIcorrBHJ. cdntzamiasqwere
i ncubat ed éo%a’%tof'igék Qﬁeﬁofor 2 v L e SHpkeNg @ﬁe%% g%'é‘ré%

Jerr], 10% err] err arvested as descri
Exanpl e 3. @ﬁp@%%ﬂ"éﬁ@e?% oniOfs Or3i7n 2BA. FFOWRa £OF0 3t FB&k&‘Fr ex 3od g‘

pl at es (coaﬁehnhagvégyaalsgs&egeylag@raboveplus 5% defi bri nated sheep

Cotkey<E¥ i T, nBramBieolbn” flofenialuf) EFEERNe fugdiFical hobost ment

by swabbi rmedinin w1tho@u%agk¢cénob)fissktremhedjumng plate cof oBe&f ULiven

broth 35 r 0 Oy )
deoxychol §€6%|%%€e§%% ?%tc‘t{ ate bgﬁ V\?;%/ éﬁd f%gﬁép%% 37°¢
under microaerophillic condltlons (5% CO, and 95% One

colony is transferred to 1 liter of modified chopped meat

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

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

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

Example 20. Yersinia pseudotubefculasis (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 i2 h at 30°C. This culture is

'35 @iluted (1/5) in LB or LB containing 0. 1% poc and 1ncubated 4
h at 37°C. Subsequently, the cultures are diluted in the same

. =30 -



- 26 - WO 96/ 11258

PCT/ US95/ 131980 96/11258, 37[err]C in 5% Qerr], 10% COlerr], 85%M and then
harvest ed as descri bed above. Exanpl e 4. Canpyl obacter jejuni
strain 81-176 was streaked on bl ood agar plates (containing tryptlcase

soy agar, 5 plus 5% défi brinated sheep erythrog%)t es) and incubated in a -
mi cr oaer ophi | | PO [RRwo( BELO - EIcRBYsINFRBated)arfpriher 3¢ minapd then

Lawns of bact erfsrvested @\@g@lﬁé@mbm and - inoculated into flasks
containing 1 liter qf I\/U Ie br.ot h ee.qU|I|brt d.to_10%
cerr], with 0.01%%%A peis [}’fﬁ(};‘d’% hAVkeEL Mas, AARed, 500 BI. ERED
for 20 h with s itk bow&nﬁk{aﬂrﬁ ]ienum.S%xi[tfatr Jinctatijosr the &a%sl)dpewe}:e
and then harvg ifed o] get
?ﬁ%}'ge% m*&?%‘i d) 1880K6; aﬁéa{‘i?é {‘réont e m n H et

jejuni strain dhked on Bl oo a ar at es

trypticase soy Hf# "’11'31 pﬁW’B‘%def’éﬁﬁqmé&f\é@ m &d) ofnghe
i ncubated in acultlire QR GiYnd ferzaa do Jaarflfa%ﬂ-coﬁft@iem Ialnq p¥ichf @itR0

h at 37C. L of bact a were remved ocuI at ed
"0ro 11 acks colvbaving Gaid et de Fhe Gane Rt deilesonand®s 05,
Cqerr], with @m%aémmamwmaam aioutulo.2%c bondinme bddebat FHesSer 20 h

with slow stjg dﬂq;,%te(f’il{)ﬁgé ldgdih flu%(é’dCQi‘i‘:'}{ ]tr\?ggi"cﬁ-'oraﬁ%ghtﬁ&'& gas

har vest ed as descri

streaked on BHRizFwre (5% élzesl?ﬁoﬁ?alaﬁ*ng};lryﬂ‘?c-ia%%“%‘&e%g%ﬁ’zblrusa%%”c-
defibrinated TheheRl ¥ Wdte hdrdestadl dsh@dszirdbed) adovel,or 20 h at

37[err]C. 25 Lawns of bacteria are renpoved by swabbi ng and inoculated into
flasks containing 1 liter of .BH mediumwth O 1% SOdI um deoxychol ate.
Cul tures are incubated far ,;: AMBIiES? S IENHAN ZCr B Ar, then

harvested aggdescri %&n&ﬁ V%2, an& TSt ted%x@mﬁ%k:r%ﬂe kaﬁ%tﬂ.o'mgi} $eUs 'S

streaked on BH 30 aqar rn-air err
Lawns of bacteria was utilized to observe motility and gross

morphology. 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 predominantly solitary. It
was apparent from capsule Staining (data not shown) that a
change in the bacterial surface was effected by culturing
using methods of the present invention. This surface

30 alteration actually resulted in the increased binding by
WENHANCED" cells of the nigrosine particles from the stain.
The "ENHANCED" bacteria remained highly motile.

Example 23. . jejuni surface components were analyzed
by phenol extraction. Extracts were made from C. jejuni 81~

35 176 grown conventionally or cultured according to Example 2
above. C. jejuni cells were harvested from culture medium by
centrifugation as described above. The cell pellet was

- 31 -



bacteria are renoved by swabbi ng and i nocul ated into flasks containing 1°
liter of veblosmes8um with 0. 1% sodi um deoxychol at e. Cul t PEEYS$(18196
incubated for 20 h with shaking at 37[err]Cin air, then harvested as
descri bed above. 35 Exanple 8. Sal monella typhinmuriumis streaked on
Luria - broth agar plates and incubated for 20 h at 37[err]Cin air.

Lawns -of baeferacted c£omot L AR XN denpesatunswiith 4§ phenol. Intact

- 27 - cdl H6idig Feparated from extracted materials ‘ie hol at
chol at e.

PCT/ US95/ 13196 liter of B nedi u vv| t h 1‘V I um

Cul t ures %ﬂg*m%?t%'b #D‘HF J;lb TR t : aé"(;[ Nowe cerr],.
90% ai r .extOracted dracter iahmirfacsl aon;mrib.rltst masoﬁllaamut algnau.mgt

0. 1% DOC 1%@4 ﬂ@{é}, op

Shak(l) ng. Q?Jt' G‘ﬂ%ﬁé} am;% %u t%l*éé‘sél%s% 1:I%ut e tc\(;gntflil%ll%\gtd er of -
the same fr% M Pt iR tarkf G nc B @xtact mltlﬁéhr w3® nin, and then
i s _harvest atbditsstevad bintl BIPWACL and prdoipitiated with Wd wolhReRe o

2457T was re ar t.es and. i.ncu for h at
STrerrlC i R P EEAR, i€ R o, BB AR o%a, Phel g 1
liter of saplenwfis yaephilkided.cd Svhseqgientilyy fthe szmplescram of this
cul ture Jpaiidnveaedd deﬁElC‘H@tle 1!?«;'5&‘11lmfo(fIc f%:%‘f@zmi%a& cont ai ni ng

0. 1% sodi um deoxychol ate. . The cul ture was | ncubat ed th ‘shaking for 4

h at 37[err]C i Fakhoh yarate gankent) of the extract, was gFsayegdppdith] the
about 0.17 'ﬁéraarmawbﬂd phersI*saiyFuid 0 abidDaethod utdliatiag for 30

Shove. - SRS ag @ Hraflddra, [ fldns ! M BInBRETRECRNT kERREe s
(in BH wi ma@mm)egi y@éﬂbl'qha/\mm ¢ty Dilsphved U&ﬂ@gpltateed:a@'bazobheep bl ood
agar (SB4 alghéﬂt peer}_laqt ‘i:)rote-li.'?xe doMtentaigrd the ?hehﬁi Wkeabtcwated in a

GasPak jar w . m.croaerop nvi.ronfrent gener at or
(BBL, Cock&yatuated %th t%rblﬂs’”ﬁh&t“"iﬁ éFr‘FCass?Nekﬂﬁct(@F-FEFel She™aas
removed fr@w.t hmockford,_ IL).

It was notable that uronic acid was absent from the
extracts. Many typical bacterial capsules are composed of
20 uronic acid polymers. Surprisingly, surface extracts of C.
jejuni 81-176 were in fact predominantly protein. However,
total carbohydrate content of the "ENHANCED" cell extracts was
increased over cells grown conventionally.
The carbohydrate to protein ratio of the extracts is
25 shown in Table 1 below.

35



pfates by swabbing, and the bacteria were resuspended in 10 m
The bact eri al WU on was inocul ated into 1 liter of BH|’%§"@%”§P%ne

o, BH broth containi:ng 0..1% DOC, pre- equilibrated to 10% CJerr], 9096
air, ina 2 litet flask. The i nocul um was added to preeqU|I|brated
.mediumuntil the O)err] is =~ equal to-0.05. The inoculated flask was

returned to the 10% 30 CJerr] with 90%air and stirred slowy for 20 h at
37[err]C. At this rapEendi.t Catbolydtstewprotein Ruttb af delY iswadazeove.
Exanpl e 11. Helicobacter pyl ®Bxtrastsadidi gjediinibrandwn Qunventidnalilye
cal.f serum After inocul ati on(BEBE) forAccarwding tad Mekhovdiafh EBonple 12
10% CO err], 85% N err] and i ntENEANQED)or 22 h at 35 37[err]C with shaking.
After this irguha'rjml 2.5 0 nL'rhp culfure was transferred to a flask

containing BH broth with _ - 28 -

WD 96/ 11258 Time after | . 4%
bovi ne calf serum or the Strre=Recoh ' Bft-aArre ﬁ. B um
gl ycochol ate. These cul tures re agaln flusheddM t he nicro hilic
gas mxture (5% derr], 10% vgqe”] 85% N err]).q i ncubat ed 4 h at
37[err]C. The cells were 5 harvested as descrlbqﬁ ove. anple
12. Sal noneldg typhimurium (ing LB with 30% gl yqelgy ) was st reey< on a
LB agar plate and cul tured for 18- 20 h at 37[err]Cin air. One col ony
was pi cked and transrerredf into L I.rter of LB or LB’contalnlng 0. IWﬁUUL
in flasks that 10-ar Iushed W % . 2% er 350

and i ncubat ed for "fﬂ ﬁ[‘%‘r‘rr C%?wm %@egzﬂ: h@%e
di | uted in tina tshzermuiazmae e dDine rarid (ﬁnlmrxbkchri(b\«ed@tnﬁ eaﬁrtfmber

i dentical condid,4q0s. ﬁ?ﬂﬂ‘ }Qﬁﬁ

typically 3Q|_§n n after t]he déil%tlon wer e é érlf)iggnte as degcrl bed
above. Surface extractable carbohydrates were increased more than 8-

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

Upon rehydration, the extract had a high geling capacity
in water rendering the soclution highly viscous and mucus-like,

~which was similar in character to the aggregated bacteria.
The functionality of the extract resembled mucin-like
glycoproteins.

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

30 Corp chromatogréphic matrix and a solvent system consisting of
3‘% of 0.5 N NaOH/97% H,0 as solvent. Amperometric detection
Qas utilized for measurement of separated monosaccharides. An
authentic monosaccharide standard composed of fucose,
galactosamine, glucosamlne, galactose, glucose, and mannose
was also subjected to HPLC analysis for comparison.



&

Exampl e 13. Sal nonella typhinuriumis streaked on a LB agar Elate and
cul t ur ed W@96/m8s®20 h at 37C in air. One colony is pi cké’d-%gfﬁ? 3186 st erred
into 1 liter of LB or LB containing 0.1% DOC and incubated for 12 h at
37[err]Cin air. 20 The culture is then diluted (1/5) in the sane fresh
medi a and I ncubated a further 4 hours under identical conditions. The
cultures are thHRLEG hpedysis ofictbenbyfredfzeddsurfaceDpstracbfrevedled and

i ncubat ed !ﬁQePrEQQBEE06E eeRdirbhORSnu8htbhhbedes ?Fh%ﬂf&fi?QCh?ﬁeigg

phase, -typical O mnputes after the 25 di Lution. s are harvested as.
descri bed 988?@.33 to be-E?aHHPg1§3F1KFeGgF§FF§nﬁﬁegﬁnkpﬁec?gbg?ygéiﬁﬂ on a.
BHI agacoppotitiod oficthet estti8ct8 Brem ddheentfohaldyrgréir épl ony '

i s picke ' u ' . |t of B LB | Di . 1% DOC
and shakBnBRoFet 8, uapht, hEbBrashly €b ehe hbpba bk ESMPLE' Plakove; ('eg
the same nHeweves, Opiaer] quangitative gifferenges wevenappaxedber and then
ireaked on g BEL o BBLS BEEacterdal B e e e oy o P
- er In alr O -

et Rnf HesrerpndineBinec; afhe) Srl ayShenteF LACEeFbRER o Ak o

0. 1% DCC a(BEBBakebtéps $8:D53+288[cLpyE) was taedicri Thargelhsystem is a
- 29 - 5 et s .
pcr/ usobP 1318ESR ROGIE Ber comsigting of & Loy acpylanids: (fymically o o,
for 30 mi n4%)fsteakingngedinpH fiaBveanddachigher pereentage. acrylamidegxanpl e
16. Escheééﬁafatsehigénr HNg08275bE \(B51$) I 9ak fncludéd Sik ehoth Ogeh f9ar

nacul af ectPAi 811 PREERSE

Frﬁkﬁgé 9 hPrgkg;for 18jl ? 20 h.“ghe 3§lony was
B - BF EBNTPEPRF RGN 19T RECTEERE ¥P ask
shaken formédRetudar3gfze, and 8 or 12% acrylamide separation gels were

15 used. Visualization Of'separated proteins was by silver
staining of fixed gels, and molecular size determinations were
made based on the M, values of known proteins used as
standards. | _ o

_ C. jejuni cell proteins were separated by SDS-PAGE and

20 visualized by silver staining. Four proteins including a 62
kDa pfotein-were.induced or enhanced in cells cultured with
DOC (Figure 2). _ :

Example 25. S. flexneri LPS was analyzed by phenol
extraction. S. flexneri cells grown conventionallyfor

25 according to the present invention as exemplified in Example 9
above were harvested from culture medium by centrifugation as
described above. Lipopolysaccharides (LPS) were extracted by
the method of Westphal and Jann (In: R. Whistler, ed., Methods
in carbohvdrate Chemistry, vol 5; p. 83, 1965). Briefly,

30 cells cultured in BHI or as exemplified in Example 9 above
were harvested by centrifugation and washed once in PBS. The
cells were then extracted for 15 min at 68°C with 45% phenol
in water. The extract was cooled to 10°C and centrifuged. The
LPS-containing upper agueous phase was aspirated off and

35 dialyzed againét 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. '



The bacteria diluted to O err]of 0.17 and grown for 1.0
“ﬁé?%gs (;rﬁ&éﬂsm

further and th ted as described above. Exanpl e ¥
Ent erococcus faecalis is streaked on sheep 10 bl ood agar plate and _
i ncubated at 37[err]Cin air.for 18-20 h, One colony is inoculated into

1 liter BH or BH containing 0.1% DOC fl ask and shaken for 12 h at
37[err] C. The baxtier Zcammalystilserehel LPScwasoreBhepehdefl GnlWated glomg/hd).

30 mn further % P%xrt:.*%‘i’éd"%r ?fa%d cﬂ%rﬁ%%%ﬁr'l%ﬂ QQO\‘.S cé?bohyﬁrgggn%ﬁtent

18. dostridium cil'e (rmodi
gl.ycerol) is st@éhﬁﬁ&qm4hsdpﬁ§9€eofaBéePYIFﬁéﬁum dﬁé&FM%]FBlfQEQErobes

containing 1. 5W criyd atlildel gl alledtrobhbbesisUNEDE-PACEPa_E0ABEELiBed
condi tions (5 err%ﬂ nd, 95% N b #3%% Cg - colony is transferred to 1
liter of nndl 4 She¥n 3 &/ 8r same nedi um containing 0. 1%

DOC. The bacterla ar §. flexhnemicprotddn profddesopevehiledcnadmajons at

37 Cf d u?ﬁﬁﬂﬁ
BaE?;;L|degrfradﬁfferfﬂeglfleﬁﬁakﬁ cﬂgv@ﬂﬁiﬁhgiggagﬂiﬁureﬁ 38&) ceroF?
streaked on a n&&# PeUhGHoﬂﬂé&YZEdnﬂéﬂnﬁeGF&ﬁ1aaa#iﬁpéﬁ§ ana-eegﬁusza tem.

37{err]c under Carfbhyﬁaatephb|hr9 weadntleaazééwbéfipsrkraﬂd"ﬁgﬁhﬁEtn" &8E1s
colony is r r [ me m or sane
rredlu?/ncontalhlﬁggo8 &g%6§ngﬁg é,?8FF§D§Pee§gFFﬁ8§dgﬁﬁﬂeﬁﬁI gelis.
nlcroaerOphlII|Bovsﬁerb|6&5-83637Feiip@eﬂobylﬂxhdatﬁdnhandesibﬂeasseﬂlnlng of
described aboves, r1eyner Pe%gns¥?5§béeg ﬁé?UQOEHQﬁégukﬂstﬁs(éﬁfﬁ@ture

broth cont ai ni.ng 30@68 ycero IS Strea Luria 8
pl ate and i ncubAFégure 5dc A§h§e§BIéﬁy1P§etP§HsP§erﬂ geli the Qraptigenp

and i ncubat ed fgfa&albnabeQPsrfksh »ERHANCEDM USE fieﬁﬁeﬁi'#é@drééﬁéédlﬂnLB

or LB contai Qg geggﬁ]/% % t ﬁgsg;ﬁgég%plementeé ’tgl?lL eE lxglng 5 bg eggsnt l

the cul tures
- WO 96/¢§256hydrate/dry weight ratio of LPS from “ENHHNCEBS/&BIB@

These results suggest shorter O-antigen side chain
'presentatlon on "ENHANCED" cells, and potentially might render
the bacteria more hydrophobic. A more hydrophobic bacterium

20 might have greater interactzon with hydrophobic surfaces in
the gqut. : _ _

Example 26. Immunogenicity of proteins was determined by
Western Blots. Proteins from bacteria grown conventionally or
according to the methods of the present invention as.

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

30 blocking buffer, the blot was then washed and a secondary
antibody reporter cognate'was applied. Following washing, the
blot was visualized with light or chromophore preducing
substrates. The reporter moiety used was horse radish
'peroxidase or alkaline phosphatase.

