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METHODS ~oR· PRODUCING E~CED ANTIGENIC 1IELICOBACTER SP•· 

MID· VACCIN~S .POM~RIS_ING SAME 

This application is a continuation-in-part of co-pending 
s application serial no. 0~/318,409, filed·October s, 1994. 

1 FIELD OF.THE INVENTION 
This invention relates generally to in vitro methods ·for 

10 inducing"or enhancing expression of enteric bacterial antigens 
and/or virulence· f~etors th~reby producing antigenically 
enhanced enteric bacteria, to methods for using ·anti9enically 

15 

enhanced enteric bacteria and to vaccines comprising 
antigenically enhanced ent~ric bacteria. 

2 BACKGROUND OF THE INVENTION 

. . 

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

20 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, o+ antigens including outer-surface antigens then 
important products and therapeutics (e.g., new antigens for 
vaccines, new targets for antibiotics, ~nd novel bacterial 
characteristics for diagnostic applications) could be rapidly 

30 identified. 
Several environmental factors have been identified which 

influence expression of virulence determinants in bacteria 
(Mekalanos, J.J., J. Bacterial. 174:1-7, 1992). For· instance, 
there is a long history of research on the relationship 

35 between iron and virulence of bacteFia, in particular Shigella 
(Payne, Mol. MicroBiol., 3:1301-1306, 1989), Neisseria (Payne 
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and Finkelstein, J. _Clin. Microbial~,. 6:293-297, 1977) an~ 
.Pasteurella· (Gi~n>:our, et; al.; Vaccine, 9:137-140, 1991·). 

other environmental signals ·t:bat have been shown to 
control.the exj>ression of coordinately regulated v~rulence 

5 ~e~inan~s of ~ w~de variety _of bacteria :i.n pl.ants _and . 
animals i~clude'phe~oliq.c~mpotinds, .monosaccharide,. amin? 

acids, t¢nperat~e~ osinolarity, and other ion~. (~clcalanos, ~ 
Bacteriol~, 174:1-7, 1992). 

Bacterial pathoqens·that enter an animal host tnrouqh the 
10 intestine. (-i.e.; oral route) encou.nter nW11erous host . 

environme~t components and conditions.that·may affect 
bacterial physiolpqy and.expression of virulence factors. 
These components and conditions include bile, bile acids. or 

salts, stomach pH, ·microaerophillic conditions (the intestine-
15 has high C02, and low 02), osmolarity and many others yet 

undefined. Invasive enteric pathogens require de novo protein 
synthesis to accomplish internalization (Headley and.Payne, 
Proc. Natl. Acad. Sci., USA, 87:4179-4183, 1990). Therefore, 
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 (Konkel, et al., J. Infect. Dis., 168:948-954, 

25 1993). However, illllnunization 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 
internalization of the bacteria. · 

30 Researchers have been studying growth of bacteria in the 
intestinal environment to identify relevant V·irulence factors. 
For example, campylobacter strain 81-176 grown in rabbit ileal 
loops expresses proteins not expressed under convent~onal 
laboratory in vitro culture conditions (Panigrahi, et al., 

35 Infect. Immun.~, 60: 4938-:4944, 1992). New or enhanced 

synthesis of proteins has been seen in campylobacter 

cultivated with INT 407 cell monolayers as compared to 
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bacteria c:Ultured in the absence of ·the epithelial cells 
(Konkel, et.al., J. Infect."Dis."_, 168:948-95_4, ~993). · 
FU.rt~erm.ore, these chan~es were t~porally as"soci~ted with 
increas~d invasive~ess of ~· jejuni. Other c~anges such as 

s c.eliular· morphc:>logy, loss of .flagella, exi)ress.ion of a· new · . . . . . . . . . . 
outer membrane p~otein and· alteration in cell-surface· 
~ar~~hydrates w~re ii)duced or enhanced.-in an aviruie~t strain 
of c. jejun~ when passed intravenouslr and chorio­
allanto~cally through chi~k eia.bryos (Field, ~t al., J. Med •. 

'.~O Microbiol., 38:2.93-300, 1993). 

Other intestina·1 components, ·such as bile acids or salts, 
ar~ known to be inhibitory for some bacteria, but the bile 
acids may play another role by affecting virulence expression 
by the bacterium. 

