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factors have been identif | uence expression of virulence
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Mol. McroBiol., 3:1301-13067 1589 ‘
It is widely recognxzed that bacterla cultured in vitro

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

Several environmental factors have been identified which
influence exﬁression of virulence determinants in bacteria
(Mekalanos, J.J., J. Bacterijol, 174:1-7, 1992). For instance,
‘there is a long 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

ﬂella (Payne,
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bacteria may optimally produce these invasive factors only in

20 response to certain environmental signals not ordinarily
present in vitro. This hypothesis is supported by the recent
report that antisera raised against conventionally grown C.
jejuni had only a marginal effect on blocking'in vitro
internalization (Koﬁkel, et al., J, Infect. Dis., 168:948-954,

25 1993). However, immunization of rabbits with extracts of

~ Campylobacter grown in the presence of epithelial cell
monolayers, a condition enhancing invasiveness, resulted in
production of an antiserum that markedly inhibited the
1nternalization of the bacteria.

30 Researchers have been studying growth of bacteria in the
intestinal environment to identify relevant virulence factors.
For example, campylobacter_strain 81-176 grown in rabbit ileal
loops expresses éroteins not expréssed under conventidnal
laboratory in vitro culture-conditions (Panigrahi, et al.,

38 Infect. Immun., 60:4938-4944, 1992). New or enhanced
synthesis of proteins has been seen in Campylobacter
cultivated with INT 407 cell monolayers as compared to

13
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that other bile Qthex énﬂesoiaayeqomponenos»nguohoaatbileoagiésoonosalbs.
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exneri

sodium salts there no e i nvasi veness of )
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Bacteri ol . ,rdpeirted, ti8025higella fléxfienpptultured pnbbrothicontaihing\\O
oorar o ol thenbUEE SR Tdce 13onfl SELRTCS 51 BOIEIAkesiRUA)
1nfect1v1ty of Hela cell monolayers. They reported, however,
that other bile salts and detergents including cholate,
20 glycocholate, taurodeoxycholate, the CHAPS series, digitonin
and Triton X100 and sodium salts thereof, had no effect on the

invasiveness of_s._flerneri. 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
Novenber 11, 1993, discloses metnods for growing bacteria on

30 1ipids, such as phosphatidylser;ne, or mucus and for the
isolation of proteins whose expression is enhanced by growth
in the presence of phosphatidylserine. This reference neither
discloses nor squests.méthods of the present invention for
produoing enteric bacteria having enhanced virulence or

35 antigenic properties. |

Vacclnes aga;nst many enteric pathogens, sucb as’
Campylobacter and Shigella, are not yet available but the
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vacci ne can elrr rotective e not been

clearly esadbhuinéeg;e_lmn&ga.aﬁé Bé@'@ﬁﬂnelﬁﬂﬁﬁnodénfﬁéﬁmeﬁﬁop§lﬁ§1§HaIe

et al., 35 phakaih coWfains 5ﬂeﬁgﬁvﬁgaonlgaibmzﬁuEh@&b@ﬁrQIphPeg@%e%DaIpa
| pa B proteln fhe invasin that initiates cel 8*@} unctions i

the lysis & F%e TSrbPRAe BoundPBh Byocfri &nds P oF ngpyR egsentialp\po
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prolonged 44418393-3413, 1987) .

Ipa proteins are logical vaccine candidates although
20 their protective effiCacy has not been'oiearly established.
Ipa B and Ipa C are immunodomlnant protelns (Hale, et al.,
Infect. Immun., 50:620-629, 1985). Furthermore, the 62 kbDa
Ipa B protein (the invasin that initiates cell entry and
- functions in the 1ys1s of the membrane-bound phagocytic
25 vacuole) (High, et al., EMEQ_J& 11: 1991-1999, 1992) is highly
-conserved among Shigella species. The prolonged illness
observed in malnourished children who have no significant
mucosal antibody to Shigella Ipa suggests that the presence of
mucosal antibody to Ipa may limit the spread and severity of
30 infection. : |
Though a number of vaccine candidates for Shigella have
been tested in animels and humans,_a suooessful'one has not
been found. In spite of the potential significance of Ipa
proteins in virulence, most vaccine candidates developed
35 against shigellosis are based on the lipopolysaccharide
antigen, which carries the serotype-specific determinants. A
parenterally administered polysaccharide-protein conjugate
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PCT/ US95/ 12986 vaccl ne has_al so_been _devel o but is yet ‘'t 0 show

S|gn|f|cantAQJ§FS¥FBBR1FﬁI§ﬂH#8l&'(ﬁ3b35ﬁ§1et13Fg) *Rev. Inf: Dis.
13: S362- 365, 199fhe pAthogehesliy aﬁncampyebbécteboiht&btlonsadsinatdass

deronat r ot ofukke JEHBERopd.pe thal) 8ShitB118 Shesptiknet oAl InfRsion
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cel | nnnola?éﬁse@é#&nPrSFe&F PnFGEF“t repﬁﬁﬁnind695$¢§4tkﬁﬁlt €993). 20

No specific Easanbebaftenagauuaeaa aegenbsam gsrabhin ?9§3bacté% RbOEeeEEYE.
However , the BOM/HD|EC %é gﬁ g Le ono&a Lrs Bran n agt PEE:%E%L?IHS’
and the | mBR4AEHERINEPAERGLLRL, Y ( ’

Immun., 61:1764-1771, 1993). -

20 No specific Campylobacter antigens have been established
as protective. However, the low molecular weight (28431-kDa)
proteins, or PEB proteins, and the immunodominant flagellar
protein are thought.tb hold promise in this regard (Pavlovskis
et al., Infect. Immun., 59:2259-2264, 1992; Blaser and

28 Gotschilch, J. Bio. Chem., 265:14529-14535, 1990). The

- importance of the flagellar protein is indicated by its
association with colonization of the intestine and with the
cross—strain protection against infection within Lior
subgroups (Pavlovskis et al., Infect. Immun., 59:2259-2264,

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

Therefore, objects of the present invention include 1) in
wvitro 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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protein are thought to hold promse in this regard (Pavl ovskis et al.,
I nfect. Imun., 59:2259-2264, 1992; Blaser and 25 Gotschilch, J. Bio.
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i s indica yoIts association with colonization of the intestine and
with the cross-strain-protection against infection within Lior
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3 SUMMARY OF THE INVENTION
This invention provides defined culture conditioné and
20 components incorporated into growth media of enteric bacteria
to induce or enhance the presence of virulence factors and
other antigens. Preferably, such antigens are immunogenic.
More prefer;hly, such immunogenic antigens correlate with
indices of virulence. _

25 Enteriq 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 increased individual proteins, altered or increased
surface carbohydrates, altered surface lipopolysaccharides,
increased adhesive ability, increased invasive ability and/or
increased intracellular swarming. Moreover, methods of the
ptesent invention are adaptable to practical scale-up
35 fermentations for commercial uses.
Said antigenically enhanced enteric bacteria can be used
to produce protective vaccines, such as inactivated whole cell
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3 SUMVARY OF THE | NVENTI ON This invention provides defined culture
condi ti onswutlliismorrponent s incorporated into growh medi a P& L3980
bacteria -to induce or enhance the presence of virulence factors and

bt her antigens. Preferabl such antigens are lmmnogenl c.  Mire

preferably, éycéubﬁmeoeeeéfﬁa@tla@%foai ﬁé@t%tﬁhrposé@‘ﬁ@é}xcﬁs for

vi rul ence. e |c bact er | fe gr résenc of c ndltlons
and corrponen"?%e sPﬁ‘ﬂ;‘é‘F? t%’i‘fﬂ“??\g’v?%oa%%mrﬁﬁ‘f‘?% o° ﬁ" |
or gani sne armespbaehhct\errba uoxe. tmrm@fammmem: Furtiwernt |time

pr oduce ant i gend m;&% t ,F}?ﬁ nges
such as mcreasedél#o%al protern ﬁ‘%eérﬁtj?: %é%}/vxx%érp}%ckr’easedi df €!S%lal

pr ot ei ns, 5/ presentinventienmay Rerused PRSIV RCRCCHRR®r ed surface
i popol ysacchar i dﬁ%refotél,c raaswbé@lbeéf VEhélprésent | IRVEREDSN | 1381 Méthod

?E;lltypﬁggeﬁ? cr ased |n afki{,éﬁe':?{p}%@g% %rece)é/}g?r) rret hods of
fermentati ormorisrtsthmrmt eampgzb:sbacter sp.Sﬂ@kﬁnigespcaIqumw
entorl C DactgRl A GRBLDEs pEFT 1uh B! P BEG BISIAEL 4. ) KEBBERI YRS

I nacti vat ed
PCT/ USQS/&QMEI’ODGQ)#@E RN tSalneonebla iP-;f @hwwﬁpcp pReneneras u%h-,as

for the proshdd i 9, of cEd R o sl?_ﬁ %@&:&35 homalﬁscheﬁ@&
bacteria or to roduce ant| bi OtICS rt er ant’l bodi es, i nduced ggg

t he enhancedf®ht ehaving¢ahancgd t% %SEFRP?IF\M|WW%9US%B°‘&
passi ve vacoimeric bacteridelxfwitro &ﬂlﬂbj@%oﬁxﬁ&ﬁ&ﬂ esentondieidbndn i s

consi 11 ng PRURHEEL P, B84 R P orLie 16 et 101 008 % e o
Gast r ospi¥$ Imare dile Reids odxiesalys, th@!etn;felah apﬂ:emn@rﬁ:maeobatwansp :
ot ol AL i G s pnse 4 it e o G4
propertles Rebiean RAT ¥ ohPhpnd stationary 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 pM, preferably 25 uM, of
BAPTA/AM, 0.5 to 10 mM of EGTA, or 1 to 100 uM of EGTA/AM, and
‘without any bile, bile acids or bile salts.
According to the present invention,'conCentratiOns of any
individual bile acid or salt thereof include 0.025% to 0.6%,
30 preferably 0.05% to 0.5%, more preferably 0.05% to 0.2%, most
preferred is 0.05% or 0.1%. Preferred are methods wherein
said bile acid or ‘salt thereof comprises deoxycholate or
-glycocholate. ' ' .
A further object of the invention is enteric bacteria
35 selected from the group con51sting of: Campylobacter SP.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp., '
' Bacteroides sp., Klebsiella sp.,'Ehterbbactér sp., Salmonella
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enteric bacteria in vitro with a conbination of conditions I ncl udi ng: a)
0.05%to 3%bile or 0.025%to 0.6% of one or 15 nore bile acids or salts
thereof,va% erat ure between 30[err] C and 42[ err] Gcradosii2es6gr owt h
phase at ou} early | og phase, between early | og and stationary phases,
or at about stationary phase, in air or mcroaerophillic conditions,

_ggocmhto 20 52% }\éﬁgé&g% #b- io&%feég B1g 5%‘%%‘3/" % te(r)r‘fp"/g%g%%m% 85%
N[err]: anBnterggereus| #p-i AndnEsgh G-Eéﬂ%éa oFORl ¢i YREERLN (521 LRERFIE or |

EXE?A/AN?SbaEﬁérﬂQtarengredntQnoviﬁréoﬂndﬁfriNkoﬂ%ﬂﬁftﬂbﬁYo£5c$ﬁuitﬁ%ngf

in a) exceg? Pﬁ°?ﬂgwqfﬂgﬂﬂ83do?n 1%?Vé?eﬂf°é3f€% S 0552 I%?%éiééﬁﬂﬁ al iso
to 100 [srcqmpri)sien_g: abay @50$ertdpNs¥obile BAFTAO2EA 10 50 6% 10f N OEGTA,
or L .to 108oke bl %cf@-%@'\%afﬂg tne%éﬁouataayt%én@&é Bétween' bile

salts e present I nbention, concentrations of any

|nd|V|dual39?Fe3§€|626?:s%ﬁtllhér%é@wtthQEEPOaQZGHG¥B erxly 1os PRA%RabIy

0.05%1to0 Obé%zeaﬁréaﬂ?fféébaﬂdosﬁé%éﬂa Z%ﬁnaé@é; orpéefﬂswﬁi is 0.05% or
0.1% Preferred are d

h d
conpri ses ﬁ%%i&%ﬂ%?&t@hﬁge?.gQ§%§%E%¥éYEAer n gégg%??éh ﬁgj dﬁ?@éﬁkiﬁnﬁhe
i nvent i po sacknasrss taczesi eo,?s:iw c@t%edtof =13 hlie,glseumocalosl SO, gt i

Campyl obac Yer a , C ro [ ,
Bacteroid ésggpéfg %Ebsﬁ'eﬂ%arys?pt?’o r?t%er v9£)€t§,\lr:h‘;s‘{ é& %ﬁth 043P
-7- qu;gmhlgg§7optionally a divalent cation chelator, spgh/'§95/12986

sp., Shigebhe /bt 19€£e§§eﬂ . Ipto ?6’% ®, SPres&-&51 Oy'ﬁtm Rof BAPTA/AM,

Ent er OCOCCUS Sp an a_Co wherel n Sal enterl C bacteria ar

grown in \Pt¥® Aol Qf CBEER n2RR 0 o¥O c1ORI #M AE EGTA/AN, phtR) A%AR &)
anti gems @k@épttmsméapﬂegmtwn@ dﬁv&mmiléamn aaemw% tsuciods | e

0, 0
erper at or b BERekid MG RErrerBif 45 e o TR S, 008 Bl aa dnor
early | og $Gm33 1.0 to 100 pM of EGTA/AM, and 3i;hgn; 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 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., Enterococcus:
25 sp. and Escherichia coli, or an immunogenic fragment or
derivative thereof, having enhanced antigenic properties; and
optionally a pharmaceutically acceptable carrier or diluent.
' Preferred is the vaccine comprising whole, inactivated
antiqenically 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 hacteria of the present invention. Such
polyclonal and monoclonal antibodies are ‘useful as immunoassay
reagents for detecting enteric bacteria in an animal or




between early log and stationary phases, or at about statlonar a
in air or WO®eM128Fcr oaerophillic conditions, 10 such as 5% PETA ’é&‘err]
with 80%to 95%air, 5%to 20% Coerr] with: 80%_to 95% N[ err], or 5%to
10% Jerr] with 10% t 0 2005 G err], wth 70%to “85% N erv]; and

optional |l y didilogisal mpd:e (ﬂhﬁlmﬁnom sudmeayolyclbmaln@mdl monosdonalo t o

- 100 [err] M { @g.uqf 0
to 100 [err] tqtbgg%%&s)/AM or gtMasséi{tn Q{D-%(S eM)x('lceagteolanl%olgs reser?(%e ofﬁ%
di val ent caiVaSFines Fo3r use,dp protecting agadmste i@ o5

[err]M of BAEPE&tAMNns) and @ikeaddf EGTA, 1. 0 to 100 [err]Mof EGTA/ AM
- d th | | d bi,l |t S ct
o e bt o Erdhe® opy ot 4% Snd sk 15, an. i, S ey
conponent s 0 assaydaige posentiah antlmé-ogwwiplcm conpirisdagp thebact er
Sp., Yersinigg of cortalctiif etftetic Hﬁg% gflih?”b%ﬁgﬁp?@fhﬁ%ﬁb@?%c

sp. , Ki ebsi €l Ia sp Ent erdbacter sp
Aer ompnas sPrOPeEties selectedsfxion Glhesﬁr"“EnFénéé&Gé #%:sp. and

Escherlchlaceﬁpyiobac&eﬁ EﬁNDOQGESthhaGE?DtaeaicobdFFerabpﬁe there?f |
avi ng epha anti ertje a phar maceutical |y
accept abatl.§ %%%%Fgfp&%ggﬂ.ﬁl@o acter fslpg %gepﬁéeg:}@clsﬁé'corrprl si ng
whol e, i nacEntarodacteaisipyonisadironediiaaspsd Sﬂlﬁqeddabspt gr A@romaniasr ispal,
obj ect of 3 | nt e f ooR isy.n j g

A further ogj lgg‘tgoo beﬁebg?’ggﬁ?‘%e |or"i%|rttg |cr ected-to Qn%“ % Eggi%ia
(i ncl udi ng B@dinoWith sadd potentiad, égeﬂiﬁl ﬁnédassaygeqor-hpgA ant i bodi es,

Fab fragrrenhacebﬁbc\Maaqhoer eae%%%ab?tati%f e%&%tfgl cal l'y bi ][ldl ng to at
eost ongs T 9o LR ARt o thel henRBRSE 2,00 5, ButsE
|nnunoassaymethndagewtdetectdageathngtEEtprbdubadbarbt antabcd&esabrOEor
biol ogi cal ShS,RREREEIOR of enteric Ractsrin inienABirat.PT bIRIBGNER..
of the preséﬂ@piﬁv§hersﬁrawe spypragénsltas piepsvof conkesting Bor use in
protectlng pabBgicalt 8amp182¢rem @ host w1th enteric bacteria of the
20 present invention having enhanced antigenic properties
selected from the group consisting of: Campylobacter sp.,
Yersinia sp., Helicobacter Sp-, Gastrospdrillum sp.,
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella
sp., Shigella sp., Aeromonas sp., vibrio sp., Clostridium sp.,
25 Enterococcus sp. and Escherichia coli, antigens therecf or
antibodies thereto and screehingﬂfor antibody:antigen
interactions. | A |
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 bacteria,
comprising enteric bacteria having enhanced antigenic
_properties selected from the group ccn31sting of:
Cempylobacter sp., Yersinia sp.; Helicobacter sp.,
Gastrospirillum sp., Bacteroides sp., Klebsiella sp.,
35 Enterobacter sp., SalmOhella sp., shigella sp., Aeromonas sp.,
Vibria 8p., czostridium sp., Ehterococcus sp. and Escherichia



I nfections and di seases. 5 A further object of the inventionis an in

vitro net hod for assaying potential antimcrobial agent i.sing the
steps of WOMHAEISIng enteric bacteria having enhanced antiggﬁf@g&r’bﬁ“n

properties selected fromthe group consi sting of: Campyl obacter sp.,
~Yersinia sp., Helicobacter sp Gastrospirillumsp., Bacteroides sp.
.Kleb5|ellac9ﬂ s OF EﬁFéP@EéGFth§Eet°SaPﬁnﬁéiIatgﬁr eSﬁPQEFP& 55

Aer ononas %Bmponentsbrlo sp., Costridiumsp., Enterococcus sp. and
Escherichi a

pacter i oci dal oPYBSREEPRosRaR {ECPRBLRELa BRI CAL vRFI8Ys [HphePenuptor o

the.inventthe presentnini ‘ohaabe: 3ejunduct|on of .
ant | bodi SSc%pg%bfctagecsei&ec;rapglaiaea},eafﬁcwg&f&aa Y@zeindd BBLLIE,

bi ol ogi cal m. - contact
bi ol ogi cal Ysaﬁﬁpéaf PsﬁvaoﬁueermbzﬁSéﬁz eﬁsebsaeeaiaacei t hﬁheeeyesent

i nvent It on Maxﬁersphsasgdmatsmeﬁ psaﬂ@éllésdyseﬁEEﬂ?&éﬂ Shogelba group
consit sti ng

b :
Gast r ospr | PREELp. He12935ReEeR utons, hal LpdpaPrar Fol 8nt cr obact e sp.
SalnDneIIaGastrpspifmlgemlhombnusAerﬁﬁbnaa sholekaé; i ¥ibpio C ostridium

SP., 25458 ﬁ QﬁﬁHi%EPcuéndeﬁff w&m?:%@iég E‘?EEQPdeéQeI‘PQ%{P

antlbodles ening for an I nt er a

Anot her ob?é@?tﬁidiﬂe ﬂiggéﬁ%l?nvéﬂém%%e$%4a¥£Bh4EP€Fumd|%gﬁ%@@?élklt f or
detect ing gypRs}’ SaDhOALYa0gap] iAkikpcs£EndAel Da oBhELbeuRlpCSELREROL 14 o1

detecting e ric.bacter ris eric ter havi ng_enhanced
anti geni ¢ gﬂfﬁﬁ%?f?é§'s%?%ﬂ?ﬁﬁ£$$ #?éb€h%ﬂ$’cﬁﬂ€$ opheumoniae, (
CanpylobacEntescbactérscboacae,,ah&iEntémnceccua faecébi:rosnreférnedsp :

Bacterowefségi\n&fgsesu azﬁal\a,sg%@tﬂgt%e ﬁ&ea%@ﬁguf Sxic

Shi gel | Ldrum s er 6CoCCUs
sp. and Esen@erghhgmorrhagic, entero-lnvasive, entero-pathogenic [L)'9)

96/ 11257 other strains. o PCT/ US95/ 12986
The present:ihVenticnlis based, in part, on the

surprising discovery that antigen;cally enhanced enteric

20 bacteria of the invention induce 1mmune responses that are
cross-protective aga;nst 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 condztzons. 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 pacteria.

: . BEIE!_DE§QBI!IIQ!_QE_IEE_QBA!IEEQ
30 ' Figures 1A, 18 and 1C graphlcally depict the results of

high-performance liquid chromatography of monosaccharides from
surface extract hydrolysates of C. jejuni 81-176. Figure 1A:
Standards: Fucose'“Fuc”, N-acetyl-galactosamine "GalNac", N-
acatyl-glucosamine "GlcNac“, galactose “Gal", glucose "Glc"

' 35 Mannose "Man". Figure 1B: surface extract of conventionally
grown bacteria WBHIW, Figure 1C: surface extracts of bacteria
grown according to methods of the present invention "DOC".
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coli, or antibodies thereto and all other essential kit conponents.
Preferred oWO86/I2Shacteria that the various aspects of t hBCHUS23412086
invention relate to are obacter jejuni, 5 Canpyl:obacter coli, Yersinia
enterocolitica, Yersinia pestis, Yer si ni a pseudotubercul05|s

Escheri chi a, coI|FlsnrgeﬂlnictOthaidgrdgpsbtgetha resndis Sifi geldiam

dysenteriae, ggileg¢h! éulfa'%)égblgaéggrvaﬂ%%t %p)éhgif'(grogﬂbk‘é%%c;’?bs-ﬁhhi)

Gastrospirl |l um hom nus, | erae
Vi brio vuIn|FPEU;“QBSCFQPBPHé§°Pr8§|PF@telnsCPéthPéPuﬁﬁélfKF@#PBHS 1, 2

ga: rmne: : a twpli wrunrrsuSahﬁlanebck:&actsltxebu 5Sahaoe?el b# @al Hbﬂtﬁh!”tblaﬂs
al nonel | agp ne eraesui s enteritidis

KIebS|eIIasp§éhﬁ%ﬁg§8 8§8b Pg? OF o gEQUD’ §ﬁ8°23459028098§ PIECSFi s.
Preferred 15tEscn§esentalvvehtinnlmaeSDUOxeaélnbﬁlélacudd rOX8nber 0. 18Xi C,

ent er o- hennra@agyghoggﬁgrﬁDbeuyslve ent er o- pat hogerii ¢ or ot her strains.
The present |nvent|on I S_bas gart on the surEr|S|ng di scovery
that antigenical | §& EﬁﬁﬁnéealﬁﬁPEFFé Yodgpictsi shef regultavefit weatennubdot

| tnrnrune r esposAs&Iys st sﬁbﬁ]}ntghﬁr e6fmpar2LBAl bfepesﬁéﬂﬁé Bﬁéﬁaﬁﬁq féﬁgﬂﬁ g ﬁ'
strains o es._0Q e_s eci es, than that induced by
the same %ﬂt3?$§£§é¥$grygcﬂﬁtpﬁ?@“ﬁeaspﬁglﬁgﬁVEﬂPPoﬂéFh whele; GelhqC-
conditions. jejuai 8tat76oncWhaleacezl Chejéjunies2bivesponeentionatlyby

t he antlgenlﬁféﬁﬂ erRpanc | ac okt

cross-proteclive aga?nstsg ﬁﬂ&gé ell ? %%é#@% % Q€? $r§ %agfg?Fglng to

4 BRI EF DEMMW%#WEPMN@S@M on: FP g8k ecOxgall 1Bidadacis, "2,
graphically o‘hepoci%taeokyeublste f wauhigh- e&&a&aﬁaﬁeﬁbeg'éfCEfOzE},BHEaPhY

o) TonoseggBILRE LLRess SRR LE ptkn o henLtes \PHEERS?  SHFEREER o9 rE-
" Gal Nac" l\l—jejumtesy+1‘gﬁugmmnanecoﬁi£ﬁ@0to f8tR689SEE " €hHe " preseRese
S o35 VeaRR g, o1 gy by suE agey ox( 1 oct of conventional |y
accordi ng to net hobgune 1rngg¢ggtmllyndgpicha tiddFesults of western blot
- 10 - 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, "1iv,.
- Figure 5 pictorially depicts the results of SDS-PAGE
25 showing a comparison of lipopolysaccharides (LPS) of whole
- cell S. flexneri 2457T conventionally grown, column "in, or
grown according to methods of the present invention, 0.1% -
deoxycholate, column "2%,
Figure 6 graphically depicts the enhancement of immuno-
30 cross reactivity of C. jejuni grown according to methods of
- the present invention. C. jejuni 81-176 cells grown
conventionally or according to methods of the invention as
exemplified in Example 5 (DOC) were used to induce antibodies.
The agglutination activity of the two types of antibodies
35 (i.e., anti-C. jejuni 81—176 cultured in BHI and anti-C.
jejuni 81-176 cultured in DOC) against various C. jejuni
serotypes are shown. See Example 32 in Section 9 for details.
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Figure 2 pictorially depicts the results of sodium dodecyl
-sul fate- b(y??ﬁ Xham de gel el ectrophoresis (SDS-PAGE) S pevuses/pose
conpari so Brotelns 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
grown accor di ngFigureshads o8 andt e gtapnabaumyeabpﬁat(&n&watgehbybbte