3s Figure 3 depicts proteins from Western Blotting with
immune rabbit mucus containing'IgA. As can be seen, the 62
kDa protein was the immunodominant antigen. The antigenicity
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media to ODerr] of 0.17 and incubated a further 30 mn and then

har vest edV96AES8r i bed above. Exanpl e 21. Hel i cobaREEUSIIBMG was
added to BHI broth pl us 4% bovine calf serum After inoculation the
flasks were 5 flushed with 5% Jerr], 10% CJerr], 85% Nerr] and

i of the O &R §70pa, PEPERR, el bFsRtE)) Bpanthl shiLBLLBTRTELAG,, 1)

4% bovi ne wdith DeCumrobidge sThdsnbEPERindwrsi 8AsP| $he predeminany about
?h196F0 abQHEi%gﬁ%&%@%h&es@kkﬁfeTéﬁﬁgaéQ_6!'EEEQQé&QlEuQQ&'géébKPBéQ with ;
e m croaerophili,c.gas m xt ure err], . 10%.CO er.r] o NLerr and.
eubat e 50- b4 tidi93Re,a, Reded Behaciohal hariBAay, LEbh-EeanbLre kith
above. s campylobacter fEA4BRLES, iENWABCEEmAhStthbtled EAW&EEEhé éhhanced
Exanpl e 22 : QS G e 1,Aat i t d b ry s utilized
to observepﬁg%%ﬁgt&ang'gﬁ%ggﬂg k%%?%&%$§g§ggagtgf$:é'Ig§%§sbagr§ observed
by capsul esignifilrgnt fipdingi RerARsenpgresaheyesapreners naveing, the
cel I's wer edemofiStPheedsthngedndi bh §e ﬁbﬂlfxagéﬁlinAtg-Qh661vaaiQﬁs were at
20 1000 x ma HlflcatLOH. ' .Ngrg oLﬁgy F -gactenra CHItur d gcgordlng
to_nethodspﬂg ogeprgif, and, ASFRGIAFPENWLRE, EPRIPYRS R FPRTAFEeELSticS
" ENHANCED' of thecbacteyriums altered conpared to those cultured in basal
medi a al one (co hanaghl y ) (oJ Ny D HADEECE ' Lejun
aggregated,.andﬁ¥§? ig ?gfgeaéﬁgﬁggegfégglﬁéaa§ﬁglg§§ consgﬂfﬁgégy*§ gr own
cel | s wver eViFudenreant Eptesirt bagteria groun app¥erhionabhy c4BHI) €Okt ai ni ng
(dﬁza not sbevkiihGatoathe fBEAGAsi Bft BRebpEESENE! iAVEAELEN RBERTARCES ) D
cul turing

alteration°3c#§grgggggggggﬁngh ? ga&%ggiﬁégé?gé%gpﬁﬁgg§$r28£%§£§NggD'

cel | s oi5thesusgendedeipadistitiefir wateheandaentractddewithiHddieEthe bfioteri a

. remai ned highhinﬁntﬁéﬁlul rd brE%?GQéegégleE:djﬁt“éénéyiéﬁg§t§§ﬂP99§&tS
were anal yzed by eno ex?rac ion. - rqc?s re nmade om-C. " j e unl
B1- 35 176688 oNRuc S ERE GA MRS MEASIRAd ¥ 0 & HIAOK Gaditkdgme of 40%
above. C. a@kHBhefC6b$ WaEErDarTRE! &fle! 4PSbEVARYE CwaB lebiipRied to the
centrlfugaééff a sggﬁgﬁégegtaQQXenm agdcgk$:ggéégta¥a€he ratio of

20 OD“u/OD@m,' 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)

28 |
___Dye Ahgd;géngé
Strain ' BHI ______ ENHANCED
. Cc. 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
3s Table 2 shows that for several spécies of enteric

baéteria cultured'according to methods of the present
invention, Congo red dye binding was'enhanced, These results

- 36 =



- 31 - 96/ 11258 P 96
extracted foy\%oﬁaéfzsgoom tenperature with 1% phenol. Intact Cﬂéﬁﬁ?@%ﬁ‘e

separated fromextracted materials by centrifugation for 45 mn. The
super nat ant contai ni ng extracted bacterial surface conponents was

di al yzed agai nskhon €hatl ihedivebener8n8! 8t théNBre8ERB! #hPeMBfon are useful
centrifuged 105,,0Q00 x %;for 3 h-at-4hg&%¥c. The extract pell et was

redi ssol ved i n. ¥80iRIBFeaNATBLERCRi 2B hChapaGbrEARELGP Knowy te 950,

et hanol. The peetrpilhtel eithadinr ejjeat pdthegdnébts fosaopher wascterial

| yophi l'i zed. Su? gggggt1y, the sanple was 10 dissolved in water at 1 ng/m
for further ana §S|s. * Car bohydrate content of the extract. was
assayed with Bhe  BXABPAR| $8accBpetarpadnadhesionrte evltured epithelial

utilizi 39 N hgl £e23s assaafﬁupée_ﬁd- _H_aeeéc-%aii ddrgeailsﬁtwaé aéeaféar@grt w?s

or ot ef 1 cont ent 48FCERESHBYoPRIRR, 388 HHEtiSsc BRag: HatEy rACAL. soi. B,

bi cci chinoi c acgd:e3say6Bsv,(kbesge Chéssue cGdbtur&océlbsd(INT$407 or Henle

was notanl e thabe$ugn(KrBE' § WRREIDSERE ELOHL"farcce¥laRElR M VP! ca
conposed of “2 ol yner’sT " Su

bacterial capsules are. ] uronrc aci | rprisingly,
surface extr#@tintestinal celinlipes)7¥erer euitured:inr24ovehhntissye orelture

However, tot latasbehydeat sxcenjerio & ddiE 1ueidyNGEDs 0=@lols . € X iphaC hedwan
The carboh grat

rotein rati o olstAEPERRPAE, o) EhesCehdubing yasie BuBPELPSCes e modfried
Eagle's medium with 10% fetal bovine serum and 50 mg/ml each
of peniéillin G and streptomycin was used for Henle cells, and
15 RPMI 1640 medium with 10% fetal bovine serum and 50 mg/ul each
of penicillin G and streptomycin was used for the culture of
CaCo-2 cells. At least 3 h before assay, the culture medium
was removed and the cells were washed twice with Hank's
balanced'salt:éolution (HBSS) with magnesium and calcium. The
20 monolayers were then overlayed with antibiotic-free growth
_medium. |
" For adhesion assays, the bacteria were prepared as
follows. For slow growing enteric bacteria such as
Campylobacter and Helicobacter the bacterial culture density
25 was diluted to an ODgs of 0.1 with fresh, preequilibrated
medium and then used in the assay. For Shigella and other
fast growing enteric bacteria, the bacterial culture was
diluted to 0.17 at 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 the tissue culture well was calculated by
‘plate counting. Following 2 h infection under 5% CO, for
Campylobacter, and 30 min for Shigella, unbound bacteria were
35 removed by washing with HBSS before lysis of the monolayer.
with 0.1% deoxycholate and plating for the determination of
adhesion. . ' . |



30 .35 - 32 - WD 96/ 11258

- PCT/ US95/ Wo¥§81258 TABLE 1. Carbohydrate: Prot ei n- ReT{U§9%131%e]| |
Surface Extracts of C. jejuni Gown Conventionally
(BHI') or According to Method of Exanple 2 (ENHANCED) 5
Time after ~addition (h) BH ENHANCED
1 : The eIfe@rt of temper@tﬂie on adhesion to INT-407 cells by
0.02 c é%u%} 81-176 grown conveﬂtlon 1 or accordiggogo the
0.15 10 - €7 @ B3y

There was @emhqgs:qﬁemasn0w§ﬁﬁptbépw@eﬁlpncﬁﬁsP&ﬁmeﬂi@@ed in Example 5
above is shown in Table 3 below. :

s Differences in adhe51on of several strains of c. Jejun1
grown convent;onally or accordlng to methods of the present
1nvention are shown in Table 4 below.

Percent adhes;on is expressed as the number of colony
. forming units (QFU) recovered from the.monolayer divxded by
10 the number of CFU inooulated onto the monolayer multiplied by

100.
Table 3: Effect of Temperature on ADHESION to INT-407 .
: _ - Cells by C. jejuni Grown Conventionally (BHI) ‘
) or According to Methods of the 2resent
15 Invention (ENHANCED) -
- BHI  ENHANCED
e ature (% adhesio adhesion
37°C | 5.5 _. . 62.3
20 . 42°C o 5.5 ' ' 11.2
258 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 | _BHI ____ENHANCED
81-176 1.0 . 8.4
81-116 1.0 12.5
HC 1.0 28.2
as In invasion assays, epithelial cells were grown-and

prepared according to the methods described above for the
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it the culture nmedi um and enhanced Ievels of surface extractabl e
car bohydr at e WOR6/1328 bacterium (Table 1). 15 Surface extract aBpgmsssnsl%

cqrbohydrates were increased nore than 8- fold in bacteria cultured
according to the nethods of the present invention; no increase was seen
I n bacteria grown conventionally. The aggregation of the bacterial cells

cul tured i n DOAdmdion aF==r.cd Bactes ia gricwn sidnventionally ovnpeserdingf to

the surface exlydifoas of the HAULMRMMENARN WiZLHuaaA! £BAEnd Bbdtnelsal
geling capacity I'n water rendering the o uti.on highly_ viscoys

nucus- | i ke, Gk dsh ataR ﬂ%qf‘e&hﬁﬁ- é’rfaé{‘\;tecttd%‘?fa&@r bastey 1BaEFEr Fg1l
The functional iy Hloildesatirartion.esanid eﬂmm&-l Rl :blaet&hel iﬁeauqheeas into

For anal ysi s of,_.indi.vidual nosacc rides, ra drolyzed in 1
Nt 11 uor oacbiite dse lEHHES el VaR, oo TE1ATeR. 1Y, Paasp! BhURK SRS -
nitrogen 2 h, &eollossingpendednfiectigin mindesd 54 Cos . fmgaa@mmmr #&ratl 30
by HPLC usi ng gbq)( sgﬁ)g(;ﬁ t,ﬁg_r a y m
consi sting of L q3 o Of l%adl?%%} @q@%%&%ﬁa %g?oﬁghi?grteﬁ oke)]
det ecti on wand, ithe nonglayer ¥af ayenladd é’éﬁ&r QFQHtﬁnﬁﬁgéBEh&PPHEénlAﬁ
aut hentic mnowﬁwmi@x Yo xdand a@@nmmddmlhueasaactgrgal. achfyagulléurable
g1 vcosan e PRANS U085y 31 Y PRIt navi®inthala HRECEEEEnt 101
WD 96/ 11258 cell monolayer. The incubation conp@ﬁnesganggtgsoz for 3 h in

HPLC anal ysi s Q:fnn fy%’fo'd’zﬁféﬁ#{ f%‘%e‘?:’@e&a%blrléveghﬁd hh?oﬁr? gﬁilgf

sever al nnnosac ar | Fi gure her e appear e tive

difference in tm€ 1. Monolayers were washed w1th HBss to remove
gentamlcln, and_lysed by the addition of 0.1% deoxycholate.

15 Bacteria in the lysates were enumerated by plate counting and
percent invasion was expressed as the number of gentamicin
resistant bacteria compared to the'nuﬁber of inoculum
bacteria. '

Invasion is expressed as the percent of cell entering the

20 monolayér, as determined by the number of colony forming units
(CFU) recovered from the monolayer after gentamycin 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 5 below.

Differences in invasion of INT-407 cells by several
strains of C.jejuni grown conventionally or according to
methods of the present invention are shown in Table 6 below.

30 The effect of DOC on adhesion to and invasion into INT-
407 cells by C. jejuni 81-176 grown conventionally or
according to the methods of Example 5 above is shown in Table
7 below.

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

35 407 cells by Shigella grown conventionally or according to the
methods of Example 5 above is shown in Table 8 below. '
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conposition of the extracts fromconventionally grown or 5 bacteria grown -*
accor di ngyg es/i1bss et hod of Exanpl e 2 above. However, mpoIvUsSysiEsibétati ve

di fferences were apparent. Exanpl e 24. Bacterial proteins were

anal yzed by SDS- PAGE and Western Blotting. The gel system of Lugtenberg,
et al. (FEBS Letters 58:254-258, 1975) was used. The gel systemis a 10
di sconti nuous @Q@ip1E@ B SEMFRR oFf Tetparaturd éa CThvAstoh! v In$Xoegt acking
gel pH 6.8, and a hi gher ceaneebyegs Fejrndrede176 sepwhatbaveseionklyS.

SDS (0.1% was included i(BBI)t brogdetordingd tal Melthbisr sfuthe. Pre&senei n
separation was accordi ng Invention dEMHANCED)e, and 8 or 12% acryl am de
separation gels were 15 used. Visualization of separated proteins was by
silver  _staining of fixed gels. and pgolecular size deterninations were
made ba®ed on the Merr] values of known proteins used as st andar ds.

C. jejuni cell protejns were separateqd B¥ NHANGEDi sual i zed by
silver staining. FoarSFréferns— } agegs D45 b were i nduced
or enhanced in cell §46 tured with DS?S( Figure 2).

9 Exanpl e 25.
S. flexneri LPS was,aR@a yzed by phenol 4 extraction. g,';lexneri cells
grown conventionally or 25 according to fﬁe present inveniion as
exenplified in Exanple 9 above were harvested from cul ture nmedi um by
centri f8gatTOM AT gescr I bed above. LT popolysaccnari ues (LPS) Were
extracted by t he nethod of Westphal and Jann (In: R Whistler, ed.,
Methods = in Carbohydrate Chem stry, vol 5; p. 83, 1965). Briefly, 30

cells cultured in BH or as exenplified in Exanple 9 above wer e harvested
by centrifugatTablenri. WENEABION c( FOLIPEICREASE) iodid INR=r40?% [Cmllaxt r act
for 15 nin at 68 [err] C WY PifSexanthdtrains ok &. jefuniextract was cool ed
to 10[err] C and centri f ufPvmRenvenrtbonakly (BRI umfe AGRRSART phase was
aspi rat8d of f and 35 di al%2MHPERRAKIE Khe iRResentyinvention e‘t‘@i&ﬂ‘@%s
centrifuged 7 h at 80,000 x g, 4C once, and three tines for 3 h each at-

105, 000 x—g—the—i-—hal—petei—was—-yophiti-zed—

- 34 - . 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)
. Treatment Adhesion (%) Invasion (%)
' BHI : : 9.3 : 6.3
ENHANCED; 0.025% DOC 18.3 17.4
ENHANCED; 0.1% DOC - 52.6 37.0
35
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WO 96/ 11258 ' PCT/ US95/ 13196
to anal ysis tWé’?&‘F‘Szf!ﬂ/as resuspended in water (1 ng/m).  The &FFMSP@FIE?DS

was characterized as to carbohydrate content as descri bed above, and by

sodi um dodecyl sul f ate- pol yacryl am de gel el ectrophoresis (SDS-PACGE) as o
descri bed 5 bel ow own ur S._ flex rot el
profiles reveal ed n&aﬁr% m ﬂ.js}r‘;y}f {% fcl ' ‘Ié%i at)
and " ENHANCED' cells mhen |

system Carbohydrate to dr eyl dﬁﬂ &4l (f Aot D é:goldss of
10 was decreased as conpared to extracts fromBH cells. However ,

SDS- PAGE fol l owed by oxidation and silver staining of S. flexneri LPS

denonstrat ed ;. gy of change 1n LPSstructure (1—| gure 5).. AS Seen In

| ane "2" of the gel, the ¢haaddtearie ? RATHANIO
flexneri was reduced in 15 Iength This result conplenented t he flndlngs of
reduced car bohydr at e/ ®vdhesdigght ratio of LPS flo®@ " ENHANCED' adl0.92
These results suggest shdnvwasi®ranti gen side chail.0. presentatio®4c#
"ENHANCED" cells__and potentially mght render the bacteria npre

hydr ophobic. A nore hydro hObIC bacterium 20 _m ght have greater interaction
wi th hydr ophygbi ¢ surf acedigne tham&heinitially” addeqd,hacreria were

| nunogeni city of protei FREGRYETRS dud F&y arpwth wtsthe, bpickeriapdwrdngs the

from bacteria grown conv@®S&¥ally or according to the nethods of the
present i nvent Fe—as—25—exerptt+ied—+r—Exanple 1 or 5 above were separated
by SDS- PAGE, then were electrophoretically transferred to

nitrocel l ul ose or ; I
bl ocki ng agent [3% é@i%ﬂ%ﬁn@?%ﬁ# %gg%%\@u%&m'-éto %%%\’\CElI?NbQO]
Primary ant igso®eviexalapwmand iiselages @fkithg Jeduindr (itles ,bi83r1ids ©Bled76 and

washed and a Sﬁ@gn@%Eygredﬁﬂy @Wﬂﬁn&%ﬂp%&e%dﬁgﬁﬂéh@c&a%lﬁﬁpbke@eOEQEhBMhﬁﬂ
washi ng, the bl was V|suaI|zed mnth ﬁht or chrgomophore_ produci ng

substrates. Ffe oMt uTS #2308 6) - dhExPPELe or
al kal i ne phosplefifastivébdose ofi @ncew&sd@puethmeEBWOS f The Yteatest

Blotting wth response was obtained at 37°C, but not at 42°C (the
20 temperature at which Campylobacter is conventionally grown)
(Tables 3 and §5).
Similar flndlngs were made with Shlgella flexneri (Table
8). Shigella grown accordlng to the methods of the present
invention had greatly enhanced abilities of both adhesion and
2s invasion. |
These data show methods of the present invention enhance
invasion and adhesion of enteric pathogens.
Example 29. A rapid slide agglutination assay was used
to show immuno-cross reactivity. ¢. jejuni strains grown
30 conventionally or according to the methods of the present
invention as exemplified in Example 5 were exposed to serum
IgG from animals immunized with C. jejuni 81-176 (Lior 5)
grown either conventionally, or according to the present
invention (e.g., Example 5). The IgG antibodies were '
35 immobilized on Protein A coated latex beads. If there are
cross reactive epitopes between the test serotype and the
antibodies generated against the Lior 5 serotype, then nearly
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i mune rabbit nucus contai ni ng | gA. -
was the | WRPIHEH nant anti gen.
WO 96/ 11258