15 Pope and Payne (93rd Am. Soc. MicrobiO'i., B-147, 1993) 
reported that Shigella flexneri cultured in. broth containing 
sodium chenodeoxycholate demonstrated 3 to 5-fold e~hanced· 
infectivity of HeLa cell monolayers. They reported, however, 
that other bile salts and detergents including cholate, 

20 qlycocholate, taurodeoxycholate, the CHAPS series, digitonin 
and Triton XlOO and sodium salts thereof, had no effect on the 
invasiveness of s. flexneri.· Moreover, their broth containing 
chenodeoxycholate also had no effect on the invasiveness of E. 
coli or other avirulent strains of shigella. 

25 synthesis of new·proteins bys. flexneri is also induced 
by altering pH, temperature and ionic composition of the 
growth medium {Mekalanos, J. Bacterial., 174:1-7, 1992). 

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

30 lipids, such as phosphatidylserine, or.mucus and for the 
isolation of proteins whose expression is enhanced by growth 
in the presence of phosphatidylserine. This ~eference neither 
discloses nor suggests methods of the present invention for 
producing enteric bacteria having enhanced virulence or 

35 antigenic properties. 
Vaccines against many enteric pathogens, such as 

ca~pylobacter and Shigella, are not yet available but the 
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. epidemio.logy of t~~s~ di~_ease agents makes such vaccines· ~n 
important goal. iihiqellosis i_s endemic· throu9"liout t~e wo!;'la 
and in.developing coiintries it accounts for about 10 percent 
of ~e·s million cbildhood.de~ths a~nµally due~~ diarrhea. 

S Campylobacter, a~though oniy recen~ly identifie~ as.an· ~nteric 
· pathogen i.s now· recognized as one of the major cau.ses of . . . .• 

diarrheal disease.in both the developed and·underdeveloped 

co~ntrles. ~ ~stimat~d 400 to 500 mill_ion CampyloPacter 
diarrheas occur yearly; and over.2 million cases occur in the 

10 United states. 

Shiqelt~sis is a consequence of bacteri~l invasion.of the 
colonic mucosa. . The invasion is associated with th~ p~esence 
of a plasmid found in all invasive isolates (Sansonetti et 
al., Infect. ·Immun., 35: 852-860, 1982). A. ~ragment of this 

15 plasm~d contains the invasion plasmid antiqen (IpaJ qenes, Ipa 
A, -B, -c, and -D. Ipa B, -C, and -D proteins are ess·ential 
for the entry process (Baudry et al., J. Gen. Microbiol., 
133:3403-3413, 1987). 

Ipa protein~ are logical vaccine candidates although 
20 their protective erficacy has not been clea~ly established. 

Ipa Band Ipa care immunodominant proteins (Hale, et al., 
Infect. _Immun., 50: 620-629,. 1985). Furthermore, the 62 k.Da 
Ipa B protein (the invasin that initiates cell entry and 
functions in the lysis of the membrane-bound phagocytic 

25 vacuole) (High, et al., EMBO J., 11:1991-1999, 1992) is.highly 
conserved among Shigella species. The prolonged illness 
observed in malnourished children who have no significant 
mucosal antibody to Shtgella 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 animals and humans, a successful 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, whfch carries the serotype-specific determinants. A 
parenterally administered polysaccharide-protein conjugate 
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v.accine has a~so been.~evelQPed~ but.is yet to ~how 
significant· p~otection in anb1.a1s· (Robbins et al. , Rev •. )nf:. . .. . . 
~-' 13 :S3(;i2_-36S·, .l.991). A similarly admi11:istered ribos~mal 
vaccine.does induce mucosal i1111l1unity, but its protective . . . -

5 efficacy relll<iins ~o be demon$trateq (Levens~n·et al., Arch. 
Allergy' Appl. Immunol. ,· 87: 25-31,: 1"988). . . . . . . . . . 

The.pathogenesis of campylobacter.infections is.not as . . . . 
well understood as th,at of Sh:f.geila infections. Cell invasion 
~tudies in vi~o (Konkel, et al., J. Infect. Dis., ~68:948-

~o 954, 1993) a~d histopathologic examinations (R~ssell, et al., 
J. Infect. Dis., 168:210-215, 1993) suggest that colo.nic 
invasion is also important. ·This conclusion is ··consistent . . . . . . . 
with the observation that diarrhea caused by campy~obacter may . . . -

be severe and associated with blood in the stool. These 
15 activities may be associated with the inuuunedominant 62 kDa 

flagellin protein. A recent report indicates that the 
presence Of. flagella is essential for Campylobaater to cross 
polarized epithelial cell monoiayers (Grant et al., Infect. 
Immun., 61:1764-1771, 1993). 