Gepi ots 1he VaSGLfE R SPARRLSTIN Thipetuscks Gei doHak RY-378 pErEc LA

proteins bdnnprbyebtungtmngﬂ-agelosntalnasgliucdslpwenedeahailengecDfon
Wi th whol ey ﬁ%b'cc eguhSJuaL1$% EéﬁlththcEebErg vh&bﬁﬂhtﬁ& witn

conventi ona ‘uni 1-176 gromm

accor di n§ PB°‘Phﬁ§?hHHngFePhEaﬁ#B§eNfaﬁnvﬁﬁﬂiﬁnliBeﬁwbEﬁéaPF §i LT aci ds,
"2, oraﬁjﬁ%hﬂeoxuababahe, adsh 2iney,f seemexifasihaceivetefecunjejani

o1 170 or oA naBoPhPYs E8LRe, tiat BhrBharavE SRR ALkiaBtaR ancobBitl co
- deoxychol aEsample. 5 w1thoutFagduvantpmcwcc|apey depc&etsohédréiaeusonf
western le%Bhs @“i??ﬁb&néh Eg+aA& ts0%09?&péQﬁﬁlE?sBQ?Pdlﬁﬁe)

flagellin- ecl nnno onal |bo rom

81- 196TMﬁ|8ﬁ=ﬁéPe gfsaﬁaae95rHﬁﬁgexemﬁeeﬁoagiew Hhe ﬁPEQEﬁ%“al

lnvenglon coSon%ﬁagieﬂ;afﬁayly Biguﬁe R" (t6p gaﬁaM) 8hows therfasults
accordi ng 0adS, O e V on "
pictori ar 92 BBe cRESERRe188, REESEHea Y e “Yaceiparigna waipur FaERS.r

| i popol ysaorhhrddses(oPS).o f it Evated dbdcterid bxpeart i Ve pemdaese i onal | y
grown, col

Croent 1 oo, FRBysd 72 nigalh URoBELCHRRAS. LRe"EELSE e BhPheRERERon, |, {
dep|ct315hafﬁuhdadehpnthefvannﬁnetleﬁscussagréh:eevorglodoéhsje;uho gr own

aCCOr 910 | SadELRERaohapekREaP FRECL AR CRRECRen £ EbiER, 76, pgEah'

exenpllfleuanQIExahQW% th¢ DOSpulescofistbet protectionnafforided. by the

aggl uti nat t t 405 ganti-
j ej uni 81'g€%cgﬁ+?ﬁ?%§ ?%1%éft%ﬁgea%9§? aase?e?gn?b8?éﬁkéiyf¥%red |nIDJD

agai nst vapacterinljparhicles per dose. See Example 34 in Section 11
% for details. S S

Figures 8A, 8B and 8C graphically depxct the efficacy of
vaccine comprising inactivated C. jejuni 81-176 whole cells in
protecting mice against an orally delivered challenge of live
C. jejuni 81-176 cells. Mice were vaccinated as described in
the brief description of Figures 7A, 7B and 7C. The vaccine
efficacy was_exaﬁined using the intestinal colonization assay.
Figure 8A (top panel) shows the results of the protection
afforded by the vaccinations using three oral doses of 109
inactivated bacterial particles per 6053 Figure 8B (middle
panel) shows the results of the protection afforded by the
vaccinations using three oral doses of 107 inactivated
bacterial particles per dose. Figure 8C (bottom panel) shows
the results of the protection aftdrded by the vaccinations
using three oral doses of 107 inactivated bacterial particles
per dose. See Example 34 in Section 9 for experimental
‘details. ' . '

uni
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Serotypes are shown. See Exanple 32 in Section 9 for details. = D
96/ 11257 WO 96/11257 © PCT/.US95/ 129BET/US95/12986
Figures 7A, 7B and 7C graphlcally depict the effi.cacy of ~a vacci ne
conprising inactivated C jEjunI 81-176 whol e cells-. in protecting mce

agai nst a nasal | Figuiev@r gttaphithddyedepicts| the effpetunf thelgsowdh| s
Mce were VﬁﬁﬁbﬁabﬁdtﬁbtZhé?eﬁﬁﬂsfﬁékﬁﬁPFféﬁgﬁﬁ éabhnﬁhépﬁﬁva§90éﬂe§én8f

PBS plus LT adj,uvant uvant i ne rmal i n-inactiva

j ej uni 8§hf7§bﬁﬁﬁﬂéac #P§”Fﬁ§t2ﬁ57$ GROIA- anﬁhﬁﬁﬁ%éétgaeKBBSFd?ﬁa7?o
Exanpl e 5 weehast weteuggoin( Ebhivenpiondlly! ¢BHD) | dori aecopding vbt BheT

2%%%%99W$ﬁ%ﬁm$%%%m%%#%%uum
7A (top panéPPCsEb)s—t thateial harvestinghther ceddsi whenf tb#deulsl}rehés

VaCC'”at'Onéaﬂiy”mobhbﬁSse-96§|a986§aiﬂ§ é9[9ﬁ5£ﬁ183§tbﬁﬁtSﬁlbﬁihértﬁé
particles per_dose. anel ows the,results Oils

protection 81 EFFGrB@drﬁ9g9hlagﬁci9ﬁappﬁﬁ§ BgfﬁﬁethFﬁgeﬁF&PgdBEGscﬁ
10[ err] KDoctLLyt edThac iﬁvaehvaﬁéss CbestResed@sfereftr prépartiong of

ai ng ¢ nPacoBtaf BESCEhEVR) o BFe] BkERPIG 2B AR SREEeER 47 for: Aeretife
dose. See ExaonégenelhOSB:apbhcaIIQOdépicﬁsthhesenhancement|gﬁres 8A, 8B
and 8C oraphheabiv HFQECBthﬁlﬁéiing¥lfé whe2€fieP°af@"B0) P dd! pgim;vat ed

C. jejuni 81-1 ecting mce agai nst_an
del i ver ed cﬁhFlEﬁ§E°€F pfyEhe present invention.cof} ssonped ﬁéﬁesvaCC|nated

as descri bedﬁanasribe bsnefwdﬁsCéuptuﬁadOéoﬁitreﬂttwénii\ly7Baamﬁtairi The
vacci ne iC ani sin nt es col oni zati on assay.
Frur o oh8(Ropofdite) 3,08 PRERRHE PE LOF pResEht: Sevehion"as: o ad by

t he vacci naexempliifiad ihanamphé gloseThef ifivasivénessi afictheaeediffierental

ticl y dd | f th
rot et | on BFPEREEtiphbiNE CsbGbTNA 0E11e RGRERLLHRNSADFcRTTH BReD! 1N°
10[ err] |na§PPVEtedsee E&EPEl?a$5paBt$€F§§°pe12d6§§ details.8C (bottom

panel) shows - phgur€sytt §raphibe1Py08EF1EL8 €héEOCEHRANEENERE YACEMRAGhLANS

using thpge oLal i—jgggéivit yObE Ehab07eL' S2bes BaSLEhisy P Lh€hsSs of the
present invention. S. flexneri 2457T grown according to
methods of the present invention as exemplified in Example 9
was used to induce antibodies. The agglutihation 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. ;



hich

per dose. See .Exanple 34 in Section 9 for experinental details.
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Figure 9 | |y depicts the effect of the growh #Q&
Shigella f exné??hculture on the invasiveness of t he Shlgéfla&¥ exner i
2457T cells. Shigella flexneri 2457T = cells were grown conventionally
(BHI), or according ? t |

exenplified by Exanp ?Qgggﬁ 1?E§E?E§ éafi% Eg?Péﬁﬁfgéétgﬁﬁg%%e c?? S mhen
the cul tur ecpgcpntratéam andoghghasawth ophase opfii Hae t BeHeppaeter pylori

al | owi ng t hgultugd! bH' €héOadREsiveRéss| 68 RERESoPRERES ﬁﬁldﬁﬁtam tderrel | s

homn. " Secl” cRBIRFL 'S8R ;o RLat [ GRFa SuThh b ) LEREE" bl P cqeslipl fy ° ©
graphlcaISyOHepoclt oheoezhahtbeeandoharvesﬁedsa&eﬁes&,oIOﬁ%ﬂ@elltxanﬂlxﬁ
when they a}éeafﬁéi-uiﬂdcﬁfbeﬂogg { Phe TBAVSR ?fvé’xfxe %P B7684 acﬁ‘t’

sonnei and senter ae were cultured convention or
accor di ng tPFePAr ﬂ%ﬂs°6f3thBYb?§%éﬁl 4 cehls Against NE 7f? rpre

Exanple 9. dhéwnlvagescpeatipDé 3desr Se¢ctPowms fordetdld ons of ShI gella
cells against INT-407 cells are shown. See Exanple 35 in Section 12 for

details. Figure 11 graphically depicts the enhancenent of i mmuno-
20 crossieeactivity of Shigella grown according. to met hods of the pr esent
invention. S. flexnerig24py he present

invention as exenplified Th D tO 2 i bodi es. The
aggl utinati on ac¥heimethpds @ﬁetnﬁmraﬁtim@%omgmme %o fgROWINg | S,

sonnei, S. eptéieBfdtéeianth ity din w@mmtdpwlémﬁﬂﬂem{ of
accordlng to the, neth s of the resent jnvention %§§ f|e

Exanpl e 9 KET3AR SEHRAR oPPonen cﬁ?iﬁ? iﬂiﬁﬁﬁ:&
Figure 115 gnarﬂnmid:q tiagne:tpréémmi feftanfidense a&m,tnmoam\r]aanam and the

growt h pha e Fbllcobacter ponr| culture on the adhesi veness of

Hel i cobact er™ y? ori NB3-2
As used herein and in the claims the term “enteric"

refers to bacteria normally found in or associated with any

. part of an animalis 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 components and conditions indlude, but are not
limited to, bile, bile acids or salts thereof or their

. biolegical precursors such as cholesterol, pH,

microaerophillic condition, osmolarity,'and harvesting or

30 collecting the bacteria at a desired bacterial growth phase.

The term “antigens“1and 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 particulariy surface proteins,
lipopolysaccharides and carbohydrates. Preferably said
antigens are immunogenic. ' '
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cells. H pylori NB3-2 cells mere'gkomn in.cuTture=nediun1 .cont ai ni ng 0%
0.025% 0.05%or 0.1% bile and harvested at 8, . 10, 12 and 18 h after
i nocul at i oWO96/H257 nvasi veriess of ‘these 35 different prepar GBI O
pylori NB3-2 cells against “4NT- =~ 407 cells are shown. See Exanple 38 in

i 14 f ils. .. o o - 13 -
ng&igg7 or i%ﬂ”%efi "immunogenic" as usedpeﬁpeég5pf§9§§-%he clainms
Fi gure 13 grefersaltioy thepiatiq itiye tef inducef ahitlibody prodactian dn and t he
growt h phas h | cohact el | QL cul.t ure.o i veness of
Helicobactegngy %r?fg%&zggg?léi*mg&Hisp?ng%geiﬁg gegpég%gggﬂg%bmn in
cul t ure nmedicomprdstiznonwheles bazteriayprodaced by Shenpresenssiayention or

10, 12, 14 an¢raBment’ o2f kalid WRodkabaeRerilim.i Nvasiveness of these
di fferent pre&grations o? H. I. Gl-4 cel |l s agains INT-407t§eIIs are

yl ori
shown. See ExanpfBez§erm §@EF?8ﬁ%i§aﬂ&V gphanced" ofp"enhanced antiggnic
DETAI LED DEpEcperic@s®- ot endhiyéi®Nas used héfeineahdddinothehelaimsent

i nvention rel t i . er.i acterita.ln.vitra in_t esence of
a conbinati%ﬁé%?s %ogggg;?%tégﬁgﬁ?iShét%igk 8@???&5 %éﬁ%gkgﬁtg%§@ﬁ90ted to
i nduce 15 omceordidg tietbepmetbods of &hei presentdioventignencSsuch

factors. 30 pacterfa us%l psz;f.& g&%ﬁm bite celrdaih ti.ﬂﬁltuhx%gﬁh'i%maﬂrtiﬁéns

refers to bacteria normma ound in Qr associated w n part” of an -

ani mal ' s ga@PA4PK: BEW AmmU PSSPlﬁnénﬁﬂgebﬁcﬂérFQmEGrFﬁaF°c§H§e§aRR
i nfection i bagterpar grovnaisihgmebnventignal’ aethedsi.nal tract. Such

enter 1 Dacter! Spbohide S0k byanedbATII 3e' heag e HiATeRR0RY PRI
‘relate to nuejatest toswhatoisakadwni ih &he2prdpiremrt.bacteri umi s natural in
vivo envipgonment paad¢@iReimicroaerophillic 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 hoét
by a different bacterial strain, serotype, or species of the
same genus. o _

30 . The term "immuno-cross reactive" as used herein and in
the claims refers to the ability of the humoral immune
response (i.e., antibodies) induced by one bacterial strain or
serotype, whole cell or otherwise, to cross react with (i.e.,
the antibody binding) a different bacterial strain, serotype,

‘3% 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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factors. Such conmponents and conditions include, but are not limted to,
bile, bile acids or salts thereof or their bi ol ogi cal precursors such as
chol esterol, pH, m croaerophillic condition, osnolarity, and harvesting
or 30 col % 4he bacteria at a desired bacterial growlhp

/12986 .
The term "antigéens"” and its'related term"antigenic" as used herein and
in the clains includes antigens or antigenic characteristics including,

but not limted nacr ul es optributing to | 1 ular, ol ogy or
ool 1 "ot 11 ty:  3h%ae nBeskS! % useRchereiy aif: 1B EhpoFonnus rRlerS
| i popol ysatohaithes dndvdaobdhydnaanimamreteﬁnbbﬁtsaidn animadeceladre

innunogenlggégures, The *ﬁrm "anlmal" as usea ﬁérein 8nﬁ %gv€h36gi$§§%h

PCT/ US95/ 1 I munogen in an
cl ai s ﬂﬁpéﬂgeﬁobvﬁelébﬂpﬁt}1@étﬁﬁdﬁéea&ﬁtWBEGybépgéeétFﬁﬁaFﬂr&ﬁ such

ani mal ak! gg ﬁamﬂaaalanh biraépQ§ee Eocﬁléﬁgﬁostﬁtﬂay aﬁeﬁpreeeng whol e
bacteria produced b al d whol e

i nve
bact eri um ¥ﬂin9e£ ﬁt?BgﬁpgéPPy éﬁhangéﬂclﬂg Egﬂﬂﬁﬁﬁiﬁ Janti geni ¢
properties&nuigénmbamagdénhanceddehEeeio badtepriaherchni immunogehéecs to the

the bresentragielt; 85! SEEEyRREVE LRePLAL] theEhRbf1ionbRebEfa HaP HE O
i mmunogeni eithergdive baangr@a qsmmananOganctiuategensdaaazoﬁpatberto t he

Sa”E baébﬁéfﬁsﬁrQﬂﬂa8§h08n€0”¥ﬁah' gal Hﬁtﬂeéslimzted toThSIEEV”bil-
conventlonaL as used héerein a rel at es fo

oomen o r amyiSton: RhatrLantLn Eouin: boR PRESEORGRIOORLC B gobd
“herein and(LT) i nohbexigehi® fofmsstherasfe(edi cnLp)idahdpes Dndevidaatd

0
GG orr] wi PREUE B EHERRRE . B 2L TE CaRREREL- Shat O (B00) Yook ThFuR e or €
W th 70adjuvanty, andrpay :adso furthertcemprisedesuitableused herein and
in the g53H8rmaceutical carrier, including but not limited to saline,
dextrose or other aqueous solution. Other suitable
pharmaceutical carriers are descrxbed 1n Remington's
Bngxmggg_gigg;_gg;gnggg 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 agalnst whose infect1ons or diseases protection is

nown

sought.
The term "inactivated bacteria," as used herein and in
25 the claim, refers to enteric bacteria that are incapable of
infection and/or colonization and encompasses attenuated as
well as killed bacteria. Attenuated bacteria may replicate
but cannot cause infection or disease. Inactivation of said
bacteria may be accomplished by any methods known by those
30 skilled in the art. For example, the bacteria may be
chemically inactivated, such as by formalin fixation, or
physically inactivated such as by heat, sonication or
irradiation, so that they are rendered incapable of
replication and/or infection and/or causing disease.
35 An effective amount of the vaccine should be
administered, in which "effective amount" is defined as an
amount of enteric bacteria or an immunogenic fragment or



trefers to those factors of an enteric bactefla associated wth t he

ability tOPﬂ)gfpf %to and/ofr..to invade and/or to SUI’VI ve in pcm]sj@g;jgggnd/or
cause a pa (gld al condition. The term “i mmno-cross protective”

as used herein and in 25 the.clainms refers to the.ability of the inmune
response deﬂmi\key tlra-é:&ﬁ:ttﬁiatalustdapabm o piogueinghare ivmtuneor

ot herw se, e igfe h

di fferent bf s%roq%ﬁeens bl ?‘}b?@r% ype'ﬂ'I o(r:ar“lsog@’(ﬁoes %fqﬁl %&' egzy

The term " i mpeamO- %wﬂmiaﬁay &f hhe bmtamaancf.:raqmentt,h@n: |dearr:sratémr S
to the abil ijged)f sdaem;s’&ciéanm we \ﬁﬂ)%sea{é dubj et ipgiees) induced

by one bacterlal stra . seroty e cell or other se, .to cross
react wit® M a?lnated('hé’%ﬂa%(ﬂﬁ grpﬁﬁ%l“&qj Hﬂ‘ié'rgerﬁt%rgr itechniques
ser ot ype, BEmpmm,ommmx@modmm @OThe danientilon, an

i ndi cative C [ Q ntial_ for SS
protection z%n(ft&l cg'aeve%?@“qlt m% é%%é'foef an ele%%% of arit
PCT/ US95/ 12%@cterial antibesy dritehd "atasleasid tiwe éﬂime@nd:hm antd hadyt ns

refers t ¢ it Priigy \Ed/%dh% rﬂgl 19 4 é‘élftéz‘}éd‘ %gera'ffce"

cultures. The ter animal" as use rern a n the cl ‘i ncl t.;des

but is nd® MORdpiting embadimanto Rl the dnventionh appraximatedys 1hqdto
birds (e.g. gjodhi gkeBeris’ kRd pAEfkraBi§ 108 to 1 IOABSEEQL-.@Q hpel he

i nvention, in a vaccine conpr|3|ng antigenically enhanced enteric
bacteri a or agmindstersshite a hostgnefrafiented ane Macaihesocomprdsdngeric

bacteria nannggtlva@é&%dyevq,g&gﬁrd a or may be inactivated and may
further 10 conprl an adj uv gnt such as, but not Ilimted to, sa}LI um oil -

wat er enul si on, term "etisative anauntd asarpkded ko passive (L 1)
nont oxi g&®; &aimimest Her eof apemntricl) antdiwdy thati disalcapaledws ts t her eof ,

Baci| e Cal Beap@in bl Beendle St Y abegr 4 Wil AR e
sal i ne, Fhe: apountr n@tdd@d adddou@rsbldﬂpemdinmmn thiet &lype of
antibody and the antibody titer, and the species and weight of
the subject to be vaccinated, but may be ascertained using
20 gtandard techniques.
Vaccines of the present invention may be administered
‘locally and/or systemically by any method known in the art,
including, but not limited to, intravenous, subcutaneous,
intramuscular, intravaginal, intraperitoneal, intranasal, oral
25 or other mucosal routes. S
Vaccines may be administered in a suitable, nontoxic
pharmaceutical carrier, may be'comprised in microcapsules,
and/or may be comprised in a sustained release implant.
- Vaccines may desirably be administered at several
30 jntervals in order to sustain antibody levels.
Vaccines of the invention may be used in conjunction with
other bacteriocidal or bacteriostatic methods.
Antibodies of the invention may be obtained by any
conventional methods known to those skilled in the art, such
35 as but not limited to the methods described in Aptibodies A

Laboratoryvy Manual (E. Harlow, D. Lane, Cold Spring Harbor
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pharmaceutical carriers are descritbed in Renington's Phar maceuti cal

Sci ences, Mack Publ i shing Conpany, a standard reference .text in this
field. As used herein and in the 20 clainms, the term"vaccine" also
enconpass a0 Y§H2ST ve vacci nes,” which conprise anti bodi RCHVSI9S5/12986
specifically bind pathogens,against mhose infections or diseases
protection is sought . : The term"inactivated bacteria," as used
here| n and Labd¥atdry ®ress, r.‘e‘&'ar)s. tdrergenena]bacareraramdlat(aamdeﬁm@d e

f | t |
as Ki | : gdebétfc?‘;ehrl a. z%t%eccgﬁue aé%}'erl a nmay n%%s%saé éaé% %aeﬁ'?l’l mci\g"t?s'
infection diatHsamines midi hanshens and c;'ab '.'_téra dmmnized siddpla shed

by any net hnﬁﬂ&m kg tiBRMcHRd |fredrent Y Ferivative e, the
bacteria m mcal I%‘Sc ctlvated ch .as fhorrralln flxatlon or
physi cal 1% % 3%1 cg'?il 288 i on, |

t hat they drmremdmdm |trm|ﬂdendn‘ or puqdem ion mddjmwaﬁtam (anyand/ or

causing di V&HE ﬁﬂf&&

adm ni stere mév\% wq"ﬁﬁ r{h%\%{ed aer%‘unt %’im%fge?-h as an annsﬁr#%of
enteric bamt@%ratarraqmgmqrwarlagneﬂmeoenimal serum is assayed for
- 16 - théOpteskhde’ of desired antibod by any convenient method.

F%#ﬁgfy"l 8o deﬁrr;\igt I \ég(ﬁf, of tha S cas)ggl e of &&um 8 (‘J’Iené’f
upon the apdlyelionaly anftidodiesct eri a, fragrrent or der| vative used, and
the speci es and ope Ghinclly IS 3iBEk L8, PniRataC iR eladisl JI0Y be

ascertai ned usi ng-s echniques. referred, non-limting
enmbodi ment degeniked @bove.on Vhen an mab@eamumbodw rd&siendspr oduces ar‘

el evati on get@itited, thiedaninadl. 1%”%Qﬁ%ﬁbheran'do tﬁte gﬁ%nt We tinmes the

anti body titer prior to-vaccihation preferre speC|f|c 10

non- | i miS AFeRTIGALIYh FeFovese fPFv@HF#GH aE'BPoﬁPH'EF@I gelds.are mixed
10[err] bastieh a mqwmfcmabl )selabtea] imfot@Rhar myelomacced1a1dne, and

adm ni st er ggl of ;%Y 15 theh ekPoded LB Eh"EFeRL PLypidd11y ' NaCti vated

whol e bact &7 a.
polyethylene glycol or the like, which promotes the fusion of

cells. Under these circumstances fusion takes place in a

20 random selection and a fused cell mixture together with
unfused cells of each type is the resulting product. The
myeloma cell lines that are used for fusion are specifically
chosen such that, by the use of selection media, such as HAT:
hypoxanthine, aminopterin, and thymidine, the only cells to

25 persist in culture from the fusion mixture are those that are
hybrids between cells derived from the immunized donor and the
myeloma cells. After fusion, the cells are diluted and
cultured in the selective media. The culture media is

- screened forothe.presence of antibody having desired

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

35 bacteria infections and diseases.

Methods for the detection of antibodies or said bacteria

in a host include immunoassays. Such immunoassays are Xnown




The term"effective anount” as applied to passive 15 vaccines is an anount

of anti bod&{ t hat#r S capabl e of preventing or-attenuating ﬁ

di sease or Qifoid The;anount needed wi |l vagy.: dependin on the
type of ant i body and the anti body tlter and- the'_spem es and wei ght of
t he subj ect V, [ | ned. Usi 20 standard

t echni ques. iR % g’\cfacéc}?é]es O:#liﬁ% rese | nvzinitqﬁ}nﬁna%wbe adm ni stered
local |y and/TadiQinnuneagsaysy(RIA) nﬁﬂﬁﬂ%ﬂo\/ﬂk@‘-‘n inpunggorbent, assayshg,
but not |im {eckdn) 'ﬂ\im SMREAEHROHS, and | fldcYBEdeHcd |

I ntravagi nal I topneal . -intrana oral 25 or other mucosal routes.
Vacci nes naf%ieaﬁéﬁfﬁ#r’ eﬁ?—ﬂ‘“? @:@) nont'oxi ¢~ pharmaceuti cal
carrier, r@y be Wheecbnbodnmmapmnms diagmbstriconkgitt= comprisiag in a

;JStsaelilgregl r %ﬁls‘%er% s in %f?i er %S Sus a| n @%{?%‘; ﬂ%ﬁ% Wb o

Vacci nes of immunopssay AFersding ke dhe) Rrsgentetinyention. Theer
bact eri oci daiiﬁndwicemwtﬁy bdrElinted in a ASMndiiaip éch&%

I nvention be obtalne conventional nethods kn o t

SKi T ed i n BRFEAS &, AaRbAaritn, ©f Gne |9 mare &qmmm

Anti bodi es0 Ahecessﬂxy atewgertmnualsydh aiaitowonipr isese arCanteanic rh_;dtmiicx _
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PCT/ USQS/lZ&fG%eg%!JLé%%rzatiox}‘g/e 1e‘?sré:’ NYPr 2 Innc’xme‘zn]'eorneﬁ:l of, BRIYS rtaa wi de
range of andrikaswniaf She ipresent bnvention He rmbmmn belithy saveral
rats, gui ne%ﬁ&nﬁﬁﬁfrﬁ@%ﬂﬁ%@ﬁﬁ ' Scdmi@ﬁl"“ﬁﬁ. Eomp dMEH@s qAll

or immunogenic fragment or deri vat ive of ant i.geni cal | y en anced
enteric bact® Eeadily,ARRaxen to ?’?ﬂ%ﬁw]ﬁ? e LJ& 4 Ax&ence of
an adj uvars disclused irganimérmis publicativms, t:l?ﬁ:lﬁ&liﬂ”q)mmqﬁ_a

effeCt'Veneﬁﬁnﬂﬁgu;uaLJle@; (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", shéep blood agar “SBA",
Brucella broth, Meuller-Hinton broth, proteose peptone beef
extract broth, etc., with various conditions and components
30 including but not limited to 0.05% to 3% bile or 0.025% to
0.6% of one or more bile acids or salts thereof or biological
precursors thereof such as cholesterol, at a temperature
'between 30°C and 42°C, until a growth phase at about early log
phase, between early log and stationary-phases, or at about
3S stationary phase, in air or underwmicroaerophiilic 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




boosted at regular intervals. The animal serumis assayed for t he
presence of desired anti body by any convenient nethod. 10 The serum or

bl ood of said animal can be used as the source of pol ycl onal -anti bodi es.
For nmonocMsme#1128% i bodi es, animals are treated as = descr (RSIEUSIPAIIES  \\hen
an acceptabl e antibody titre is detected, the animal is euthanized and

the spleen is 15 aseptically renmoved for fu3|on The spleen cells are nixed
with a spe@S¥ & | §ndepptional lynie fhenpresence| of |3 ivalent catiomi xture

I's then exppeadtior,23uditls Bmﬁlﬁ@klnzmltaalfathyhanﬁoaluﬁolpeéfEBSbhyke
whi ch pronot, es the 'fusion of Under -h?se I,rcunst ances fusi on

t akes pl ac@i P&ﬁ@@ﬁ?ﬁ?ﬁ@cﬁFGHY&ﬁHQQ¥ﬂ§vw»h iliney PuPen! oBéTher with
unf used cetbtrabce&db hpﬂd/aeetb&ymexhyulegtpt¢duonecﬁmar Prpbespa cel

lines thg tEanngseg or f%%l&% igi?§p%&25|cally chosen such that, by the

use of seél ection ne 4, "such™a oxant hi ne, am nopterin, and
t hyni di ne, (eﬁQYAnnyhééKpyyeshyaepenstgulph-&atraagetisnaphé.f§é9@ﬂ m xture

are those thahidal cohxbstdsLBaageeﬂo§elbStee&bﬁeaufaenré@g/Aﬁﬂvnrzed donor
and the cells are,diluted and cul tured

in the selZ%ELYéeﬂﬁgﬁé(°¥M§t5¥ﬂﬁﬂﬁglﬁia;8)'EetrQEFGEﬁﬁd for the presence of
anT{bOdy hamiugadetoxgﬁeﬂﬁyapeetErelMylbau@aﬂsptbbeehoxagenet|gkp, these
culture 0 a

it oRo RERRLELAGSohBtnaRt oBORY, Bbnfighage agg paREInE el Fhballing, |,
ori gin. Thantihgenschddyoenhancgdeenherici hacherba.have use as passive

vacci nes agai NShegBk8ihg 35 Qﬁﬁiﬁékaehﬂaﬁiﬁéﬁﬁs Rd HefRE38Sof the.