- 35 -

PCT/ US95/ 13196
with DOC or

cul tured

flagellin,

flagellln(#tge[ﬁ'ea oW tr&bﬁ'asr

As can be seen,

The antigenicity

the 62

kDa protein
PCT/US95/13196 '

of the 62 kDa protein was greatly enhanced in cells
This protein was al so the predom nant
anti gen in imrediate celumpingt (bie caAgalutinakianiath theCeells is

Utilizing avmmnormis)r@d

bi | e.

n omzedts&as-ﬂaeﬂé o ANidda1ed dEHP N
Isri:H1f)rote| n vvas C. ﬁ.j;lunl

enhanced

Rrogeed |

gact er

r esear cher £imee whemm)mgam ab tdhsemi&blﬁ qle;mp’ﬁng‘ Iaamelsl Inﬂadn‘:s ianwalgned

in patg

t he bact er| um

neasure

according to the nethods of the present
agar plates and,]_,(‘a
distilled water
was pell eted by centr| fug}&%
wi th a Rlgank sol ution of
conpared to the

i eSO b o
RresAn Rt i‘En‘taé?]r% HRIIAN-a gr own convent i onal ly (BH) or
I nvention ("ENHANCED")

ngéq r ed mere 15 resuspended in
t In 3

ye absor bance was-
absorbance at 660 nm and expressed as the ratio of

talgnl n% 0

extra

ceI I

acet one, 0 Wa

fgm%r a\?ﬁé'?"lﬁ%: cs 10 of

on BHI

WRar debris

gd 2 ¥ethrds-efed

20 ODjerr ] fF 7
2. Congo Red mmu ng of EGROWTI'H _ 'a
G own Convgn CONDITIONS _ he
. Present I|njen - ‘
BHI anti-BHI?
15 " o Anti-ENHD 2
" ENHANCED Anti-BHI 2
" " Anti-ENH 2.5
L2 BHI Anti-BHI 1
" " -
20 L Anti-ENH 1.5
" ENHANCED Anti-BHI 0
" - Anti-ENH 1.5
L8 BHI Anti-BHI - 2
" " Anti-ENH
25 " ENHANCED Anti-BHI
" " Anti-ENH 2.5
L21 . BHI Anti_-.BHI 0
" " Anti-ENH -2
30 " poc Anti-BHI 0
" " Anti-ENH 2
Media BHI Anti-BHI 0
" Anti-ENH 0
a5 a Antibodies induced by 81-176 grown convent:.onally
b

Antibodies induced by 81-176 grown according to methods
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Dye Absor bance Strain BH

ENHANCED WO96/11258 ¢ jejuni 81-176 0.07 BCHYsHy3196
C..jejuni 81-116 0. 06 0. 49 S. typhimurium

SR11 0. 05 0.30 .. .s, flexneri 2457T 0 02

0. 13 V. chol era 569b

Tabl e 2 shows that fdabd& & shovsedilds f@Preﬁ‘lfeFPG teE&SPeFF-SrCEFFBFEHes (L5,

accordi ng to netgjqdysqf 1219 REGERAFreactRdeRiitananCepedy’ gdndratbandreﬂ was

enhanced. These resul.ts
96/ 11258 % als immunized with enhanced SCT?E@§§f1§i9%76 Liorsﬁsﬁptype

that in vitro mdShod¥uchst Ravages Erom thentintestinessofurabbits inflacted with
virul ence andgo Tchepher &a%tf-&b%t ' E%mgai“iw’in? Igp, C%Eéké&ew#ﬁhgiahg dae of

pat hogenesi s for o cterial act er
adhesi on to cul theedo eHFtHQ cdini °a&eFP§°ﬁH§e§néFyEed hBEEPeP?§P°§ﬁﬁ§b|Bﬁ C-

was assayed as jejdmdcgrowsn hch&HahgaﬁP ﬁbthbas oFr ehe %hébenﬁfgﬂreﬁfion
USA, ~ 86:6383; s (I NT- r.F e,
col s (ATOC # CFRERE rRdtien wieRoMAriNohieg £8 Liot! biadRlcibe EPERIp, (see
lines) were cul Tabde lﬁ belawl). t Theuvesultsr show phatemetBG@GrofcthWpresent
CJderr]) to aoCQﬂfvaQ%&ﬁ Qflgﬁgféeémweesreahaﬁtng hﬁmﬂ&?eaf'eﬂi %Pﬁtgf
| i ne used, but cCco g fumw th 10A) ta
serum and 50 ng¥ gagﬁoss react with anti-serum from animals 1mmunlzed with
Lior 5§ serotype strain of C. jejuni.
Also, several species of Shigella grown according to
methods of the present invention, but not those grown
15§ conventionally, cross react with IgG antibodies from animals

immunized with Shigella flexneri 2457T grown with DOC.

8 EXAMPLES: VACCINE EFFICACY
Example 30. The ferret model for studying Campylobacter
20 pathogenesis can be used as a model to evaluate vaccine
efficacy in protecting against colonization and/or disease
because infection of ferrets reproducibly generates two of the
three disease manifestations seen in humans.
Twenty-four 7- to 9-week-old male ferrets were 1mmunlzed
25 orally with either PBS (as control), or formalin-fixed C.
Jjejuni strain 81-176 grown conventionally (BHI) or according
to methods of Example 5 (ENHANCED). Serum was isolated to
determine baseline IgG titres. All vaccines and PBS were
administered in the presence of the adjuvant LT, two times,
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 weéks post-vaccination
(challenge), the ferrets were anesthetized with ACE promazine-
Ketamine and challenged orally with a 10 ml PBS solution _
38 containing live C. jejuni 81-176 (1x1010 CFU). Thereafter the
animals were monitored daily for mucoid diarrhea, bacterenia,
fecal shedding of Campylobacter, weight changes, occult blood,



of penicillin G and streptomycin was used for Henle cells, M 1640°
medi um wR?6{3388 et al bovi ne” serum and 50 ng/[err]l each Pa@&%’i‘ﬂ'

illin G
and streptomycin was used for the culture of CaCo-2 cells. At least 3 h
bef ore assay, the culture nmedium was renoved and the cells were washed
twice with Hank's . bal anced salt solution (HBSS) w th nmagnesi um and

cal ci um Taed2fe@dholaykocytRs e (PRFEIRATIA MRS Hetrakrd R tdrAYINGE 19t h

][re?i: um Fz mllofoxslad@esi-mt'mam u{iue_xbam eu;}f aamauaﬂwl gzbzfxsets_ g -
ol | ows. For .slow. .grow ng,.ent eri C ria.such as obact.er_.an

ol | copact 804 ; HICHERPIDY S g FReSiRat B8 atiehd erymy ERRG, D of .

0.1 wi th feeltnreyr ecSuicultures to nplbednagar tpiates aere takemsda\, For

Shi gel | ag aggla ' Nt edd ' ' ; e

wns ! oY e Of \ilys PRt %ﬁ%ﬁi h YAt ii1ds qdbe RULRIcRa BHddEC

then used ¥9 $ppunizationy ey RRe VRRle AEYRY e @EegRntel ial cells

at a nul tijhhenizationHfaed ot the Hidw o rétallenys, Gaid drie awsEXl post '

saturatio T. gt*g Bﬁ& i ' |ated into the tissue culture |
wel | was %’?ac%f% d é/‘ﬂt‘g a%"gé'c&%ﬁ#g}%c ol | owing 2 h infection under 5%
Cderr] for : rwasyrdetgcted by tatiing | fecak maner izl gy iaa
vere 35 ¢ gEnsh by d@ed] nopedd D il 8 G |tidardd dda g Wth
0. 1% deoxycho] at e an‘%?pl at.i r&q for the determ nation of adhesi on.
- 37 - stawq)éy:i ggethy ene blue to detect fecal leukocytes. Fecal
PCT/ US95/ lsHiéifding of Campylivbadierctwas dstgbirizned n aulltrntidiy tsmdayfs 407
cell's by | £] 0 -176. gr |, onaldl r.oaccording .tq the
et hods ofT59M AFsit SYard e b RN AR et SR Bidkes)c | €
shown i n TEirypicase\goy agar, 5% sheep blood, ‘trimethoprim, _
15 vancomycin, polymyxin B, cephalothin, and amphotericin B,
Remel, Lenexa, KS). Results from these experiments are
presented in Tables 10 and 11 below.

Table 10: Vaccination Protects Against C. jejimi 81-176

20 in Ferrets

| POSITIVE COLONIZATION -
VACCINE ' DAY 5 POST-CHALLENGE?® DISEASEb
25 PBS _ 6/6 | 1/6
BHI . 0/6 o 2/6
ENHANCED S 0/5° N . 0/6
- a Nu_mbez" positive colonization/number .testé_d _
30 b Presented with green mudus-/unformed/watery stools
c One animal died in the g_rou'p. after disease state was
determined but before colonization was scored
-1
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5 D fferences in adhesion of several strains of C jejuni wn
convent i onal I'YOg611¥88or di ng to net hods of the present i nvenFFB’Hg%j?]é“%
shown in Table 4 bel ow. Percent adhesion is expressed as the nunber
of col ony formng units (CPU) recovered fromthe nonol ayer divided by 10

LT oot P S TR CRIER A e s

Cells by C |ejum—GowrConventTonarty {BH)

According to Methods of the Present 15 One week | dkent i on (ENHAN@H@
BHI . [GYYWRCED Baseline P°ﬁ§ﬂﬁ@F&ﬂnﬁe Challeng96adhesEGﬁF
(% adhesi on) 37[errlC chablange
42[err]C - 8 PES 5 6.4 4.2 6.4 Tahled .4
Adhesi on (FOLD I NCREASE) to | NT- 407 by Different
Strains of C. jejuffigown 6.4 94.0 Convérﬂ-lcbnal ly (B$F9503
According to ENHANCED 6.8 Met hoglgg of t he Pl’eﬁﬁ’{[ g nvent iggp34.12
( ENHANCED) 30 - Strain ENHANCED
81-176 - 2 T 0 8I- 16

1.0 12. 5 _ Mean tit;ﬁ:for the five surv1v1ngzpq}mals

28. 2 10

Table 10 shows that upon live challenge, animals
immunized with a killed-whole cell vaqcine'of the present
invention were protected égainst colonization and disease.

The data in Table 11 show that a much greater IgG antibody

15 titre results from vaccines of the present invention
(ENHANCED) than from enteric bacteria grown conventionally
(BHI).

These results demonstrate that immunogenicity (Table 11)
and protection from infection (Table 10) was obtained with

20 vaccines of the present invention and was greater than that
seen when animals were vaccinated with bacteria grown
conventionally. Therefore bacteria produced by the methods of
the present invention are useful as vaccines to protect
mammals from infection.

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

30 The mouse intranasal inoculation model then can be used to
predict the efficacy of vaccines for use in other animals or
humans. This assay was descr;bed by Mallet, et al. (Vaccine,
11: 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 5 (ENHANCED) in doses of about 10’ CFU or
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~I'n invasion assays, epithelial cells were grown and prepared according to
t he met hoWQ98485#i bed above for the PCT/USISN319%6 . 3g
WD 96/ 11258 PCT/ US95/ 13196

adhesi on assay. Bacteria grown conventionally or according to met hods of

t he present, | fi wer dded t.o the_epi.thelial .cells at_a .
mul tippl i Ci t’gfp;% omf 32‘6["‘0 ?‘8?‘ £5965¢t oFPR 8&%’8& ?rm_eagsmaaéampaﬁ oR.
The nunber edcrapicip adreQdtarmined Oy EUISA methtdsC Wnidiag-e'Presented

cal cul at edég%#l??ltee 10201%}]‘:%. Following 2 h infection under 5% CJ err]

for Canpyl and mn for Shigella, the infecting bacteria were.
aspirated off, and the nonol ayer was overlaid with growth nedi um

cont ai ni gy gentamcin to kill any extracellular bacteria. Any culturable
10 bacteria remaining at this point have invaded the epithelial ceII1 ;
monol ayer. The iTR3#adon %W%@Ftﬂgtﬁg ggmugigation with dagc of
C. jejuni infected cells, 93nd9% ) sCARPELoRarter Whole; Gell; ¥aceipes in

Monol ayers were washed wi t4S8BSS to renove gentam cin, and by the
addi ti on of-8—4d46 . e Btz VAR SS—Wa ed
by plate counti RQ
gent am qign r 851 O =0 et geul um -
bacteri a. I'n jon is expressgd as the percent qf, cell entering the
20 nonol ayer, as det ia ki 1lpf er of colony forggng units (CFU)
recovered fromthe nmpugh %%gb¥égef ggg?anycin'treatnentzb di vi ded by the
.nunber of CFU inoculgh& ggvyuthe nngglayer mul tipligd by 100. : '
The effect of tenperﬁiﬁreglga) I.nvasi ogzof_ | NT-407 cells @ '

|l ysed

bﬁuﬁbér of

1s

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

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
higher intestinal IgA antibody titre as presented by a greater
percentage of responders than animals immunized with bacteria
grown conventionally.

25

9 EXAMPLE: MECHANISM OF ANTIGENIC ALTERATION OR
. ENHANCEMENT BY DOC ' '

Exanmple 32. 'Aithough not inténding_for thempresent
invention to be limited to any particular mechanism of action,
the present inventors have obtained evidence that suggests
that deoxycholate (DOC) appears to have a two'foid action in
altering or enhancing the antigenidity of enteric bacteria. _
Evidence indicates that one aspect'of DOC's'effect is mediated
through calcium dependenp effects,'as Doc binds'calcium and

30
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25 C. jejuni 81-176 grown conventionally or according to the Pﬁ'ﬁbﬁ%ﬁ%lﬁf
Invas

Exampl e 5 abo¥OP¢13%n in Table 5 bel ow. Di fferences 1 Ion
of, I NT-407 cells by several strains of C.jejuni grown conventionally or
according to met hods of the present invention are shown in Table 6
bel ow. 30 Timase fomndr = ft HaO@adie jankh esinerttarakricn inathen median. NTThe

407 cell's by C dWdllcdlis? /023 1 4 T
rot hods of | ExamAdbige) £8 (45 SR PR h s 813950 1ngRaRardl

of DOC on adhesi¥th Fhehdenkrane Pernerhler cadsing chelpdory BARTALAMa agdown

conventional |y qfitHcu oty titd HawvagiRidheds of Dx@mle 2eahevesi ennhaveal N
Tabl e 8 bel ow. /11258 :

. 229- _
PCT/ US95/ 1319@ aPProximatedy 10-fold-((ses T&lbl?eﬂ%epﬁe‘ﬁf"é'ona igf%\l of
| NT- 407 treatment al®mid,s howeR®er,cjidoes Hibtl éah@ncen tBenimnunorerbys

BHI Accor di f 4 | ti
EENH?ANCC):ED)CCO%I‘%%W%& felfard B1%i76 cellg. . ENHANGED .

Tenperature (% i nFRSeFesults wheVAld® Table i3 were obppipefcusing C.
2.5 4%juni 81-176 culth?zed according to theOprotocol descfibedlfn

10 Example 5 except that 25 uM BAPTA/AM was substituted for 0.1%
DOC. The invasion aséays were carried out and scored as
described in Example 28 in Section 7 above.

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

15
Culture condition
20 Strain | o BHI BAPTA/AM
c@-jejuni.81f176 | o 3.0 | 36.9
25 sévéral bacterial genera that are suSceptible to

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

3as
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Table 6. | NVASION (FOLD | NCREASE) into | NT-407 Cells by

Di ff erenwoe1a288s of C. j ej uni . Grown CRETAIONb1IAE | y
(BHI') or According 15 : to Methods of the Present Invention

- ( ENHANCED) Strain _ BHI ENHANCED
81-176 1.0 S 9.2 : . .- 81-116

1.0 ~ TheOresults shown iHE Table 14 were obtainedlu$ing C.

26.7 d?g ni cuié@%@d7con5£$€§6n91%§£5}C@EE%?ﬁiﬁﬁ'ﬁE‘ﬁﬁb’ﬁgfﬁﬁdg‘é¥“j

~Invasion é #Uﬂl ﬁ;
Cbnventioh%??ypfﬁﬁfyt oinYeRBiaN 7S { SX MR edfin Example 5. The pg
Present | nimvasibon (ZdbéPEHidre carried out andTSEbrEdﬂas described\diresi on

% | nv BH 9.3
95*-’95’“?@%%%&% 0. 025% DOC 18. 3 17. 4
ENHANCED 0. 1% DOC 52.6 " 37.0 35

Table 14: Igvaéion of INT-407.Ceils_hy”c.:jejuni Mutants
' Grown Conventionally (BHI; or According to
Methods of the Present Invention (ENHANCED)

10

Culture condition
Strain - BHI ENHANCED
-~ C. jejuni 81-176 ) | 3.5 40.8
is
C. jejuni f1bA 0.01 0.04
20 The C. jejuni fla and flbA mutants do exhibit

significantly enhanced Congo red binding and immuno-cross
reactivity when cultured with DOC (see Table 15 and Figure 6,
respectively). The results shown in Table 15 and Figure 6
were dbtained'using C. jejuni Cultured“donventiOnally or
according to the methods of the present invention as
exemplified in Example 5 above. The Congo red dye binding
assays, whose results are shown in Table 15, were carried out
as described in Example 26 above. The immuno-cross
reactivity, whose results are shown in Figure 6, were carried
out as described in Example 29 above. -
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PCT/ US95/ 1319W0 96/11258 Table 8. Effect of DOC on S. flexnePFHUSBIYh
(Percent) or Adhesion (Percent) to INT-407 Cells G own
Conventionally (BH) or According to Met hods of - the
Present Invention (ENHANCED) . 5 Characteristic BH
ENHANCED Tabl!wmﬁaompngo Red Dye Bindimg by C. jejuni Atnts |

| nvasi on 1.0 Grown Convemiiopally (BHI) pr Aqgaaxding tq he

initially added bacteria were Methods of the JERNRRtiPRUEENHANGERE h of the
bacteria durin

of cultured | NT- 407 cells by 15 several human isolg} of C. leLyuni (i.
81-116, 81-176 an HC) was greatly enhanced by H@i ' 18 or
deoxychol at e to the cul ture medi um ( See TabIes-t-and-er—-The—nUsr
effective dose of DOC was 0.1% (Table 7). The greatest response was
obt ai ned at 37[gipadiy but not at 42[err] C (the 20 ggnperpineen Whi ch
Campyl obacter is conventionally grown) (Tabl es 3 and 5). Simlar
findings were made wth Shigella tlexneri (Table 8). Shigela grown
according to the nfejwds saf~-3%e present i nvent ioq7had @.&8t |y enhanced
abilities Oaéxnrladhe5|on and

C. jejuni flaa - 0.10 1.60

C. jejuni flba S 0.12 0.80

The flaA mutant is unable to express flagellin. The
15 flaA mutant and a flaA-flaB double mutant (received from C.
Grant, NIH) are both noninvasive even after treatment with
DOC, indicating that flagellin is required for invasion.
Interestingly, the normally exhibited (i.e., non-DOC induced)
immuno-cross reactivity observed between the isogenic parent
20 strain of these fla mutants and certain other Lior serotypes
of C. jejuni is absent in the mutants. However, DOC treatment
can induce these flagellin-less mutants to exhibit enhanced
immuno-cross reactivity and Congo red b1nd1ng.
These flndlngs indicate that DOC regulates virulence
25 functions in enteric bacteria via calcium~-dependent (e.g.,
invasivenesé) 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 pa:t flagellin-independent.