20 No specific Campylobacter antigens have been established 
as protective. However, the low molecular weight (28-31 kDa) 
proteins, or PEB proteins, a~d the inununodominant flagellar 
protein are thought to hold promise in this regard (Pavlovskis 
et al., Infect. Immun., 59:2259-2264, 1992; Blaser and 

25 Gotschilch, J. Bio. Chem., 265:14529-14535, ,.1990). The 
importance of· the flagellar protein is indicated by its 
association with colonization of the intestine and with the 
cross-strain protection against infection within Lior 
subgroups (Pavlovskfs et al., Infect. Irnmun., 59:2259-2264, 

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

Therefore, objects of the present invention include 1) in 
vitro culture conditions for culturing or treating enteric 

35 bacteria which optima_lly induce or enhance invasive activities 
and/or certain cellular characteristics including cell surface 
characteristics; 2) correlated altered invasiveness or 
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cellul~r-characteri~tics including surface ch.aracteristies 
with changes in ~ntige~ic profiles; 3) _i~c~eased.virulence of 
these organ3:.sms in small af\imai models; and 4l antisera 
against organisms.with enhanced invasiveness.or altered 

s chaiacteristics.incl,uding surface.characteristics that are . , . . 

more effe~tive in.neu~aiizing iive orq"a~isms· Used. t9r in 
·· viµo o~. 'in viv'!. challenges than. antisera prepared agai~st 
conventionally.qrown bact~ria. This invent-ion ·addre'sses ·these 

.needs and others. 
10 None C?f the references discussed above teach or."su99~st. 

the in vitro methods. of the· present invent~_on nor the vaccines 
of the present. invention comprising antiqenically enhanced 
enteric bacteria. Citation or identification of any reeerence 
in this section or any other section of this application shall 

15 not be construed as indicative that such reference is 
available as prior art to the invention. 

3 SUMMARY OF THE INVENTION 

This invention provides defined culture conditions and 
20 components incorporated into growth media of enteric bacteria 

to induce or enhance the presence of virulence factors and 
other antigens. Preferably, ·such antigens are inununogenic. 
More pref.erably, such immunogenic antigens correlate with 
indices of virulence." 

25 Enteric bacteria are grown in the p~esence of conditions 
and components si~ulating 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 ~f the 
present invention are adaptable to practical scale-up 

.35 fermentations for commercial uses. 
Said antigenically enhanced enteric bacteria can be used 

to produce protective vaccines, such as inactivated whole cell 
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or subunit vacc1nes,-6r for diagnostic purposes such as for - - . 
the·produc~~~n of antibodies and detec~ion of pathogenic 
enteric-. bacteria or to produce: ~nti~iotics ~ Further, the 

ant~bodies ind~ced by ·the_enhanced_enteric_bacteria of the 
s present invention· may be used as ·passive vaccines~ 

. . . . 
Therefore, an object o~ _the present invention: is a method 

for producing enteric bacteria sel~cted from the group 
consisting of -Campylobacter sp., Yersi.Iiia sp., Hellcobacter 
sp., Gastrospirillum sp., Bacteroides sp.,°Klebsiella sp., 

~10 Enterob~cter sp., Salmonella sp., Shigella sp., Aeromonas sp., 
Vibrio sp., Clost:ridium sp., Enterococcils sp. and Escherichia 
coli, having enhanced antiq~nic proJ?erties comprising: q~owinq 
enteric bacteria in vitro with a combination of conditions 
including: a) o. 05% to 3% bile or 0.025% to o •. 6% of one or 

15 more bile acids or salts thereof, 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 
stationary phase, in air or microaerophillic conditions, such 
as 5% to 20% co2 with 80% to 95% air, 5% to 20% co2 with 80% to 

20 95% N2 ; or 5% to 10% 0 21 10% to 20% C02 , with 70% to 85% N2 ; and 
optionally in the presence of a divalent cation chelator, such 
as, but not limited to O to ·100 µM, preferably 25 µM, of 
BAPTA/AM., 0 to 10 tnM of EGTA, and 0 to 100 µM of EGTA/AM.; or 
b) as in a) except in the presence of a divalent cation 

25 chelator, such as 1.0 to 100 µM, preferably 25 µM, of 
BAPTA/AM., 0.5 to 10 mM of EGTA, or 1 to 100 µM 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 o.ost 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 consisting of: campylobacter sp., 