Met hods for the defection of bodi es or sald bacterla i n a_host
i ncl ude |nﬁﬁﬁ§8§§aygveeﬁéﬁnlﬁiﬁﬁoA§§&9§ea€§0Wh69nenter1c bacteria as "
- 18 - de¥éxbedlimfediately above except in the presence of a

ot o nheraLe8agut, chhsbRcBbhaBRY | BRcH R nobbr thfe "Chulteh €8 Lo o
fIuorescentOOnnunoareﬁgrrahmn 25upMesofnBAPTA/AM, 0.5 to 10 mM of EGTA,
or 1.0 to 100 uM- of EGTA/AM; but without any bile, bile acids
or bile salts. . . y
Bile or bile acids or salts thereof useful for the
20 present 1nventzon,;nclude any natural bile compound secreted
by the liver and.nofmally_concehtrated in the gall bladder as
well as synthetic bile acids: known by those skilled in the
art, such as but not limited to "OXGALL" (Difco Laboratories,
Detroit, Michigan), bovine bile (Sigma Chemicals, St. Louis,
25 Missouri) or other commercially available preparations,
cholic, deoxycholic, taurocholic and glycocholic acids.
Preferred is deoxycholate (DOC), a commercially available bile
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 bacter1a1
cultures selected from the group of Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp.,
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella

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

- 20 -



pol ari zati on | mmunoassays (FPIA). 5 Anot her enbodi ment i ncl udes

di agnostic kits rising,. . all of the essential reagents
perform a dgggﬂégﬁgp |mmnoassay according to the: present m?gﬁﬂ gﬁﬁ%e

dlagnostlc kit may be presented in a connerC|aIIy ‘packaged formas a

combinat{ on eheOBPe OhnAChR1AERIALACHE DObSE ok NfutdroGEa? o Yof cAEELce,

Such a kit conprises_an enteric eria resent i nvent
and/ or a nonBEPEKE| o5, CRBPYiPbAGEer J%ﬂ#@boﬁ?“oPetHEGB?ESQnPY|%V@“%P%hthﬁ

conbi nat It on Brganismeonl tryp eﬁeateets@ylaé ésrtcgﬂe@mmgss% &eﬂrﬂgina)ﬂead ;Ir te
a
T8 b sel oseqEhReR SEVERE m%%nﬁ??%ﬁ Foat U F e Prsocols R 65858 ar ory
Manual (E.SmeiompaérophnkicCbbddfbxcng !umbprfor 1abbratstqcisees 1989)
i onal
ool o AR LT Bt i ot
as, but not eod|$hi§ebl¢oﬁwmerﬂm betnrepamjlmgagmemeanm

such as peroxndaﬁﬁﬁ%alﬁetfﬂf@@iénml PeBH P anyﬁ@é%érigfean &9 the
animal fromwhich éor ant j bo was derived) and the, |i ke,

ot her standalr"?irYﬁiﬁt TeeZiNg Y, RRY JfNPYR PeERed: f%eﬂ?wq’?\c‘l’%de
grow ng ehOeswabBSn@athercwltura mﬂtﬁ&mWn¢Sﬂemnnlcmtimmmvm

oot -+ STYPEod; 0 R fed HRE EUFLIT AT < MR RiRLa o oy " o1

Meul | er - Hi ntRROdREEHon pfermieabm%rmamdee prepaxredichy bany hgemexallwi t h
vari ous condgﬁ¢msm§ﬂ%§gnwt§s m)r f %g‘l._ﬁ)gt f%éniérﬁn 6ﬁd8ﬁf’ Pifp%to

3% bile or O 50to - 0. ngof one or or salts thereof or
bi ol ogi cal ? RIREAL I Spdey HIC £F Atresphenic eenditionsrand then
bet ween 30% etréx(‘smrhi’@ aindle ¢ohonyh b ascoth ﬂi@%nﬁﬁﬁi’ﬂné Occordiwg e,

bet ween earlé/ Iﬁ&ﬁg&lssé@t#%\aé %“ﬁ%d’? ec.)ét{itna out &5 atlonary phase,

in air or un n Ccr oaer op ReTe ﬁ%@bCI{erH
with 80% to Beokeria casthe Joas'Gtead |for tuse bBOany auets%ngemrmyo 10%

q (1ar rl wth LA O e Oeided ek i118d Nid ®hd %art, such as by centrzfugatlon.
In preferred embodiments, antigenlcally enhanced cells of
20 campylobacter sp., preferably of the species Je]unz 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 statlonary 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 préferably_of the flexneri strain 2457T,
are grown in a basal essential culture medium, preferably BHI
broth,'additionally'bompriSing about 0.1% DOC or about 0.8%
bile at 37°C in air and harvested after the growth of the
culture has reached about early log phase, typlcally about 30
3% min after inoculation with a culture that is at early to mid
log phase.
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Mol ecul ar Psahes, NBJeecor AR <4} rm-éOgrmulin Ny basdl redsent fl crmwhureons

Aoy oio" Ay DY flrap1 7 kD RLGON | Ve GNIGRO AP e BT e
al so i nclide- PoFnakeHErd c2hleile i or about dbF% [glycorhalate| (GCbatk

except in tm@rﬂﬁeé\%ia@iu?eiéfdéﬂéﬁ@r% oY | S0k Cé‘c?*@ Eﬁ abbak 88% Pt 999t
limted to referrabl 25 of BAPTA/ AM 0.

to rr]M
10 M of Eéﬁe}' or cﬁb‘l"“b {‘6* 16 ["E-FP] SPtE APAMl"Bhta%“{tn(ﬁﬁ dhyapd| e
bi | fe ?c } ds harwésted eafites sthe gtrowth E&bf.lr G%HE dumu?s Ird:l% thelavb"ﬂéds emagceof
useful for n ention.nclude any natural: bile gonpoun
secreted f%@ %ﬂeﬂ‘ﬁ@é étﬁ]tg{/ I‘?Vﬁﬁ)‘nc r%tnlﬂfq PH qc bl adder as
wel | as wmmaimem,e the dseumvaremammmmﬂm ithe hmlturce thassuch as

but not |i pdfthdd a L (‘RSJ Laboratori es, Detroit, M chigan),
bovine bile (S %n cal’s Louis, 25 Mssouri) -or ot her .conmerci al | y
§

avai | abl e prepa % bactceﬁa Suarss: asqard ing. tec ihie metheds wiodhel i c
aci ds. %ﬁﬁﬂtﬁdﬂ\&ﬁﬂbﬂﬂw@tﬁﬂw morpHIISYies?! landdi Icdalie bile (

acid present Iig A1 V0 1N e dist smal | intestine and | arge i ntestine

sites col off iies, And/fk, BEO &erFain NewmProteins.eq i s gl ycochol at e
(CO). 15 lipopniysaoqhanldesaand%nrﬂcanbohydnatesemmawcr saeteri al

cul tures sg 1&&{}@441%@ ﬂq]hh%fgd Ci@@i' to cefi% %BﬁlLt ’in

Hellcobacter Sp. rosplri Bact r0| es s| I/a’ sp. ,-

Ent er obact &asad. me%%ﬁéﬂf@% %im%mmslssond\ﬁtmne $hat smhgaces
sp., Cost rdecmummd andEHRY GHAIGES ST | a@nﬁgce?ﬁla% an B identi?ded.

prepared gy, 34e ¢ te%cek%u%u@%.&h%%%a%%%%&,%',' mrumctee;s@%“ia%k' ed in
20 antigens that are enhanced or 1nduced 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 1nvention as could be

25 seen through electron microscopy or fluorescence microscopy.
The morphology and mucus-like characteristics of the
enteric bacteria cultured according to methods of the present
invention suggest that capsule and/or surface layer expression
might be induced. To test for capsule production, phenol
30 extracts of ‘surface components, such as proteins,
carbohydrates and lipopolysaccharides, can be prepared. The -
enhanced carbohydrates can be seen by high pressure liquid
chromatography (HPLC)
Protein profiles of outer membranes prepared from enteric
35 bacteria grown under virulence enhancing growth condictions of
the present invention can be characterized by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
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art and mai ' at -80[err]C for future use. For instan 93;19%5 of
Campyl obacterﬁjlgi?%m can -be:prepared by growi ng the organl sm on

trypti case soy agar cont ai Ai'rg:.5% def ri bi nat ed sheep erythrocytes (SBA),

at 37[err C|n 50/ 85% N[ err] 5 (mcroaerophilic
condi 'E i on] 7 % EB ﬁg‘c%t SEI?E‘ gFgan ’EﬁegFEHPalﬁoFPnVSﬁ #Bnal| media.
t yphi muri um SBBi-PkGEaESecop@hoted tandv&bugee! eh&hgeselndueédbfnpbeeﬁéﬁﬁaby

growi ng the 859?{3 Q?‘ranhneQEgAEtgg i'o{:QiHé' %ﬂ dpégégnl ns i etbggﬁt eria can

be har veste eezi ng nomn
swabbi ng t heeBhARGiRT Y & §ﬁ§b@§d¢ﬂ§dih19mﬁ coBeesai Aat3008fergl ycerol .

Cul tures forqaapiyatiee smeqwﬁﬂiﬁa@ivé0£nforﬁaeﬂaﬁtesﬂcéfﬁfﬁ&taﬁfﬁaéecan
be prepared g: such,as b row n

or gani sm on ng\%§ ﬂaegse‘g‘ilg%gg'ﬁ?'{&étl%?f%??T% iRyasiyen sa‘??‘m% ﬂ%??@ _

conditi ons camtidpemidity:ansferring a single colony to broth and culturing
di t e

ggg? rer: ggcan bg har ve@@?%%ﬁﬁgeﬁ %ﬁ%%wf é]%ojgll;I 'g a+fb 91@3 ?\%\%\r?%efﬂose

skilled in t¥tigens cam he iﬂerc'@imedmtwmern Blottixmgpreferred

embodi ment e, IRMinGFEnicity Sfhendeced o) Sa Pieré GAPYer é@:. s

f bl col | and nost pr y of _the
Perunt ott o AeELERed Y S5t lheR’ car oo, avaTuated b %m%ﬁl@rw
preferably Bm'ceptndl techmt;hes wﬁqusmmrnmt%@cagz ch}eéa@m %e?ﬁ@ug t
0. 8% bi | t t.0 0 ri_w abou
80 t(:) 1300eA) §5An r %%arveé}?&dﬁgﬁ ﬁf% g%ﬁé‘n %‘fd?h%sc Cc{ﬁe:{% 41%1 % eached
about |ate I’é@n%s'éahlbl%m}utf@tmt FRry (snurce tohiantiyody ﬁulmmtaﬁknaﬂ.s

ft I I r ra:p‘ﬂb
gnh::]clagw i(?faflélﬁst?o% or.;]alllé ‘glﬁsﬁ hﬂ%ér)eﬁra%{gh%f peci eﬁ@%‘? exnéfl or 30
dysent ari ae 3ffP 3? 3@?%%;)(}? f ithe f!?re%ﬁ'%ﬁ' %ﬂY%fPW%?Fntes%\*l&abrom

in a baSﬁl aREAIE lﬁom:dé W Ygxli aﬂhil:lit(i% ?tll 2 %’&nal ﬁ?ié’?x;\@gﬁf ;ér)lgm ly

ﬁgmglstsladga%g jer gr(%]%?‘ﬂ{)hgé"r ﬁmgqncee e rté%Fthe’(FaﬁERﬁ SR ‘§/t’r‘®

phase, typi ity Gbdlejwy Flagel kin erfomassdating badterialldntigénss s

at earlygg md rhd Ghddés¥ed production of several of these bacterial
an.igens is accompanied with enhancement of properties
associated with virulence. These properties include adhesion
to and invasion of cultured human intestinal epithelial cells,
and Congo red dye binding. The Congo red dye binding assay is

25 a generally accepted method predictive of virulence and is

described below and in Andrews et al., (Infect. Immun.,
60:3287-3295, 1992); and Yoder (Avian Qis,', 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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PCT/ US95/ 12986 In further preferred enbodi nents, antigenically
enhanced cells of Helicobacter pylori, preferably of the strain ATCC
49503, NBw@o@r1263-4, are grown in a basal essential culturRCT/USSSH2986m _
preferably BH broth, additionally conprising about 5 0.05%to about O. 2%
bile or about O. 05@6g|ycocho|ate (G0 at 37[err]Cin a mxture of about

about 5 o1 SAPPYACPRcEss Prbabikd' 8cdBrbung . plindaR e Bk BEERRAL! | 1.
cul ture hasinvepkdonapret immunggcresshrveactivei agaipsphasbroadarsrange of

preferred 1ﬂiSEbQQkEEQbestEﬁaﬁeihétaBStHQEEHSﬁﬁﬂnéfEShv&HEiSH&i!&eggéﬁn
reached about bact e cul tured géﬂﬁgg?to t he

e thede of ChapyloBagter: | SiBILPEAYnLoBtiRsEiEal Y, BRBAOGRA. cel |
motilities ppddocedr adcoedingt sonthevwmpthbdsnes tﬁélppesehysanvéntidnsare

opar ed 1 o LMR8LERoRE caACRIGH na ReRGHBLEPULE pPbeRLEELE AV ALY
condi ti ons breaderhuapge ofc8higelldadspediesicthani thatoebpainedensingy can

be identifi esnvent%hhuynerbbsssnzaéwé al 'PREQét iﬂﬂéno“bf&éé“féaééi@é' at ed
20 antigens tg are enhanced guce can dentifi

ed
Motility anB®gr SS8URBT ﬁﬁSPﬁgPEQFeEF gegreaﬂrB§e§e%ﬁeb}nd1°ﬂ$e?o§zoﬁhe
exam nat gonreéuttshef agglatindtionsassapd andbeateine. sthdies @escribed
t hat ot her @ ological changes- m ght result from nethods of the
present inventlroh as could be 25 seen through . el ectron nicroscopy or
fl uorescence ni cHetho@s. of the presentpipventignafior npreductien of

charact eri sjheggehitlf1y eﬁﬂ&ﬁéé& ﬁﬁf&?iéab &éfi?%@ff@%ﬁ%g%&%ﬂﬁéﬁ@é& oi{

the present fnvention sugg capsu e and/ or_sur ayer
expr essi on Vir“4§“?ebénlﬁﬁﬁ dan W%lt@%@e$%r c%ﬁ%%?%lp@%ﬂ%%?%%nanﬁM%%%l 30

extracts;sfcsurﬁeceseanaenmaaélssuﬁhc p 1 6b&EDEr diséfsdoiy (hmb&ns ANdThe
||p0p0|ysaCCh§£|d€udig nfpgmp£§ gandpo;nt of immunization efficacy is
the reversible intestinal tie, adult rabbit diarrhea (RITARD
Model) of Caldwell, et al., (Infect. Immun., 42:1176-1182,
1983). This model has also demonstrated the association of
20 Lior serotypes with cross-strain protection. However, this
model measures resistance to colonization rather than
resistance to disease. The ferret model of Bell et al.
(Infect. Immun., $8:1848-1852, 1990) may be a more useful
- model because this animal does develop disease symptoms like
25 those of Campylobacter disease in humans. A more recent model
is the mouse colonization model of Bagar (Infection and
Immunity, 63:3731-3735, 1995). This model involves
immunization followed by nasal or oral challenges with live
Campylobacter to the immunized mouse and then examination of
30 intestinal colonization by monitoring for the presence of
campylobacter in fecal matter. With Shigella, the mouse nasal
challenge assay as described by Mallett et al. (see infra
Section 13) is used to assess virulence and vaccine efficacy.
With Helicobacter pylori, the Helicobacter felis gastric
3S colonization model described by Chen et al. (Lancet, 339:1120-
1121, 1992) is used to evaluate the vaccine potential of H.
pylori produced by the methods of the present invention.
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chr omat ogr gph LC) . : Protein profiles of outer SnRRepar ed
frornenterﬁ}c%)é@l(1 cteria gromm under virul ence enhancing gromﬂ con%*ctlons

of t he present inventionican be characterized by~sodi um dodecyl
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PCT/ US95/ 1238sterial; dnyasien anddad ectdaro it they GRowke HsedhFenteskal
medi a. SESrPAGEdmeC@ﬂJM tcxf &:shd wahanctedn ¢t eridu badtier iha preduzied

cellular an e | hanci ng or
altering co%‘ q¥§9F$ﬁ£ a o er %&% gﬁgfgg'vggghgtlggntltatlve
i nformati & conc@hm M@ﬁmQQHQEQIIY'@m@ﬁ@@gdasﬁG@Iapebaﬂﬁﬁwlﬁn@F@d@@@d by

| nvasi venesghy naithdiged of e pieenit! ¥nvention a]i-'&euemueegg%&&et enti al
of induced or altered %teln ant| ens can be idéntified stern

Blotting. 1® GF Subundk yaccdnes. lbesen
identified bneﬂi&d%%&am&ﬂrﬁwewde&dohmhﬁleewbby showme:eptiaduce

aﬁfrgeg;eia%nE§E%%§%% Blgﬁgégg%as 3 é?@@g%% S L%ﬁﬂﬁ? ®ra %%%%iserret sera
(source @0 potientdali.r oBlevatdlon y&lumaunnm@nonm t%esﬁthnmﬁgsnarganﬂens
grown convepicalilad ¥e1l g@%@?ﬁc@gna eth.bﬁg-.h;&%d a?c)fec Fn%%gf’ e?F3RadiBusnt | on)

i nt esti nal mycus (sourc nti antisera, or
monocl onal aneeéaeﬁ- for instance one that is cross-reactive Wi th C

jejuni flagelli nVaWiwwmawwgp&&a&aUrﬁe@&od%&ed by the methodscdf
producti on %§F§everal of, theie bact eri al ens _i.s accogBanled W th

enhancenent snY dovention, can be \Hls[eﬁ \‘7’| JREAOUP BUCOSAL o1t o5
i ncl ude a5hemmnnzzatu@namtramagmes1uﬁ ingutcer ath Hmbeistiinads timmanecpi t hel i a

” biag 2325
gegeﬁera||y aC?Q tedrﬁgu%ggsﬁggg_g§?$%H% V|rupéﬁgﬁgéﬁ3 can' i §§§§yu &

bel ow and |ﬁQADE9§ﬁ§teﬁnéﬂals(Fﬁﬁéé@nQQﬂﬂmith th36@6329g33§991th992) and
Yoder (Avi agithout dahatée20anti%@Picities. 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 descrlbed below enable the
detection of changes in surface antigens and other
characteristics which are associated with enhanced

2$ invasiveness. These changes are both gualitative 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
antigenic properties, virulence of bacteria and vaccine
- efficacy as described below. '
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Bacterial binding of Congo red indicates ability to bind hem n, this
ability to bind hemn is correlated with 30 virul ence. Congo red binding
al so correlates with enhanced bacteri.al invasion of epithelial cells.
Previ ousl yWO96/h287 been shown that nost conventionally  gr oRI/US9S12986ni

Li or serotypes are not imuno-cross reactive. Based on this information,
it would be necessary to prepare 35 and adni nister a nunber of vaccines of
several Lior serwopepkimitingiexamples cofrbtheatpresearst cimeentil arbtaaten

general i zedy, e ty ai nst Canpyl obact er. Anti geni cal |y enhanced
0908 7 | P aes i Iy hdlod?

PCT/ US95/ 12986 Canpy! obacter produced accordl ng to met hods of the
present 6N i@’,i&z' o SEROIS = . -

Li or serojypes than t %ﬁnconv nt O%ﬁb‘)é?gdf?)% ~,
rﬂrﬁaﬁyb{i rftfuce

Canpyl obatt er . APRIE (L. orfr
accordi ng tstreﬁceﬂetdsmdslmdd tagam Ekatds | (cantdioning erypticass -soy sgar,

ti | b f |1
Spect s t hiyf ¥ MELOSBIAS shiddp M diiochves)” R Ingiiied in?hmegg :
i muno- cr ogBiereaerqphilic Gy rﬂ%r@-opm%%%p&ml EPR20 h
|ndi cat o0 by ¢ aurts Wt et BN Wi oS Bip LB i St udi oS

gfescrlbed ., bel O\%F%rﬁm&j{\{%#%?‘fs %Mgﬂp ?3#9'1' éw g Eroductlon :

vi rul ence mqmiﬁhrmdraio rmleleo,,seotralirdowmehl 0.88%8i OXGALLS (Daficbg used

25 andnoi o SRR AAC © AR Nk RNkl or IRE YA BRI, "
adul t rabbiat cﬁ7a°rﬁ Hewn a( e Iovsrest flaﬁideﬂg 19t ©9,dvwe0t adr and, thenfect, ‘

Il mun. , 42:plbifsdléd as desdtibed Hpov@del has al so denmonstrated the
associ atlon of 20 Li or serotypes wth cross-strain protection. However,

this  ¥bdel nfARRLE %osi d qhactar, dieganio B traine 81 i4p was

streaked on blood agar plates (containing trypticase soy ager,
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

20 inoculated into flasks containing 1 liter of BHI medium pre-
equilibrated to 10% CO; with 0.01% to 0.1% sodium deoxycholate
(DOC).. (It is critical to prepare and autoclave the DOC as a
stock solution separate from the BHI medium, and to ' '
aseptically add it to the BHI medium to a final concentration

25 of 0.01% to 0.1% immediately before inoculation of the
bacteria) Cultures were incubated for various times up to 20
h with shaking at 37°C in 5% 0,, 10% co,, 85% N,, then
harvested as described above.

: Example 3. Campylobacter jejuni strain 81-176 was

30 streaked on blood agar plates (containing trypticase soy agar,
plus 5% defibrinated sheep erythrocytes) and incubated in a
microaerophilic GasPak jar (BBL, Cockeysville, MD) for 20 h at

~ 37°C. Lawns of bacteria were removed by swabbing and

‘inoculated into flasks containing 1 liter of Brucella broth

38 pre-equilibrated to 10% CO, with 0.01% to 0.1% sodium
deoxychelate. Cultures were incubated for 20 h with shaking
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fesistance to di sease. The ferret nodel of Bell et al. (I'nfect. I mun.,

58:1848-183@ éﬂ@g%pnay;be_a.nnre usef ul nodel .because t hiSrasy does
devel op di 02 tons like 25 those of Canpylobacter di sease 1 n humans.
A nore recent nodel i s the nouse col oni zati on nodel of Bagar (I'nfection

and | muni.t 7 735 9 | I m zation
fol | owed by aﬁaégl ori%or%:% ha?‘?i 89% vsmg!t%hfq I”%’;g& tﬁ%ﬁ%é’ﬁ% o the
i muni zed mdusgnthG:hémwuxanlnatlon of 30 |ntest|nal colonlzatlon by

moni toring for tRGapAePRCe @am £ehagle 'im'.z skeadn BaLY9E. Wikt h
Shi gel la, the se nasal chal T'enge assay escrlg gpgﬁ Mal l ett et al.
(see infra s‘S@@?‘FS‘n"P\% logd  agar; p Jepnta Caffe SO¥t BFALY .

VVéhlFgl|GobaﬁheB%pHEEHMIxmhmeﬂebme@ba rgthirekyt eg@shhﬂc;ﬁ&umgteulintagn

t
e vate- s nELGReRbRELot B (it Ebchermdithy MIkeRaioR
t he present 3i7€snt Lewns of bacteria were removed by swabping and

96/ 11257 ﬁoculated int flasﬁ contalnlnﬁ 1P§I&U§9Eklﬁﬁgﬁler-ﬂlnton
There are other animal mo evant teric bacterial |invasjon and

i nfecti on ak¥othe ?reaﬁqyélé§satﬁé tOs10% CPpr Wileh | hel:} 1FR R41H59
enhanced 1endeoxychelate.2 Pultuiesd werac fiﬂbdba&eHOfbheznéhh @dthokhakdng

present inv t Th ge ally e n enteric.bacteria

pr oduced byg 5? 5 ﬁ@tﬁébgbbff?ﬁ'é%Vegé% ﬁV@ﬂtqﬁ TFYeRYEA 3° prepare
pr ot ot ype kidesetribed abowel. or subunit vaccines. These  vacci nes when
adm nistered to an m@@g Is hes -@ngaghus
establish the va00|§?L %rotg% W%@E%efgﬂgﬁﬁpl E?%%ag'g% 37% %ctlon of
t hese anti gé%¥epked on pleod marc@lllatpnswmsammg ttmtﬁcﬁlaéerrspéf agar,

efflCaClQBSplusVﬁ%CHEQihrznated sﬁ%@%‘EQyQﬁ%@b?%EQ)p&ﬁaa&ﬁbhﬁﬁ%earQﬁU%ﬁd by
t he net hods g “inyention vari ous nuco

en al .15
i mmuni zat i off §FP§F§5P@§ISE éﬁrlﬁP?§P|FQFkP¥ﬁﬂﬁé&e' MDJ,§RTe20 h at
Successful BEeCRi zLawns ptohac&btlaametbewehevuaeﬁy swabbiihgt and ani nal s

chal | enged thguﬁg%e@akggg?@iéghghc%%taining 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.