10 EXAMPLE: DOC INDUCES ENHANCED SBEROTYPE AND SPECIES
0=-CROSS REACTIVITY OF C JE,

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



25 invasion. These data show nethods of the present _.invention
enhance - WOP6{{125% on and adhesi on of enteric pathogens. CT’US%@WI e 29.
A rapid slide agglutination assay was used t o show i mmuno- cr oss
reactivity. C. jejuni strains grown 30 conventionally or according to the

met hods Ofokhﬁl&@%aﬁatculth&%e&bhaata%naxaﬁpkhaleéoga-Eéaeakelé ngge
exposed to_serum anl n|ze 176 (Lior
5) growﬁe§PFﬁéP99 § P&acﬁﬁ GFHFﬁﬁ toTPﬁerbggégﬁtwerelnventlon
(e.g., Exa&nhan&kedThathgmlaetcbogeganmese-ssslgrbhnlcaadennlananmyn A
coatet 21 B Gkl bl 1B0C BTy CEOS EeCRGLLC o R bARTRL GEYE ek PEa

test serotype a I es enerate agai nst sero
t hen neaBl fgainst twenty-four Campylobacter strgins, comprmgngg/gggggeen

PCE{EF25/%§égﬁthes,lEEBﬁhfganQbHEEbﬁﬁégyan QHQLYE'ﬂé&hﬁﬂ)o?fa$86r€£? gs is
VI SI . | art e ow n
R° the RBLBEAS: 67 KRenarvenEirB as; cxempiitisfoin BRABRRE Ho

-the reacti
observabl e clunﬂhngrasdlssnednthe hggﬂut15adagneasshysgghoW|hhatohheThe

results of ;gg%yégéiteing ?on g@eﬁé&%@@1b€o§§bbﬁm8y98593%%5 stralona??Le 9.

Cross React1 vl er ot
(BHI) oi°Ab€6F€PﬁgaP€ NBPhBG§YoFaseS' stronger Wh?heth9e§§ﬁ§inﬁv8ﬁtﬁon

( ENHANCED) g#8wn accor@ihdUBE the mEBEVEE of the iRPE&REion thEEAGHEN! fiey
CONDI Tl ONS
were grown conventionally. Speclflcally, there was an over
two fold increase in heterologous agglutination reactivity: 6
of 24 conventi_onally-cjrown heterologous strains agglutinated ‘
‘15 at level + or greater in the anti-81-176 immﬁne mucus, whereas
14 of the same 24 strains grown dnder DOC conditions
agglutinated at level + or greater. Further, while eighteen
of the heterologous strains.demcnstrated weak (+) or no
agglutination when conventionally grown, eleven of these sanme
20 strains showed an enhanced agglutination response when grown
under ENHAHCED culture conditions (é,g., bbc containing'
medium) . ' ' '
Table 16 illustrates cross-reactlvlty of ant1-81-176
immune rabbit mucus against 19 heterologous Lior serotypes
2S5 consisting of 22 straihs grown conventionally (BHI-YE) or
using the methods of Example 5 (ENHANCED). Even though this
experiment assayed only a fraction of the known Lior
serotypes, the results demonstrate that the methods of the
invention induce substantial immuno-cross reactivity between
30 Lior serotypes. The results further show that the DOC
enhanced or induced antigens in campylobacter appear to be
important in the secretory IgA response associated with
resistance to and recovery from intestinal infection by
Campylobacter. :
35 It should be further noted that strains of Lior serotype
8 are of a different species, Campylobacter coli. One of the
2 strains (VC167) of this serotype strongly agglutinated (3+)
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81-176 (L5) BHI Anti-BH [err] 1 15

Anti-ENH err] WO96/11258 2 ENHANCED = Anti - BHI PCT/US95/13196
Anti-ENH 2.5 L2 BHI ~ Anti-BHI 1

Ant i - ENH 1.5 20 ' ENHANCED Ant i - BHI

gHI  Ant |1rhlﬁntl-81-l726 lmmur@tr‘aﬁ\f% lx:rRﬁus 1. g‘gls result'—q.ndlcates
ENHANCED Ahat g vaccine dpr:.ved from a C. JeJu.'u straime.g., Lior §),
L21 Biot only ca‘i«f‘tdrﬁﬂ-protect anlnst heterologoﬁl%t lseEN’dypes

2 30 " Q IE ‘
NVedi a gﬁlth:m the Sane |§lﬂe°1eS: buto also other CamRXrlo Eﬁﬁer spec:.gs

a Antibodi & (edicedanpybbrteyn @walijony dlisconarith 3ting isAthiaodiles
i nduced by 81- %&%}?’& %CCCH difg d,0 4t RAd%ire amon®f tmemws%si%\ﬂa'm%t lon

as exenmplified |n
96/ 11258 . dzsease—assoczated serotypes woz]igrmjg%/ 15‘@ all

Table 9 shows ldmdmtirated hieteraiatd d icrossreamdvith5in thid, as8ayl.21)
cross-reacted with antibody generated from

10

15

25

35
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ani mal s i muni zed with enhanced C. jejuni 81-176 Lior serofype L5. Micus ~
| avage f re¥m9sARS8nt esti nes of rabbits infected with 5 C }’ T5181981 76,

conprising IgA reacted with eight out of the 10 maj or clinical
.serotypes (i.e., human pat hogens) of C. jejuni grown according to
met hods of the present invention cross reacted with antibodies to Lior 5

serotype strain Tahke 16.Tahgglubinating Reyponse 0f 26 Gappintabaatemds of
the present 10 invention s?@?ﬁ??&%t%%‘é&t%‘lmﬂm REITYR) Q% ot ypes
whi ch cross react with antBPECRKFARY %Hﬂr?ﬁi%h?qﬁgﬂﬁ Zhe ayention or 5
serotype strain of C jejuhFNEANCED) to, Nep= & SR 1f el 1a .
grown according to net hERRURS ‘H’Fébip? SBSN8 | nvention, but not those grown

15 convenyi - . .
i muni zed wi th Shigella flexneri 2457T gr owgglhitina®ion response®

8 EXAMPLES: ' VACCI NE EFFI CACY Exanpte S0, 1he ferret_nouetr for

st udyi ng Canpyl obacter 20 pat hogencBeR=IBRURS YGNS 35 a noddmune ugusat e
vacci ne efficacy in prigfgeti ng agai nst col oni zati on and/ or di sease
because i nf seidagn Of f @ityyepr obiivey OCRNHANCED! w0 Bfizths  fiMmecEp
di sease manifestations seen i1 n humans. _ Twenty-four 7- to 9-week-old
mal e fery, t3%ere i muni zed 25 orally™with eithef PBS (as control), off
formalin-Tixeg C jejuniz strain 81-476 grown ceonventionaldy (BH) ok

accordi ng to methods of Exanple 5 (ENHANCED). Serumwas isolated to
deternine bdseline | gG ti t¥es. Al vatcines and PBS were “adninistefd&d in
the presence7of the adjuvat LT, two &ines, 30 one week apaw# (Day Orgid
day 7, "vacgi nagi on"). Serg.um was col | ected one week later (day 14 '
(" post - vaccPAiL’8n") to deterni ne TgG antibody titres. VEStr weekst++
post - vagg nation (chal leenge), the £errets were anest het+ged With ACE

promazi-ne- am ne and challenged orally with a 10 mMl PBS sol ution 35
cont ai ni ng P}\?gg . j ej uni d%l- 176 (1x10[err] CFU)~ Thereaftédr the anTtmals
were monitogsed daily for mucoid diarrhea, bacteren a, fecal shedding of
Cazgyl obact gh, wei ght c_harpes, occul t_bl ood, + -+
VC-167 8 - - + +++
20 vc-159 - 8 - - + -
88 -9 - - - *
244 11 - - + +++
556 17 - - + -
563 18 - - - -
25 S 19 - ++ - ++
699 21 - - + ++
1180 28 - - + +t
1982 29 - - - - - -
30 910 32 - ++ - ++
2074 © 36 - - - -
-HC 36 - -+ - +
2984 46 - - - -
79171 72 - - - - -




WO 96/ 11258 ' PCT/ US95/ 131 d
fecal Ieukocyt%g%’gga erem a was detected by drawing 1 to 9%”8?”8?@&

fromthe jugular vein of anesthetized ferrets and incubating the
specinen in a vented.trypticase soy broth cul ture. Subcultures to bl ood
agar plates were taken at 2, 5 5 and 7 days post challenge Serum sanpl es
were col | ected priorThe Q’btq-'n%%tq“éﬁi-‘? HiR%s ighbaingce fxaxy rabkdts he
second i mmuni zat | brfeckrR HitheliveS ofjeiind 7 6,57 Q¥ GRAVENFdenally
chal l enge to determ ne IgG titres. . Cccult bl ood was-detected by
testing fecal terigl a 10 Hemacul t . card. Fecal rial was s red on
2 slide and tal ?rh-mw Files (e, cRieined S Rt eted

Fecal shedgli ng of¥ obacter was established by culturing snears

fromrectal Osw&bs o] C@ Vr?sé?qla ﬁto S ne a(tt:. t _Sa}seco
sor s o st T ot el AR et

and anphotieriCln sults fromthese
experinments ar& — pPresemed rmTapres to—and 11 bel ow. Tabl e 10:
Vacci nation Protects Against C. jejuni 81-176 20 : in Ferrets

POSI TI VE COLONI ZATI @Y  exaMeLB/AGBD¥TrIONAL nxﬂ!ﬁiﬁ%ﬂﬁigbﬁjﬁﬂddiN@Ehﬁw&bacx
DISEASE[erﬁho 25

OFPRSAMPYLOBACTER
gﬁ%[erf] Exé%é§e 34. The Qfoteqégﬁﬁﬂgﬁﬁiﬁafpvg@H%og%Qlln-fixed
col oni zat i on/ nwhiede wcedileFampylobacter jejuni grown according to the methods
of the present invention was determined using the mouse
colonization model reported by Bagar (Infect. & Immun.,
15 63:3731-3735, 1995). |
C. jejuni 81-176 was grown and harvested'according to
Example 5 and inactivated with 0.075% formalin as described
above. Groups of five 6 to 8 week old female Balb/c mice were
administered three oral doses (0.25 ml/dose in endotoxin-free
20 PBS) containing either 105, 107, or 107 inactivated bacterial

‘particles alone or in combination with 25 pg 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. Approximately 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 stéri;e PBS and
aliquots plated on Campylobacter blood agar. Plates were

35 incubated at 35°C under microaerophillic conditions
(Campyldbacter GasPak, BBL) for 3-5 days to allow growth of C.
jejuni. Colonization results are expresséd as the percentage
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30 Presented with green mucus/unformnmed/ watery stools C

One ani rraPVQj?ﬁé'd 0 the group after disease state was PCT/US95/13196

det ernmi ned but before col oni zati on was scored 35

- 44 - WO 96/ 11258 ' .
PCT/ US95/ 13¥9@nimals sheddIﬁb'eaﬁ&ylﬁﬁ&b&brséiéahgghgeQHEBrbﬁvgﬁaga gigr

One week d At ' One wee Basel i ne “post-vacti ne
chal | enge ay. post

challenge 5  ABBShown in Figure 7, all4nasally chalﬁeﬂged animals{o0. 4

Bl 4 94 5 yﬂéwggp _
6. 8 ﬁoﬂh 1£munizea aﬂd control ggﬂ f gan%gﬁg iﬁmediag efltre

for the Pl?@a§69999|6338nﬁhnls iBhtY t° onggy) Pédledsﬁeﬁseﬂﬁanubbﬁ live
chal | enge, contﬁblsanlmalﬁuﬂeiednéﬂtBoﬁohlhéddfabobed§?§|afﬁéf'@ﬁaﬂieﬁ@é

The dat a i EnTeBREERRe, P BSaRE 1 8aREEy 8V EE aftpaks in: B, vasciiared; esul (s
from vacci gtoups shedperganisnsvduring the(EdhFSESEF thensfday assayic
bacteria gpéfﬁodonvﬁathoﬂﬁeldegree of and time to clearance of challenge
10 organisms were dependent on the amount of vacclne
administered. The low (105 partzcles/dose) and 1ntermed1ate

vaccine doses (107 particles/dose) gave a gradual and

| incomplete rate of clearing._ The presence of adjuvant -
increased the degree of protection at these doses. ‘
15 Surprisingly, at the highest dose tested (109 particles/dose)
the non-adjuvantized vaccine produced a level of protection
equal to or slightly greater than that obtained when a
comparable dose was administered with the LT adjuvant.

Similar results were obtained when orally vaccinated
animals were'subSeguently chellenged-orally-(see_Figure 8).
These results indicate that immunization with inactivated
Campylobacter grown according to the methods of the present
invention affords protection agalnst 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 eccording-to'tnejmethods of the
present invention (see, e.g., Example-S)'administered
intraperitoneally (IP) was also evaluated. For these
ao'experlments, groups of 20 female Balb/c mice were administered
a single dose of 1.3x10!0, 2.5x10%, 5. ox108, 1.0x108 or 2.0x107
inactivated c. jejuni . particles in 0.5 ml endotox1n-free PBS
without adjuvant. The animals were challenged 14 days later
with a single lethal dose of live C. Jejunz 81-176
(approxlmately 1.0x1010 cru 1n endotoxzn-free PBS) delivered

3as
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(BH ). These results_dennnstrafe t hat i nmunogenicity (Tabl e llg
and protecti oWQ 6238 fecti on (Tabl e 10) was obtai ned with 20 PAIASI&L318¢

the present invention and was greater than that seen when ani mal s were
vacci nated with bacteria grown conventional ly. Therefore bacteria
produced by the nmethods of =~ the present invention are useful as vaccines

to protect narbydped itoneéallact | dnimads were Bomitore®] daillyc£ado sndays
naturally devag}(ﬁgg%? ter or Shigella infections as do ferrets,
but they have been use by: those skilled in the art to show resistance

to intestinal colAi SR nin gkAPR &7 cfalsifige dntnanariitaneal dese of
resistance to ig/oav® ihactivatedl ect Hefjunfi pAPWRLiIed anugeka. aR0 The nouse

i ntranasal inocul ation nodel. then can be ,used.to predict the efficacy of
vacci nes for uddmupfagsal; Fespansg sufficlent te,protest, apdvadssagpibgtnd
Mal | et, et al. )iXes @.nejejuntil chdlleige.1993). G oups of 10 fenale

Bal b/ ¢ m ce about sixteen weeks old 35 were inmuni zed orally with
phosphat e- buf f ered sal i ne (PBS) C. jejuni conventionally grown (BH) or
C. jejuni grown aRalls iy & PExtegt o XHIordCEDY iIP Mnldiveredbout

10[ err] CFU or VaInactivated C. jejmi Prepansg Jdgycording to
PCT/ US95/ 13196 ~10[err] dfhe Mekhpds 2f Shp Pregent (Inventiamm
i ntestinal C ' , ' -
pr esent ed in Table 12 bel ow. ... Table 12. Iqé Regponses After
- : : . Mortality urvivors
Oral | mruni zation V\nnﬁ’?e( 10[ er rl;_av 1 2 3 4 _ _
" 1.3%1010 0 4 0 o0 16
 2.5%107 0o 0 0 o 20
- 15 s5.0x108 0 0 0 o 20
| - 1.0%108 11 7 0 o0 2
5.0X10’ 10 6 2 0 2
PBS Control 4 3 2 0 1

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 culture's growth phase. The
28 invasiveness of Shigella flexneri 2457T cells grown
conventionally (BHI), or according to the methods of the
invention as exemplified by Example 9 (DOC-EL)'(wherein the
"cells are from an early log phase culture), or according to
Example 9 but allowing the culture to reach late log phase
3¢ before harvesting the cells (DOC-LL) was tested according'to
the procedures described in Example 28. The results show that
cnlturing with DOC enhances invasiveness and that the maximum
énhancement is achieved during early log phase of growth (see
Figure 9). :
Culturing with DOC according to the methods of the
invention also enhances the invasiveness of other Shigella
species, S. sonnei, and S. dysentariae (see Figure 10). 1In



or 10[err]) Canpyl obacter Wole Cell Vaccines in M ce

| muni zawess/11288avage | gA Ti tre[err] % Respondersb 10 PCI/USISN3196 PBS

23 14 ENHANCED (10[err]) 114 75
ENHANCED (10[err]) 78 - 75 BHI (10[err]) 40
25 BH (10[err]),. 12 15 Lavage

titre indipetasized ?ﬁ%ﬁp%$&?1(9?%&§nﬁh?gﬁ@hﬁQQQQ invasivengss ﬁéﬁ for each
i ndi vi dual spieip1 #fwdls Cébserved onlRadpdtie epithblfidaledells hage ani nal s

of 20 " Plrdgesed mpeoidedii i BEds ona*?‘f‘**"f%r | RSP
ani mal s |rnnnszs&hntt?nthuﬂh#|¥n!ﬁswwn progess dibaenved Ha miveods of the

present. ¢ nventi I [ t
P esent &1 b 4 ﬁﬁéﬁﬁgjﬁﬁfﬁ%ﬂﬁéﬁ%‘?sﬁ%ﬁﬁ%ﬁ%a@ W A e

wi th bact ek $gnt invention qire negayy A0 eddan sM OF
ANTI GENI cmaﬁmﬁtm than Shigella EHPiRENERDFIING 3 the Exanple 32.