Yersinia sp., Helicobacter sp., Gastrospirillum sp., 

Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella 
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· sp., ~higellQ. sp., .Aeromonas ·sp:., Vi~rio sp., Clost:ridium sp., 

Bnt~o~ccus sp. an_d Escherichia .coli; wherein said enteric. 

bactez-ia: are. grown ·111 .v:itro unaer a combination.~f c~nditions 
to promote enhanced ··antigenic properties, said oonditions 

s cdmprisinq: . a.) o. osi to 3% bile. or o ~ 9.2st to o •. 6% of· one· or 

·~ore·biie.acids o~ salts ~hereof, at~· temperatur~ betwee~: 
30°C ~d 42°C, ~til·a CJJ;~wth phase at ~bout·e~rly log phas~; 
between early log and stati~nary_ ph~ses·, or ~t about . 

stationary phase; in air or under.microaeroph~ilic conditions, 

10 such· as 5% to. 2ot co2 with 80% to 95% a·ir, st· to 20% ~Oi with· 

sot to 95% NJt or st· to 10% o2_ with 10% to 20% c0i, with 70t to 

sst N2 ; and· optionally a divalen:t. cation chelator, ·such as, 

but not limited to o to ioo µM, preferably 2~ µM, of BAPTA/AM, 

O to 10 mM of EGTA, and o to 100 µM of EGTA/AM, or b) as in a) 

15 except in the presence of.a divalent cation chelator, suCh as 

1.0 to 100 µM, preferably 25 µM, of BAPTA/AM, 0.5 to 10 mM of 

EGTA, 1.0 to 100 µM of EGTA/AM, and without 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., Bnterococcus 

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 

antigenically enhanced enteric bacteria. A further object of 

30 the invention is a vaccine further comprising an adjuvant. 

A further object of the present invention is directed to 

antibodies (including but not limited to antisera, purified 

IgG or IgA antibodies, Fab fragment, etc.) which are.capable 

of specifically binding to at least one antigenic determinant 

35 of an enteric bacteria of the present invention. Such. 

polyclonal and monoclonal antibodies are useful as immunoassay 

reagents for detecting enteric bacteria in an animal or 
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b~olog~cal sample therefrom. The polyclonal and monocilonal­
anti~odi~s of the present invention· are also u$eful as pas~ive 
vaeci.iles·for use in protecting against e~teric bacteria 
infections and diseases. . . . . . . . 

s · A further _object of the .-.ihv~tion. is_ an· in vitro method 

. tbr- ~ssaying ·pQtential ant_imiorobi~1 · ag~ts ~e>mp~ising ~he . 
steps o~ contac~ing e~teri~· ~qter:ia _:having enhanc~4 antigenic .. -
properties selected from -the.group consisting of: 
ca.iapylobacter sp .• , Yersinia sp., Helicobacter sp., 

1·0 Gastrospi~illum sp., Bacter_oide1; sp.; Klebsiella sp., 
Ent:erobacter _sp·., Salmonella sp,, Sh~gella sp., Aeromona.s sp., 
.Vibrio sp., Clostridium sp. i Enterococcus sp. and Escherichia 

- . 
col:i, titith .said potential agents and ·_assaying ·the 
bacteriocidal or bacteriostatic effects. 

15 Still a further object of the inventidn is an in vitro 
method for detecting a host's production of antibodies or for 
the detection of enteric bacteria in an animal or biological 
sample therefrom, comprising the steps of contacting a 
biological sample from a host with enteric bacteria of the 

20 present inventio~ havinq enhanced antigenic properties 
selected from the group consisting of: campylobacter sp., 

Yersinia sp., Helicobacter sp., Gastrospirillum sp., 

Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella 
sp., Shigella sp., Aeromonas sp., Vibrio sp., Clostridium sp., 

25 Enterococcus sp. and Escherichia coli, anti9ens thereof or 
antibodies thereto and screening for antibody:antigen 
interactions. 

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 consistinq of: 
Campylobacter sp., Yersinia sp., Helicobacter sp., 

Gastrospirillum sp., Bacteroides sp., Klebsiella sp., 
35- Enterobacter sp.,. Salmonella sp., Shigella sp., Aeromonas sp., 

Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia 
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coll, .or-." antibodies thereto and ·all ·other essential kit 
compo~ents. 