3s Example 8. Salmonella typhimurium is streaked on Luria
broth agar plates and incubated for 20 h at 37°C in air. '
Lawns of bacteria are inoculated into flasks containing 1
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Infectlonsobl%anbcoaaar1heneatea inbactebsal tbpaflasksatosypeswath/ slow

speci es are_t her ef f acl n o] ed to
convent| FP&E gro 5ﬁc}§rﬁ gb Bl SE gé e?ﬁ?éu ; é ﬁgﬁﬁégﬁ gnﬁédgls
general |y ldtau o6 theseasg €reBheprewarmedanediunsandniingubatedfal t o
~eval uate eeh?gﬁsé 30 ﬁ@ﬁ gsaa%gagpﬁét h&fveXted! §8C8eLErPBEACADEVANT

vacci ne - I cacy as déscr

25 - - VExampieo8y . shzgella flexnerz 2457T was streaked on COngo
PCT/US95/1£&86a ar plateshhﬁdlﬁﬂbhbaeeexgaﬁlze Rfaths7pcesanairnveoheon are

sacren A0 584 Soleny wRs FRONRRen) TRECFLPeRa, FOREFAMPELL 1DSERECE

st reaked oBRHB| mediagandplintubatednwikthi shakingt fornsk2sby afarml ofpthis5y

defi bri nat
CasPak | ar CPRERFELuERYEHERHEER) 1" inbBEYARE "Hsb nT of PHEVEPREATAHL! ©
bacteri a mEPEtFéﬂ%OEdOb}*sﬁagbpﬁgdﬁﬁHYEb°lﬂBeuIa?BG ?“%B“??aSRS contalnlng‘—

1 liter of jRthbaedaUWiBheshaking for 4 h at 37°C in air. This culture
15 was then diluted, to an ODg of about 0.17 with prewarmed BHI
containing 0.1% boc_and incubated for 30 min with shaking at

37°C in air, and then harvested as described above.

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

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

25 of BHI. The bacterial suspension was inoculated into 1 liter
of BHI broth alone or BHI broth containing 0.1% DOC, pre-
equilibrated to 10% CO,, 90% air, in a 2 liter flask. The
inoculum was added to preequilibrated medium 'u_ntil_ 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.

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

3§ 37°C with shaking. After this incubation, 2.5 ml of the
culture was transferred to a flask containing BHI broth with
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e'quilibrated to 10% Cderr], 90%air, with 0.8% OXGALL (D fco, Detroit,
M). Cultures mere |ncubated for 20 h wi t h shaki ng. at 37[

cl osed flasKog¢ %Acherr] 90% ai r and then harvested ag&dle)ggcdrfli&

above. 15 . Exanple 2. - Canpylobacter jejuni strain 81-176 was

streaked on Rhogdvanar cghgt Ear@oasfataeng shbvRbhgaRCadareaGRRLLY Pl US 5%

defi bri nated sheep er t roc and ate roaer
GasPak jar (BBEtaéBéRHyQVPﬁ eSofinn; glyggchojate. 37QFSEaﬁH§tB¥e§aEFEF|a

wer e ren’OVGdabﬁiﬁ\/\lﬁmbsﬁﬁdaﬂdtﬁothéOﬁ!ﬂhﬁbeérb hmibagks foRtarai ms%l } J %

-of BHI nedlugbpr - eqU|I|brat tg %gw ¥¢§h 0,01%.t 8 sodi um
deoxychol at e gpd fECB F? % % 4 aftR8cFs éstﬁﬁrﬁcc as
a stocksshHUVBshedepardescfnbedtbhoBHL nedlun1 and to aseptlcally add

it to the BH nedgygy Qealﬁ'”aka?ﬂgﬁgfiéa%gg?;ﬁérianM?ﬁgiﬁ with %0

i medi ately before Inocul a wer e |ncubated
for various ULWESTAR)tWagostreaked: ansaakBnagar Bratenand, epirured for 18-

CJerr], 85%blRrat, sybkenin abifVeéﬁédc6§oﬂgsﬁ£ébﬁﬂcﬁQ&VSnd transfeﬁ%é&p|e
0 streaked o Iates

3. Ca | obac 81-176

(conta?ﬁYng ?P? chéEQEOQ §§n°r LBIﬁgxgg&BéngPr%ﬁtgﬂcshﬁeg?§§§ghFB Yt es)
and i ncubd®earenfiushedcwitirr ppdi COL Gasiews, | 85% (BEL sedl@de \and linsubdtled or
20 h at 37 L | in :
Toculat ed 1 E65, HBETIRIG ARER GG [ PR BaePur FEOPREGLANN aitutea
pre-equi | i br ifetheosane, wefiba r $o PPy @fOD%lﬂo amd] Gncudiaked lmsbtychol ate.

Cu;gures “Brfdéﬂéﬁééiegoﬁ@itggnQ Uht 1 SERK! O91ture reaches early log
PCT/ US95/ 1208Base, tyPieally|30imimoatfer the jdijetjienr] Celdsn\yere] and
t hen harvk&tndrﬂéstedesgrdb@drﬂb@deabove Exanpl e 4. Canpylobacter '

L rypti case soy agRfambEs 13" SETusrella tERbLRTENE, St reststRed Sha

i ncubated iag3ar plateranér@mhtmredGﬁ@PakBTam ¥ BB, 3Ty Ckiysairl e, oné» for

20 h at -colony is picked and transferred into 1 liter of LB or LB
containing 0.1% DOC and incubated for 12 h at 37°C in air.

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

25 dilution. Cells are harvested as described above.

Example 14. Klebsiella pneumoniae is streaked on a BHI
-agar plate and incubated 18-20 h at 37°C in air. One colony
is picked and inoculated into 1 liter of BHI or BHI containing

- 0.1%.DOC and shaken for 12 h at 37°C in air. The bacteria are

30 then diluted in the same media to ODy, 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 0.1t DOC and shaken for 12 h at 37°C. The bacteria are then



37[err]C. Lawns of bacteria were renoved by swabbi ng and I noculated into -
flasks containing 1 liter of Muieller-H nton broth pre-equilibrated to
10% CJ err], with 0.01%to 0.1% sodi um 10 deoxychol ate. Cultures were

I ncubat edw$ 9411287 h Wi t h shaki ng at 37[err] Cin 5% (J er rkCT/USIS1086er r | ,
85% N[ err] and then harvested as descri bed above. Exanpl e 5.
Canmpyl obacter jejuni strain 81-176 was - streaked on bl ood agar pl ates
(cont ai ni ngitluyedi daseheoganganedia pbueDQYootefo.lu7 e Groieefor 30 min

eryt hrocyt nd Lpeubat.ed, i L crqaerophi Lic, _GasPak jar (BBL
Cbgkeysvylﬁé%tﬁﬁg ?gg ggeﬁ g%gvgs§7fg%§}gfsfﬁgﬁgdo?bﬁgﬁteria were renoved
by swabbi ng andExampheclbat e8schevithiskeolbnstraing0157idervas Stieakedum
re- eqih | i e 109 , =yt Y di eRXych t 200 _
Qul 1 ur es. von ERESbr 1004, AHaE bEEER, pit) Indabat SR WETY 60 4 012" £y o
COerr],598% Rt r @R8 FﬂéﬁnHaVﬁﬁsiéﬁcﬂéaﬁééCiﬁ%@dlag§9%? BHI or BHIanpl e 6.
Vibrio chObeﬁasiigSngtpgateﬂ?oo.wl Degaflask F&ﬂae:s?im-tﬁ%ﬁ! 12 th) F?’ﬂti?%ﬁl
soy agar, S a egp, e ocyte: nd_i,ncubated in air
for 20 n aPETPAFEPELLJbPE FRen, aRERA LY Py bR 04T pnd 888 RS Targ
i nocul at ed39rmin fuftheksandntheni harvestedrasfda@stribed laboweh 0. 1% sodi um
deoxychol at e. e i 4 L hs shaki , L n
‘air, then harv%%ée gés %écr?ﬁgﬁﬁ%\i&e&é Ege&ﬂ%%%p%%%l%nﬁ%
chol er at? (R19Qd sagaxRiate apfd Docubated|ak 37 Wdin mimafer 1820 hfor 20 h
at 37[err]éne ¢oVGNy Ofs inbelLtéd [ito I EMDMEEr BHEVEWBID @ditead 1yoinyg at ed

. LS . _ : 1P 76 A .
o oG s 580 AL Tk kRS E 1 I 10, Ot ey ara
in air, prthgmwdi@utew ts dnﬁppﬁbedlabamd.935wn forEzanmﬁn_ﬁurtBeknandlIa.‘
o T g kegked ofs drunelighdvater £l ates and | necbaed, Tor 20
contai'mthg 1 Example 18. Clostridium difficil@7(modified cNOMEGIA IRSIt
PCT/ US95/ idé¥fum with 30% glycerol) is streaked on a plate of Beef liver
medium for anaerobes cohtaining 1.5% agar and cultured at 37°C
under microaerophillic conditions (5% CO, and 95% N,;). ©One
colony is transferred to 1 liter of modified chopped meat _
20 medium or same medium containing 0.1% DOC. 'The bacteria are
cultured under microaerophillic conditions at 37°C for 12 h,
and harvested as described above. '
Example 19. Bacteroides fragilis (modified chopped meat
medium with 30% glycerol) is streaked on a modified chopped
25 meat medium agar plate and cultured at 37°C under _
microaerophillic conditions (5% coO, and 95%‘Ng. One colony is
transferred to 1 liter of modified chopped meat medium or same
medium containing 0.1% DOC. The bacteria are cultured under
micrdéerophillic conditions at 37°C for 12 h, and harvested as
30 described above. ' ' .
Example 20. VYersinia pseudotuberculosis (Luria broth
containing 30% glycerol) is streaked on a Luria broth agar
plate and incubated at 30°C. One colony is transferred to 1
liter of LB and incubated for 12 h at 30°C. This culture is
35 diluted (1/5) in LB or LB containing 0.1% DOC and incubated 4
h at 37°C. Subsequently, the cultures are diluted in the same




liter of BH nmediumw th 0.1% sodi um deoxycholate. Cultures are

i ncubat ed f wi th shaking at 37[err]Cin 10% CJerr], %595,123“

One col ony s%f‘?ﬁsferred into 1 liter of LB containing 6’%

|ncubated in aclosed top. fl ask at 37[err]va|th sllow 5 shaki ng After 12
h, 60 ml of the cul tuFe is-diluted int

prewar ned neR®EH R PProuPft 8914 ands &PFHQF"'?B Fh ﬁurgnart Hénmﬂg ﬁﬁév&gﬁﬁd

as descri bechsbbvested as desdxitved eallove Shigella flexneri 2457T was

streaked on Con ar e r in
air. One 10 rego%x %éfg\l\gg i n}gécf#gfb%r%ﬁ ggﬁo}t 3"40% %é)encli]n@& éﬁ tEge:EA%?
BH medi a arﬂlﬂslc{lbah@‘GiNGtﬁ%aﬁ@mi orAfiterh isgeudatinn hl;l'se flasks werewas
then used §orjugitath & feie 6% rd,, 0h oR! eBgr ek B and_ saehaheeagfgrl%sadhum

deoxychol ate._ _The, cul ture wars | ncubat ed, Wi t h akin

37[err] C in 3 1€ with shakipg. 1 ALkar (Hils d’r‘T‘EHl&F P '@[ r‘]f o‘?ah%bout

0. tlz vmht E prevbturs Wit tramsférrted o éh ﬁl/bdlﬁhl mimtm fm%ﬂg w&bth

W shaki n n en harveste ed above.
Bcampi o 10, VERPVHIE LS Slapidx, NG S RN Ao SO GIRRATY PY S0PV S,
gl ycerol) Wn@{mﬁm t&hm@l Gtk tatakbun Q@%Mﬂ-m M@gar‘l‘l‘(@\ 0.1 m
per platelo culurddGrérd eﬁhaafn Pt Al Sited 'S o1 NHD Al £l dderb ﬁﬁCocke wth a

CampyPak Pl us m croaer o I ¢ _environnent gener-ator sville,

VD) for MAXE %Eesﬁ%rt?z]rcm*hG%a&%er Andningubatady 28-2Aoh aRe37°C.
pl ates by swididellsinferd hdinfdsted A9 fad@SivlElsdN 10 M 25 of BHI .
The bacterial 'suspension was inoculated into 1 liter of BHI broth al one
or BH broth containing O. 1%DOC pre- equi li brat ed to 10% CJ err], 90%
air, |na2I|terfIaSZ< ' : 5 'Albrated

pg?:ltrjnmegr% 0 thgell%;nyéc& err M%%%&anﬁl rre# q+e§'\'/d\,1n&/“J"‘?lcé)tl'r% Osh at

37[err] C ,Qaqtpﬁxg,ia W%luﬁilm%a‘kﬁ clsenis otk liky andigRaR i bed above.

Exanpl e 11. ters@ié&é ¥l Gfdk-d QEEdrdud! ca&&mé‘y Iﬁ‘ql
calf serum fter Ialonth asks were . flushe W|t err 0%
cOerr], 85%N i Jor BlYeraiyy drying) ¢ ]s)r%\

After this mmmﬁstaﬁuéd rﬁmi dlhﬁStal orilgraEte, Was1l rcewéxeiarﬁbﬂs) wertd agk
cont ai ni ngy qﬂotpr)f)%ﬂitﬁcation. - 28 -

Morphology of bacterla cultured accordlng to methods of
the present invention (herelnafter 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. C. jejuni surface components were analyzed
by phenol extraction. Extracts were made from C. jejuni 81-

35 176 grown conVentionally or cultured according to Example 2
above. C. jejuni cells were harvested from culture medium by
centrifugation as described above. The cell pellet was
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WD 96/ 11257 PCT/ US95/ 12986 4%
bovine calf serumor the same medium additionally contai ni ng 0. 05%
sodi um gl oﬁﬁ te. These cultures were agai n flushed Wcriudokierose
rricroaeroﬁfﬂ as mxture (5% err], 10% CJerr] 85%Nerr]), and

I ncubat ed 20-24 h at 37[err]C. The cells were 5 harvested as descri bed
above. : nple 12. -Sal nmonel | a t hlnurlunlgln LB with_30%

gl ycerol) ﬁ&§r§FF6§k§&roﬁ B ek Rgop ﬁPQ erafyreyrt Fea*fBPeESJ'. IEﬁaﬁtat
37[err]C I&eaus wG&e %e?aaxtuasfﬁbﬁkﬁdtaadtéaamaﬁertams byi nto 1 ggter of
LB or LB con 1% sksthat. . fLu ] 10%
Cderr], 5@? % gégﬁ)gﬁg #? L§§a|e %u%%fﬁég?ég é@ﬁg &th at
37[err]C wexhrsnahdngactaclg&csurfacﬁepemphaﬂnus|uasddialynedhagsanetnedua

to O erg] a@&t%ﬂaaﬂdteecabai—ﬂﬂguederTne féeahtseé GQQ%Eh‘EQifHQE&' the
culture reac es earl g G°g phaSe _typic 30 mn after the dilution.
ed¥as

Cel I s wer e198.R9Py¥s 34bsati 128 abSUG e%tract P &ﬁﬁl¥a§3 Sal monel | a

t yphi nuri upedissbleeiednonos NECL aﬁaaprﬁbﬂpstaﬁddcuituredofoalﬁﬁeQOob at
d-transferred & of LB

STUELTC L Batal ap R etnansRon tha pRedtaltatioh 408 Sapedred, tata' heT O

The cuItursamplehwasdEYQphdlizea) | Subseguently ethensampleanvas |ncubated

a furthgh 4;00Hi9eH"gA" vhesRl ey ﬁggfitffpsfuiféﬁﬁr SfklLpuigs are then

~diluted I'n I ncubat ed under
i denti cal condi FRERShYAFAFe: Aantent pf kher extract| was phasayed ith Fheso

m nut es af§6ﬂeih£1?5a5c5yteenphﬁhbhssﬁlﬁuhﬂéVS&i&dmaﬁhd&SQtiDEﬁlﬁ?OVe
Exanpl e 14 Kl ebsiella ?%Fa ae..i s streagsd on_a
h

Hl
neubat ed JAUSEER af a7pER SPrndheSaiionghtant by, thedekrEadt Wil (
i nocul at edmeasuréd| with the Briethod B Dische nusing the léafkAzabel shaken for

12 h at1§7£§§égﬂﬁ fgtalTaﬁ ?é§£e£b§535€ §€urt ék&itﬁx %&Qewégnﬁ medi a

to ODerr] o and arvested as
descri bed evaluwated with Ekanb%éciehlﬁm%@r%%bét%$5%Yob£§e(P§e§F¢eﬁk%E~on a

BHI agaeoplaﬁecﬁﬂgrapcgﬂp;ed at 37[err]Cin air for 18-20 h. One

| d | | 35 0, 1% DOC and
haken for 1o i vasBofabie hies irants artd|veR abecnt ‘eon cad’ "0 "

- 29 - extracts.  Many typical bacterial capsules are composed of
20 uronic acid polymers Surprlslngly, surface extracts of C.
Jjejuni 81-176 were in fact predominantly protein. However,
total carbohydrate ‘content of the "ENHANCED" cell extracts was
increased over cells grown conventlonally
The carbohydrate to protein ratio of the extracts is
25 shown in Table 1 below.
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diluted in the same nmedia to O err] of 0.17 and grown for

further anWOa%842¥ar vest ed as descri bed above. - - %pgrrms?.glzws '
Escherichia coli strain 0157.'H7 was streaked on sheep bI ood agar plate
and incubated at 37[err]Cin air for 18- 5 20 h. - One col ony was '

i noculated into 1 liter BH or BH cont ai ni ngpea 1% to 2% DOC fl ask and
shaken for 12 h RABKE ek« ] carbohydrakeiRrqtein ‘iiﬁerP%QQit’e(F‘ﬁf err]

f 0.17 and f 3@*& ¢&8 (HerC anifd ‘t?ﬁr‘ll
gbove. o gromEn;anglre 17. wgﬁé&ﬁ%g@mﬁg&fﬂ? @ep

bl ood agar plate and i ncuba err]Cin air for 18-20 h
colony is § ' ' ' n
and shaken for 12 h at The bacteria are then diluted to
ODferr] of 0.17 and grqfd% in further angys ’'then harvaesiodicas
descri bed above. 15 npr e aostrrarumdiftricrie

chopped neat medi um wi t p 30% gl yceroI ) is stgagked on a pl g.@20f Beef
liver medi um for anaerolgs containing 1.5% ggay2 and cultured g 37[err]C
under mcroaerophillic conddtions (5% CJerr] andP5% N2). On®.15 colony is
transferrsl to 1 liter of mbdified chopped neato. B nedi um or @9 nedi um
containing Q.1%DOC_The bacteria are _ cultured under mcroaerophillic
conditions at 37C for 12 h, and harvested as descri bed above.

Exanpl e 19. Bact e e Sydd %'diﬁeéﬁ”%]‘f&@fb b tidin md’i‘%fﬁﬂiﬁ e o %

glycerol) is streaked on a m)dlfle chopped 25 neat_ nedi um pl ate and

cul tured at Wyhe |Uikhks mediyn and Spanged loehs i cGC][err] and
95% N[ err]) eﬁramnimna/ ¢frbohydratd enfad tine bddderivd (rmxmfe ey .chopped

0
cul tured undirteth extIRek Al MR AR RPe, iz a4 ks thap, 8-
harvest ed afcd@ das hadhkar ishoned tured accdi;da)m @ kheraretihtids of the
gsfﬂgfgug%f‘#ﬁéﬁ (:.Wﬁr?tﬂ 31I ncu a at 3 éﬁl%gﬁﬁego d%’?(ed o
transf er r ed GQpvVEN 1ona11y. The aggregatxon of the bacterial ce 1s
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 renderihg the solution highly viscous and mucus-like,
which was similar in character to the aggregated bacteria.

- The functionality of the extract resembled mucin-like
25 glycoproteins. ' _

For analysis of individual monosaccharides, extracts were
hydrolyzed in 1 N trifluoroacetic acid in sealed vials. The
samples were dried under nitrogen 2 h, and resuspended in
distilled water. Sugars were separated by HPLC using a Dionex
Corp chromatographic matrix and a solvent system consisting of
3% of 0.5 N NaOH/97% H,0 as solvent. Amperometric detection
was utilized for measurement of separated monosaccharzdes. An
authentic monosaccharide standard composed of fucose,
galactosamine, glucosamine, galactose, glucose, and mannose
was also subjected to HPLC analysis for comparison.

Byele
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liter of LB and incubated for 12 h at 30[err]C. This culture is 35 diluted
(1/5) in LB or LB containing 0.1% DOC and i ncubated 4 h at 37[err]C
Subsequently, the cultures are diluted in the same

- 30 - wo YA 19§ 11257 . : PCT/US95/12986

PCT/ US95/ 12986 media to OD[err] of 0.17 and incubated a further 30 mn

dth h
Byl ori was added FESCCARSMVELR OF SPASAYSFBIYFAG BUFFACH: GRECAPECreveaTed <!
i nocul at i on thiee pireashsenefe sevethishodosatbha¥idker (Figuoe: LD er There5%
Nerr] and ouaghalelobe?Ro" ol 1 cal I8 L ELkELHCaNaN! ee ShiSEnfliate

‘1 ncubati on e WwWas ran erre cont al ni ng
BH broth wppnpositwpaovﬁnsheaﬁxtgépeﬁmSFOPhE°§3ﬁBtﬁBBF&ﬁ¥aaHPYPoﬂ5||y

gggtﬁ'P:n?h&g&&bfﬁal%&bﬁnahe&brﬁlﬁﬁabevtﬁe hetnodTBESExgﬁpmel2uabeveere

| u W m croae m xtu 0%
cOerr] SS%ﬁHFEVny m&ﬁ8r|HBBB§E§8LQBe glﬁfﬁfe§7f§r&§f; ‘gsﬁgéﬁéells wer e
harvest ed as desExampleabdve. Bacterial proteifis #x@PanslyzefiAhy-SDS-PAGE

ANTI GENI C BCRERLAeLin 1ot EARAE! C18. gol! GYBEEAPLE BHRELABLEQD et us!

nmount ed. acterra was to ob erve  noti |
nor phol ogy. (EEBSf hestexscps: ﬁéﬂezéﬁseiQEE)bVaﬁaB§ﬁﬂe sTﬁanﬂb system; 483

i nk (n'giﬁsbﬂﬂtoneﬁhﬁbué'éeirﬁbﬁgnsthﬁgcek|§ !Bﬁeacrymﬂﬂﬂaer(ﬁyplﬁemlynth
crystal viol Qbser

Mor phol ogy 6? bﬁEPSFFBgcﬁgingd a COPﬂana Pbghﬁfh§a§°§?*‘9eaﬁsgg%égé
|nvent|gnt(heparaaibarge&fpHredstosas (EN?&NOEEB incbhbudedr in) both aelered
conpared to_LRO asa :
For | nat anc i RkARPELRES bRe8Zeroteth blnlt QREoRTAH %?ﬁ%ba?a“‘% o (
of cells, wmplecularomige:i angl Byoyr b3 e@ryéambﬂe ﬁFE€6ﬁ¥haﬂt9? SoVeFery.

I't “ﬁisaﬁaaaentviéaansaaembﬁ éfaéébﬂﬁatéétﬁrﬁﬁélﬁbowaé byagidver change .
'n the bacterlgnlggrogc%lxea geig?tgnd %ofecu arngize determinations were
made based on the M, values of known proteins used as |
- -standards. | | '
C. Jejuni cell proteins were separated by SDS-PAGE and

20 visualized by silver staining. Four proteins including a 62
kDa protein were induced or enhanced in cells cultured with
poc (Figure 2). S

Example 25. S. flexneri LPS was analyzed by phenol
extraction. S. flexneri cells grown'cohventionally or

25 according to the present invention aS'exemplified in Example 9

" above were harvested from culture medium by centrifugation as
described above. Lipopolysaccharides (LPS) were extracted by

“ the;method_ef Westphal and Jann (In: R. Whistler, ed., Methods
1n'g;zhghzﬂzaggzghgmissrx vol 5; p. 83, 1965). Briefly,

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

35 dialyzed against distilled water. The retentate was
centrifuged 7 h at 80,000 x g, 4°C once, and three times for 3
h each at 105,000 x g. The final pellet was lyophilized.
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'usi ng net hods of the present invention. Thi s surface 30 alteration actually

resulted in the increased b| ndi ng by "ENHANCED' cel | s ofpéhgsos)1ggsesi ne
parti cl es WO WIAe stain. - The 'ENHANCED' bacteria remai ned highly
ot i | e. Exanpl e 23 “C. jejuni surface corrponent s were anal yzed

b h | t 39 “%gﬁ
cgneeﬁ??on%{/@%régu t{:ir%é accoﬁlﬁs é(éél{%;%rbdé‘d Lmt WEcer) (ﬂ ceI I S
wer e har veThel purif ied (kRS Wﬁh‘ihﬁ’tﬂﬂterkfeﬁrg)rﬁﬁ J@tqum i

The cel | Fﬁﬁéfﬂeéﬁﬁhbed above, and by sodium dodecyl -sullfate-

96/ 11257 986 acted
for 2 h at ‘?%‘Em’eﬂ%r%e*/m?%e‘ﬁf%%ﬁﬂﬁ n{)%’ﬁg%ll ?scréﬁa&r at ed

f r om ext raiceeskbwrerred istiowrbyin Eigure fSJ-gat ion for 45 m n. The super nat ant
cont ai ni ng extg a ﬁg#? ed agai nst

5 distilled water gif/'éér;{ Eﬁ.@#ﬁe r(.éent ate was centr| ugeacaljaizIOS 000 x g
for 3 h at dﬂ[%ﬂeq@cesrrkefése%cqownfetowsly qultured \and | TENHANGERY and
precipitat eseMig fmiew amiwwa Qfsn;if;hﬂ\.sg xesmmlr sﬁ@m@%ﬁﬁeﬁ.l on was

t ed, tl 10
i Ss0l ved (GRRaISr=Ae ey Y g tehl iio 4 b Tron e Gafie
Cﬁnt elnt n{ fvtahf dedreadedvass asoparkdiitd é:tteractsgeﬁmmlsm aEXys od
enol -su Xk
Eont ent of l‘#:Lee(i'e‘:ﬁtcr acqgﬂ Lgdr%eiaq?s"térwc? XNI%%‘I% d o’?ﬂ@ %Fea%rg“r% %
carbazol e 5 rdayneri Tiﬁﬁ Aemanatrated s aajan Q*Wé‘l%e’ﬁbll-%&tﬁfét‘%cm
eval uat ed li:i.h;dr.téa H CC'A‘&“éHérP B¢ Yhris 90m ldd (il &r, WHno-an

Rockford, | t uronic acuf was absent romthe

S not abl e tha
extracts. %%l‘ifall‘%\é\g al ENEANGRIS Sy L AARFe Y35 rﬁ"lﬁ%l’d‘ aci d
pol ynmer 5 length.si rMtHis masdme:amglatérstéﬁ the fimjings T Jﬂé‘dm& in

R S A, R s, O B AN MEHRGHN S e
These results suggest shorter O-antigen side chain
presentation on "ENHANCED" cells, and potentially might render
the bacteria more hydrophobic. A more hydrophobic bacterium
20 might have greater interaction with hydrophobic surfaces in
the gut. _ _ :

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 producing
substrates. The reporter moiety used was horse radish
peroxidase or alkaline phosphatase.