Bart ool r fest IS R
parti cul aaﬁt °é%13an| sn'ﬁp%é {clfél(gﬁb}p l?&fe{e“praels'en N alstnsg

evi dence t3ff8 SARRfEs s 't hat deoxychol ate (DOC) appears to have a two
fold acig on in pxampi&r149 %hfé@ﬁm'é\mﬁxi&cﬂrﬂd%ﬁi ki rdtnods

Pﬁ?éﬁghaczﬂ% t&}ﬁldence |1_nn;11r§?§t!§_§énhaéssone %ﬁ?& q_ﬁﬂs effect |ds medi at ed
blndzng. S. flexneri 2457T and S. sonnei grown conventionally
(BHI) or according to the methods of the present invention as
exempllfled in Example 9 were assayed for thelr dye blndlng
15 abilities u51ng procedures descrxbed in Example 26 above. The
results show that growth in DOC enhanced Congo red binding by
the two Shigella species 10 to 20 fold (see Table 18).

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

Culture condition

Strain BHI - ENHANCED

25
S. flexneri 2457T _ 0.04 _ . 0.44
S. sonnei - . 0.02 | 0.40
30 Shigella is divided into four species and various

serotypes. The immuno-cross reactivity of Shigella flexneri
érown according the methods of the preéent invcnticn was
examined using the agglutination assay as described in Example
28. The assay used antiserum from immunized rabbits to

35 getermine the effects of culture conditions on the immuno-
cross reactivity of different Shigéllé species.  The rabbits
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- 46 -
PCT/U895/131 %gk&%éﬁus | owers the cal cium concentration in thgcﬁgﬁgﬁH¥SG

The evidence is as follows. Wien C. jejuni 81-176 is cultured W th
t he menbr ane perneabl e cal ci um chel at or BAPTA/ AM and wi thout DCC, its

| nvasi veness of EFE 4%%uﬁ§%b& hitﬁ”?69ﬁ391n5fQQQ&OEhBEéEiH #9einbpi (88677

Tabl e 13 bel ow). treat nent al one, however, _ does. not enhance the
i Muno- cross 9FBHEtP9FPYd6F9C§°JEPﬁnFe§§9§§6°EeF¥§mple 9. ThBe results
shown in Tabl e aggleténabiehnadtisity &f thej EgGnantibddfesubbtiatied from the

according to th I b a e p a r]M
BAPTAl A ums sUSERPRYEES pERELE BErb npaRcbutiBy Puoe S EalE Snfdelfy | ¢
out and scor el SpeciegegrpwhedonvenkiapallysinnBEEcnediun ghoaecordlnq to the
ggb]e 33 IPYaShQE#SESIBE fﬁz %ﬁ#%?t?&nckeléluntxgiﬁfﬂ 4. The results of
nventi ona
Cul tur e condlglgﬁ ;ggéugﬁpapﬁon assays show that growth wigh, DOC
BAPTA/ AM Cb;gn;ﬂmcaﬁﬁ1?76nhanced the agglutigabion activity of tRé.9
homologous Shigella flexneri as well as those of the three
10 heterologous Shigella species to anti-S. flexnerl antibody

(see Figure 11).

i3 EXAMPLE: vAcc;g_r: EFFICACY OF SHIGELLA

Example 37. The protectivé efficacy of formalin-fixed
15 whole cell Shigella flexneri grown according to the methods of
the present invention was determined using the mouse nasal
challenge model developed by C.P. Mallett et al. (Vaccine,
11:190~196, 1993). Briefly, Shigella flexneri was grown and
harvested according to the methods exemplified in Example 9
20 and inactivated with 0.075% formalin as described in Example
30. Approximately 107 inactivated bacterial particles were
~used to vaccinate 14-16 week-old female Balb/c mice. The
inactivated S. flexneri was suspended in sterile, endotoxin-
free PBS at a concentration of 108 particles/ml and 35 ul of
_25 this material was administered nasally to éfoups of 10 lightly
anesthetized animals. A total of three immunizations were
given at 14 day intervals. _
To test the effect of an adjuvant on the protective
ability of the Shigella whole cell vaccine, groups of animals
30 yere immunized using a suspension that contained the
inactivated vaccine and 5 pg of the heat-labile enterotoxin
from E. coli (LT). Fourteen days after the third
immunization, animals were challenged nasally with a sublethal
wasting dose (105 cfu) of either live S. flexneri or S.

35 sonnei. Immediately before and at 1, 2, 5, and 7 days
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25 Several bacterial genera that are susceptible to antigenic
enhancen®™R 941238 t eration by bile or bile salts such ad 9?’2’.‘&“.,

Campyl obacter, Shigella, Helicobacter) have genes honol ogous to | ow

cal cium response (1lcr) genes from Yersinia. The lcr locus is known to
regul ate follbedng the3¢h¥ddengea animaipoweret welighedahndutheeneadn. Two
Campyl oba S 4 in ' [ X Sl OR & assenbl y. whi ch
oo Cr ogbblpyvelBhE aetusnifia.} ReBHTHS, BETRGERN, 2F MELENIST)YY M\
lcr product. Analysis of the behavior of Canpyl obacter .. flaA and flbB
mutants grown BapY&Nis oNghhxtevavadesnybel SNs2eRRe Pl MASLEJcE LRI tiONS Of |
the pregent invention shvdcthife protaueslumcebﬂgaﬂﬁatcnaamrcﬂaﬂxen%ndl ng

or incr®ased cross- rwdthi Live, Si.sfleknenin depsudsshnéice Tabl e
bel ow). - s : - 47 - - WD 96/ 11258 -
PCT/ US95/ 13196 The results shown in Tahle 14 were abtained usi ng
C.- jejuni cultured conventionally or ‘according to the nethods of t he
present i rggaii@fgdsS exenplyiéefnafidnanP! € Perflnt weliBKEScRAngasays were
carried cngrggﬁgggored as descri bed ?%. 5 Exaﬁplgog% éﬁg!qenge"ag Tabl e
14: I nyasion of INT-407 Cells by C jejum—ttteamts - —G OWn
Conventltopally (BRI, or According to -~ Day 1 Day 2 — RayhbdsDay 7he
Present | nyengj FNANCED) 0 - - Coam - lture
condi ti on 'nfiggkéjn pBs 8-1 -3}442 ENEKNCEDIB'SM |
‘vaccine - 5.4 -2.9 =-2.5 -1.6 '
' : : adjuvant - - - :
S. sonnei  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
LT édjuvant were as well protected against the homologous S.
flexneri challehge as anima}s that received the édjuvantized

35
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C. 'jejuni 81-176 3.5 40.815 C. jejuni flaA

0. 05 0. 05 WO9911358j uni fl bA 0.01 0. BAT/USISA3196
The C. jejuni fla and flbA nutants do exhibit significantly enhanced
Congo red binding and i mruno-cross reactivity when cultured with DOC

Tabl e 15 apd Fi tivel Th lts_sh ble 15
ind Figure 6 VRERAMBD; o PREGSucTABREOrL ol BT LRI TEPRE RURG R TENETTY or 25
accordi ng to t hprotehtdenotot hetpreiegousnecbalienges by %xeﬂgnmélexiThe '
Exanpl e 5 above}gzﬁﬁsgeﬂgefrfﬂﬁdi@ QaggbgﬂaéscrlﬁaﬁéiHm€§§£i§e 2 reéd the

shown in Tabl were carrie ove.
The i nmuno- cr osBXOtectien; agajnsinthe FEGLIGBGQr%YsﬁowﬁP4¢P$%gn?QPQF findings

carried 30 ous sfiddeacei bRati vatsdne! €oRPri¥ONG. inactiva¥ed Shigella prepared
bC#?U595/13196 ggé&%&?ﬁg to the methods of the invention is effective in a
recognized Shigella disease model and does not require an
adjuvant in preventing or attenutatlng various Shigella
infections.
10 : ,
14 EXAMPLE: FACTORS gﬂTsAFFECT THE ADHESIVENESS OF H.
PYLORI TO ANIMAL CELLS :
Example 38. The adherence of H. pylori is enhanced by
growth in glycocholate or bile. Cells of H. pylori strain
NB3-2 or G1-4 were added to BHI broth plus 4% bovine calf
serum. After inoculation the flasks were flushed with 10%
C0,~-5%0,~85%N, 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 agaln flushed with the same gas
mixture, and incubated at 37°C. The cells were harvested at
various times up to 18 h and their adherence to INT-407 cells
assayed using the methods described in Example 28. The
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 Gl-4 strain, peak
adhesiveness, a 2 to 3 fold increase over that of none-
enhanced culture, occﬁrred between 12-14 h of growth in 0.2%
bile (Figure 13). These "peak" times generally corresponded
to the period when the culture of each strain was in log phase

growth.

s

30

as '
15 EXAMPLE: VACCINE EFFICACY OF HELICOBACTER GROWN
CO NG TO T METHODS OF PRESEN NTI
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Tabl e 15: Congo Red Dye Binding by C. jejuni Mitants

G own ConV¥Pe/bias8 |y (BHI) or According to PCIVBs9sasimsof t he

‘I nventi on ( ENHANCED) _ : Cul ture
condition 5 Strain BHI ENHANCED C -
jejuni 81-176 0. 07 68 10 C jejuni flaA :

0.10  1.60 Exgmql5|Jﬁ@ f|gpe protective efficacypofo formaldm-£ixed
The fl aA mulkole |aema&én¢abmzew1fdmgejﬁd¢h a%ﬂdirf ae% BH e Hetdihe

flaA-fl aB rom both

noni nvasi vcei&!\%lﬁe % E%i tvﬁa %%mﬁrﬁiﬂt tmqqsé'gel linis
requi r ed fdfei-imtaﬁqﬁer fellirﬁ m::iglqolmlezatﬁomlmoﬁeaxiﬂédee(d .,
non- DOC iggxeifl)et al.ﬂws%iﬁ%%éo‘udh&fb;ﬁ?\é?d b?}eﬁor 82_-?; ogeni ¢

parent 20 stlaln of, these a mutants and cer't t'her ypes

of C jej ubYEFLAERALR F1 WaR SHOWD 3@ Seedpoulture fon abouta?2 hduce
t hese fl agatl |3‘7°|Gesmda:1 a0i%s 4oy, e90% bair efhaBRE nedid "B&HREa £/ ggactivity.

d Co h ' df i,ndi ¢ t hat re ulates
\6/1inr ul eggg 3’%@ unct | ons Serum:, e%}c%ggél I 18CH q%’h‘f"'&eﬁ@ﬁdéﬂ??
i nvasi vene Q&l@t@aﬁc@@mﬁQAdep@d@mm:O@etgs s@mnguedaa ¢pata1numgdnng}
mechani Qgs. v?h@sﬁoWﬂﬁﬂ maaefurh&%hrsqa 3§thtg§t568w%ﬂh§Qpﬁq bﬂﬂgﬂg %ngi

reactivit and Con red bi ndi.n I hduce east’ np
flagelli nyPﬁ&eﬁéﬁ' edsby cent %iffeat ERAHPQEreBBePPNBBéEénENHANCED the

SEROTYPE ANPigRHE1ESolume of Hank'EMEBNEnGBESEaREACELYLEYoRF (FAMBYLQBACTER
‘]E‘] UN room temperature. Cells were recentrifuged and again '
suspended in 1/100 of the original volume of HBSS. To the
15 buffered cell suspension, formalin was added to a
concentration of 0.075% and'the cells inactivated by stirring
the suspension at room temperature for 6 h then cooling the
solution at 4°C for 18 hours.
| Protection potential was routinely measured by
20 administering 3 doses of this inactivated whole cell vaccine
- orally to 6-8 week old female Balb/c Helicobacter-free mice at
days 0, 7 and 14 or_at days 0, 7 and 21. Doses of 109
bacterial particles per dose were evaluated in combination
with the heat labile enterotoxin of E. coli. Fourteen days
25 after the third immunizing dose, animals were challenged
orally with a single dose (107 CFU/dose) of live H. felis.

Two weeks after challenge the animals wvere 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 ohange from clear to red occuring within this
period was taken as a positive urease result. |

As shown in Table 20, administration of enhanced

35 gelicobacter whole cell vaccine prepared using H. pylori
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Exanple 33. The serotype i muno-cross reactivity of Campyl obact er & uni
grown accor di N§Ot9%a313%8t hods of the 35 present invention was exaRfFR¥§ 5\:{5‘
the rapid slide aggl utinati on assay. The assay used intestinal nucus from
i muni zed and non-i muni zed rabbits to deterntne the effects

- 49 - WD 96/ 11258 : PCT/ US95/ 13196
of altering cul strainogdi-ii protectelicaninaisr 8gaingtt gnok. relbfsespadgous
strains of Canp Q? kﬁg The rabbits were i muni zed with Iive C jejuni
81-176 grown conventiodally. - The agglutination activity of the nucus

anti bodies were tested 5 agalnst twenty-four Canpyl obacter strains,

conpri sing ei ghteen Tab§8r96yp?ﬁotﬂ&@ﬂGnCQQHEﬁétQﬁéii&ab&céﬁf iﬁi&@i&éﬂ@qﬁith
accordi ng to the nethods of yaBein8dcObnpPissngxeavétivated " FXpyIoL: Serown
The results of the aggl uti nat i p8capatng €6oMethoédst &£ the Present Invention
cross-aggl utination of heterol ogous Canpyl obacter strains was_ 10 broader
and, in many cases, stronger when the strains were _ grown according to
t he net hods of the invention than e t& mere gromm conventionally.

d incr

Specifically, theiﬁmﬁﬁgzgggover dgéggéﬁy ntrona * i Q%“Fterologpg§cent
o

aggl utination reacCtiyapt/s?® het er opQgeHsti
strains agglg |natedy15 at IeveI + or greater I-n the ant|-81 176 ?nnu on

mucus, where v
aggl utinated at IeveI + or greater Further mhlle elghteen of the

het er ol ogous st rEXpeximent<irated weak ([err]) or no aggl utination when
conventionally grown, elevgn of these same 20 strains showed an enhanced

aggl utination resgbns¥i@eh grown H- ENHANCED4€8Bt ur e condi ti ohks
(e.g., DOC containiBRF *+ WRdium). #+ £€11STapie 16 PYPustrates 0
cross-reactiyjty of anti-81-176 | mune rabbit nucus against 19
het er ol ogous"#_ Ss2 25 consisting of 22 strains grown
conventional ly ;BHI-YEg or
H. pylorib H. felis 2/15 87
PBS + LT H. felis 10/10 0

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

b Given as 1 x 107 CFU of Strain G1-4 in a 0.25 ml dose

Results of these experiments show the relevance of
enhanced enteric bacterial properties to in vivo
immunogenicity. _

The methods of the present invention produce bacteria

capable of inducing an immunogenic response which is

protective and therefore are useful as vaccines.
30 '

16 D OF MICROORG. 8
The following microorganisms have been deposited with the
American Type Culture Collection, 12301 Parklawh Drive,
~ Rockville, Maryland 20852, USA, and have the 1nd1cated
35 accession numbers:

— Microorganism _AE_§§§LJL_JL. — Deposit Date
Helicobacter pylori NB3-2 _ September 29, 1995
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usi ng the nethods of Exanple 5 (ENHANCED). Even though this experi ment
assayed . HPP6/B1268 acti on of the known Lior serotypes, thECHBj{18196
denonstrate that the methods of the i nvention induce substanti al

i mmuno-cross reactivity between 30 Lior serotypes. The results further show
that the DOC enhanced or induced antigens in Canpyl obacter appear_to be
i mpor t ant ﬂﬁl%ﬁﬁbiﬁﬁFEtBY‘}oFﬁA 328ponse associ at ed wi tFePtERRAr 3% 9D
and recovery fromintestinal infection by Campyl obacter. 35 I t
~should be further noted that strains of Lior serotype 8 are of a
different species, Canpyl obacter coli. One of the 2 strains (VCl167) of
this serotype strongl y aggl utinated (3+) -

L

50 - - VIO §gnds Zééulvalents of the meth s  of the present invention
PCT/ US95/ 13196 n~ant]-81-1 i nmune ra nucus. Th| S result
i ndi cat es BaYhhBe 83§ ?:‘él‘ﬁ%tﬂ’é‘f‘%m by cthese. s %Pcﬁﬁl 0 the et pnd L‘F‘%ﬁh 5),

not only cequivakentscaretintehded mtﬁdmaaﬂptm inventions he sane

coi 1) o cihecroredhiiy SPUBIGERRE HIcPREG 1y thd “irorpdiun MAGKE
anong t he essenpialste n%nabl# sthese agcblled cin sthotapestouprarticer thmey
all  dpgoepd {Ré@ i HPeRELIGR] © BéOSSsé el | vited | patdhes 355 Publiddkions

may provide further useful information all the materials cited
herein are hereby incorporated by reference in their entirety.

s

30

35



15 20 22 30 35 | PCT/US95/13196  ~
51 - WOVER PH 1125, PCT/ US95/ 13196

MICROORGANISMS

Optional Shest in connectibn with the microorganism referred to on page 81, lines 30-38 of the description *

A. IDENTIFICATION OF DEPOSIT®

Further deposits are identified on an additional sheet *

Name of depositary institution
American Type Culture Collection

Address of depositary institution (including postai code and country} *

12301 Parkilawn Drive
Roackville, MD 20852
us

Date of deposit * September 29, 1995 Accession Number *

———

B. ADDITIONAL INDICATIONS * (eave biank if not spplicable), This information ia continued on a separate anached sheet

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * o ux mctuom we ax a8 donpmses suont

D. SEPARATE FURNISHING OF INDICATIONS * feave blask if ncx applicable)

The indications listed baiow will be submitted to the internationsl Bursau ister * (Specity the genersl nature of the indications e.g.,
“Accsssion Number of Daposit™}

E. D3 This sheet was received with the Intemnational applicadon when filed (to be checked by the receiving Office)

(Authorized Officer)
[ The date of receipt (from the applicant) by the International Bureau *

" Torm PCT/RO/134 (January 1981}

(Authorized Officer)
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Tabl e 16. Aggw%%gn Response of 20 Ca | obact er PCTRISIS319%
serot ypee oM BRI ol 1y (Y |\\1iﬁﬁl|\|\nl|LNHANCED) , R

Non-i mmune[err] or Anti-81- 176[err} ¢ . Lnmune Rabbit us
“"Aggl utination f{

5 - Nies | eRNeG RIS THAS BEEN
Non-i mmune nuc¥?§;—1§-glﬁﬁﬁﬁgeiﬁbcus L?OﬁtpLAcéﬁraln
1

Serotype BHI - YE ENHANCED BHI - YE ENHANCE

- N . 1. A Eetﬁoéoof pr%&ﬁcing an ?ntaric bacterium
et 170 having ephanced antigenic properties, wherein the enterijc
81-176 s bacterium is selected from the group consistindgtof 6

? o CampylobeQer_sp., ¥§§§i3i35sp.f+$acter§%a$;65p., Klggsiella
-+ 52 sp., Gagtrospirillum_sp., Enterobacter sp+, Salmonella sp.,
XC‘167 shigella sp.;_AetomoEas‘sp., Vibrio+spé Clost¥id2limVepl59

Enterococcus sp. and+Escbe§4ghié coli, which method comprises
- 10 growing at+cultureS6f the enterid bacterium-in vitro in a
combiﬁgtigg of con&gtions comprliing° o ) .
699 21 a) about 0.05% to about 3% bile or about 0. °2§i8b0
28 - - about 0. 6%+of one ortfidre b1138301ds or sai@s
: 30 910
++ - ' ++theresgy, 36 - -
- 15 b) at a temperature between about 30°C and about 42°C;
c) in air or an microaerophillic condition, wherein the
ﬁicroaerophillic 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
20 ' 95% N,; or iii) about 5% to about 10% 0, with about
10% to about 20% CO, with about 70% to about 85% N,;
and _ S '
d) a divalent cation chelator selected from the group
: consisting of 0 to about 100 uM of BAPTA/AM, 0 to
2s ‘about 10 mM of EGTA, 0 to about 100 uM of EGTA/AM,
for a sufficient time so that the culture is in a growth phase
“at about early'log phase, between early log phase and
stationary phase, or at about stationary phase.