Preferred ·_enteri~ liacteria that ~he various aspects 9f 
th~ pra"sent · ·inv~ntion rela~e. to ar~- Campylobacter :jejuni, 

· 5 Campylqbacter coli, · Yersinia eilteroci>litica,- ·Yersinia pestis, 
r-ei:sinia· pseudotub~r~1osi~! E~ch~ii::hia po~i, sbigella 
fle~er~~ shigeila sonnei, Shigell~·ays~nteriae, Sbigella 
bc;ydi.$.;· Jielicob~cter- pylori,·. Helicobacter. f~lj.s, . · 
Gastrospirillum homin~s, ~ibrlo··_qholer~e, V:i~io · 

10 parabaemolyticus, Vibrio vulnificus, Bactei'oides fragilis~ 
Clost;ridium difficiie, S~lmone~la ty~imurium, Salmo~ella 
typ~i, .Salmoneila gallinarum, salmonella pu)lorum, Salmonella . . 

choleraesuis, Salmonella.enteritidis, Klebsiella pneumoniae, 
Enterobacter cloacae, and·Enterococcus faecalis. Preferred 

15 Escherichia coli inciude but are not limited to entero-toxic, 
entero-hemorrhagic, entero-invasive; entero-pathoqenic or 
other strains. 

The present invention is based, in part, on the 
surprising discovery that antigenically enhanced enteric 

20 bacteria of the invention induce immune responses that are 
cross-protective against a broaaer range of strains or 
serotypes of the same bacterial species th~n that induced by 
the same enteric bacteria but grown using conventional 
culturing conditions. In at least one instance, the immune 

25 response induced by the antigenically enhanced enteric 
bacteria of the invention is cross-protective against a 
different species of enteric bacteria. 

• BRIEF DESCRIPTION OF '!'HE DlU\WINGS 
30 Figures 1A, 1B and 1C graphically depict the results of 

high-performance liquid chromatography of monosaccharides from 
surface extract hydrolysates of _C. jejuni 81-176. Figure lA: 
standards: Fucose "Fuc••, N-acetyl-galactosamine "GalNac", N­
acetyl-glucosamine lfG.lcNac 11 , galactose lfGaltt, glucose •1Glc", 

35 Mannose tcMan". ·Figure 1B: surface extract of conventionally 
grown bacteria "BHI'1 • Figure lC: surface extracts of bacteria 
grown according to methods of the present invention 11 DOC". 
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Figure 2 pictorially depicts the results of sodium 
dodecyl ·suif~te:..polyacrylamide cjel ele~trophoresis (SDS--PAGE) 

showing a comparison.of proteins of whole cell (qolumns i, 2 ,.,. . . . . . . . . 
·and· 3) oz;- s~rface· extrac~s (col 5 ct:nd ·6) of c·. _jej.uni 81-:176 

5 c~nventio.nally qroWn ~~HI" or grown ~ccordinq to.· methOds . of . 
. . ~~ pre~~nt inv~~~ion (0 • .-8% Ox9a:ll bil~ acids. "OX" or· 0.1.t 

deoxyohola't:'.e ... rc~c" > .• 
Figure 3 ·piCtori~lly depicts the results of western.blot 

anaiy~i~ sh~wing ~ comparison of pr~teins boun~ by ferret IqA-
10 containing mucus produ~a·by_irifection with whole ce~i c. · 

jejuni. 81-176. Whole cell c.·. jejuni 81-176 conventionally 
. . . . 

9rown, "l"; or whole cell c. jejuni 5·1-176 grown-according to 
methods of the present invention: 0.8% oxgall bile acids, "2", 
or 0.1% deoxycholate, ••3n; or surface extracts of c. jejuni 

15 81-176 conventionally grown, 11 4n; or surface extracts of c. 
jejuni 81-176 grown according to methods of the present 
invention, 0.1% deoxycholate, tt5 11 • 

Figure 4 pictoria°lly depicts the results of western blot . . 
analysis showing a comparison of proteins bound by flagellin-

20 specific monoclonal antibody 72c from whole cell c. jejuni 81-
176 which were"qrown according to methods of the present 
invention, tt3t1; conventionally grown, "2 14 ; or grown in a 
fermentor according to methods of the present invention, "1'1 • 

Figure s pictorially depicts the results of SOS-PAGE 
25 showing a comparison of lipopolysaccharides·· (LPS) of whole 

cells • .flexneri 2457T conventionally grown, column "let, or 
qrown according to methods of the present invention, 0.1% 
deoxycholate, column "2tt. 

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 a~tibodies. 
The agglutination activity of the two types of antibodies 

35 (i.e., anti-c .. jeju:"i 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. 