3s Figure 3 depicts proteins from Western Blotting with
immune rabbit mucus containing IgA. As can be seen, the 62
kDa protein was the immunodominant antigen. The antigenicity



The carbohydrate to protein ratio of the extracts is 25 shown in Table 1

bel ow. 30 35 - 32 - W
96/ 11257 PCT/ US95/ 12986 '

TABLE 1. woyshassrdrate: Protein Ratio of Cell Surface PCT/US95/12986
Extracts of C. jejuni G own Cbnventlonally (BH') or
According to Method of Exanple 2 ( ENHANCCED)

-{' me after of the 62 k%aaﬂﬂbtei)ﬁ‘ wiis r2'eat1y enhanddd in cells cdRNGED
0.02 with pQ@ or bile. This progein was also the prefdepinant

0.15 antigen in the_surface extract of cells cultured with DOC.

Utilizing a mouse monoclonal antibody cross-reactive with
5 Campylobacter flagellin, it was demonstrated that the enhanced
protein was C. jejuni flagellin (Figure 4). This was a
significant finding because several researchers have
demonstrated that the C.'jejuni flagellin is involved in
pathogenesis and associated with the 1nvasive characteristics
10 of the baoter;um. '

Example 27. Congo red dye binding was used to measure |
virulence. Enterlc bacteria grown conventionally (BHI) or
according to the methods of the present invention ("ENHANCED") ‘
on BHI agar plates and containing 0.025% Congo red were

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

20 OD,3/0Dg. The data are shown in Table 2 below. |

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

25
o . Dve Absorbance
Strain BHI ENHANCED
c. jejuni 81-176 0.07 0.49
30 - C. jejuni 81-116 0.06 0.49
S. flexneri 2457T 0.02 0.13
V. cholera 569b - 0.70 2.00
35 . Table 2 shows that for several species of enteric

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

- 36 -



10 6 ' 0.03 0. 29 There
was a direct rel ationship between inclusion of DOC  -in thgcsHisbitiRgseEdi UM
and enhanc¥@¥4B’s of surface extract abl e carbohydrate ?rom tﬂ
bacterium (Table 1). 15 Surface extractabl e carbohydrates were increased

nore than 8- fold in bacteria cultured according to the nethods of the
present inveshawrthat imorikse nethadse of then @resentyrigention are useful

convent i onaldy. 1%@:@99{%:1@ ila SR dtldtics adurinall |0 DOC

nedlun1appeared to be ribut abl e the 20 .co ne s of the surface
extract . drat% ?‘ﬂ' $gtdapaci ty
I n wat er remmmuiqsihe sol ution hlghly VISCOUS and nucus Ilke whi ch was

imlar 1 char aqhaily (e A9UCRGRSY MR to cHIRAR AN "

the extract rese muci n- | ycoproterns. ysi's of

i ndi vi dual rﬁﬂd@@&ﬁﬁ%ze&trmm adhegism Mas asspyed as

”'tf' Uorogcﬁésﬁ:ﬁ%ﬁ gy Sl a‘ﬂda'chrt}@%l (w " ed
ni t rogen re ended .i n istilled water ugars. Were separ

by HPLC usi ?g‘ %3'@%0 1%&%@ -c hriig RSy Cdur ergelile i Tr4dy wmnd

consi sting afells IWTOC Etdnd)laOd/rﬂ?%ald[oe-lzr](@m sblmawst‘l) AGronetric
detectio s ra cchari n
aut hont | A0aiEReirda TR0 3ARRA° ety Uyt A VIO R i
gl ucosami nePJ@éﬂ&Ect(@géC:glﬁk@e) toda neenbieency wof ﬁDs&OtubJ '@heenledbutﬂPLC

anal ysis forjg t ied
WO 07 11257 ﬁaﬁd&?ﬁ: on the cell line used, but Cﬂtﬂggg 1(:2 gr.séx%cnf e

HPLC anal ysiEa9de & dedinm Witk 103 ﬁf@élem*’dﬂe Sexsm apd 50 mg/pleLfade of
several nmonefaperdicidain( & amde strepttMyein 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 solution (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 ODgys 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 ODy 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% C0, 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. | |




appeared to be no qualitative difference in the carbohydrate conposition

“of the extracts fromconventionally grown or 5 bacteria grown according to

t he net hogt,oo!{6 llgsa,npl e 2 above. However, m nor quantit at ipexruses/izesences
wer e apparen Exanpl e 24. Bacterial proteins were analyzed by
SDS- PAGE and Western Blotting. The gel system of Lugtenberg, et al.

(FEBS Letters 58,584a8p8ee 19451 BB B RH, ;neagﬁéf{?é!ﬁfgé’} #ﬁr%&? st C?a'ng N

di scont i nuous ORSTSTINGg o OW-acr

gel pH 6.8, Can.gemmigﬂérlbér€§ﬁvag€°a‘€¢9ta¢mélbly oge%%tqlm e

SDS (0t 1% Meenbas! aéeénénpbeéaneehﬁventﬁaﬂ aéleb%ﬁ%ﬁﬁégoe/ﬂn E:E%ﬂ&?% ns
separation was a si ze, an or o acryl am de
separation § V\ngeWg Sii gﬁséﬁ Tﬁggﬁé éﬁi‘?ﬁn of separated proteins was by
silver - SstainiDjfpérénces inladhesionvbfcseversl zetrieins ofiali ghejurt e
S erun ol clhbbht 1A Ey OF JO8MPaEhg £o efiidds e enélpRLELAE.
silver stai mwgntimuarprshevnsmn'eabmng bebow. kDa protein were i nduced

or enhanced in Cpbideft! aahedivh fis ekpFesfed is &le nymber of%GIRAY 25 S
fl exneri LPS was anal yzed Qﬁ% enol xtraction. %:Laexngde 45 rovvn
convent i onaf PERBRI JaniEs of 8 FecoYered oLEom the Jnen Y]ﬁ

Exanpl e fo thehmumbmerefhePUeSﬁcduiaﬂeaouhturthémmbnmn&yexxmuxtipmﬁéddmyas
descri bed a{)&ye Li popol ysaccharides (LPS) were extracted by t he met hod
of Westphal™and Jann (In: R Wistler, ed., Methods in Car bohydrat e

Chem stry, vol 5; p. 83, 1965) Brlefly 30 cells cultured in BH or as
exenplified in 3abiec3d BEtect GFf Temperature of ARFESION 0 | BFI-4R7 ‘
washed once in PBS. The €e}ls ’A‘ér - tJRiuRk (GERYR Lonyentionally BHE) (| C
wi th 45% phenol  in wat er9% TAECeR41ng L Methods pE theREesent g
centrifuged. The - LPS-con:F%Y?ﬁ‘YT %%y%lls phase was aspirated off and
35 dialyzed against distilled vvater The retentate was. centrifuged 7 h at
80, 000 x g, '

The final pellet was | yoph| lized. BHI
WO 96/ 11257 ' Temperature (3 adhes
37°C 5.5
20 T 42°C . T 5.5

Table 4. Adhesion (FOLD INCREASE) to INT-407

as 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
35 In invasion assays, epithelial cells vere grown and

prepared according to the methods descrlbed above for the



Prior to analysis the LPS was resuspended in water (1 ng/m). The

purified bﬁ@ &@gﬁ haracterized as to carbohydrate content pcfasos?oge bed
above, i um dodecyl sulfate- pol yacryl anmi de gel el ectrophoresis

,(SDS—PAGE) as described 5 beIOM/and shown in Figure 5. S. flexneri,
rotein profiles.r al ho di fferences. nvent || '

PPt o o mdraRRR YRy "0 At ook BRACRRRIETAREY BR"AERGHARAY Yo

SDS- PAGE syslteenhods @ammu dnwentiong wereaaddedottol kel epithelial

" ENHANCED' 3—.‘1%’? e %f“l'i'i&%é:% o Oo%xhlba%ta%tkﬂ@ Eﬂk cehhs.

However, SDS- P atlon an ver stainin

flexneri LPE&U&YVREK Féﬁ@ﬁ 108 or To®a RYRLER Sb§FF&€ﬂGré %cuéPtﬁgrénGP

As seen i 15 lthee tidsuef cultuge welllle wasadalglated becplateocountihgom
ENHANCED

" " Soqhlexner i, ya dd 15 | h. . Th | t
the findings °at9 )én cr::?d “ré 3%%:“2‘?%?3 %é?gﬁ?r'lréﬁ'fr'ﬁ%&i%?? g{fﬁ\? 58
"ENHANCED' wmdinl for Shzgellﬁhesherenfbb&iagg@estesherwereOaspntgeedsbﬁé.

iy

Che bact ef1 S thel Hendlayedt G=Brerars vaEH BRCEEH Heotul z%g“tﬁﬁ?*‘iﬁé
great er |nt§PaGPPéﬁ¥M ﬁﬂ #&dﬂopﬂ&bﬁ@tgapﬁédééarnbac@#§lgut Any cu tuE%b%ﬁle
26. | MuReJpaicteliadireRadndngs atathde! poThtcHale inVaded  &hél @bithB19hdi NS

from bacteria.grown conventi Ih N accordkn% L °of t.he,
e e i
bl ocki ng gt FhedsCr1IE0"| EFPIAVREALR CELRRe it pmssttl Blipug )
Primary antBBO&WmhﬁgnapphﬂedYS#dB@Ybtb@kadglﬁubhepf ©Ohd $hheoxysholnse .
washed ang sazeePidaiy thedllsAed% 'iv%l%r bﬁhm@?ﬂ%@he b%%lﬁ%' b%@mtgﬁb' anang

washi ng, the bl ot, was ,vi stualized w or chionophore prodqu¢ing .
subst r at es. Per?ﬁétréBHFFéPnnﬂPét?x§§8&5ﬁésa%oF§§ nygber ot gengamagdd or

al kal i ne pheeplistant. bdcteria Cogipated depithles nRndet BE fihoEudamt ern

Blottlng mn#g e 1%gune rabbit nmucus containing IgA ~ As can be seen, the
kDa p F& FtRas the I mmunodom nant antigen. The antigenicity

- 35 - - Invasion is expressed as the percent of cell entering the

20 monolayer, as determined by the number of colony forming units
(CFU) recovered from the monolayer after 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 accordxng 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-
35S 407 cells by Shigella grown conventionally or according to the
methods of Example 5 above is shown in Table 8 below.



WO 96/ 11257 ' PCT/ US9/ 12986 of the
62 kDa protein was greatly enhanced in cells cultured with DOC or bile.
This protein was al so the predom nant antigen in the hﬁﬁ ﬁ%%ract of
cells cWQ2W1dzs7wi t h DOC. Utilizing a nouse nonoclonal anti body -
cross-reactive with 5 Canpyl obacter flagellin, it was denonstrated that

t he enhanced protein was C. jejuni flagellin (Figure 4). This was a
signi ficant fipgt1agd shec@gTectove Tempezatutiecbn INVASIONdefOINT+402d t hat--
the C. jejuni flagellincellsndy ¢adjejuni par-iggeceswa Gouvantdonaddy with
t he invasive characteri {BHIj d@ Abcbirdingcter Methods of thexEmgsent7. Congo
red dye bi ndi ng was usedaventdanu{ENHANCED) ence. Enteric bacteria grown

conventionally (BH') or according to the methods of the present
i nventi on_ (" ENHANCED") on BHI agar plates and containing 0 0250 Congo

red weSe 15 resuspended in distilled water and EXtrﬁﬁkﬁg i th acetone for

10 min. Cellular debris was peIIetfd b?a_“_ : ) BN —_.the 0D err]

of the dye was nead@EREERER - = . et one, 60% wat er .

The dye absorbance conpared to t he ceII absorbggcg at 660 nm and

expressed as the r%ﬁgg of 20 CIIerr]lcgggrr] The datg gre shomn I n Table
L

2 bel ow. _ E 2. Congo Red € Binding of Entéric
Pat hogeni ¢ Bacteria G own Conventionally (BH) or
Accor dong—to—vettods—of—tie Present 1nvention ( ENHANCED)
25 T Dye Absorbance -
Strain BHI ENHANCED _ C. jejuni
81-176 0. 07 o 0.49 30 C. jejuni 81-116
0. 06 - Ta¥1é%. INVASION (FDLD yINCREASEI SRid INT-4@7 (Sells (
0. 30 _ by Different Strains of C. jejuni -
Grown Conventionally (BHI) or According
15 - to Methods of the Present Invention (ENHANCED)
Strain ' BHI _ENHANCED _
. 81=-176 ' 1.0 9.2
81-116 - 1.0 10.0
" 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.usthods of
the Present Invention (ENHANCED)

:l:m:meni . , Adb.es.iszn li) " Invasjon (%)

30 .
ENHANCED, 0.025% DOC 18.3 - 17.4
ENHANCED; 0.1% DOC. 52.6 - 37.0
s : -



S. flexneri 2457T 0.02 0.13 V. chol era 569b
0.70 - : 35 Table 2 shows that for severalpciafokefnsdf
Boseli

enteric cul tured according to nethods of the present
i nvention, Congo red dye.binding was enhanced. These results
- 36 - o

2, Effec op S.. £l vasi ( )
PCT/ US95/ 12986 WO'8BF21337 ELfeck 8% PRG: op S LEF he gﬁg.lﬁgegg (Ppresnt
i nvention are useful - -'to |§§ug n¥ibHh$ & bPCACE ?ﬁfﬁ%eﬁb £hod L OYP
to correlate with in vivo ﬂatégggggélingé Lﬁe by ~ Specl es.
5 Exampl e 28. Bacteriaf adhesion to cultured epithelral cells was
anal yzed. Bacterial adhesion was assayed as’ descri bed by Gal an and
Curtiss (PrgcT NatrT. Acad. Scri. USA 80 b383- b387, I1989). ITiSsue curture
cells (INT-407 or Henl echarsetbpisfieC # CCL6), BRd CaCo-2 (AENMARCEDB37)
human 10 intestinal cell lines) were cultured in 24-'well tissue culture
pl ates (37[err]C, 5% CChéhegioho a confluency of160-80% The nmetl4éon0® is
dependent on the cell |Ineass$en, but Dul becco's pvdified Eagl @4 s4 medi um
with 10%fetal bovine serumand 50 ng/nl_each of penicillin G and

streptonycin was used for Henle cells, and 15 RPM 1640 nedium wi th 10%
fetal bovige serum and Beragthanrthecinitialdy addedi bactesiandere
streptonmyci n was used fpeceviered! duectof growth(of 2thel bacteriacduringhthe
bef ore assay, the cul t uB8Sa¥di um was renoved and the cells were washed
twi ce with Hakk~s——->alanreod—salt—solution (HBSS) with magnesi um and
cal cium The 20 nonol ayers were then overlayed with antibiotic-free growh
U o ot o WRRPTEA R 5 DGk B IEE BHERET edre
Hel i cobact g¢ sévebalthunan tsbdlatesdefisCtyjejuni (i.e., 81-116, 81-176 and
HC) was greétly enhanced by addition of bile or deoxycholate
to the culture medium (See Tables 4 and 6). The most
effective dose of DOC was 0.1% (Table 7). The greatest
response was obtained at 37°C, but not at 42°C (the'
zo]temperature at which Campylobacter is conventionally grown)
(Tables 3 andIS). _
Similar findings were made with Shigella flexneri (Table
8). Shigella grown according to the methods of the present
invention had greatly enhanced abilities of both adhesion and
25 invasion. :
These data show methods of the present invention enhance
invasion and adhesion of entetic'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
3s immobilized on Protein A coated latex beads. If there are
cross reactive epitopes between the test serotype and the
antibodies generated against the Lior 5 serotype, then nearly



25 was diluted to an O err]
and then used in the assay. For Shigella and ot her
bacteria, the bacterial culture was diluted to 0.17 at err] with
fresh, prwA#1128Tr at ed nedi um and then used in the assay teria
were added to the 30 epithelial cells at . a nultiplicity of infection of 10
bacteria per cell to avoid saturation. The nunmber of bacteria -
i nocul at ed jmkhedistetclamping! (Lre. veydlutinaeion) abLdey ceplaitss counting.

Fglrl g\r’\v: ggl IZX s%ﬁ%%ﬁ%h@%&%tgfu%éz/é&qg#%t% e%s%@n%s%b;%s% ?lgﬁgséoobef ore

| ysis of th@fhenoah;/winqmm veact ikn e Ipteceedinton | aitshert pexrind of

deter ni nat i @{m@! whéFde§ifi¥ans no observable clumpira_ and 3 méan¥ a4 high
WO 96/ 11257 / US95/ 12986

The ef f ec? RIFLERS AIWIWHINAKIRR o FhS TeIULEY Q% T strains jaxe,;

81- 176 grovpreseavesd | imalalylery dselswli ng to the nmet hods of the present

i nvent i on as exenplified in Exanple 5 above is shown in Table 3 bel ow.

5 D fferences in adhesion of several strains of C. jejuni gr own
conventional |y drabled di rirass Radetivity (o I Sarotypes Gnowm are
shown in Table 4 below. Conventonakly ABRE) @r iAcaonding &p Metheds @fher
of col on form ng unit sStheeRPesanty dnvaptionn (BNEANGRR)ayer divi ded by 10
the nu of CFU i nocul ated onto the nonol ayer nultiplied by 100.

of 0.1 with fresh, preequilibrated medi um
fast growi ng enteric

Tabl e 3: ; o0 ADHESI ON fo LNT_ A0
ecor ot ho {0 m%@gm eh
| 81-176 (L5) | . BHI ' Anti-BHI? 1 ‘-
1s " . Anti-ENHD 2
K ' ENHANCED Anti-BHI 2
" . Anti-ENH 2.5
L2 " BHI Anti-BHI 1
20 " " Anti-ENH 1.5
" ENHANCED Anti-BHI 0
" " Anti-ENH 1.5
L8 BHI Anti-BHI 2
" " Anti-ENH
25 " ENHANCED Anti-BHI 1
" "o Anti-ENH 2.5
L21 BHI Anti-BHI 0
. " Anti-ENH 2
20 " poc Anti-BHI 0
" " Anti-ENH 2
Media BHI Anti-BHI 0
" Anti- 0
3#_‘ Antibodies induced by 81-176 grown conventionally
b

Antibodies induced by 81-176 grown according to methods
of the present invention as exemplified in Example 5

- 42 -



BHI ENHANCED ' Tenper at ure (% adhesi on)

(% adhesi 37[err]C L 5.5 PCT/US95/12086 3 20
42[err] C W ssinizs7 5.5 11.2 25 Table 4.
Adhesi on (FOLD | NCREASE) t6./T"NT- 407 by Different

strains of C

According to ) ej'lua%lee O\M}mws all fqur Rfishs tﬁ‘?&# S onal I%#BHI ()L

(ENHANCED) L2308, L21) cra@is—aieacted with antibody Ig‘dnerated fraaNHANCED

?16176 anlm%}s immunilzdd w1tq«§nhané§d1C. jejuni 81- f%ki?%%r serotype
28. 2 LS. | AUGHAm RIS SN e drteshings 1of wakbigshntagred vith

pr ggar ed arqard iO s:ha'm,t erifordesiaid e ahaseted wWilth e:l.ght /oustg of 086
adhesi on assté‘g. é'ﬁ;r & 2 PritiFad RARREYRES | (L & 2 IWaR rPg“thc?ge #ecf%o s of

t he present jej\!m_n |gnovgm|as:mttﬁmg ¢d ethrdshaf dhe presdnt amwantiorg
The! by ied BHEG, il ARG R 10 & oAl L o
Table 16 below). The results show that methods of the present
10 invention significantly extend the number of Lior serotypes
which cross react with anti-serum from animals immunized with
Lior 5 serotype strain of C. jejuni.
Also, several species of.Shigélla grown according to
methods of the present invention, but not those grown
15 conventionally, cross react with IgG antibodies from animals

immunized with Shigella flexneri 2457T grown with DOC.

8 EXAMPLES: VACCINE EFFICACY
Example 30. The ferret model for studying Campylobacter

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

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

25 orally with either PBS (as control), or formalin-fixed C.
jejuni strain 81-176 grown conventionally (BHI) or according
to methods of Example 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 weeks post-vaccination
(challenge), the ferrets were anesthetized with ACE promazine-
Ketamine and challenged orally with a 10 ml PBS solution

3s containing live C. jejuni 81-176 (1x10!0 CFU). Thereafter the

animals were monitored daily for mucoid diarrhea, bacteremia,
 fecal shedding of Campylobacter, weight changes, occult blood,



5 the tissue culture well was cal cul ated by plate counting. Fol | ow ng 2
h infection under 5% CJ err] for, Canpyl obacter, and 30 mn for

Shi gel | a,whlog1i28% ecti ng bacteria were aspirated off, anpcTiusoyness ayer
was overlaid wth growt h nmedi um contai ni ng gentan1C|n to kill any
extracel lular bacteria. Any culturable 10 bacteria remaining at this point
have i nvaded the epithelial cell nonol ayer. The incubation continued
under CO eani fecal heukocytehe cBacteremia j easndete¢ted cby cdtrawingnt 405 h
for Shi ge'haml o nﬁfsaedffshlfe‘ne ?@eeiayeoémeaf m@eﬂem@a%éesremve_

gentam cin, g é 1% deoxychol 15 Bacteria in
the |ysat ednGetBC HEH:P tﬁﬂebﬁpﬁ‘Fé’E‘%"cbﬁnﬂﬁﬁm&ﬁ@l rYp ‘5%?1? SOV RYSHR s
expressed eﬁlthaenunbebcaitgresaﬁbcbnood &@at Sphatedawére i takenpat ezl, tH t he

Bg;rtgg:]to f“g‘gu(l %ﬁ%r?gge ﬁéégbeﬁ%nol a %*&X é‘ﬁ&%?m nede‘ggff%e nutﬁnr'ozc')f

col ony fort¢nimmunization Cthasebineks e@lnérmkhiafm&hgesemmér gent anyci n
treat ment %méh%%dﬂ'oh)’ AhG ﬁe”@ﬁ Cinéok i oRsil @igd, NG dAE WaEK! SyeE

mul tiplied ect of f enperat ur e’ on 1 nvasi on of I NT- 407

cell's by 2‘51" ?’é?%n?°8@e§9§“§?%m}9‘éomm$onal Iy or according to the
met hods of EX?rwémJZ%z;ww?d @a§f’@&\ﬂe¢ﬂed' aby et;.&sbﬁk@vfecal matefid esierees
in |nv 0 ce yer strains e
convon Fo Hefted il cRla P plodl RRNEERY wad' fiedPedlon d Uilke UMY
shown i n Tetained eithy m&thylene Thhlefteodetﬂcmm akenisoeytes. aribecal
t
égggfhf’ﬂg'ﬁ 1diflg of Clipffobdctyr as ladbuniieed Kf WA Gl @
The ef f ectfxgm [IEFWM&M@W?%W?#&#%WM%%PM% by

Shi gel I a g{}wp@ﬁwgélts@;ﬂa@afrprsacg%@b sl déy | her imeridielsn of Exanple 5
above i own in ,Table l8 bel pw. 39 -
VO 96/ :i§5v7ancomycin, olymyxin B, cephalothin, %—/ME%n B,

Remel, Lenexa, KS). Results from these experiments are
presented in Tables 10 and 11 below.

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

20
: POSITIVE COLONIZATION
VACCINE ' DAY 5 POST-CHALLENGE? : DISEASEb
25 PBS | 6/6 | 1/6
BHI 0/6 2/6
- ENHANCED 0/s° : 0/6
% Number positive colonization/number tested
30 b Presented with green mucus/unformed/watery stools
¢ One animal died in the group after disease state was
- determined but before colonization was scored
as
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Table 5: Effect of Tenperature on | NVASI ON of | NT- 407

Cells by C uni_ 81-176 G own Cbnventlonally el
Accordi ng Wé%#é\ #¥ds of the Preseiit Inventlonl'igg%CED)
BHI ENHANCED 'w{ﬂ. Tenperature (%:i nvaded) @6nvaded)
37[err]C %? 4.0
7.1 10 '-“'f%?e‘b "?’F\M\@‘H\F?F’{i‘b%ﬁﬁfs’éﬁ D THh®%07 cells
by D'fferent—€%+a+ﬁe—e#——€%—fefﬁﬁ -

(BHI') or According 15 = - Ohe beeRods of tH’a:Present drnrev aveieékon
( ENHANCED) Group Bas®limen post-vaccine ‘cBhlllenge ENge®YCED
81-176 ' 1.0 9.2 81-116 challenge
1.0 1.0 26. 7
25 Table 7. %ﬁﬁgfect of ﬁbc Concentreﬁ?on on Adheglgn and -;390'4

| nvasi on of | NT-BHXI7 by C. $e4uni 8-1-1%98.C own 94,0 26505.3
Conventi onal | or Acgogding to ods of a
sonventional R .é \PLLOgS OF  1621.8 56341

a Mean titre for the five surviving animals
10 '

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

The data in Table 11 show that a much éreater IgG antibody
45 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.