30 ’ | 2. The method according to claim 1, wherein said
bile salt comprises deoxycholate or glycocholate.

3. The method according to clainm 1, whgrein said
. enteric bacterium is Campylobacter sp. '
3s
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PCT/ US95/ 13196, . a ., trets—wf#re obtained fromrabbits

infected with live.@. | gim ngétﬂc?cﬁ ﬁ&%‘uﬁ?ﬁd\wtdm |3, wherdin saTJae
non-i nNMMune__NUEus obt ai ng i nfecte

e hool el TG APLR 4 féﬁ%ﬁ%fgeaﬁ Frun on deibyicbachar, |oai
(), to vergokts ong (++++) EXAMPLE: ADDI TI ONAL EXPERI MENTS
‘OF VACCI NE EFFI CACY 10 - : - OF CANPYLCBACTER ' Exanpl e 34. The
protective efficacy of formalin-fixed whol e cel | Campyl gbacter jejuni
grown actording to tire nithdqRethodragqerding &f Glaidhovhereinesaid ned
using the cnmobaczwzarjezﬁmi)msmdeﬂ'ammw&aatézy ﬁ@qnu (Ftrfadal se&édﬁam

accor di ng TR ths Gidup sonaiating 1H it o HLBE TTUSES,

- above. G @fps 5, VGra & t B& &tk (ﬂﬂ.feﬁrﬂﬂ.e m%/@m.c@nﬂem

10' 6. The method of claim S;'wherein said.
Campylobacter jejuni is Campylobacter jejuni strain 81-176 and
the combination of conditions comprises:

‘a) about 0.1% bile salt which is deoxycholate or about ‘I

_ 0.8% bile; _
15 b) the temperature is about 37°C;
c) in about 10% to about 20% CQ,and about 80% to about
_ 90% air, and
the culture is grown for a sufficient tlme so that the culture
is in statlonary phase.
20
7. The method according to claim 1, wherein said
enteric bacterium is Shigella sp.

8. The method'according to claim 7, wherein said
25 enteric bacterium is a Shigella species selected from the
group consisting of flexneri, sonnei, dysentariae and boydii.

9. The method according to claim 8, wherein said
Shigella is Shigella flexneri or Shigella dysentariae.
30 - | '
10. The method according to claim 9, wherein said
Shigella flexneri is Shigella flexneri straln 2457T and the
combination of conditions comprises: '
a) about 0.1% deoxycholate or about 0.8% bile;
35  b) the temperature is about 37°C;
¢)  in air; and
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admi ni stered three orP€I doses: ((')'. 25

Coxin-free
EEatl ed bactz%’f /13196

containing ei thPYBF8rr], 10[err], of THE SHE Tﬂﬁﬁ
particles alone or in conbination wth. 25 | PGED t lheat | abi | e
enterotoxin fromE. coli (LT). Doses re gl ven at 48. hour intervals and

i medi atel y aftgpet &ez’eﬁ?entsdgf_sﬁnofoé‘)/a suBPELEnDi €8RE0ES En SO thé ultiite
8.5) were given,at, 15 m EUtﬁ 2 ntervals, to neutralize gastric acidity.

As controls, grb8pdt €35+YanPRaP83%8re vaccinated with-PBS al one or in

conbi nati on with the LT adjuvant.. Approxi mately 28 days after

adm ni stration of the thi do, ' I ; c :
either nasally or orall émgf h g%%{%%h%@ﬁggi‘g?%ﬁ]é%\{)@%% zt(')nJS/' pgl#énﬁeén%?gsnallfds
(CFU) of |ivescenteni¢oéaptgr§ummhsc¥ers; &n¥P81-176. The duration of

i ntestinal col onization was determ ned by nonitoring fecal shedding every
day over a 9 day period, Fecal material was emulsified jn sterile PBS
aliquots plated on Canpyl {)%actg?eb‘f‘%%"gg%?‘."’ %R%st‘a\e‘?)ga’s% fhc‘ffb%ﬁ%’(f‘ aﬁaaﬂfi
35[err] C under entevierbattétriumcisdEschesichig Qabi/l obact er GasPak, BBL)
for 3-5'days to allow growh of C. ~ Jejuni. Colonization results are

expressed as the percentage o . - 53 - ) .
WO 96/ 11258 10 - 13. The method according rtoy/qleuim 112 ogvhereisn said

ani mal s sheddi nRs&RePIERDACES] 1 Of §3dh SERt OFot Gk VE] SterE-hetdrhagic,
As shown in Figure all nasally cha ani mal s zed and

7 | ] d | bpt.h, i
control shed REsrerBatnadeiic ot Srtero tntind Ve Bacherirnia "B SFnaln.

one hundred percent of the control aninmals remained col oni zed for 9 days

after chall enge. In c ra Lol £k C gg[a‘# [ : ;
vacci nat ed groups, shegf%'r g?l?%i’hsg%éé nﬁé%#e[d%o%r soea%jf ZI'QQI a%a”s%aﬁ/ald
peri od. Bot¥b terterie deagkeriimtisVilri® e3P ance of chall enge 10 organi sns
wer e dependent on the anmount of vaccine adm ni stered. The low (10[err]

particl es/dose) and int er{?di

e .
aé'he method according to claim 1, wherein said
enteric bacterium is Salmonella sp.

20 16. The method according to claim 1, wherein said
enteric bacterium is Bacteroides sp.

17. The method according to claim 1, wherein said
enteric bacterium is Clostridium sp.
-28
18. The method according to claim 1, wherein said
enteric bacterium is Enterococcus sp. '

19.. The method according to claim 1, wherein said
30 enteric bacterium is Klebsiella sp.

_ '20. The method according to claim 1, wherein said
enteric bacterium is Enterobacter sp.

3s | 21. The method according to claim 1, wherein said
enteric bacterium is Gastrospirillum sp.

e o (I
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and i nconpl et e

|
ased tREHEGAW6f

vacci ne doses (10[err] particleg
rate of OV@&FIR§E The présence Puys
protection at these doses. 15 Su{pri sithg fe=hi ghest dose tested

(10[ err] particles/dose) t he ‘mon- a-Juvantlzed vacci ne produced a | evel .-

of protection . equgh, A%eéhaah&kypgﬁ&a%ﬁgtQﬂneagéhebséaesg;me“ a

conpar abl e dose was_administered wth t | ar
results mehévbbﬁaﬁﬁbﬂnﬁﬁénaBFbﬂﬁvlvaEE?HQFEﬁeio wherein thkecenterieuent |y

chal | engedbaea&&uﬁsee Ewuéeea) from ﬂ'HQS@réﬁﬁ uééﬁsigam@teft hat
|rmun|zat| h|n ctivated ngyoasﬁ V\gaCCOI‘ r@?
net hods’ of % %28 F SPraERTFHRt 3584 %?B 5@% R Mt eé%%%ﬁﬁ%ent

chal | eng®sspt, EnterebinngylspaptGastwmbpimulbmmnspaz|smamene11acqp1pus

The brot ectiLgeLIg, Sb% hof ?’gir,}r)r% [ebp0 Yipito P ‘r'fgs%ﬂ‘?’?o%%ct or
jejuni gr oFRtEEREPAFHS fB’t%% nESFheKiohiz eold tm$ t OmPY Lees

e.g., hExar@i-ewﬁhgadm:msﬁﬁéedf theé néi;g@fid:tl@i@ﬁéj il-ig/nﬁlf}) Weera! mda?val uat edd
For these e enpl e Bal b/c mice were administere
a single dgo @%ﬁaﬁi@&ferﬁé’@%ﬁaﬁ%}ﬂ 45"?)X10[err] 1. OX10[err] or

2.0X10[20r]  ianct Waﬂ:evlarkni:eq:mmpamluebamls\eméteﬂ frot the gfowe PBS

wi t hout adj uvant. Th@gﬁé‘ié‘@i V@feag$@é|fr@e€° ma‘g@?/szgr a%xﬁ) e%Wl ngl e

| et hal dose of live C j un| 81- (appr oxi

WO 96/11258 pM of EGTA/AM, : PCT/U895/13196

U S R TR el R el msie
an

c) in air or an microaerdphillic condition, wherein the

microaerophillic 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
20 , 95% N,; or iii) about 5% to about 10% O, with about
10% to about 20% CO, with about 70% to about 85% N,;
for a sufficient time so that the culture is in a'growth phase
at about early log phase, between early log phase and
stationary phase, or at about stationary phase.
28

23. An enteric bacterium having enhanced antigenic
properties, wherein the enteric bacterium is selected from the
' group consisting of Campylobacter sp., Yersinia sp.,

30 Bacteroides sp., Klebsiella sp., Enterobacter sp.,
Gastrospirillum sp., Salmonella sp., Shigella sp., Aeromonas
sp., Vibrio sp., Clostridium sp., Enterococcus sp. and
Escherichia coli, which enteric bacterium is harvested from a
culture of the enteric bacterium grown in vitro under a '

35 combination of conditions comprising:

S

) O A A
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5.0X10[err] inactivated C..jejuni pa thmgq}mgﬁmwggeam 5 i nmunol ogca
response suf fWoden2s8 o protect animalls agapeptaeep |ivie C. | fGHPSIS131%6
chal | enge. Tabl e 17: Prot et : Del i vered

V2l nactivated C. j ej uni Prepared According to . t he

Met hods of the Prese t Inyentiaqn y

Survi vors abs R"Dg o%g tg abgut SQ E;le or 3b%&£bfe$##£ to

0 4 0 O 16 about o E%SHfopaerpr more bile &cidg or(salts 20
15 5. 0X10[ err] th £ 0 0 20 1. 0X10[err]
11.7 0 0 grede;” 5. 0X10[ err] 6 2

2 PBS Contr B atsa gjemperatyre between abgut 3900 and aboqg 42°C;

EXAMPLES: DOg ENHANgED |NMASh¥ENESSn ﬂEbEEhEEEbhzllzc cond;tf%ﬁIN&Kéfﬁlh the
| MMUNO- CROSS REACTI VI TY OF SHLG ﬁ 1 EE nB The inva3|ve
of Shigella sp. grown |nm1cr9PFF8p & é%FeE?Ba §° h%°%5¥f% § g?%ﬁﬁ%

phase. The 25 i nvasi veneabout 8pkgeD} aviftiheratmnit BO%7 Eocaboutyddin air; 11)
conventionally (BH), or zgggr Egng V\gbgﬁg gg%hegs nﬁftﬂt r&%cut fs'b‘%e'%U ABo ?ﬂ%

exenpl i fied by Exanple 9 erein roman ear

| og phase culture), or a@8&rWihgn d-ll) Ehﬂﬁﬂé*g%tab&%\koﬁgohﬁéﬂémlﬂm‘ét

to reach lage | og phase 3@%bgboapolitr 268! £OP With @ddut TBYCLLl hbéat BB3! RY;
according to the procedyres described in Exanple 28. The results show

t hat | culturing with C enhances invasi veness and that the maxi num.
enhancenment is achidyed dudivgleat| gatbgnpbhetabbr gsebédtédcfrom Eheuyrow) .

35 Culturing with DOG; nget e o] Of o t | ti
al so enhances the |nva5|ven%géeégbo§ﬁe§ é§i3§$+g 9&0 KM QP BAPTAVAH, '§"ko
about 10 mM of EGTA, 0 to about 100 pM of EGTA/AM,
15 wherein said enteric bacterium culture is at about early log

'phase, between early log phase and stationary phase, or at

about stationary phase.

24. The enteric bacterium according to claim 23,
20 yvherein said bile salt comprises deoxycholate or glycocholate.

25. The enteric bacterium according to claim 23,
wherein said enteric bacterium is a Campylohacter sp.

25 | ' 26. The enteric bacterium according to claim 25,
wherein said campylobacter is Campylobacter jejuni or
Campylobacter coli. '

27. The enteric bacterium according to claim 26,

30 wherein said Campylobacter jejuni is a Campylobacter jejuni

strain selected from the group consisting of 134, 195, 170,

81-176, 6, 81-116, 35, 52, VC-167, 88, 244, 544, 699, 1180,
910, and HC.

35 . 28. The enteric bacterium according to claim 27,
wherein said Campylobacter jejuni strain is 81-176 and the
combination of conditions comprises:
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species, S. sonnei, and S. dygestartae ‘ ‘e 10). In
- 55 - WOAD28%/ 11258 I Trus SHEET HAS BEEE “ PCT/BEOF/131965) 13196
pol arized epithelial ceIIs-thﬁ.enhaHE@HAQEHaqi ess of Shi gel I a was
-observed only when the epithel TETTS were i nfected basol aterally by

the bacteria. This finding is consistant with the invasion process
observed in vivad) 5 abouttdhdlkl ideychalftes am@bAWat0 &% Ry gr own

according = toxye redd Gelimprrdtifrdrias eiodt\@Maon are nearly 10-fol d
nore invasive than Shjgella prepared gccqrdj th o] upe

descri bed by Po;f@ et .alﬁ"}#)e]c 3 I%ﬁlﬁ ?%:@84398 ab3€§8g§ggg?.a’iﬁut

" Exanpl e 36. Shigel | a 90f taiyd amtordi ng to the net hods of the present

i nventio e dndidy 5ggggﬁa : pindj ; ddaeri 2457T and
S. -sonneirg gl'rﬁ/n COI’#V?LE‘%’I'[IOI’Ia ﬁﬂﬁ&pﬁ{&g&ﬁ alcr}c)or |€r}3’r{a§yt e nethods of the -

present invention as ~exenplified in Exanple 9 were assayed for their dye
bi nding 15 abilities asi NrHY QEREHIRS KRR kel ddtdpdiny ec2Ci1aiaves, The

results show that qr h _i.n DOC.enhanced Congo J,ed hi,ndi ng by the twe
Shi gel | o gamadn Fai ke le R, SR Sifpel Y o ' 0500 e
Binding by S. flexneri and S. sonnei G own Conventionally

(BH) orggiccording 120 phe enteric bad¥erifs a@ccc;z}ﬁgpﬂ &S d1 iRV 93,1 on
( ENHANCED . . . ) - ture candition
25 Strajn wWherein said Shigella is selggted from the gnquan@onsisting of

flexneri, sonnei, dysentariae and boydii.

q

31. The enteric bacterium according to claim 30,
15 wherein said enteric bacterium is Shigella dysentariae.

32. The enteric bacterium according to claim 30,
wherein said enteric bacterium is Shigella flexneri.

20 33. The enteric bacterium according to claim 32,
wherein said Shigella flexneri is Shigella flexneri strain
2457T, and the combination of conditions comprising:

a) about 0.1% deoxycholate or about .0.8% bile;
b) the temperature is about 37°C;

25 c) in air; and

the culture is in early log phase.

' 34. The enteric bacterium according to claim 23,
wherein said enteric bacterium is Escherichia coli.
35. The enteric bacterium according to claim 34,

wherein said Escherichia coli is an entero-toxic, entero-
" hemorrhagic, entero-pathogenic or entero-invasive Escherichia
coli strain. ' -
35 ' : .
36. The enteric bacterium according to claim 23,

wherein said enteric bacterium is a Vibrio sp.

- 70 =
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S. flexneri 24 0. 04
%%]’-"“’6840 30 . Shigel

0.02 our g%&@%%@sgﬁd

vari ous serotypes. The inmmuno-crosy r ella flexneri
grown accordi ng the nethods ofi:the pres Vent1 on was exanined using
t he aggl utination assay ribed in, assa

antiserum from i nmmuni zed S?ibbl Re t?f’%%r Eﬁ%?n%f%“ﬂﬁ %‘f?’é‘i o‘? C ?Jd? ¢3r
conditions on twhkereimneaid emtexicrkactewiuwy ¥ alifdmemelBhigwl | a
species. The rabbits - 56 - mo
96/11258 - PCT/ US95/ 13196

i muni zed with formalin-f3&ed The RRteric Sarter um accorging %&}%%gzz’uo
the methods of di@r@i® Saidhéenterig| bicteriwn Detd \Bdotafoides |3

anti bodi es obtained fromthe I mmuni zed aninmal s were tested agai nst al
four Shigella 5 species grown conventionally in BH nedium or according
to the nethods of the i3@entThe ¢nteric hastsri®) acturdiowites affain t28
aggl uti nati on agsdy, ,gﬁq [ ozt ] hanced t he
aggl utination activi ty@%i% @t&}aorm oag:;ff)éfsl:L i gseﬁsa%ge%(ner |d%s$wel as
those of the three 10 heterol ogous Shigella species to anti-S. flexneri
anti body = fgee Figure 149, The enteric bacterium according to claim 23,

wherein said enteric bacterium is an Enterococcus sp.