12 

F~q\ires 7A, 7B and. 7C· ·qr.aphically depict the e·f~.j.cacy. cf 
a vacci~e·co111pris.i~q inactivated. ·c~ jejun1 e1..:i16 whole. cells 
in: ,protec;:t~q mice against. a nasa1·1y delivered challenqe of 
l.ive c." jejuni 81•176 cells·. Mice were vaccinated with 

s'phosp~at~ bu~fered saline (PBS; solid line), PBS plus.LT 
.. ·adjuvant (A~)~vant;. dash line), formaiin~inactivate~· c •. jejuni 

81-176 whole cells that were grown and harvested a~cordinq to 
E~mple s·without adjuvant (cWC; open circle/solid line1 or 
witp LT. ~djuva~t· (ewe + A.dj~vant; . solid ci~cle/solid .. line) • 

. 1~: T.he· Vacc~ne .efficacies. ·Was examitled using ~~ .intest~nal 
colonization assay~ Fiq~re 7A (top panel) shows the results 

.of the protection afforded by the vaccinations usinq·three 
oral doses of· 105 inactivated bacterial particles per dose. 

F~qure 7B (middle panel} shows the results of the protection 
15 afforded by the vaccinations using three oral doses of 107 

inactivated bacterial particles.per dose. Figure 7C (bottom 
panel) shows the results of tlie protection afforded by the 
vaccinations using three oral doses of 109 inactivated 

bacterial particles per dose. See Example 34 in section 11 
20 for details. 

Figures SA, SB and sc graphically depict the efficacy of 
vaccine comprising inactivated c. jejunl Sl-176 whole cells in 
protectinq mice against an orally delivered challenge of live 
c. jejuni 81-176 cells. Mice were vaccinated as described in 

25 the brief description of Figures 7A, 7B and 7C. The vaccine 
efficacy was examined using the intestinal colonization assay. 
Figure SA (top panel) shows the results of the protection 
afforded by the vaccinations using three oral doses of 105 

inactivated bacterial particles per dose. Fiqure SB (middle 
30 

35 

panel) shows the results of the protection afforded by the 

vaccinations using three oral doses of·107 inactivated 

bacterial particles per dose. Figure ec (bottom panel) shows 
the results of the protection afforded by the vaccinations 
using three oral doses of 109 inactivated bacterial particles 

per dose. See Example 34 in Section 9 for experimental 
details. 
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Fiqure 9 9raphi~ally ~epicts the effect.of the.qrowth 
. phase· of the shigella .flexneri. culture .. on ·the invasiven~ss o.f 

·.the ~hi..gella flexneri 2457T cells~ .Shigell:a · fl"exneri 24~7T 
ce.lls wue grow converitiohally (B~I) # or ac;cordlng to the . . . . 

S·methods of ~he· present invention as exemplified by .Example 9 
·(DOC-EL) - ~at is ~arve~ti~g. th~ cells when the cultilre is in 

· earit .. "iog Phase ~ or. aqcordi.ng to E:xa.mt?1e 9. i;~t. a.11owin9' the 
cuitµre to. reach lat~ log phase before h~rv~sting the 9ells 
(DOC~LL). The invasiveness of th~se differ~~~ p~eparati~~s of 

"!.O cells are shown. See Example 35 in Section.12 for ~etails. 
Figure 10 q~ap~ically depicts the enhancement ~f 

invasiveness of· Shigella cells when· they. ar·e cultured using 
the methods of the pre~ent invent~on. s. sonnei arid s. 
dysenteriae 3818 were cultured conventionally (BHI) or · 

15 according to the methods of"the present invention as 
exemplified in.Example 9. The invasiveness of these different 

· preparations of Shigella cells against I.NT-4 01· cells are 
shown; See Example 35 in Section 12 for details. 

Figure 11 grap~ically depicts the enhancement of immuno-
20 cross reactivity of Shigella grown according to methods of the 

present invention. s. flexneri 2457T grown according to 
methods of the present invention as exemplified in Example 9 
was used to induce antibodies. The agglutination activity of 
the induced antibodies against s. flexneri, s. sonnei, s. 

25 dysenteriae and s. boydii grown conventionally {BHI) or 
according to the methods of the present invention as 
exemplified in Example.9 serotypes are shown. See Example 36 
in Section 12 for details. 