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

‘3o The mouse intranasal inoculation model then can be used to
predict the efficacy of vaccines for use in other animals or
humans. This assay was described by Mallet, et al. (Vaccine,
11:190-196, 1993)

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

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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30 Tr eat nent Adhesion (% Invasion f% BH

9.3 6.3 - ENHANCED; 0. 025% DOC 18.3 17. 4
ENHANCED; 0. 1% DOC 52.6 37.0 35 , :
- 40 - wo k128 11257 PCTA[S?3/12986/ 129086 -

Table 8: Effect of DOC on S. flexneri I|nvasion (Percent)

or Adhesion (Percent) to INT-407 Cells G own '

Conventi onal .y I ) ] 0 _ ' , :

prosent | nvafti SO( LRERRCEEF1 Fehged® oA ERefls trom integtipal widls in,
- ENHANCED each group wAttkedetermined by ELISA métRods and are priéséhted]

| nvasi on . 94.4 a More than the
initially aéaegagégté?ige&ggé 10 recovered due to grow h of
t he bacteria during the assay . Adhesion to and

I nvasion gf cultured I NT-407 cells by - s

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

Mice
uni i avage itred s b
0 K _ .
PBS 5. .23 | 14
ENHANCED (10') 114 75 .
ENHANCED (10%) 78 75 (
BHI (107) 40 25 -
BHI (109) T 32 12
15 |
a Lavage titre indicates the mean anti-C.jejuni IgA titre
obtained for each individual group of mice.
b Responders are defined as those animals whose endpoint
titres exceeded 2 standard deviations above the mean of

20 the animals receiving PBS alone

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

grown converitionally.

9 EXAMPLE: MECHANISM OF ANTIGENIC ALTERATION OR
ENHANCEMENT BY DOC

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

35 Evidence indicates that one aspe¢t of DOC's effect is mediated
through calcium dependent effects, as DOC binds calcium and




*15 several human isolates of C. jejuni (i.e., 81-116, 81 176 and HC) was

greatly enhanced by addition of bile or deoxychol ate
medi um ( SeWOP4HIT 4 and 6). The nost ef fective dose of %ﬂgﬂgﬁéﬁl%
‘(Table 7). The greatest response was obtained at: 37[err]C, but not at

42[err]C (the 20 tenperature at which Canpyl obacter ‘i s conventionally
gr own) (Tehussl8wensd the calcium Soncéntratidnnis the cmediemwi t The

L0 A f\ CEVRabnbdabloag c811000) 0oHhEn 06 0Ne FARE #1087 01k CuTBUPEHS O |

the present at [ nce |t|es ) esi on
and 25 i nvas¥ékh the memb#ﬂ@éePGEPﬁaEHSMFhéﬁﬁ%Gscbﬁl?ﬁerp?%%%%(AMn%%ﬂt|on

enhance | @¥BROGE POd, adbsesinvasivenéssi 6f PENNOgeNscells is er@ives 29.

Penelt oy oy EoBPRLLRRBELY STnZBRRY  FESe RiMhe, 24 CHANSID LHRBRRERRS (o «ne

met hods of tneeptneantalonenvhnwemerasdeasnpbtfenuanneEhhapimmsnoechss
exposed to Sféﬂﬁ%iviﬁgcbﬁr@ ng€?g§&sainyyglégglgﬁth C. jejuni 81-176 (Lior
e

5) grown either cohventio of according to the present . invention
(e.g., Exanple 5)1 ¢h§e$gtﬁﬁn§hﬁﬁﬂlé§ Tble 353 were phtained weingi@. A

coated | at ex é}ﬁﬁﬁ siilvbeée1eﬁ9ed a@é@félﬁ a@élﬂﬁeeprbaaeélbaégeeﬂbéaeln

test sero épﬁx mple E excené Qﬁdtefs eégﬁfghgﬁ was sugﬁﬁ}ggﬁigzgqroayff

t hen near

PCT/ US95/ 129B@6C. Thenﬁndasiencaaswysgwéreecanggéﬂtouatand)soéredeaselIs i's
visible. Th 5 NP | S ey ,to 3 after

al | owi ng theaéeg%?gg 3 %%%ﬂ%fg ?grfg g%%?%é§2?|o§ e time, where O
nmeans no observable clunmping and 3 neans a high 5 degree of aggl uti nati on.
The results of fopapsér 88 NSIRVRsiOhCELNIRT-467 T6LLs pPetPViejuni Grown
Conventionally (BHEI) or with BAPTA/AM

is
culture condition
20 Strain | '_. BHI ' BAPTA/AM
C. jejuni 81-176 1 3.0 | | 36.9
25 Several bacterial genera that are suscéétible to

antigenic enhancement or alteration by bile or bile salts such
as DOC (e.g., Campylobacter, Sbigella, Helicobacter) have
genes homologous to low calcium respdnse (lcr) genes from
Yersinia. The lcr locus is known to regulate virulence of
Yersinia in response to low calcium levels. TWd'Campyiobacter
genes involved in flagell;n express;on 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 rl1bB mutants grown conventionally or under virulence
enhancing conditions of the present invention show that
invasion, but not Congo red dye binding or increased cross-
reactivity, is calcium dependent (see Table 14 below).
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Table 9. Cross Reactivity of Lior Serotypes G own

Conventionally (BH') or Acoording to Methods of t he Present
| nvent i ong6RhHIRINGED) 10 CULTURE GROWTH PCDESI3A2986
REA_CTI VI W CONDI TI ONS 81-176 (L5) BHI
Anti-BHI [err] 1 15 Anti-ENH err]
2 At EﬁhresuﬁmﬂAgﬁggn in Té%hféﬁwlwere obtggred using ﬁ. y
1 20 = jejuni cultured conventiogﬁg;yEmH accordingstgnythe methodg NCED
Anti-BH the presént inventidn as exemplified in Examphéi SENHThe 1.5
L8 _ A\nLi-B . 2 . .
Ant i - ENH _invﬁgkgg assaygﬁﬁngEE%rrled out“and scoiﬁ?i§ﬁkfescr1bedlin
Anti - ENHS Exampls 28 above.|?2] - " BHI Ant'i - BHI - 0
Ant i - ENH 2 : - ' d Ant P - BHI 0 30
Anti - ENH , Antl
Ant i - ENH Teble &‘- 2 ' ow ‘ﬁ‘&?&l ly
35 Antibodies-induced by € ﬁf? Y &gmc the
present invention as exe ﬂ 95?'
- 42 - ' ,
' 10 a . ' Culture condition

Strain o ' BHI  ENHANCED ‘

C. jejuni 81-176 | 3.5  40.8

1S5 o
C. jejuni flaA | 0.05 - 0.05
C. jejuni flbA 0.01 0.04
20 . The c. jejuni fla and fl1bA 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 obtained using C. jejuni cultured conventionally or
according to thé'methods.of the present invention as-

'exémplified in Example 5 above. The Congo red dye binding
assays, whose résults are shown in Table 15, were carried out
as described in Example 26 above. The immuno-cross

_ reactivity, whose results are shown in Figure 6, were carried

3% out as described in Example 29 above.

'35



WO 96/ 11257 - PCT/ US95/ 12986 .
Table 9 shows all four of the tested Lior serotypes (L5, 1)
PEapSeRee

cross-r eacWOPHHIZT anti body generated from ani mal s i nuni

enhanced C. jejuni 81-176 Lior serotype L5. Mucus | avage fromthe
intestines of rabbits infected with ejuni “81-176, conprising |gA,
reacted with ei gffakl® 33: Conge Red By 6r3£3$$ﬁvia¥¥s€fof ¥“€33t$\uman
pat hogens) of C. j e uni  BFO¥A ﬁ%g?ﬂ?h@“?blﬁe ggﬁéé

i nventi on cross reacted YPEROds ¢ OHP%SI{‘B”&?'\')?" stral n (see
Table 16 belmmmwmm
significantly extend the nunber of Lior serot YP&Suit iQ:QiSox{ eact with
anh-serur‘gfrom animal s imuni zed with Lior 5 Sero pe strain of C

j ejuni. Al so, several species of ShigelTa growm accordrng to

nmet hods of the present invention, but not those grown 15 conventionally,

Cross react gagding 9G anti bodi es from ani mal s BHIMUgNggiodn h Shigell a
flexneri 2457T grown w th DOC. 8 EXAMPLES: VACCI NE

EFFI CACY ' Exanpl e 30. The ferret nodel for studying Canpyl obacter 20
pat hogenesi € cgjejumiiew-1#6 a nodel to evaluateaocci na.egefficacy in
protecti g7e's agai nst col oni zati on and/ or di sease because infection of

ferret s repiddygsini fhak ates two of the threedddi seds®0rani festations

seen in humans. Twenty-four 7- to 9-week-old nmale ferrets were -

i muni zed 2§‘-or.7£1u}!-w-ﬂhme|ther PBS (as control‘) 120r fd’rr?eg i n- flxed C.

jejuni str a8 2

of Exarrpl e 5 (ENHANCED) Serum was |soI ated to - determ ne basel ine 1gG

- titres. vacciTms fvdgh iiftamwt eis WtHble Sieredtbress rmayeesnrn:.e athé he

Ser ﬂrar;g%ngarr BT, ot LT VEEE A Aoy ahBlit Receivad Hadif 22" )
det er mi ne | §&ank,i ¥EH) tane @tanmwmaﬁm mxreatn(amalméﬂge)

t he ferretswe %gmﬂ Gyt e AR 1 | Wt gal | enged
orally with PBS sqzut I on 35 conta'?ﬁ ﬂﬁulrége ] €] un| 81-17/6

(1x10[ err] ém)eresnm dhe mermaldy@xhikdted o e HAMNNOAF rigiduaeRdi d
di arrhea, bdginRind¥ctoss freadltishiandickkdrvdi padvwiiaritiie iRIgHic haieat

occult bl%Pstrain 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 binding.
These findings indicate that DOC regulates virulence
25 functions in enteric bacteria via calcium-dependent (e.g.,
invasiveness) and calcium-ihdependent (e.g., Congo red dye
binding) mechanisms. These findings further suggest that
enhanced immuno-cross reactivity and Congo red binding induced
by DOC is at least in part flagellin-independent.
30

10 = EXAMPLE: DOC IRDUCES ENEANCBD SEROTYPE m SPBCIBS

'Example 33. The serotype immuno-cross react:.vity of
Campylobacter jejuni grown according the methods of the
preenf invention was examined using the rapid slide
agglutination assay. The assay used intestinal mucus from

35
immunized and non-immunized rabbits to determine the effects



- 43 - WO 96/ 11257

PCT/ US95/ 12986 and fecal |eukocytes. Bacterem a was detected by
draning 1 to 2 m of blood fromthe jugular vein of anesthetized ferrets
and i ncubgigdsfiisgre specinmen in a vented trypticase soy brotpgT/usosiions €.
Subcul tures to bl ood agar plates were taken at 2, 5 .5 and 7 days post
chal | enge. Serun1sanp|es were .coll ected prior to i muni zation (baseline),

one ek el el 15350 A vy WUANIRLEAD. oA"HNE' HUSSLrERCRLyRY! bpnoe, and

one week os tto determ ne | ood was .
det ect ed b%eﬁeﬁﬂlﬁgoﬂécéFrﬁéﬂérP§IC@HPX1993H§RECUIFhearébbiFécHPrﬁaterla

waSkS”E?redm%ﬁnif%hld&ﬁﬁndive gt.al B?dn!ﬁbﬂ thhgbaaa Ebgfehﬁigaggsy fecal
euKocC es eca cter was e | e r|n
aroars) " © ERoyABEAREARARIRE BRECNARY| Boabhe, TUCKE, aRYAERRARE, PREY Sestea "0
(trypti055egadps&gawenﬁ%rfbaepcbhpydpbactettBupainp,laompnceiyqle;ghteen

| t B o .
pol ynyxi n @er%%ggéko kanaEQn6@HEQBSSng”1§ BHI. 5@?&%?1552g?aaggﬁ%déngomﬁ

Results from thesSe éx
Tabl e 10: V@c&Pﬁa@?§h09509§cFbeAgaVﬁgtleﬂ psj exemplifiedogn Example 5.

in Ferrets The results of the a G%tluegﬁhfhgﬁ ask Zéﬁngthat the

g@gC|NE cross-géglutépellon o%Ey iLgog;GCampy ELge BE; ralns was
0/ 6 10 broader and?/ fn many casédliAsS€fbnger when the stPaihsrwere
0/'6 grown according to the methods of the invention than when they

were grown conventionally. Specifically, there was an over
two fold increase in heterologous agglutination reactivity: 6 ‘P
of 24 conventionally-grown heterologous strains agglutinated

15 at level + or greater in the anti-81-176 immune mucﬁs, whereas
14 of the same 24 strains grown under DOC conditions
agglutinated at level + or greater. Further, while eighteeh
of the heterologous strains demonstrated weak (+) or no
agglutination when conventiocnally grown, eleven of these same

20 strains showed an enhanced agglutination response when grown
under ENHANCED culture conditions (e.g., DOC containing
medium) . . |

Table 16 illustrates cross-reactivity of anti-81-176
immune rabhit.mueus against 19 heterologous Lior serotypes

25 consisting of 22 strains grown conventionally (BHI-YE) or
using the methods of Example 5 (ENHANCED). Even though this
experiment assayed only a fraction of the known Lior
seruﬁﬁpes, 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 difterent specles, Campylobacter coli. One of the
2 strains (VC167) of this serotype strongly agglutinated (3+)
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Nunber positive col oni zation/ nunber tested 30 b Presented with

green nucus/ unf orned/ watery stools c One ani nal P?.‘l‘ﬁfhéli‘zﬁ@e
group af t eWOR6EL2 e st at e was: : determ ned but before
tol oni zati on was ‘scored 35 - 44 -
WD 96/ 11257 PCT/ US95/ 12986,

Table 11: Fei eﬂn*ée'r%hlg’é G@B‘meu@% mHqus. This result indicates
One week that Al vaccine Q&M from a @ OljréJunJB@ﬂiame (en@ft,” Lasy 159,

chal | enge _
chal | enge °t %@ can cr°§5 Protect agf]gxst heterolbogfus serotyfﬁfo 4

BHI e_wn.thm the same) species, Mt Glso othas@mnpylobagNieaNGERcies
6.8 5 (@f?ﬂ, Cam l%& coli)562?iﬁsu ‘%fcfﬂth xhotln 1% thé\‘.eil Rdd tre
for the five survivin anl Tabl e |ve

chal | enge, &fnARYPes 'mﬁml“z'ec? '\MQ’H’ a}%qne‘em é‘bc?elnp%(ﬁﬁ
present idieuagesrassyol gted ety Mdr Iwvdidezat imheyaal idi sease

The data in gL rmch reater Gantlb 15 titre results
from vacci ngse%“st%t;errge)\geen"{]e% r?% (eéﬁ%%f i ARSAYeri ¢

bacteria grown conventionally (BHI ) . These results denonstrate
that i pgenicity (Table 11) and protection frominfection (Table 10)
was obt ai ned with _

b )
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20 vaccines of the present invention and was greater than that seen when

ani mal s vvere vacci nated with bacteria grown conventionally. Therefore
bacteria ‘Q, d by the methods of t he present inventi poTASe5/1298K ul as
vaccines to pro ect mammal s frominfection. 25 Example 31. Mce
do not naturally devel op Canpyl obacter or Shigella infections as do

ferrets, but theayiwadieaygrainativh Huxpordd Idedo Ty badtershow
resistance to intestinal gerstiypes Browh (qivelntdomilly aBRI~YE)i wruni zed
animals or resi stance txcddrdiass to tHeuMpt dxi)taﬁortlm‘ Invent ioxd
animal s. 30 The nouse i nt r¢BNEANCERIoE Nomrimmups” OfeAntdrsle1a68d to
predict the efficacy of v&mmures RabhbitsMuousot her animal s or “humans.
This assay.was described by Millet et al _(Vaccine - 190-198 1Q93)

Groups oP 10 femal e Bal b/c mice about sixt & muni zed
orally w th-phosphate-buffered  saiieRBS) 3881%@%31:%91 §§s hEe!

growmn (BH') or C jejuni grown WmleS(w
doses of about 10[err] CFli or

WO 96/ 11257 986

10[ err] CRUESERLR chalngAMs fr tmﬁiu%és i FEAUANCED,
group were gedermned by BLI SA nethods and are p-resent ed =in Table #&
bel ow. 30 5 Tabl e ,12. 1 gA Responses After Oral |nmunization wth

(10[err] 195 2 or 10[err]) Canpyl obacter Wol e Cel Vaccitnes
in 1 Mca <4 muni zat i en Lavage=l aA Titrefretr]
%Responderf;grr] 5 _ o i+ bt
81-176 5 - - | e+t F+++ (
15 6 6 - - ' ++++ +++
8l-116 6 - : - . ++
35 7 - - - +
52 8 - + + ++
VC=-167 8 - - + +++
20 vc-159 8 - - + -
88 9 - - - b 4
244 11 - - .o +++
556 17 - - + -
563 18 - - - -
28 544 19 - ++ - ++
699 21 - - x ++
1180 28 - - + +++
1982 29 - - - -
39 910 32 - ++ - ++
2074 36 - - - -
HC 36 - + - +
2984 46 - - - -
79171 72 - - - -
3s



10 PBS 23 14

ENHANCED (10[err]) 114 75 ENHANCE 78
75 WOG/1IBH) (10[err]) 40 | [}&&’?’;ﬁ%}iﬂ
(10[err]) 32 .12 15 a LaVage titre-indicates the
mean anti-C. £EJUHI IlgA titre obt ai ned for each individual group of
m ce. ReThendnti-8Lel?6f muousaweraoektahnedl Sranosabbitigoi nt
titres exceeded 2infenteddwdthi 2iveng. ajjeyeni helnk2aé gfowd convenhionallyl s
receiving PBS al one - Table 12 shows that animals inmunized with

bacteria gropn according to the nethods of the present invention have a
25 hi gher esti RBe R n-&nwaedpuwsrseas BPEQéﬁﬁédeW'au@F-BSFEFe

percent age of resE8hBiEs than animals i muni zed with bacteria grown
Conventlongléy EXAMPLE: MECHANI SM OF ANTI GENI C ALTE TICN
OR E‘RmAmPvERﬁrnB\‘rleecrseponses EXange cfnon nmﬁbﬁgh bt o
|ntend|ng for theVBF¥sURRk (1);nbenveBy EBremd| (Wfted to any partlcular
mechani'sm of ~eeten——t-he—presert——venters have obtai ned evi dence t hat

suggests that deoxychol ate (DOC) appears to have a two fold action in
altering or enhangjing Qﬁnﬁ Lo t gL v
|nd|catesléhat ongiaspE e bih nR% Eﬂﬁﬁﬁgﬁngﬁg &¥ @ﬁcéiuﬁ hg QESEF
dependent *€f fects, as anTama

- 46 - - Example 34. The protective efficacy of formalin-fixed

whole cell Campylobacter jejuni grown according to the methods
of the present invention was determined using the mouse '
colonization model reported by Bagar (Infgct, & Immun.,
15 63:3731-3735, 1995). |
C. jejuni 81-176 was grown and harvested accordlng 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 zs'ng 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
administratiqn of the third dose, vaccinated animals were
challenged either nasally or orally with approximately 108
3°'colqny forming units (CFU) of live conventionally grown C.
jejuni 81-176. The duration of intestinal colonization was
determined by monitoring fecal shedding every day over a 9 day
period. Fecal material was emulsified in sterile PBS and
aliquots plated on Campylobacter blood agar. Plates were
35 incubated at 35°C under microaerophillic conditions _
(Campylobacter GasPak, BBL) for 3-5 days to allow growth of C.
jejuni. Colonization results are expressed as the percentage
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WO 96/ 11257 , PCT/ US95/ 12986 t hus
| owers the cal ciumconcentration in the medium The evi dence i s as

fol | ows. Wlﬁyj ejuni 81-176 is cultured wi th the nmenfpcaresopesseabl e
cal cium chela BAPTA/ AM and “without DOC, its invasiveness of | NT-407
cells is enhanced 5 approximately 10-fold (see Table 13 bel ow). BAPTA/ AM

treatment glpng, M@Vﬁ&ed&lﬂeé é&ﬁp%‘d]@a’@&ﬁ hérddARENE OP% givereasnplid ¥

of C. Jejunl 81 176 cells: e results shown in Table 13 were
obtai ned u ﬂ@ C. jejuni 81-176 cultured according to the protoco
described in 10 fsasmoenSiﬂmE@ure hat &0l [masd ] BAshal Yenged andmals ut ed

~for 0.1% . - ' #ﬁ%
descri bed i%g%ajh%lﬁkg"%g 'ga;c‘?bl%?)?ly abo &agggae&gug e 13 I%\S/fatselron .of
| NT- 407 Gel¢hablernge | (:,qlaml)er ovibiglsty to one hundredohergantoRfl 15N BHI ) or

W th BAPTA ddhtrol animals remained colonized for 9 dags Gftdy cHallErigean
20 Strain PTA/ AM é%djejum

81-176 In contrast, s%gn;ficantly égﬂer anigmals 1gﬁ§he vacging
bacteri al ggarﬁips télned aorganbsmptdinting cthe dursmiaf ahemrcamntassay

alteration b| I

Shi gel | a, I-% "'(:‘%)‘i)ac'?%‘?%}k hfgr\!/éea&é%%%%s%om og ous(‘foo ow% lcjgn?%ﬁlolr?sng °
(1cr) getﬂasozfgmsms/ewtw@ﬁpqm&elﬂ:ron dehes a@%’l’o\mf tVRGHNA ate virul ence
of 30 Yers'é\}iﬁi :[h*é@:?é@”serﬁé’ 18w e igapt idielsydost)O andixitehieddate

genes i nvol In flagel N £Xpression ‘and assenbly which are required

for |nva5|cnaq¢nn§\d¢seﬁ»(tﬁ pegiiclies/ dose)agaviey a graduad, aﬁFoduct
-Anal ysi s ofy ﬁé@m&fé@é"ﬁt@f £APYAPIRS! €'the presence of adjuvant ‘ :
increased the degree of protection at these doses.

15 surprisingly, at the highest dose tested (109 particles/dose)
the non-adjuvantiZed'vaccine produced a level of protection
equal to or slightly greater than that obtained when a
comparable dose was administered with the LT adjuvant.

Similar results were obtained when orally vaccinated

20 animals were suhseguently challenged orally (see Figure 8).
These results iﬁdicate that immunization with inactivated
Campylobacter grown according to the methods of the present
invention affords protection against subsequent challenges of
live Campylobacter and the immunization is effioacious even

25 yhen administered orally w1thout the use of an adjuvant.

The protective efficacy of formalin-fixed whole cell
Campylobacter jejuni grown aocording to the methods of the
preaent invention (see, e.g., Example 5) administered
intraperitoneally (IP) was also evaluated. For these

30 experiments, groups of 20 female Balb/c mice were administered
a single dose of 1.3x100, 2.5x10%, 5. 0x108, 1.0x10% or 2.0x10’
inactivated C. jejuni particles in 0.5 ml endotoxin-free PBS
without adjuvant. The animals were challenged 14 days later
with a single lethal dose of live C. jejuni 81-176

3s (approximately 1. ox1o'° CFU in endotoxin-free PBS) delivered
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flaA and flbB nutants grown conventlonally -or under virul ence 35 enhanci ng

condi tions resent inventi.on show that - I nvasion, b o]
red dye blﬁgéngwg%Plncreased cross- ' react|V|ty, i's caIC|u#¢Tep%%§%ﬂ§
(see Table 14 bel ow). E,W}- EL L 47 - WO

96/ 11257 - PCT/U895/12986 ' The
resul ts showAntrapesitongsajdye oPnimade veragmenitorpd) dailyufour éddays
conventlonalturOQOQQQQﬁﬁyng to t he net hods -of t.he present.invention as
exenplified in Ex |nv si on assays ., were :carried out

and
scored as descrlbqg Fﬁ°w§ EQaEﬁPéezé ab8v§m91e intraperifeneal ARsesPSn of

| NT-407 Cel | §.0¥1

imacrivdtedints jejuni particles iXdwwed Gamventionally
s of the Present |nvention

(BH) or Agcfﬁgﬁﬂglogcal response suff101en@0€o progﬁeguegzggialeggﬁnst a

( ENHANCED)
Strain

3.5 40. 8
jejuni flbA

live ¢. jejuni challeng&H ENHANCED  * C. jejuni 81-176

15 C. jejuni flaA 0. 05 0.05 C
0. 04 20 The C. jejuni fla

0.01
and fl bA nutants ggh}gh;grtrrotection Afforded By IP Delivered

10

1S

V2Inactivated C. jejuni Prepared According to
the Methods or the Present Invention

Dose - Mortality Survivors
Dav 1 2 3 a4

1.3x1010 0 4 0 0 16
2.5%x10° 0o 0 0 o0 20
5.0%x108 © 0 0 0 20

- 1.0x108 11 7 0 0 2
5.0%107 10 6 2 0 2
PBS Control 4 3 2 0 1l

i2 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
invasiveness of Shigella flexneri 2457T cells grown
conventionally (BHI), or'according to the methods of the
invention as exemplified by Example 9 (DOC-EL) (Qherein the
cells are from an early log phase culture), or according to
Example 9 but allowing the culture to reach late log phase
before harvesting the cells (DOC-LL) was tested according to
the procedures described in Example 28. The results show that
culturing with DpOC enhances invasiveness and that the maximum
enhancement is achieved during early log phase of growth (see

' Figure 9)

Culturing with DOC according to the methods of the

-invention also enhances the invasiveness of other Shigella

species, S. sonnei, and S. dysentariae (see Figure 10). 1In
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significantly enhanced Congo red binding and i nmuno-cross reactivity
when cultured with DOC (see Table 15 and Fi gure 6, respectively). The
results shown in Table 15 and Figure 6 wer e obt ai ned usi C. jejuni

cul t ured woR&t128T onal |y or 25 according to the nethods of l’ﬁ&‘]ﬁ”@éﬁdﬁ

I nvention as exenplified in Exanple 5 above. The Congo red dye bindi ng
assays, whose results are shown in Table 15, were carried out as

descri bed pelaxdzedcepdthedial céhési thenenhansed inwvasdivenesy, ofhose
results argy3geial Gab' 8BeBriea"BheyC@hthCine essﬂknailgfsgawsdwweExarrp' e

29 . above.
06/ 11257 infected basolaterally by the bacterjpay/ Ehis1fidpding is

E?ble ég EB?QQSBFﬁtDMQﬁﬁlﬂﬂenﬂnbisgbnl?t&&és&“baﬁéﬁved in vivo. .
own nvent i ona ccor s _of the
| nventi oft (ENHA r&@ vL stu ies Show Egat Shigella grown acearﬁgpg
condition tb the mSthede of the present 1nvent10n areBhlkarlFNHONOEDD

more invasive tﬁan Sbigella preparedVaccording to the

procedure descr;bed by Pope et al. (In;gggé_g_;mmgné; 63:3642-
3648 1995). | S |
10 Example 36. Shigella cultured according to the methods

of the present invention also exhibit enhanced Congo red
binding. S. flexneri 2457T and S. sonnei grown conventionally
(BHI) or according to the methods of the present invention as "
exemplified in Example 9 were assayed for their dye binding

15 abilities using procedures described in Example 26 above. The
results show that growth in DOC enhanced Congo red binding by
the two Shigella species 10 to 20 fold (see Table 18).