41. The enteric bacterium according to claim 23,
wherein said enteric bacterium is a Klebsiella sp.
s .
42. The enteric bacterium according to claim 23,
. wherein said enteric bacterium is an Enterobacter sp.

43. The enteric bacterium according to claim 23,
20 wherein said enteric bacterium is a Gastrospirillum sp.

44. An enteric bacterium having enhanced antigenic
properties, wherein the enteric bacterium is selected from the
group consisting of Campylobacter sp., Yersinia sp.,

25 Bacteroides sp., Klebsiella sp., Gastrospirillum sp.,
Enterobacter sp., Salmonella sp., Shigella sp., Aeromonas sp.,
Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia
coli, which enteric bacterium is harvested from which a
culture of the enteric bacterium grown in vitro under a

. 30 combination of conditions comprising:
a) a divalent cation chelator selected from the group
consisting of about 1.0 to about 25 uM of BAPTA/AM,

0.5 to about 10 mM of EGTA, about 1.0 to about 100

pM of EGTA/AM; | .

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

. - 71 -
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13 EXAMPLE: VACCI NE. EFFICACY OF SHLGELLA Exanpl )
=l

prot ecti VEO213288cy of for mal | —,leg(gg,Eé{a ol ¢al | shigel

according to the nethods of - : [jnventlon was det erm ned using
t he nmouse nasal chal | enge . P. Nhllett et al .

(Vacci ne, 11: 190-196,-,1993). Briefly, Shi eIIa flexneri rown and

har vest ed accor @ng 8 PAE tﬁBd?lgfeﬁﬁFPPPéalFﬁ EQBAH Fé°§'ZUh Fein the
i nactivated with 0. 0ﬁi%tbaewabhﬂl&icdesﬁauhednlaoﬁpﬁmsés i) dbout 5% to

Approxi mately 10[err C : el.i rd i,C Qﬂ t,
vacci nate 14-16 weekLgf’gé éﬁé a‘? < t F?I# tg ealson\gﬁ{ a!i aft S. jT’ﬁexneri-._
was suspended in stembbat éltd&ponbnut 2o%rse, REShatabowto 8 ttaatabgutof 108

particleg/mM and 35 rid . n to
Proups of 10 llghtlybs& i; %r 201N nd Y Ao Wit WY Y U EEn "aBGNLY 1O

i mruni zati ons were §|F@naHPu§4285yanﬂ%kﬁhﬂ§P°Ut 70% tp about 8% i ect
of an adj uwaai-eﬂﬁ EEdeéﬁtéﬁ'ﬁbVBactei}Quinl &Mlﬁﬁr&hﬁssatgsbbatmﬁl Be€f®één '

vacci ne, grou nouni usi ng a suspension that

cont ai ned Fﬁﬁey QPﬁ bP§§t§8 5£§%Pﬁ835XdP§aF8rr]g of the heat-labile
enterotoxin fromE. coli (LT) Fourteen days after the third

I mmuni zgpi on, ani mal f898 h u@sgi ng
dose (10[err] cfu ?selt er Fhk g??éi%éb? the eﬁ%ﬁf?%ﬁ%%?ﬁe %ne |% tely
bef ore andShpim r 86,3R8,72 8ay§° or 33=44 or an immunogenic fragmentrgy -
WO 96/ 11258y derlvatlve thereof. PCT/ US95/ 13196

follow ng the chall enge, aninmals were wei ghed and t he nean group wei ght
determ ned. Results are shown in Table 19. . Table 19: Inactivate

Shigella flexneri Wiébe CBhe vaccine according to claim 45, further
15 comprising a pharmaceutically acceptable carrier or diluent.

47. The vaccine according to claim 45, wherein said
enteric bacterium is inactivated.

20 - 48. The vaccine according to claim 47,_wherein'said
enteric bacterium inactivated by formalin treatment. '

49. The vaccine aécording to claim 45, wherein said
vaccine is suitable for mucosal or parenteral or mucosal and
25 parenteral administration.

50. The vaccine according to claim 45, further
comprising an adjuvant.

30 51. A method for assaying a potential antimicrobial
agent comprising, contacting the enteric bacterium of claim
23, 26, 28, 29, 30 or 33-44 with said agent and assaying the
pacteriocidal or bacteriostatic effects of said agent on the
enteric bacterium.

52. A method for detecting a host's antibodies to
enteric bacteria in an animal or biological sample therefrom,

o - 72 -
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Vaccine Protects Mce Against Nasal Challenge Péﬁﬁéﬂsﬁilyﬁ

S. flexneri orfv&/ ei Chal l e ereEFRES] ONn Per cent
Vi ght Change or gani sm THIS SHEET HAS BEEN ¥st Chal | enge 10
Day 1 Day 2 Day 5 Day 7 e S. flafneri REPLAGED | - 8.1 -18.2
-17.7 -18.3 3 vaccrne 54 2.9 2.5 - 1.6
vacci ne + -comprisipgpthe gtgps cf a) contactlng sald blolqgﬁqﬁknﬁample
S. sonnei J.E’B&he enteric-b&cfleriun .&f cldim 23, @6, 28, 29, 30 or. 33-
vacci ne

- 6.4 - 4? or a % %gmen@ éheregk, agg)b) s%feenlqg for en XY i n

each group mereblndungzeﬂ Bhe nemteric wadtemiin rer fnﬁgnﬁnﬂlﬁ?QMPOf-
i'nact i vat ed flexneri grown according to 25 Exanple 9 The m ce
i mmni zed with vacci ne con£r|3|ng |nact|vated S. fl exnerji grown accaording

to the methods of the invehtich BRERPA TRGARYSRF i snterif RashRy ia i an
live S. flexneranDhg@bnosbiobdgiddDssanple thdefmin, esanprai iy [tises samps of

q
e the pes © Shantusatthid pafs Bidodiedl TS il oif Al e

al so protected bhedmtheagatmicwmtwwﬂ h:la:ma2§ Sfnd8, 29, 30 or 33-
Interestingl yg g§i Sarfffﬁﬁ(éﬁ‘ﬂ ARG GEC difa & O'L%ﬂ’éérfﬂ& itd’te antiibody

adj uvant were as, we protected agaj nst the honDIo ous S. exn%p

chal | enge as arPhRAING ot $he LRERF 1% PIRESRANM O fragnent the?el

54. A diagnostic immunoassay kit for detecting a
host's production of antibodies to enteric bacteria or for
15 detecting enteric bacteria, comprising the enteric bacterium
of claim 23, 26, 28, 29, 30 or 33-44 or antibodies thereto and
all other essential kit components required to perform the
desired immunoassay. '

20 . 55. A method for producing anti-bacterial
antibodies in an animal which comprises immunizing the animal
with an effective amount of an immunogen comprising the
enteric bacterium of claim 23, 26, 28, 29, 30, or 33-44,

wherein the anti-enteric bacterium antibodies bind said

25 enteric bacterium or a-domponent thereof.

§6. A method of stimulating an immune response in
an animal which comprises administering to the animal an
effective amount of an immunogen comprising the enteric

30 bacterium of claim 23, 26, 28, 29, 30, or 33-44, wherein said
immune respbnse protects, ameliorates or cures the animal from
infections or diseases by an enteric bacterium selected from
the group consisting of Campylobacter sp., Yersinia sp.,
Bacteroides sp., Klebsiella sp., Gastrospirillum sp.,

.38 Enterobacter sp., Salmonella sp., Shigella sp., Aeromonas sp.,
Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia
coli.
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30 adhesi verwﬁ'?lﬁgé to 3 fold increase over that of none- enhanced
culture, occuPrdd®&tween 12-14 h of growth in 0.2%  bile (BEHUFE 18896

These "peak" tines generally corresponded to the period when the culture
of each strain was in |og phase growh. 35 15 EXAMPLE: VACCI NE
EFFI CACY OF HELI COBACTER GROMN 2/ YCCORDI NG TO THE METHODS OF THE
PRESENT | NVENTI ON - 59 - WO

96/ 11258 PCT/ US95/ 13196

Exanple 39. The protective efficacy of formalin-fixed whol e cel |

Hel i cobacter pylori grown according to the nethods of the present

I nvention was determ ned using the nouse Hel i cobacter fells gastric

col oni zati on nodel descgHped Spoyen et al an 0-1121,
1992). Hel i cobacter Fm,l[g*o; bxs,t!a.nﬁ 4 was Blﬂ- see-gﬁcul ture for
about 22 h at 37[err] Clunder 10% err] 0% air in BH nedi a

contai ni ng 4% bovine calf serum An ali qout of this culture was used
to i noculate a 10-fold vol une-of the same nmedia containing 0.1% 10

(v/v) bovine bile. Af.t.er,.,lz 14 h.of .growth at 37[err]C, the cells are
harvest ed by centri f ug ded ip..1,10 of the ori gi nal

vol unme of Hank's Bal arlm . ) (HBSS) at room tenperature.
Cells were recentrif Uiy [ spended in 1/100 of the original
vol une of HBSS. c’& i suspensi-gn,= f-or#ml i N was added to
a concent r afRdPa: I s inactivaMstirring t he
suspensi on at room t e hen cooling the sol ution at
4[err]C for 18 hours. pot ept |..a.L V)as r.out"l‘"hel VY measur ed
by

SUBSTITUTE SHEET {RULE 26)



20 adm nistering 3 doses of this inactivated whole cell vaccine orally
to 6-8 week WOP61E38| e Bal b/ c Hel i cobacter-free mce at daPETYSISI33%6d 14
or at days 0, 7 and 21. Doses of 10[err] bacterial particles per dose
were eval uated in conbination with the heat labile enterotoxin of E
coli. Fourteen days 25 after the third ingppjzing dose, aninals were

chal | enged orally with a single dose (10[err] CFU dose) of live H.

fells. Two weeks after challenge the animals were sacrificed and
antral stomach segnments analyi zed for urease activity to determ ne the
presence of H fells. Urease activity was 30 determ ned by incubating
antral tissue sanples in 0.5 m Stuart's Urease Broth (Renel) at room
tenperature for 4-24 hours. A color change fromclear to red occuring
within this peri od vay t aken g? a poskfive urgase regault. As
shown in Table 20, adm nistratiofim of enh®hced 35%Hel i coRact er whol e cel
vacci ne prepared using.H pylori - 60 -
WD 96/ 11258 PCT/ US95/ 13196

strain Gl-4 protected aninmals against an H felis oral chal | enge.

Tabl e 20: Protection Agai nst Helicobacter Infections with

Vacci nes Conprising Inactivated H pylori G own Accor di ng
to Methods of the Present Invention Chal | enge

62 kDa

Lane 1 = BHI culture

Lane 2 = BHI + 0.8% oxgall culture

Lane 3 = BHI + 0.1% DOC culture

Lane 4 = Surface extract of BH! culture
Lane 5 = Surface extract of BHI-DOC culture

F1G.3
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| mruni zi ng ni sns Col oni zed/ Per cent ents
(10 CFU) wo“’%??’% Protection 10 Experi nent 1PCT ggsm .
pylorif[err] H felis 4/ 13 71 PBS + LT

H felis 9/9 0 Experinment 2 H.
pylori[err] H felis 2/15 4/ 87 PBS + LT

H fells 10/ 10 0 a Al agents given with 10
[err]g 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] CFU of Strain Gl-4 in a 0.25 nm dose
Results of these experinents show the rel evance of 25 enhanced enteric
bacterial properties to in vivo | mmunogeni city. The met hods of
the present invention prodyce backeria capabl e of inducing an

I mmunogeni ¢ response whichilis (ihotec ve and therefore are useful as
vacci nes. 30 16 DEPCSI T OF M CROORGANI SM The foll ow ng

m cr oor gani sns have been deposyg d with’ the Anerican Type Culture

Col | ecti on, Maryl and 20852, USA, and
have t he |ndﬁ§i?a& Nlcroorganlsm
Accessi on No.

prlorl NB3- 2
Sept enber 29, 1995 :

61 -

Lane 1 = Fermentor culture (enhc.)
= Flask culture (conv.)
Lane 3 = Flask culture (enhc.)

r

Q

=

®

N
I

FIG.4
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WO 96/ 11258 o 96/11258 PCT/ US95/ 1%895/131596

Hel i cobacter pylort Gl-4 Sept enber 29, 19

‘O her equival ents of the nmethods of the present invention may be easily
determ ned by those skilled in the art and such equi val ents are intended
to be included by this invention. The §/drlegoi ng di scl osure includes al
the information deened essential to enable those skilled in the art to
practice the 10 clained invention. Because the cited patents or

publ i cations may provide further useful information all the materials
cited herein are hereby incorporated by reference in their entirety.

15 20 25

FIG.5

SUBSTITUTE SHEET (RULE 26)



30 o5 SMuapenizse - 62 - MGGk A3355

. M CROORGANI SVB Optional Sheet in &bhhection with the nicroorgani sm
. referred to on page 61 |lines 30-38 of the description A
| DENTI FI CATI ON OF DEPQSITF—.- Furt-her—deposits—are—geni fied on an
addi ti onal sheet 9+ Nane of depositary insitution Aneri can Type
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‘Addr ess of Qg@g@?{sgry institution (including postal code andpgqmgg,ﬁ),%

12301 Par kl awn Ive Rockville, NMD 20852 uUsS e of
.deposit Septenber 29, 1995 Accessi on Number' B. ADDI TI C]\IAL _
| NDI CATIONS (| eave blank if not applicable). This information is continued
on a separate attached sheet 7/13. DESI GNATED STATES FOR WHI CH
| NDI CATI ONS ARE MADE' [err] D. SEPARATE FURNI SHI NG OF
| NDI CATI ONS' (|l eave blank if not applicable) The indications
listed below will be submtted to the | nternational Bureau | ater' (Specify
t-he general naturiaoaf the indication e.qg.. " Accessi ﬁn Eunber of
Deposi t") E. th the
| nt er nat i onal @pl i cati on\whe be checked by the receiving
Ofice) = ~
S 80t
E L
6[ o
S 40+
- I
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g 20f
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(Aut hori Zew{s{%gﬁ?%ternational [err] The date of receipt (LEMBbIfi06

~applicant) Bur eau” w as
{Aut horized Oficer) Form PCT/ RO 134 (January 1981)
- 63 - WD 96/ 11258
PCT/ US95/ 13196 1. A met hod of producing an enteric
bact eri um havi ng enhanced antigenic pr8p&itti es, wherein the enteric 5
bacteriumis selected fromthe group consisting of Campyl obacter sp.,
Yersinia sp., Bacteroides sp., Kl ebsiella sp., Gastrospirillumsp.,
Ent er obacter sp., Sal nonella sp., Shigella sp., Aerononas sp., Vibrio
sp., Costridiumsp., Ent erococcus sp. and Escherichia coli, which
net hod conpri ses }%gi&y ng a culture of the enteric bacteriumin vitro in
a s -
= L
= 80
=
§ =
=
=
S 60
o L
O
-~ L
3 40
= -
—
(s ] -
@ 20
-
=
0
0

DAY POST CHALLENGE
FIG. 8A

INTESTINAL COLONIZATION (%)

DAY POST CHALLENGE
F1G. 8B
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‘conbi nat i ORy8be/g2R¢li ti ons conpri sing: a) about 0. Opétusesabmst 3%

bile or about 0.025%to about 0.6% of one or nore bile acids
-or salts t hereof; 15 b) at a tenperature between about
30[err] C and about 42[err]C, c) in air or an mcroaerophillic
condi tion, wherein the m cr oa?‘ﬁ)phi Ilic condition conprises i)
about 5%to about 20% CCIerr th about 80%to about 95% air;
i) about 5% to about 20% CJ err] with about 80%to about 20
95% N[ err]; or iiiJ about 5%to about 10% (Jerr] w th about

10%to about..2(1@(§:q er bout 70%to about 85% Nerr];

and div at or sel ected fromthe group

consi sting 0&»0 to“‘abou M 0to 25 about 10
mM of EGTA, ©tg@hout 1R0 Yui for a sufficient time so
that the culktre 1§ in a early | og phase, between

t stationary phase. 30
bile salt conprises

ry phase,

early |1 og phR§e and
m 1, wherein sai

2. The mat@dszq :.ordi ng

deoxychol at e gco ol at 3. T™Re net hod gr ding to
claim1, whegin shill cteriumis Canpyl dbacter. sgfg

- 65 - 3 40+ — — ADJUVANT
= - —o— CWC
= 20} —e— CWC+
w I ADJUVANT
=

OO
N R

4 6 8 10
DAY POST CHALLENGE

FIG. 8C
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- 65 - Wil derr1gdgal ned i s 1. A nmethod of produci ng pRnfRQseHbé
bacteriium havi ng enhanced antigenic properties, wherein the enteric

PHacteriumis selected fromthe group consisting of Canpyl obacter sp.,
Yersinia sp., Bact er oi des sp., Klebsiella sp., Gastrospirillum
sp., Enterobacter sp., Salnonella sp., Shigella sp., Aeronobnas sp.,
Vibrio sp., Costridiumsp., Enterococcud0Z@l and Escherichia coli, which
met hod conprises growing a culture of the enteric bacteriumin vitro in a
conbi nati on of condifhgns_conprising : a) about 0.05%to about
3% bile or about 0.025% f 0 about O.p&8 or nore bhile

aci ds or salts the a tenperature

bet ween about 30[§r]C and about 4] c) in
air or an mcroaetophillfic cond briein  the

m croaerophillic 5’ condifti on conpri gbout 5% to about
200CJ err] wtho % to about 1) about 5%to
about 20% CJ err |Ow t W0dbout 80% t 95% N e or
iii) about 5%to =bout 30% O err bout % to about
20 Cg err] wthtabout 0% to ab rr,4a

d) a divalent c& on cHelator s fromthe group
consisting of 0 %8 about] 100 [er A/;m PQOQO about
10nM of EGTA, O about 100 [err] N AM—for a

growt h phase at
ase and

sufficient tine
about early |log ase, [

M7\
S. SONNE! S. DYSENTERIAE
FIG. 10

4 EIBHI K3 D0C
S 3}
§, N N \\ %\
N N NN
=0 N NN N
=N NN N
NN

0 4 N ?\ //\ %\

S.FLEXNERI S. DYSENTERIAE

S. SONNE! . BOYDI!
FIG. 1
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2. The netygded
deoxychol ate or
- 3.

Campyl obacter sp.