Figure 12 graphically depicts the effect of bile 
30 concentration and the growth phase of the Helicobacter pylori 

culture on the adhesiveness of Helicobacter pylori NBJ-2 
cells. H. pylori NBJ-2 cells were grown in culture medium 
containing 0%, 0.025%, o.05% or 0.1% bile and harves~ed at s, 
10, 12· and 18 h after inoculation. The invasiveness of these 

35 different preparations.of.H. pylori NBJ-2 cells against INT-
407 cells are shown. See Example 38 in Section 14 for 
details. 
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Fiqµi:'e 13 graphica~ly dep~c~s the effect of bile· 

·concentration and the cjrowth phase of the Helicoba.cter ·py1or1· 

culture on the··adhesiveness of HeJ.icopacter pylori Gl-4 cells .• 
. . . 

·H~ pylori·Gl-4 cells were qrown in cult;ure lnect!um containing 

s ot, :o.·1~ or 0.2% bile arid harvested at 6, s, io·~ 12, 14 and 1~ 
. . . . . . . .· . 

10 

h after inoculation. The invasiveness of these different 

preparations of _H_. _pyl~;_i_ Gl-4 .celis_ ·a:gain's"t I~407 ce~ls are 

shown. see Example 38 in Section 15 for· details; 

5 DETAILED.DESCRIPTION OF ~HE INVENTION 

The methods of the present invention rela~e to growing 

enteric bacteria in vitro in the presence of a combination of 

certain conditions with certain components selected to induce 

15 or enhance the expression of antigens and/or virulence 

factors. 
As used herein and in the claims the term tcenteric" 

refers to bacteria normally found in or associated with any 

part of an animal's gastrointestinal tract and any bacteria 

20 that causes an infection in any part of an animal's 

gastrointestinal tract. such enteric bacteria include both 

gram positive and gram negative bacteria. 

The terms ••components" and ••conditions" as used herein 

and in the claims relate to many factors associated with an 

25 enteric bacterium's natural in vivo environment and other 

factors. Such components and conditions include, but are not 

limited to, .bile, bile acids or salts thereof or their 

bioioqical precursors such as cholesterol," pH, 

microaerophillic condition, osmolarity, and harvesting or 

30 collecting the bacteria at a desired bacterial growth phase. 

The term "antigens" and its related term "antiqenicH as 

used herein and in the claims includes antiq~ns or antigenic 

characteristics including, but not limited to, macro~olecules 

contributing to cellular morphology or cell motility; 

35 proteins.; more particularly surface proteins, 

lipopolysaccharides and carbohydrates. Preferably said 

antigens are immunogenic. 
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The term "immunogenic" as used ~erein and. in the claims. 
. . .• . . . 

re~ers to the ability to.induce ~ntiboay pr~d~ction i~ an 
animal· ~fter sai<;i ·animal j.s exposed to a _composition· . . . 
comprisi~q whole b~cteria-~roduce~·by the_ present invention or . . 

· 5 a fragment Of said Whole bacterium. ·. . . ·. 

Th~ term •_antigenic~lly. enhanced" or. 14enhanced anti,.g~n$.c 
·properties~ or ·~enhanc~a:·• as used herein and. in""the claims 
ref~l;'S to the . a·ntigenic state of enteri"c bact~ia grown 
according to the method$ of the.present invention. Such . . 

1·0 bacteria have higher le:vels c;;f certain ~unogenic antigens 
and/or new immunoqenic antigens as compared to the sam~ 
bacteria grown using co~vention~l methods. 

The term "conventional" as used herein and in the claims 
relates to what is known in the prior art. 

15 The term "microaerophillic conditions" as used herein and 
in the claims refers to anaer.obic conditions or elevated co2 . . 
levels, such as 5% to 20% C02 with 80% to 95% air; 5% to 20% 

C02 with 80% to 95% Nii or 5% to 10% Oi with 10% to 20% C02 with 
70% to 85% Ni. 

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 "immune-cross protective11 as used herein and in 
25 the claims refers to the ability of the immune respqnse 

induced by one bacterial strain or serotype, whole cell or 
otherwise, to prevent or attenuate infection of the same host 
by a different bacterial strain, serotype, or species of the 
same genus. 