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

Culture condition

25 Strain .~ BHI ENHANCED
S. flexneri 2457T . o0.04 | 0.44
S. sonnei ' | - 0.02 - 0.40
30 Shigella is divided into four species and various

serotypes. The immuno-cross reactivity of Shigella flexneri
grown according the methods of the present invention was
examined using the agglutination assay as described in Example
28. The assay used antiserum from immﬁnized rabbits to

3s determine the effects of culture conditions on the immuno-
cross reactivity of different Shigella species. The rabbits
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C. jejuni 81-176 0,07 1.68 C jejuni flaA

0. 10 1. jejuni flbA . - 0.12  grAthesi12986
The flaA nﬁ&ffff“f@ unabl e to express flagel Iin. The 15 flaA nmut ant and a
flaA-flaB doubl e mut ant (recelved fromC. Grant, NIH) are both

ft t th di ¢ hat f|
N IVESH Ve CHED Bhbghs HEHIBI AR 1Pl BHLSR 1 0% Hpte ] B o
non- DOC i ndugeskm accumwﬁngctnstheemgthadsyobbsxamgﬁbtﬂuvwxhethe I sogeni ¢
parent 20 St{giuPind OESE d1€1 934508 ¢ LAAE OB AL [oika ARLS HRGR the

of C. jejuni senf Int t'r eat ment can I nduce

t hese fl agelippunized m%m%swemhtﬁ%e%rﬁm all fRNG-Shigelidactivity
and ICongo 52 2 f&u:mb Ngirown cox:[weﬂ'flﬁ%ﬁailf'diﬁl%I nEedAiR 611‘186c£md tixﬁgbt@tme
vi rul ence nctions i.n enteric, bacteria via calci enden

i nvasi venessy éﬁ%é%a‘? i Th% i ?)‘éﬁh%’r\t ey, ’@ﬂ‘Ra;i) 57@" ‘h’g"r S‘F
nmechani sns. ﬁhesagqlmmgslémrasﬂysthhmtgrowmmmmﬁmmno Cross
reactivity biadi j e C : t.d Neapart

[ agel || n' | rLREEhh Ly itk fited 10HE “ShotuPindTod s @008 of WD
SEROTYPE ANDusmksts Shigella flexpeiND TRCOEE RBETEhASY ofF the/ShXERCTER

JEJUNl 10 het&GIo4cusIShifél 54T Hhedfes WO '¥nEiLSS FrdNé tanibody

Canpyl obact e ej ro, according the nethods of the 35 present
i nvention wa é&éﬁﬂﬂ@%eugf%g the rapid slide aggl utination assay. The

assay used intestinal mucus from | mmuni zed and non-imuni zed rabbits to
determ ne the effsgcts . 5 - WO
96/ 11257 ¥ . VACCINE EFFIC 6

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

35 connei. Immediately before and at 1, 2, 5, and 7 days
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of altering culture conditions on the cross-reactivity of het er ol ogous
strains of Canpyl obacter. The rabbits were I muni zed with live C jejuni
81- 176 grown conventionally. The agglutination activity g&@?ﬁjﬁ%us
ant i bodi eWwOWN 25T est ed 5 agai nst twenty-four Canpyl obact - ) -
conpri sing ei ghteen serotypes, grown conventionally in BH -YE nmedi um or
accordi ng to the methods of the invention as exenpli fd' ed d Q:hExa | e 5.
The resul t SERFLIRNG Jehe 1GhRtIeNTeys BRAMALR, 7R, (WeiEhed and the mean
cross-aggl Wytea i weidglit hastemingails Gaamil tah axteershsiwri its Tadslel A%r oader
and, in nmany cases, stronger when the strains were grown according to
the nethods of the invention than when they wer e grown conventionally.
Specifically, tTakdedd: aknacyivated Shigeallasfiageneni Whala G9dqus

aggl utinagion reactivity: ¥peeing 'wmﬁiﬁu&qv‘bﬁbm &RA

strains aggl utinated 15 atWitydive §. FLEHRATE PT 4ts HAARAL 176 i mune

mucus, whereas 14 of the sanme 24 strains grown under DOC conditions
aggl ut i nat et—et—t qvc: t oo Cq‘i_Cl - FUl t=ret - vvlrl;_: U.U; giI‘LUEﬂ of—tte
het er ol ogous strains denonstrated weak () or no aggl uti nati on when

convent i onaldhalyenge el evenvakcimatdonane 20 Rercemt Webght Gmang@anced
aggl uti nat i @rgassimmse when grown under_ENHANCEPp®t| €hablengeli t i ons
(e.g., O containing medi un) . Tahl 1'61')"5 Il.‘;strﬂ S _pay 7
CIr 0SS- I €AC flmldet: Vi Ofant i 811 ] f
het er ol ogousg . Lifllexarezdt ypes PBSconsi sting of &2 st ~asgn2 gralth.7 -18.3
conventionally (BH -YE) or  wusing the nmethods of Exanple 5 (ENHANCED).
Even though this experiment assayed only_a. fractigngof 1t noy j or
serotypes, the results denondfFr e%/hat t he ;’b‘t% 3o 2.5 4

ods &f "t he tnvention
i nduce substantial inmmno-cross reactivity between 30 Lior serotypes. The
results fgirther show that theabeine enhancet br0indu@e@ antilyens int.S
Canpyl-obact er appear to be adjpwen&nt in the secretory |gA response
associated Wyt rgsi stance and recovery drpm ighesgtinalgiffectd op by
Canpy! obact\gr'. Eggmﬁ It shoul'd be further- néoti;d t_Eat strains of Lél or

serotype 8 are of a different species, Canpylobacter coli. One of the
2 strains (VC167) of this seV@cgif&estrongl of ut Adrdd (346-5 <= 6.0
- 50 - _ |
20 vaccine + - 6.4 =-5.2 =13 - 2.1
adjuvant '

Ten mice in ?ach group wére 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.accb:ding to the methods of the invention were
protected against challenge with live S. flexneri organisms.
Those mice suffered less weight loss and underwent more rapid
weight recovery as compared to unvaccinated mice, i.e. the PBS
sham control group. Surprisingly, the S. flexneri vaccine
also protected the mice against challenge with live S. sonnei.
Interestingiy, animals receiving'the vaccine alone without the
LT adjuvant were as well protected against the homologous S.
flexneri challenge as animals that received the adjuvantized
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WO 96/ 11257 S PCT/ US95/ 12986 in

anti-81-17&yh »rabbit nucus. - This result.indicates tpéhuéﬁﬁaﬁglne
derived froma C. jejuni strain (e.g., Lior 5),  not only ¢ _
cross-protect against heterol ogous serotypes wi thin the sane speci es,

but al so ot hgpclapry! ORRet 8t 2P8%HLES ] 5?Lé8§ﬂe afgﬂayéggeg%saf&?}é& N >0

worth noting 1s that Lior ser ot are anong

nost prevaIeHF°t°°HFQEa§8 QSESEP%P%B“§ePB?}§E§9%§rPH & deonnghey 3#9
denDnstratedidelasiehlofCtESSLTeadﬁuvahﬁ,lﬂo&éVérﬁSﬁ6ﬂ1c1b19 enhancé® the

20 - 25 protecé?on against the challenge by S. sonnei. These findings

s indicate that vaccine comprising inactivated Shigella prepared
‘according to the methods of the inventiqn is effective in a
recognized Shigella disease model and does'not'require an
'adjuvént in preventing or attenutating various Shigella
infections. ' '

10 | _

14 EXAMPLE: FACTORS THAT AFFECT THE ADHESIVENESS OF H.

EYIORI 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 Gl-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 agaih 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, occurred between 12-14 h of growth in 0.2%
bile (Figure'la) These "peak" times generally corresponded
to the period when the culture of each strain was in log phase
growth

s

3 s . . .
s EXAMPLE: VACCINE EFFICACY OF HEZICUBACﬂER GROWN
' N E _METHODS OF 8
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58T25895{1§986 WO 96/ 11257 Tabl e 16. Aggl uti nati on Response of
npyl obact er serotypes G own Conven cﬁﬂﬁb Hl - YE)
or WO 96/11257 According to the Methods of the Invetr?tlon Sit2skd
(ENHANCED) to Non-inmmune[err] or Anti-81-176[err] . | nmune

Rabbit Micus 5 _ ) - :
response[err] EXample 39. The protective efficacy d@gQBQHdTTﬂJflxed

Mucus. whole cell Hequcpbactezsm)alqrz grovgerqgtgﬂredlng m the me@NHQ\ICED

?T'igE ENHégméﬁé preéé%% znventlon was determined u51ng the mouse -

1 Heliqpbacter fel;s gastric colonlzatlon nodel desqgﬁped b%]ﬂ
S 5 Chen et al. (mg_e; 3393#1120-1121+42992) . Heliiobacter 5
: %or.z strai,rq_ +Gl 4 véals 1%_%0‘1& as 6a %eed culture 6fc.ar about 22 h
+ at 37°C Athder 10% CO,, 90% air in BHI med;a conta;ning 4%+

bovine calf serum. An aligout of this culture was used to
inoculate a 10-fold volume of the same media conta;ning 0.1%

10 (v/v) bovine bi;e._ After 12-14 h of growth at 37°C, the cells
are harvested bj centrifugatiOn and résuSpended in 1/10 of the
original volume of Hank's Balanced Salts Solution (HBSS) at
room temperature. Cells were recentrifugéd and again ‘“
suspended. in 1/100 of the orlglnal volume of HBSS. To the

15 buffered cell suspen51on, formalln 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)-éf live H. felis.

Two weeks after challenge the animals were sacrificed and

' " antral stomach segments analyized for urease activity to
determine the presence of H. felis. Urease activity was .

30 getermined by incubating auttal tissue samples'in 0.5 ml
Stuart's Urease Broth (Remel) at room temperature for 4-24
hours. A cdlorfchange 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



52 8 C- . } + ++ VC- 167

8 - - ...F . +++ 20 VG159
- WO 96/11257 + S - gg 9 PCTIUS95/1298§
: - + mo - .
+ +++ 556 : 17 L +
- 563 strain Glt4 pr :é&ted_animals agalnst an H. felis oral _ 25
544 chalQenge. - ++ o ++ . 699
21 - T + ++L 1180 28
- - + J +++ 1982 - 29
- - Table 20: Prgggction Agains@oHelicobacter Infections with
- st 2074 Vaccingg Comprising Inactivated H. pylori_Grown
- HC - 36 According to Methaqds of the Present Invention
2984 46— L +Odr
72 - . - - - 35 )
- 52 - WD 96/ 11257 chalzenge
PCT/ US95/ 12986 Immuniging The ami s§§6 muicugoYbntzedy ai ned f peprreakbits
infected with |iagefts? ejuni 81¢(10&EU)OWN convembitadal |y Protectiien
non-i nmmunggucus wer e obtai ned from uninfected rabbits c The
aggl uti nati on TesSponses range 1romnegative (-J, 10 Very weak (),
to very stroqg §++r+g :

H. pylori . H. felis 4/13 71

PBS + LT H. felis 9/9 ' ]

1s E iment 2
H. pylorib H. felis 2/15 87
PBS + LT H. felis 10/10 0

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

b Given as 1 x 102 CFU of Strain Gl1-4 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  DEPOSIT OF MICROORGANISM
The following microorganisms have been deposited with the
American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland 20852, USA, and have the indicated
3s accession numbers:
Mi . : ion N L it Dat
Helicobacter pylori NB3-2 September 29, 1995



11 EXAMPLE: ADDI TI ONAL EXPERI MENTS OF VACCI NE EFFI CACY 10 o
CAMPYLOBACTER Exanpl e 34. The protective efficacy of formalin-fixed
whol e cel | Canpyl obacter jejuni grown according to the nethods of the

pr esent iﬂﬁgg}dﬁg was determ ned using the nouse col oni PETAUSYS/12086c|
reported by Baqar (Infect. & Imun., 15 63:3731-3735, 1995). C.
jejuni 81-176 was grown and harvested according to Exanple 5 and

i nacti vate i % | kh_as descri bed above fi to
8 week ol dgf%&e’ggggg/%;%égg ﬁgrg adni ni st er ed thrse%%ggilgéﬁgésge’s %/%95235
m /dose in endotoxin-free 20 PBS) containing either 10[err], 10[err], or
10[err] inactivated bacterial . particles alone or in conbination with 25
[err]g of the heat = |abile enterotoxin fromE. coli (LT). Doses were
given at. 48 - hour intervals and inmedi ately after two 0.5 m doses of 5%
sodi um bgcar bonathesoequivaléptisSof) thersethods of: thenpresentsinventions,
to neutral] SLLI cihdi ; cpet ; grar=]

vacci nat odbef BEpRRREHE RELbImIAATEY ERbBe CKORER inCtn@MAEE Endtiden
Appr oxi mat egyivalentys arecintendedi hpsPeainghudedhy Hhis 1R¥eREIALci nat ed
ani ml s WepRe fofblgbifigoaiseiblerengfidlldes adl athy Yhibrogpioni deémed

10[err] 30 cal on ormng.upit CF of .l Lve conventj onal _
i ej[ uni ! 81-39%.31“#% dg?aﬂqﬁﬁfﬁf Epé?ﬁg%{‘ﬁ;?‘e of"an%l%t ?5#1 él\%si"’ ¥ag£e{?¥é\€m&rlleed by
moni t or Logciainedsindehbijonver Bedausevthe acftedypatents oor peblicabions g

L0 lata: hbgor . . g
hoar Pl o BeF prAvEQS] EUELhED 8Ceu)tinfubhat oR 851 MonCRuBYePPaLS cE1bed0
condi t i onshereimaaps| bereby  inaerarrabed) by crefexenas sin cthein eRELEREY of

C. jejuni. Colonization results are expressed as the percentage ‘
- 53 - WO 96/ 11257 - :
PCT/ US95/ 12986 of ani mal s sheddi ng Canpyl obacter organi sns on a given

sanpl e 35 day.
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‘As shown in Figure 7, al
shed organisns i medi ately after

one hundr P i1

after chall enge.

control,

vacci nat ed

nasal |y chal | enged ani mal s,

bot h i nmuni zed and

5 chal | enge (dapicpaysoshbesety to

nt of the control animals remained col oni zed for 9 days
In contrast, significantly fewer animals in the
groups shed organisns_during the course of the 9 day assay

period. Both
wer e depende
particl es/do
gave a gradu
adj uvant

Sur prisingly
non- adj uvant
slightly gre
adm ni stered
when orally
Fi gure 8).

the degree of and tj of chall enge 10 org
nt on the anount of yﬂ?@#ﬂ%ﬁbﬁiggﬂﬁﬁistered. The | ow ( 1(

5 Ggiongl Brdlet in PrivetTEElh th e isroorganispACeT TN EhgRi Jrief EE@.E @ he descripgignt | | e

ACPRYTEICATIQN RE fée of protection at these doses. 15
denner yensita prejitpetitied oppo stdivonbegeet] (10[ err] parti cl es/ dose)

o by of SRS IEIEOR Gt ai ned when a  conparabl e dose was
Hoperitan TpeCultdFe Collection ant | Simlar results were obtq
vacci nated 20 ani mal s were subsequently chall enged or al

These results indicate that imunization with inactivat

Campyl obact e
af fords prot
and the imu
wi t hout the
formalin-fix

TOWIT_gCCOr Or My T Ot e et ods—of T e presemnt T TTvent
Ao P BN SRS RIRY ‘o || ve Canpyl ob
N12301t Packlawp Brivef f | caci ous even 25 when administered orally
| Boskvile MB 29858 yvant . The protective efficacy of
ed whol e cel | Campyl obacter jejuni grown according to

nmet hods of t
i ntraperiton
of 120 femal e

<3 preseft TTIVEINLT O ( Sec,
d ity Septamber 29 1995 Agcessig

Datg g

BpOS

BalpbinONAU IRMCATOING - aahehilik s Syiicdk). 6 informarioncls coirbue) @ b BunehaGe@snedf 1. 3X1

2.5X10[err],
jejuni parti
ani mal s were
C. jejuni 81
del i vered

5. 0X10[err|, 1.0X1O0[err] or Z.0XI0[err] I nacti vat ed
Cles in 0.5 nm endotoxin-free PBS w t hout adj uvant.

chal | enged 14 days | ater with a single |lethal dose g
- 176 (approximately 1.0X10[err] CFU in endotoxi n-fregq
54 - WD 96/ 1125

PCT/ US95/ 129

8. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE ° v e whumes o nx a2 tvagumat sisiens

D. SEPARATE FURNISHING OF INDICATIONS * (ieave biank if nox spplicable)

ani sns
[err]
/ dose)

t he
;

i ned

y (see
ed

i on
cter

t he

ed

gr oups

O[err],

C.

The

f live
PBS)

7

The indications listed below will be submitted to the international Bureau later * {Specity the genersl nature of the indications e.g..
"Accession Number ot Deposit”) ’

E.DThisdleetwureeeivedwi_:hmehmmﬁonﬂlpplicaﬁonwmﬁled(tobecheckedbymeleceivins()fﬁce)

(Authorized Officer)
[ The date of receipt (from the applicant) by the Internacional Burean *

(Authorized Officer)

Form PCT/RO/1 34 (January 1981)
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intraperitoneally. Animals were nonitored daily for 4 days for
mortality. As shown in Table 17, a single intraperitoneal dose of
5. OX10[ eryyb ogfipsahi vated C. jejuni particles induced an 5 PCTSES/I2986
response sufficient to protect aninmals against a live C. jejuni

chal | enge. Tabl e:17: Protection Afforded By I P Delivered

V2l nactivated C. jejuni Prépared According to : t he

Met hods of the Present Invention 10 Dose - Mortality
Survi vors ,Day 1 2 3 4 : 1.3X10[ err]

0 4 0 ~2.5x10[ err] 00 0 O

20 15 5.0X10[ err] -0 0 o0 o0 20

1. 0X10[ err] FormPCT/RO/B4icontl (o  ( 2 5.0X10[ err]

10 6 2 ' PBS Contr ol 4 3 2 0

10 Opg 2 A Type Cumer coeBlon | L ANGED | NVASI VENESS, GONGO-RED

Bl NDI NG AND 1230h/BiiwaREBES REACTI VI TY OF SHI GELLA Exanpl e 35. The

i nvasi venes%‘é‘ﬁ‘f‘"’ﬂfﬂ g% a sp. ‘grown in vitro is affected by the culture's
growt-h phase” The 25 invasiveness of Shigella flexneri 2457T cells grown
conventionally (BH'), or according to the nmethods of the i nvention as
exenplified by Exanple 9 (DOC-EL) (wherein the cells are froman early
| og phase culture), or according to Exanple 9 but allowi ng the culture
to reach late Iogclgggasﬁo,BO bef or e hapugsiios the cells (DOC-LL) was tested
according to the procedures descri bdr %o npl e 28. The results show
that . culturing with DOC enhances invasiveness and that the nmaxi num
enhancenent is achieved during early |og phase of growh (see Figure 9) ‘

dntemational App{cétion No;'.P'ﬁ':T.I
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Culturing with DOC according to the nethods of'thé_m__invention al so

e el 1 TR ° “eiogiie

WD 96/ 11257 - " SPCT/ US95/ 12986

pol arized epithelial cells the ‘enhanced i nvasi veness of Shi gel l a was
observed onl al cells were i nfected basol ateral |y by
the bacteria. This finding is consistent with the invasion process
observed in vivo. mpar,itive studies show that Shlgella r own
accor di ng to the rretlhodg%o Mmethod, ofs Rroduaidig et LGobacten Parkerday

nmor e i nvasi vaving Snhprides mx&qazgad.aam;ﬁmeg whith conpededs growing a |

d i bed . ;+364.2- 6 995) 4 .

Eiggr{): eGBGW%ﬁi gé"a% a Ctﬁ’{éure accor 1IN ri’ta(g:tt%%é%né?‘ng&§r% L‘}Li'f jat ﬁé’“ﬁ’,‘%‘%& on
i nvention al § Semaditd qgﬁnﬁﬂﬂﬂ?h§iﬂg§red bi nding. S. flexneri 2457T and
S. sonnei grown car)ventawﬂﬁd lov 5% (t%'"a)bdi’ft %;%C%‘i'é“%zi Qb (T?Ef RS o rt he

present invention as wer e assaye dye
bi nding 15 abilities u& %Paé@d&%?rﬁeé’&r MeEe bilecaF3As o8 883F8. The
results show t hat gr owthereo®@C enhanced Congo red bi ndi ng by the two

o e ny oI 77 Bt ok of Yelhied8tuba e elden about 30gE Ry B -hRiouronds e

Bi nding by S. flexheri onnel
(BH') or Accordin§lto z@ air or an micromeriopid 1dfic konditiont, mmmummhe

EFPSﬁECED) microaerophlléﬁf condition comRx %%EE“&? apat! 53" ¢o
about 20% CO, with about 80% to about 95% air; or
ii) about 5% to about 10% 0, with about 10% to
15 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, O to
about 10 mM of EGTA, and 0 to about 100 uM of
EGTA/AM,
20 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
25 bile salt or acid comprises glycocholate or glycocholic acid.

3. The method according to claim 1, wherein said
Helicobacter is Helicobacter pylori or Helicobacter felis.

30 4. The method according to claim 3, wherein said
Helicobacter is Helicobacter pylori strain 49503, NB3-2 or Gl-
4. ' '

5. The method according to claim 4, wherein the
35 combination of conditions comprises:
' a) about 0.05% bile salt which is glycocholate or about
0.1% to about 0.2% bile;
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S. flexneri 2457T : 0.04 0. 44 S. sonne
0.02 0. 40 30 -E—ShhgeLLa_Ls_dLMLded into four species and
vari ous serotypes. The i nmmj dHE; GHEET HAStBEENtfy of Shigella flaxneri
grown accy@bgfizshe met hods of [he prREPEACED nvent]i on was  RGEBINAWHsi ng
t he aggl utination assay as descri be 28. The assay used
antiserum from i nuni zed rabbits to 35 determne the effects of culture

condi ti ons on thg, i Mg~ tenfiéreeur €264 |adue o7k ferent Shigel|a speci es.
The rabbits

PCT/ US95/ 12986 €) méneab%n}Q’EdtwaP%r%’h?szH&H SHPQ& S&*lﬁgxnerl

2457T  grown accor dipsut O9b$cai®} horsawsutxeow! @o,9withhaboutagsl of iwktth on
activity of the IgG a tlbod ? @Ptal ed- fromthe - inmmuni zed ani mals were
tested against all %i gpeC|es grown conventionally in BH

medi um orsatnerdun'gur@ i#legrowmrefdmck sifficient crinesq thpt hergrltuyge
The results 6%2%ﬁ¥%éutlnatlon assays show that growh with DOC
S|gn|f|cant%y eAh € agglutination activity of the honol ogous
Shigella flexneri as well -as those of the three 10 heterol ogous Shigella

species to anti-S. flgxnerag h&!’ddf ter bacteri®
EXANPLE: VACCI NE EFF| CACY. OF ﬁ%&ﬂ prédieiny M FiddDacter bacter

=
ef fi cacy ofhd¥iRg ephanged antigepic c%??p%?jg%?l'gﬁ)‘f’kéx%ﬂqrgﬁ%% A0 %JF% ng
to the neohedbtwie of ttite mebbc»baat/mtbmtem dimn evitredinss reoniinaticon

nasal of conditions comprlsing.
a) a divalent cation chelator selected from the group
consisting of about 1.0 to about 25 uM of BAPTA/AM, "
about 0.5 about 10 mM of EGTA, and about 1.0 to

1s about 100 uM 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
20 about 20% CO, with about 80% to about 95% air; or
1i) 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
25 stationary phase, or at about stationary phase.

7. A Helicobacter bacterium having enhanced
antigenic properties, which is harvested from a culture of
Helicobacter bacteria grown in vitro under a combination of

30 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;
35 c) in air or an microaerophillic condition, wherein the

microaerophillic condition comprises i) about 5% to

LT “,”ﬁ‘ii’[n’ﬁﬂf“" i‘ﬁ




thal | enge nodel devehgped'ﬁ?fcﬁbﬁrha:f .o Eéﬁ'thcine,_: 11: 190- 196,
1993). Bri efolé% Shigella flexner lT*\ﬂésé ﬁ.saﬁ } har vest eﬂ,(g.;@élg}'gg‘g to
the met hodWOSSHIATi i ed in Examplé:9 BBPENER Hact lvated wit B ; -
formalin as described in Exanple—  30.  Approximately 10[err] inactivated
bacterial particles were  used-.to:.vaccipnate 14-16 week-old femal e Bal b/c
m ce. The i natti vatakbus: Z0%)qMr Wwithsaboupeadédtonabouti 6% amdet oXi n-
free PBS at a concentraiy Qfi:G |E g M aRd e | o Qf t
this material was adrri%’s}%@cﬁnwgsgﬁ yak{%{é r@uﬁ?%_ 1%‘ f‘?gﬁ%l {?“ £8' aB3u
‘anesthetized ani mals. 20% %l WaFht pbeuti Aflinteaabens RBkeN:i andien at 14
dgyI ! Pt er :c/alt ﬁ S ﬁ” o laTcaiﬁlmeﬂ&ﬁﬁfcﬁﬁcrféwﬁbzacaéugﬂe@rntda@ NS IgHdip/ e
ability o e Shigella whol.e cell_vaccine, groups .o | S re
i muni zed dising a sus&?%%?i%@%o%t%ﬂ r?&?‘&h@so “W'r%é&@yﬁgaﬁi% and
5 [err]g of the heat - |atiodte ¥ tmM adHXEGTA, D0 Eo'mbout L1OA Pwe een days
after the third i 'iz*ﬁon,.aninals were chall enged nasally with a

0se éﬁﬁﬂ

subl et hal wast i ng err] cfu) of either live S. flexneri or S. 35
sonnei . - | modhenesty sadid Hekigbhacter Zultursmdsy atayabout early log phase,

- o7 - beé“léﬁyé§¥¥§ og phase and stati ry phase, or at about

PCT/ US95/ 12986 fol I"Tow ngg pt he chalq engae,loglnal' r¥alps were wei ghed and the

mean FbFFAENATYRNASRned. Results are shown in Table 19.
Tabl e 19: Inactivated Shigella flexneri Whol e Cel

Vacci ne Protects M ce Agai ngt J all enge _ . . j t i ve
S flexneri orsS. sonnéﬁ W%e'ﬁﬁficégécéerg%acterlum according £d Jléim

7, wherein said bile salt or acid comprises glycocholate or
glycocholic acid. :
s
. 9. The Helicobacter bacterium according to claim
7, wherein said Helicobacter is Helicobacter pylori or
Helicobacter felis.