4.

%Ql’dl ng to claim1, wherein said bile salt pgmsmﬁsga
ycochol at e. 6
The met hod accordl ng to claim1l1, whergiyyqqaid enteric bacteriumis

The net hod accor di ng to claim3, wherein said

enteric bacteriumi Hobactet th tHt—or—¢€ WII}J)’IUUG.'L,[TI cohi . . 5.
The net hod accordi nSQE Cl aim 4, wherein said yl obacter jdjuni is a
Canpyl obacter jejuni dtfain selacted from thf r&% Bibfsi stirg of 134,
195, 170, 81-176, 6, 81-{L16, 1 b2, VC- 167, 88, 244, 544, 699, 1180, 910,
and HC. 6~ The net hod lai m 5, whe | dbact er jejuni
i s Canpyl obact er§ 5t rai 1+ 176 and the@)%‘pz;do(cﬁ"gg ondi tions
conpri ses : 4)| abo . 1% bi | e sal m | S deoxyq hol at e or
about 0.8% bil e; b) t enper at ur er ] G
c) I n about 10&0 akjopt 20 ferr] and about 80% to
about 90%air, afl 30 - 01% BILE
TR
o
s
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3

the culture is grown for a sufficient time so that the cul u.Le.__i__s in

stationary phase. 7. The nmethod according to clai Iggs TS
enteric bacteriumis Shigella sp.. 8. The nethod acgor NT SHRET
7, wherein said enteric bacteriumis a Shigella species se g;ﬂﬁrAPﬂtm
group consisting of flexneri, sonnei, dysentariae an V20 U A
9. The nethod according to claim8, wherein said Shigella is ShigelTa

fl exneri or Shigella dysentari ae. N -

10. The method according to claim9, wheP&i i said Shi g ME,I | exneri is

Sh| gella fl exner| st rain 2457T and the conbi nation of "ﬂ”mm
. 1%geoxychol ate or about 0. 8% bi [+ mft he

terrperature in air; andthe culture’|§
grown for a sufficient tine so that the culture is in early | og phase.

11. The nethod acgor di Agnd On&h 3N Jroditei i b ddteric bacterium having
enhanced antigenic properties, wherein the enteric bacterium
is selected from the group consisting of Campylobacter sp.,
Yersinia sp., Bacteroides sp., Klebsgiella sp.,
Gastrospirillum sp., Enterobacter sp., Salmonella sp.,
Shigella sp., Aeromonas sp., Vibrio sp., Clostridium sp.,
Enterococcus sp. and Escherichia c¢oli, which method
comprises growing a culture of the enteric bacterium in
vitro in 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 microaerophillic condition,

wherein the microaerophillic 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 100 uM of
BAPTA/AM, 0 to about 10mM of EGTA, 0 to about
100 uM of EGTA/AM, for a sufficient time so
that the culture is in a growth phase at
about early log phase, between early log
phase and stationary phase, or at about
stationary phase.

2. The method according to claim 1, wherein said bile
salt comprises deoxycholate or glycocholate.




3

enteric bacterrumis—Yersimia sp. 12. The nmethod according to claim

1, wherein sai ' Lumis Escherichia coli. _ . S
according to ciﬂimmguiwgmkﬁm aid Escherichia coli is RENLACEMEN| i
ent ero-henorrh " =gatdlogeni c or entero-invasive schegj BhAPRCm
strain. 14. The method according to claim1, whereipBggd-énteric
bacteriumis Vibrio sp. 15. The-mgshed according to-crarm I, wherein
said enteric bacteriumis Sal nonella sp. 16. The nethod according
to claim1, wherein said enteric bacteriumis Bacteroides sp. 17.

The met hod accor d® ng tBhel aiebhbd whecerdingi dencdain Bact wheweins said
Aostridiumspeeric bacldridiieiFeEhAgy2662EHLPIsH0 Claim 1, wherein said
sp.

enteric bacteriumis Enterococcus

4. The method according to claim 3, wheréin said
enteric bacterium is Campylobacter jejuni or Campylobacter

coli.

5. The method according to claim 4, wherein said
Campylobacter jejuni is a Campylobacter jejuni strain
selected from the group consisting of 134, 195, 170, 81-176,
6, 81-116, 35, 52, VC-167, 88, 244, 544, 699, 1180, 910, and
HC.

6. The method of claim 5, wherein said Campylobacter
jejuni is Campylobacter jejuni strain 81-176 and the
combination of conditions comprises :

a) about 0.1% bile salt which is deoxycholate or
about 0.8% bile; |
b) the temperature is about 37°C;
c) in about 10% to about 20% CO, and about 80%
to about 90% air, and
the culture 1is grown for a sufficient time so that the
culture is in stationary phase.

7. The method according to c¢laim 1, wherein said
enteric bacterium is Shigella sp.

8. The method according to claim 7, wherein said
enteric bacterium is a Shigella species selected from the
group consisting of flexneri, sonnei, dysentariae and
boydii.

9. The method according to claim 8, wherein said

Shigella is Shigella flexneri or Shigella dysentariae.



-, 68 - 19. The nethod according to claiml1, wherein said-entesie

bacteriumis Kl ebsiella sp. 20. The nethod accor di hrep) ACEMERTISHEET
wherein said enteric bacteriumis Enterobacter sp. 1. The ne*élé)n(m

accordi ng tomll ﬂuﬂilmm Imm said enteric bacteriumis G tg@@pﬁ_ﬁ,l
22. A nethod enteric bacterium having enha e C

L —

properties, wher&in“tht entéric bacteriugyis selected fromthe group

consi sting of Canpyl obacter sp., Yersinia sp., Bacteroides sp., Kl ebsiella
sp., Enterobacter sp., Gastrospirillumsp., Salnonella sp., Shigella sp.,
Aerononas sp., Viloio Bpe, mEthsty i akcowrding Eot ecbazixc®s sphersin said
Escheri chi a 0] o1 Wi £ ABLADC,; £ QI SPR, SN A SULY 7 NG PR 1 ©
bacteriumin Vitro 1 n a corbl nation condi trons conprising: a)
a dival ent caninationtef curditions repmphises : gr oup

consi sting of about 1.0 to Ahowt @512 edddMcholate or aboufoBFTH{ M 0. 5

to about 10 mM of EGTA, about 1.0 to about 100’ [err] M of
EGTA/ AM b) P) at &he rpyErerr et fedbrWbotil S0 err] C and about
42[err] C, and c) C) inidiwj ramd an mcroaerophillic condition,

wherein t m.croaerophillic ondition.. .. . coppris i)
about 5%t omi'b%ufu;g%r&q r?r\?nwflh oL a sunff1c1enatDOEE.m§0%q oggﬁléuftﬁ?s%
air; ii) abomlts¥se ois in early log phwse. 20% CJ err] with about 80%to
about 95% N err]; or iii) about 5% to about- 10% (JQerr] with
about 10% to about 20% CJerr] w th about 70% to, about,

85% N2; for a suf¥icicfet meshod taego¥@ding uitourelaimi 4.4 Wherehnprasid at

about early diePhaSsacthiet arN £arey¥sipda pfgse and stationary phase, or at
about stationary phase.
12. The method according to claim 1, wherein said
enteric bacterium is Escherichia coli.

13. The method according to claim 12, wherein said
Escherichia coli is an entero-toxic, entero-hemorrhagic,
entero-pathogenic or entero-invasive Escherichia coli
strain. |

14. The method according to claim 1, wherein said
enteric bacterium is Vibrio sp.

15. The method according to claim 1, wherein said
enteric bacterium is Salmonella sp.

16. The method according to claim 1, wherein said
enteric bacterium is Bacteroides sp.

17. The method according to claim 1, wherein said
enteric bacterium is Clostridium sp.

18. The method according to claim 1, wherein said
enteric bacterium is Enterococcus sp.
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eri um havi ng enhanced 11 ||| c—
properties, V\/nerel n the e ‘bact eriumis selected frlp éGEMEEfEI SHEET
consi sting of m “ M\j ﬂ Yersinia sp., Bacteroidg
Kl ebsi el | a sﬁ “ sp., ‘Gastrospirillum dpbate ﬁ%gm{a

sp., Shigella sp.,” Aeronmpnas sp., Vibrio sp., Clostrldl um Sp.,
Ent erococcus sp. and Escherichia coli, _\Mgigch enter| c bacteriumis harvested

froma culture of ter| terlum i tro under a conbi nati on
of conditions conp r&ﬁﬁ Serf acgord W[]"[ g%";“‘t o ab¥At TS i §3L

about 0. 025%nteric bacterlumombKMEleé.%laf spne or nore bile acids or

salts thereof; b) at a tenperature between about 30[err]C and
about 42C, c) in air or an mcroaerophillic
condi ti on, 20. The wathad acepedingi GFvaclapmi 114 cwhezenni tsaid
conpri ses i )eﬁ@é’f‘ic%f&&@ei‘@@hﬂ 180, €6k8pE LWt Bp . - --about 80%to
about 95%air; ii) about 5%to about 20% Cderr] with about
80% t o about 95% N err]; or iii) about 5%to about 10%

Jerr] with about21. The method 19&/o:bad&hgutt&0%1@®[ner1,] whilredBOUsa 7% t 0
about - 85% N err a dival ent cation

. and -
chel at or sel%%?%ﬁl?rgﬁc}:ﬁg um }Ls aaStrOSPI@;%aB‘mcgﬁSl sting of O to about
100 [err] M of BAPTA/ AM 0 to about 10mM of EGTA, 0 to about

100 [err]Mof E #AM AV\HSEEFE ?f gﬂrﬁ&&éihﬁ DRCLLEL LR %‘A% Fidm ﬁévﬁ?é’“t
early | og phase, between ear ase and stati onar ase, or
enhanced antlgenlc propertles, wherein the en eric bacterlum
is selected from the group consisting of Campylobacter sp.,
Yersinia sp., Bacteroides sp., Klebsiella sp., Enterobacter
sp., Gastrospirillum sp., Salmonella sp., Shigella sp.,
Aeromonas sp., Vibrio sp., Clostridium sp., Enterococcus sp.
and Escherichia coli, which method comprises growing a
culture of the enteric bacterium in vitro in a combination
of conditions comprising:
a) a divalent cation chelator selected from the
group consisting of about 1.0 to about 25 uM
of BAPTA/AM, 0.5 to about 10 mM of EGTA,

about 1.0 to about 100 puM of EGTA/AM;

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

wherein the microaerophillic 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,;

for a sufficient time so that the culture is in a growth

phase at about early log phase, between early log phase and

stationary phase, or at about stationary phase.



about stationary phase 24. The enteric bacterium accordi_ng to claim
23, wherein said bile—salt conpri ses deoxychol af&

gl ycochol ate. erlc bact eri um accordi ng t%FPJ%?EM§§§SHEET
wherein said enam\mm‘ “‘gmﬁ& a Canpyl obacter sp. APRB%
- 70 - cterium according to cl ailn?28  ~ihsr el p-—soai
Campyl obacter is Ca yI obacter jejuni -oreanpyl obacter colT.
enteric bacteriumaccording to claim26, wherein said Canpyl obacter jejuni
Is a Canpyl obacter jejuni strain selected fromthe group consisting of 134,
195, 170, 81-176,2%; gani1eatezgc Shactwexiem, sy inmienbancedo@ntiBmi®10,

and HC. ro cilde, eﬂfuéféfnbéﬁé%hﬁ@k@%%&@‘t@%lhﬁl fi'sa's@l%lztéﬁ"eﬂ’x%n{'
said Canpyl o er jejuni strajn is _81-176 .and the conbi nati on of

condi ti ons c‘bﬁ*ﬁbr p¥eyp. consisting)of amﬂoﬁ%%xy%ﬁm atr€r§AndBo AP 0. 8%
bi l e; Bacberoilibe t esper at Wlebsiadeut gplerr]Laterobacter sp.,

Gastrospirillum sp., Salmonella sp., Shigella sp.,

Aeromonas 8p., Vibrio sp., Clostridium sp., Enterococcus sp.
and Escherichia coli, which enteric bacterium is harvested
from a culture of the 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 microaerophillic condition,

wherein the microaerophillic 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 100 puM of
BAPTA/AM, 0 to about 10mM 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.

24. The enteric bacterium according to claim 23,
wherein said  Dbile salt comprises deoxycholate or
.glycocholate.

25. The enteric bacterium according to c¢laim 23,
wherein said enteric bacterium is a Campylobacter sp.
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c) in about 10%to about 20% ] and about 80%
% air, and the enteri eriumculture is in stationar F;gﬁj\@gmamsgggf .

29. The enteric bacterium \ to claim 23, wherein sihid enteric
bacteriumis a Shi gﬁ\\“§ m 30. The enteric bacteri

. : Bete SRBAPRL198. ..
claim 29, wherein la®is selected fromthe gr oup:
flexneri; sonnei, ySentarlae and boydiigg - 31. The enteric bacterlum
according to claim30, wherein said enteric bacteriumis Shigella
dysent ari ae. 32. The enteric bacterium according to claim 30,
wher ei n Eai d enterd c bngéerénﬁaﬂi&: Shiage ZIeIx%ﬁd eaaebkdmgSh to ch:lalfnll 233. The
enteric bacterium accor to er I ngel] a exnerl i's
Shigel la fleXHEHT 5t 34 23%37“15,’ %ﬁa?%%fco’rﬁ)l néﬁ'%%i g?a%% it O
conpri si ng :Campylobactdr ebbit 0. 1% deoxychol ate or about 0.8% bil e;

b) the tenperature is about 37[err]C c) inair; and the culture
Is in early |og e;gse.

The enteric bacterium according to claim 26,
wherein said Campylobacter jejuni is a Campylobacter jejuni
strain selected from the group consisting of 134, 195, 170,
81-176, 6, 81-116, 35, 52, VC-167, 88, 244, 544, 699, 1180.
910, and HC.

28. The enteric bacterium according to claim 27,
wherein said Campylobacter jejuni strain is 81-176 and the
combination of conditions comprises

a) about 0.1% deoxycholate or about 0.8% bile;
b) the temperature is about 375C;
c) in about 10% to about 20% CO, and about 80%
. to about 90% air, and
the enteric bacterium culture is in stationary phase.

29. The enteric bacterium according to claim 23,
wherein said enteric bacterium is a Shigella sp.

30. The enteric bacterium according to claim 29,
wherein said Shigella is selected from the group consisting
of flexneri, sonnei, dysentariae and boydii.

31. The enteric bacterium according to c¢laim 30,
wherein said enteric bacterium is Shigella dysentariae.

32. The enteric bacterium according to claim 30,
wherein said enteric bacterium is Shigella flexneri.
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34. The enteric bacteriumaccording to claim23, wherei n sal d enter|
bacteriumis EschefTEﬁTa*eeLLv\_\_‘_ﬁhSS The enteric N
to claim34, wherein Escherichia coli is an

ent er ohenorr hag| c ﬁr‘,mﬁﬁ ﬂﬂm or entero-invasive
strain. mﬂll um according to ¢

said enteric bacterlun1|s a V"brﬁo*sp - 71 - 37. The emteric bacterlum
-according to clai 3,]F mher I n_sai @F%r C bac%erlun1|s a S nDneH
38. The enteric batter!dm errcﬁchg RS S 23CCRREIBIN §Q) SR | <,2

bact eri um i swlzeBatn aa;n@le%hmgella fleRgerihis efiigelldatlemmeami atoeridi ng
Lo claim 23,2 00pf el &3l f COLAD1 £aLAG 1 Whd 81 GheSLERIEYELAD. 40.

The enteric bactetiUm accordi ng ein sald enteric bacterium
i s an Enterococcus sp.a) abO‘A‘EL - Thedepreehel 3ke t @F | Aarae cOr 8% igile: cl ai m

23, wherein said enterpy ba@ﬁ@rték@éﬁa@lf%emlﬂ;é@tSWOC - 42. The
enteric bacterium according.to cla|n1d23 wherein said enteric bacteriumis
an Enterobacter sp. ©)  in air;

the culture is in early log phase.

34. The enteric bacterium according to claim 23,
wherein said enteric bacterium is Escherichia coli.

. 35. The enteric bacterium according to claim 34,
wherein said Escherichia «c¢coli is an entero-toxic,
enterohemorrhagic, entero-pathogenic or entero-invasive
Escherichia coli strain.

36. The enteric bacterium according to claim 23,
wherein said enteric bacterium is a Vibrio sp.

37. The enteric bacterium according to c¢laim 23,
wherein said enteric bacterium is a Salmonelia sp.

38. The enteric bacterium according to c¢laim 23,
wherein said enteric bacterium is a Bacteroides sp.

39. The enteric bacterium according to claim 23,
wherein said enteric bacterium is a Clostridium sp.

40. The enteric bacterium according to claim 23,
wherein said enteric bacterium is an Enterococcus sp.

41. The enteric bacterium according to claim 23,
wherein said enteric bacterium is a Klebsiella sp.

42. The enteric bacterium according to claim 23,
wherein said enteric bacterium is an Enterobacter sp.
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- 72 - 43. The enteric bacteriumaccording to clai W
enteric bacterlUﬂTTs‘é’E§§T76§BTFTTIun1sp 44, bhn@EM@NT sayi

a potential anti nprising, contacting he entarisn 998 ...
bacterium of cl awﬁim[\ Hi‘aﬂmu 30 or 33-34 with sai &_é ﬂ‘m -
act e

t he bacteri oci dal m ostatic effects of said age nteric
‘bacterium - 72 -

43. The enteric bacterium according to c¢laim 23,
wherein said enteric bacterium is a Gastrospirillum sp.

44. A method for assaying a potential antimicrobial
agent comprising, contacting the enteric bacterium of claim
23, 26, 28, 29, 30 or 33-34 with said agent and assaying the
bacteriocidal or bacteriostatic effects of said agent on the
enteric bacterium.