20 10. The Helicobacter bacterium according to claim
9, wherein said Helicobacter is Helicobacter pylori strain
49503, NB3-2 or Gl-4.

11. The Helicobacter bacterium according to claim
25 7, wherein the combination of conditions comprises:
a) about 0.05% bile salt which is glycocholate or about
0.1 to about 0.2% bile; y
b) the temperature is abouf 37°C;
c) in about 10% to about 20% CO, with about 80% to
30 about 90% air, or about 10% CO, with about 5% O, with
about 85% N,; and | -
the culture is at about log phase.

12. The Helicobacter bacterium according to claim
35 11, wherein saiad Helicobacter is Helicobacter pylori or
Helicobacter felis.

- 67 - This Sheet Has Been Replaced

W IR




Chal | enge Vacci nati on Percent Vi ght Change organi sm

Post Chal | enge 10 Day 1 Day 2 Day 5 Day 7
S. flexneri - PBS 8118 2 17 2 .18 3 '
vacci ne w096/11255 4 - 2.9 -2 5TH|“ GHEET HAS BEEN | PCT/USSS19%6c +

- 7.0 - 2.0 1.5 1.5 REPLACED adj uvant S. sonnei -

PBS 8 1 17 5 - 9. vacci ne

- 6.7 -11.3 - a 6.4 - 5.2
- 1.3 - 2.1 13' % feq;coé’cﬁﬁﬁ?f tbacter \é'n%%‘)é'egl r?ngaac cedr oup were
i mruni zed @aﬁmﬂq’ pridpenties nevhictoris hanyesijes rfjrqmactqlkk;t“w S:

flexneri gruy SaGALEA G, &&&@ﬁﬂmﬁ i vitro undbie amdainmmﬁiloae@fwth
vacci ne conprisjng |nact|va,t ed S. fl exnari grown according to the

met hods of GONELtARNR SAMRRHRENT: prot ect ed agai nst chal'lenge with live S.
fl exneri _sérgam %_r;s.h a difeient oatddd e:malms, \ it eldo sf3oam dEhen GOt
nmore rapi wei ght reco.v S ;

PBS sham contr ol se{ p?ffggn%gq (fl w\é%ﬁ éé;?gf?;l{/ngngﬁgﬂ/ﬁ{‘
protected the mce agrbm Q;.rﬁalﬁcemjmum tIHJ MM, @ fSEGTdn&nd abouk dr-Osth °th Y,

gpgggl:tse(rjeggliylngg me ml 0og ous S %nfa?? Cha:_reﬁd{auggn;nrerf ash\g;all
recei ved t he adjh)vantﬁtz@d temperature between about 30° % 'I:mizs"ct
96/ 1125730 and PCT/ US95/ 12986
c) in air or an mlcroaerophillic condition, wherein the
microaerophillic condition comprises i) about 5% to
-about 20% CO, with about 80% to about 95% air; or ‘
ii) about 5% to about 10% O, with about 10% to about
15 ~20% CO, with about 70% to about 85% N,,
wherein said Helicobacter culture is at about early log phase, -
between early log phase and statlonary_phase, or at about
stationary phase.

20 14. A vaccine comprising the Helicobacter bacterium
of claim 7, 9, 11, 12 or 13, or an immunogenic fragment or
derivative thereof.

15. The vaccine according to claim 14, further
25 comprising a pharmaceutically acceptable carrier or diluent.

16. The vaccine according to claim 14, wherein said
Helicobacter bacterium is inactivated.

30 17. The vaccine according to claim 16, wherein said
Helicobacter bacterium is inactivated by formalin treatment.

18. The vaccine according to claim 14, wherein said
vaccine is suitable for mucosal or parenteral or mucosal and
35 parenteral administration.
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vaccine. The S. flexneri vaccine alone also conferred protection to

het er ol ogo nges by S. san retusHon of th

however , ng?‘l)gf)gﬁéﬁenhanced the ?b&géﬂoﬁl\ﬁgﬁﬁmst t he ch:T nge

sonnei. These findings ' 5 |nd|ca B ne c nprising |nact|vated
Shi gel I 'a prepared accor di ng to-the:methods, o lnvention is effectlve

ina recognized Shigtlla e%’rﬂfdéc%?ﬁ?’dl%§%&lar’éh&4ﬂe rtherj uvant
in preventlrgpmprrainguanuadgpvantAaus Shigella infections. 10 14
EXAMPLE: FACTORS THAT AFFECT&THE ADHESI VENESS. CF H: 5 ' PYLORI TO
ANl MAL CELLS : Exanpl e 38. The adherence of ‘H' pylori is enhanced by
growth in glycochol at 2Gbr 1 methed IEprofassaydnicod pRtentials awsimerokdals

¥\/|E!rekadde¢ tagedttl nqmsm %fﬁé\&ﬁl‘hgcéﬂﬂe HeI¥dHictr BadtWibimidon the
asKs were

fJd ush 10/6 r %[ err]-85%\ err] "and | ncubat ed
for 53 b at SHALR, Y g2 © OT Ao S AN (SRR AT s
diluted 1 tcbam:emica:idalf Imbmm::smﬂ: léfifecty dfesddld agehtienvitie 4%

bovi ne cal f. gy ﬂﬁ?1 dﬁprlous concentrations of bovine bile
(0.025% to 0 2%' ese cu tures were again flushed with the sanme gas

m xture, and incubated at 37[err]C. The cells were harvested at vari ous

times upaeo 18 h and melraamh@acerotxodé%a&%gcg st ' 2 %&1%&&& he

nmet hods des ed,in Fxa 28 The 25 resul.ts 'shogw_that culturing with
bile enhancg(fl?ﬁgba tf(fh% SEFEs 1% 3 andmali oxp qll?i'-°$G-Fad‘elﬁ%“F(1&e

Figures 12 &herefrod), cemprtilsdniyBthz stt:regisn,ofpaakc@diﬁist\i@ige%‘alda 4 to 6

fold. I NCRY ¢ f a urred after, . out
8 h of grovvth g%’?el %%?’.E’l%o?ﬁt e%g% %ggfgﬁ ¢ ﬁ a egd'llr‘é"s‘\f[e é?s‘ gb
to 3 fold i far elever ﬂﬁatOGfanéw@gmentemhamcoﬁ,camuube screeniadg [ferween

12-14 h as an®iddv bd; | ( &Ko | rally
correspondeg! t%w?henggrﬁbgkwkgﬁ ?ﬁgggﬁb%E%S o] gggg traﬁgf?i?éﬁﬁf
35

phase 15 EXAMPLE: VACCI NE EFFI CACY OF HELICCBACTER
ACORDI NG TO THE METHODS OF THE PRESENT | NVENTI ON

22. A method for detecting Helicobacter bacteria in
an animal or biological sample therefrom, comprising the steps
20 of a) contacting said biological sample with an antibody that
binds the Helicobacter bacterium of claim 7, 9, 11, 12 or 13,
or a fragment thereof, and b) screening for antibody binding
of the Helicobacter bacterium or fragment thereof.

- 59 -

25 23. A diagnostic immunoassay kit for detecting a
host's production of antibodies to Helicobacter bacteria or
for detecting Helicobacter bacteria, comprising the
Helicobacter bacterium of claim 7, 9, 11, 12 or 13, or
antibodies thereto and all other essential kit components

30 required to perform the desired immunoassay.

24. A method for producing anti-Helicobacter
‘antibodies in an animal which comprises immunizing the animal
with an effective amount of an immunogen comprising the

35 Helicobacter bacterium of claim 7, 9, 11, 12 or 13 wherein the
anti-Helicobacter antibodies bind said Helicobacter bacterium
or a component thereof. '

- 69 -
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WO 96/ 11257 PCT/ US95/ 12986
Exanpl e 39. The protective efficacy of formalin-fixed whol e cel |

Hel i cobac gr own accok-eh e of t
i nventi on%%s%gger m ned usi ng fThéS ﬁ*ﬁé% ﬁﬁs%l i cobacter fwsggjsiﬁ“fc
col oni zati on nodel described b 5 A ?b.j}ancet 339:1120- 1121,
1992). Helicobacter ylori stTarn Gl-4 was grown as a seed culture for
about 22 h at 37[&-’f ] CAumedhofyRICetdmulla any ipmupe response in

cont ai ni ng a4\%amnmqu Efom%&*llé@s aﬁﬂu@a'ﬂs‘i:@%.n@f tbhitheCHnlimag Was used to

i nocul ate a |ld volu t he ,sane nedi a cont.ai,nin

bovi ne bi | SELSRELYE FROHNE, O a5 JHAIAGESS; CORPT 48 1figo Log; FE11copsgter
harvest ed bactertinm ofaclaimald ©gsudpendedri a3livherefint said immupenal

vol ume o a al n.CH a

Col 5% wo B PoBEcheR pRATRARS | Bbefludted ok BlPhatlred s chRABKEETERERL L Bnp
vol une of HBSlee‘#éeﬁhénl$hBuﬁﬂéﬂéé-celI suspensi on, formalin was added to
a concentration of 0.075% and the cells inactivated by stirring t he
suspensi on at roomtenperature for 6 h then cooling the solution at 4
[err]C for 18 hours. Protection potential was routi nel'y measured by

20 adninistering 3 ctivated v\hm‘heSle&lHasNe%ﬁRé dq orally to
6- 8 vveeksol d femal e mﬁ Imm uﬁ &Bater free m c u ummjm' 7 and 14 or
0 [

at days 7 and 21. *Dosest bacteri al dose were
eval uated in conbination wth the heat | abil e en E. coli.
Fourteen days 25 after the third i muni zi ng dose, aninmals were chall 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 ‘
segnents anal yi zed for urease activity to determ ne the presence of H.
felis. y ease activity was 30 determ ned by incubating antral tissue

sanmpl es™n 0.5 m Stuart's Urease Broth (Renel) at roomtenperature for
4-24 hours. A color change fromclear to red occuring within thls

period was taken as a positive urease result.




As shown in Table 20, adm nistration of enhanced 35 Hel | coba cel |
vacci ne pr &¥Q96d123%3i ng i . pyI ori Cl;&rmmﬁgisﬁ

WO 96/ 11257 PCT/ US95/ 12986
strain Gl-4 protected aninals against an H fells oral chal | enge.
Tabl e 20: Protection Agai nst Helicobacter Infections with
Vacci nes Conprising Inactivated H pylori 19ﬁwn Accor di ng
to Methods of the Present_©nvention _Q Chal | enge _ &
| nruni zi ng Orfgani sns]™N  Col oni Zed/ Yer cent Ag’ent s[ar™
(10 CFU) ot al R Protecty on 10 Experinment 1 .
pylori[err] I-"I felis 4/ 1 71 PBS + YT
H fells 9/9 . 0 \15 Experijment 2 pyl orijf err]
H fells 2/ 15 87 PBS]+ LT $|s
10/ 10 0 a Al agentgq given With’10 [err]g LT (Labifl e
toxin of ETEC) 20 adj'Hvant as 3 oral\ doses at 7 day intervalp i
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b Gven as 1 X 10[err] CFU of Strain Gl-4 in a 0.25 m dose
Resul ts of WMQ:2641 b??perl ments show the rel evance of 25 enhancerCEAS98/12986

bacterial properties to in vivo i mmunogeni city. The met hods of
the present invention produce bacteria capabl e of inducing an

I mmunogeni ¢ response which is pr ot ect i%vgland therefore are useful as
vacci nes. 30 16 DEPCSIT OF M NI SM The foll ow ng

m croor gani sms have been deposited with the Anerican Type Culture
Col l ection, 12301 Parklawn Drive, Rockvill e, Maryl and 20852, USA, and

have the indicated 35 accessi on nunbers: M cr oor gani sm

Accessi on No. Deposit Date Hel i cobacter pylori NB3-2

Sept enber 29, 1995 - 61 - WO

96/ 11257 BHIL OX DOC BHLT/ UB@C129M'D ’
ENER0Er 291 1995 5

Hel i cobact er pyl on CF"QF '1 Bhia | Lo
O her equivalents of the n"e[hods of th pres_'_. "ventlo’h may be easily
determ ned by those skilled"in tHe art "and such = equival ents are intended
to be included by this i n\ﬁent | on’ ~ The forégoi ny disclbsure includes all
the information deenege tgessent iga enabl e those skilied in the art to
practlce the 10 cl ai rNy-—"— RSN LI S © H‘re'ﬁtéd-pﬂﬁ ents or

publ i cations may i s | nkornmtion akd the materials
cited -herein are hgqg Moy re&é&%e,,j n their entirety.

62 kDa

e )

F

\
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WO 96/11257

PCT/US95/12986

Lane 1 = BHI culture

Lane 2 = BHI + 0.8% oxgall culture

Lane 3 = BHI + 0.1% DOC culture

Lane 4 = Surface extract of BHI culture
Lane 5 = Surface extract of BHI-DOC culture

FIG.3
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WO 96/ 11257

PCT/ US95/ 12986/11257 M REXH$EN2096)/ 5
Optional Sheet in connection with the mcroorganismreferred to on page 61,
i nes 30-38 of the description A. | DENTI FI CATI ON OF DEPCSI T
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Address of depositary institution (including postal code and country)'
12301 Parklawn Drive Rockville, NMD 20852 us Dat e of
deposit Septenber 29, 1995 Accessi on Numnber B. ADDI Tl ONAL

| NDI CATI ONS C. DESI GNATED STATES FOR WHI CH | NDI.CATI ONS ARE
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PCT/ US95/ 10488611257 \nat is claimed is: 1. Anethod of
produci ng Hel i cobacter bacteria havi ng enhanced anti genic properties
whi ch conprises growing a 5 culture of the Helicobacter bacteria in vitro
I n a conbinati-on of conditions conpri sing: a) about 0.05%to
about 3% bile or about 0.025%to 71 about 0. 6% of one or nore
bile acids or salts t hereof; 10 b) at a tenperature
bet ween about 30[err] C and about 42[err]C c) in air or an
m croaerophillic condition, wherein the
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‘m croaerophi|li ndition conprises i) about 5%to @g@ 620%0
Cderr] wt 036@67%980%t0 about 95%air; or i) act;l(.)u ?/ht

about 10% Qerr] with about 10%to 15 . about 20% CJerr] with
about 70% to about 85% N2; and d) a di val ent cation chel ator
sel ected fromthe group consisting of O to-about 100 .[err] M of
BAPTA/AM O to . about 10 nM oB/EgTA, and O to about 100 [err]M
of EGTA/AM 20 for a sufficient tinme so that the culture is in
a growt h phase at about early |og phase, between early | og phase and
stationary phase, or at about stationary phase. 2. The
nmet hod accordi ng to claipml1l, wherein said 25 bile salt or acid conprises
gl ycochol ate or gk gﬁa ic acid. 3. The net hod accordi ng
to claimi1, wheregl S Helicobacter pylori or
Hel i cobacter felige 30} d according to claim3,
wherein said HEDiI c%b(?,ter i c.oba.cie.:..pyl-e-rh train 49503, NB3-2 or
Gl- 4. 5. hod according tQ\¢laim4, wherein the
35 conbi nati on of ﬁondl t Lons co a) ut 0.05% bile salt
which is gl ycochoEste or about 0.2% bil e;
- 65 - S6660 ature is abodt 370C, c)
in about 10%to a@ut 20&1&3 err] wi th abou
_|-
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-about 90% air, or about 10% CJerr] with about 5% (err] ""'ﬁ’mswx 6
about 85% M[Q:W]ﬂﬂand the culture is growmn for a sufficient

the culture is in | og phase. : 6. A Helicobacter bacterium _
havi ng enhanced antigenic properties, which is harvested froma culture of
Hel i cobacter bacteria grown in vitro under a conbination of conditions

conpri si ng: a) about 0.05%to abogg q% bile or about 0.025%to

about 0.6% of one or nore bile acids or I"t t her eof ; b)

at a tenperature petween about 30[err]C and about 42[ err] G c) in
air or an mcroaefophillic condition, wherein the

mcroaeropiﬂ;&'ﬂo on ses i) about 5%to about 20%
Cderr] wi tS about 80 . Or ii) about 5% to about

10%Qerr]athaout N20% CJerr] with about 70%to
about 85%!@ 80 -and on chel ator selected from
the group et consy 5\ err]M of BAPTA/AM O to
about 10 mhbf EQTA, and\0 t o\about 100 [err]M o( EGTA/ AM
wherein salpﬁﬁl-ﬁlo obacter\cultye is at about eary‘log phase, bet ween

se a

y
early log ase, or at about \S{at.l_o.n.a.ry

7. The Hel&Xobac Olrslcgghf)ﬂ gl :lCIde V\/nerel n iﬁl aﬁl\j,ﬁ_hsal t

or acid conpyi gl ycochol
Hel i cobact bactri um accoryi ng to\claim®6, wherein sai g Hel bacter is
cter Telis. 9 Thgwgl i cobact er

Hel i cobact €& pyl ofi or Helic
bact eri um aeco@@ pg to claim 8, i d Hel i cobactee—-s QW(Ciycobacter
pylori strfh 495p3, NB3-2 or Gl-4. 0 ADJUVANT

—
- 0 i i 1 1
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67 10 . The Hel i cobacter bacterium according to cl ?&LPQ‘%’ ei n
e salt

t he conbi nWPAHIWS? condi ti ons conpri ses: a) about 0.0

whi ch is glycochol ate or about 0.1 to about 0.2% bil e; b)
the tenperature is about 37[err]C c) in about 10%to about 20%
CJerr] with about 80%to about 90% air, or about 10% CJ err]
with about 5% Jerr] with abow E% N2; and the culture is at
about | og phase. 11. The Hellcobacter bacteriumaccording to
claim 10, wherein said Helicobacter is Helicobacter pylori or Helicobacter
felis. 100 AHet+co t bacterrom @ agrhanced antigenic
properties, which is harvested 0 ul ture of 'bP acter bacteria
grown in vitro under ajconbinatfo condi tionf i ng: a) a

di val ent cati on &ZEhel at

r, selecf rom t he grou
about 1.0 to abégt 25

err] M of PNBART M

consi sting of
bqut 0.5 to about 10

nmv of EGTA, andzbout .0 to about 1 of EGTAI AM
b) at a tenper§t t ween apoyt err] and g P[lerr] C,

and r an mcpae oghillic congl erein the
m cr oaerophi | i cond| tti on conpN ¢S\ ) about 5P

ut 20%
Qutm!/oto
] pAph about
e@ ﬂbgbout
phase, or at about
pot enti.al

Cderr] with ab 80%ijt o about oNaiYy; or
about 10% (ferr]ew th gbout 10%%W\o™Rb
70% to about 85%Nerr]|], where a
early | og phasez betfve en ear | y I
stationary phas&

~ —*
ﬂﬁv
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bacteriocidal or bacteriostatic effects of said agent on the .o er
SEPERIIse.

bacteri um WO96/112880 96/ 11257 ' PCT/ USY*® _
13. A Helicobacter bacterium havi ng enhanced antigenic properties, which
is harvested froma culture of Helicgg?f er bacteria grown in vitro
under a conbi nati on of conditions co ing: 5 a) a dival ent
cation chel ator, selected fromthe group copsisting of about
1.0 to about 25 [errji BAPTA/ AM about 0.5 to apout 10 nM
of EGTA, and about 1.0 tjo about 1 [gr?o]%c% EGTA AM
b) at a tenperature b tNeen 30[err] and rr] G| 10
and ' c) in air |of an drpaerophillic ndltlsog wherej n the
m croaerophillic Engg h co ilsks i) about t0.02 % BILE about 20%
CJerr] with abou=80% tjo} abou 5ppair; or. 1) abput 5%to
about 10% ( err] gth alqopt 10 o} about 15 ?,p Cger ] with
about 70%to abou985% [Brr] rein said cobac er culture is at
about early log p pet weghqeprly | og pha t nary| phase, or
at about statlorrar30p'ﬁase. i 4@2&1%% rﬂm_lSI ng the
Hel i cobact er bactél um of ijm 7, 9, 11, 12 or 13, or an i nogeni c
fragnent .or derpyvativejth J 15. The vaccije according
to claim14, furt.ﬁ};r 65 cpbrmphi Yjflol a pharmaceutically acceptablje carrier or
di | uent. 2 1p. akcine according to claim 14, mWherein said
Hel i cobact er bact_&| um ifsfin | Maf ed.
N7}
T
o - | k7
2
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30 vaccine accord| ng to claim 16, wherein said
__,HeI i cobact eUlMchlwmmjlw;act ivated by formalin treatnent.

18. The vac claim 14, wherein said vaccine is suitable
for mucosal or parenteral or mnucosal dafhd 35 parenteral adm nistration.

WO 96/ 11257 PCT/ US95/ 12986

19. The vacci B? acgﬂédt&g épa@‘haé M d4abdudl taverc; corrprl sing an adjuvant.
20. A nethod fO

assayi ng a ent i nt bj oggri sing,
cont acting t hechel i éBbabkPBE g%%t'é‘?l%?ﬁ’%f 34 Ct{oo 4" %b&ﬁné%g or 13, with
sai d agent and assaybB@tt bes albacaeramidalo%rc%ab‘%‘éhl%E?‘&'Fl%* 9% WD of

sai d agent on the te cterium =~ 10 21. A nethod
for detecting a hosPPgY L.I gg%a& ntlaa

Hel bact I
or biol ogitha cadnpire is ghewsf fom ac%%ﬁ#%%éfgé)t%’g{%ppggﬁ “5?" cé:rli’t% % rra

sai d bi .0l O%I ﬁ-%l ?)ggle with the Helicobacter bacteriumof claim?7, 9,
11, 12 or "f?, ragnent thereof, and b) screening for 15 anti body
bi ndi ng of the Helicobacter bacteriumor fragnent t her eof .

22. A net hod for detgct i mgnuahbebbaeber bbaﬁéemza hawving aenleameed or
bi ol ogi cal _s e therefr QM CO he. s ng sai d
bi ol ogi cal®% rg.qu[rﬁpgﬁ‘ zi‘ﬁlsl bgrﬁflc?‘ arB égéé)ét%poﬁb? ?%ogac% act erium
of cl ai m HeRicdbactiEr dract®ria gyowa inag#r’én@ whder ot C%i’dlf!ﬁt*ﬁ!? eahing for
anti body Bifti 1% ons Yorld? siplgl:cobact er bacterium or fragrrent t her eof .
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; or -
ii) about 5% to about 16%(% with about 10% to about
20% CO, with about 70% to about 85% N,; and
4a) a divalent cation chelator selected from the group

consisting of 0 to about 25 uM of BAPTA/AM, 0 to
about 10 mM of EGTA, and 0 to about 100 gM of
EGTA/AM,

wherein said Hélicobacter culture is at about early log phase,

between early log phase and stationary phase, or at about

stationary phase.

7. The Helicobacter bacterium according to claim
6 + wherein said bile salt or acid comprises glycocholate or
glycocholic acid.

8. The Helicobacter bacterium according té claim
6 , wherein said Helicobacter is Helicobacter pylori or
Helicobacter felis.

o

e . ‘9 . The Helicobacter bacterium according to claim

8 , wherein said Helicobacter is Helicobacter pylori strain

49503, NB3-2 or Gl-4. . ~ |REPLACEMENT SHEET
6 APR 1998




25 : , ' | C irrrfunoassay kit for detecting a host' s

—~production (ﬂ !H <I "%iljﬂg]‘—m | cobacter bacteria or for detecting

* Hel i cobact er LI dn sing the Hel i cobacter bacteriumof claim?7,
or

9, 11, 12 or 13, anti bodies thereto and all other essential kit

conponents 30 requiped t ?{{r i 1ai
24. A method for p?gdhciﬁbg:ééf'{%é%%o%gc aé?&(%rlgﬁg?E‘ggfggn?ntgncaﬁ%ﬁal
whi ch corglei ¥beremmubhei eopkiratinmt copditignse CPBBEAGESAnDUNt of an

i munogen conpgi si ngnéhe ¢Sodelpenbacin ,,}Qﬁ_q;theriisug‘nlgpi:o@'ha_itatz, of, abdut 12 or
13 wherein the anti-Hel i cobacter_antibodies bind said Helicobacter
bacterium or a coPpbnERi3PPRE 2% bile; | - 69 -

WD 96/ 11257 b)  the temperature is about 37°C; PCT/ US95/ 12986

25. A nethod of,stipul af] iﬂyqn% SRS, [ Pith AL ANdE i ch
conprises adm Iﬁ?steﬁngéé‘ggtﬁg%am ma ‘gﬁ : e%?fe%ﬁ_ve amount of an

i mmunogen conpri si ngbelt $2% i abhacerrabouthddte COuri bih ARAYR B¥ &2 With1o of
13 wherein said innyggut585@qﬂgngﬁdprevents, attenuates or cures

Hel i cobact er infections or ‘di seases in the aninal.
' the culture is at about log phase.

11. The Helicobacter bacterium according to claim
10, wherein said Helicobacter is Helicobacter pylori or
Helicobacter felis.

12, A Helicobacter bacterium having enhanced
antigenic properties, which is harvested from a culture of
Helicobacter bacteria grown in vitro under a combination of
conditions comprising: .

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

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

c) in air ‘'or an microaerophillic condition, wherein the
microaerophillic condition cemprises i) about. 5% -to
about 20% CO, with about 80% to about 95% air; or
ii) about 5% to about 10% 0, with about 10% to about
20% CO, with about 70% to about 85% N,,

wherein said Helicobacter culture is at about early log phase,
between early log phase and stationary phase, or at about
stationary phase.

13. A method for assaying a potential antimiéfobial

agent comprising, contacting the Helicobacter bacterium of
claimé6, 8, 10.,, 11 or 12, with said agent and assaying the

bacteriocidal or bacteriostatic effects of said agent on the
Helicobacter’'bacterium.
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