30 The term "immune-cross reactive" as used herein and in 
the claims refers to the ability of the humeral immune 
response (i.e., antibodies) induced by one bacterial strain or 

. serotype, whol.e cell or otherwise, to cross react with (i.e., 
the antibody binding} a different bacterial strain, serotype, 

35 or species of the same genus. Immune-cross reactivity is 
indicative of the bacterial immunogen•s potential for immuno­
cross protection and vice versa. 
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The ter:m "host" as used herein and in the claims refers· 

to· eith.er i!J. v~vo in an animal ·or in vitro"· in. animal cell 

cultures. Th~ term "animal" as used herein and in the claims 

includes ·but is not limited to ·a1·i. warm-blooded creatures ·such 
. - .. . . 

s. as mammals a~d b~ds (e.qq chicken; birkey., duck:-, etc.)· 

. Ac_cordin9' to the invention,. in a·: vaccine .comprising 

antiqenically.enhanced ·enter-ic bacteria or: ·an .immunogenic 
. . . . . 

fragment or derivative thereof, the ent~ic bacteria may be 

either live ~acteria or.may be inactivated and may further 

10 ·comprise . an adjuvant, .. such a_s, but not limited to, al'um, oil­

water emulsion, heat l~bile toxin from enterotoxigenic E. coli 
. . 

(LT) nontoxiqenic forms thereof (eg •. mLT) and/or individual. 

subunits thereof, Bacille Calmette-Guerin (BCG), or Fruend's 

adjuvant and may also further comprise a suitable 

15 pharmaceutical carrier, including but no~ limited to saline, 

dextrose. or other aqueous solution. Other suitable 

pharmaceutical carriers· are described in Remington•s 

Pharmaceutical Sciences, Mack Publishing Company, a standard 

reference text in this field. As used herein and in the 

20 claims, the term "vaccine" also encompasses "passive 

vaccines," which comprise antibodies that specifically bind 

pathogens against whose infections or diseases protection is 

sought. 
The term ... inactivated bacteria," as used herein and in 

25 the claim, refers to enteric bacteria that are incapable of 

infection and/or colonization and encompasses attenuated as 

well as killed 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 •teffective amount" is defined as an 

amount of enteric bacteria or an immunogenic fragment or 
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derivative thereof that is capable"o~ l?rodupin<]. ~n immune 

response-~~ a subject. "The .amount needed w~~l varr depe~ding 
. . , . . .. 
upon the antigenicity of the ··bacteria,. fragment,. or derivative . . . . ·. . . 
used·, and· ~e species and weight ·of the S\lbje¢t t~ be 

5 vaccinated; but may "be ascerta·i,ned. using· standard t_echniques. 
In preferred, ·no~-llmitil)9 ~od.iments· of the·· invention.·, an .. 
effective ~oun~ of vaccine produces·an elevation of ~nti­
bacterial antibody titer t.o at ·1~ast t~o .times the an~ibody 
titer prio~ to vaccination. In a p+eferred, specific, 

:10 nori-limitinq embod~ment of the inventioh, appr·oximately io7 to 

1011 bacteria and pref~rably io8.to iolO bacteria are 

adininistered ~o a host. Preferred are vaccines comprising 
inactivated whole bacteria. 

The term ••effective amounttt as applied to passive 
1S vaccines is an amount of antibody that .is capable of 

preventing or attenuating a bacterial disease or infection. 
The amount needed will vary depending upon the type of 
antibody and the antibody titer, and the species and weight of 
the subject to be vaccinated, but may be ascertained using 

20 standard techniques. 

vaccines of the present inve~tion may be administered 
locai"ly and/or systemica],ly by any method known in the art, 
including, but not limited to, intravenous, subcutaneous, 
intramuscular, intravaginal, intraperitoneal, intranasal, oral 

25 or other mucosal routes. 
Vaccines may be administered in·a suitable, ~ontoxic 

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 interval~ in order to sustain antibody levels. 

Vaccines of the invention may be used in conjunction with 
other bacteriocidal or bacteriostatic methods. 

Antibodies of the invention may be obtained by any 
conventional methods known to those skilled in the art, such 

35 as but not limited to the methods described in Antibodies A 
Laboratory Manual (£. Harlow, D. Lane, Cold Spring Harbor 
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Laboratory rress, 1989). In general, an animal (a ~id~ range 
O.f Vertebrate spedie,s can be ~ed, . the JllO$~ COl'llmOrl. beinq mice, 

ra~, guinea· P.ig, hamsters and· ~abbits) is· immunized with a 
whole cell or immunog~nic fraqment or derivative ~f an 

s antiqenicaliy enh~~oed en~eri~ b~cter~a ~f the :present 
invention in the absenqe or presen~~ of ~ ad)uvant or any. . . . . 
·aqent .that would enhance the ·1mmunciqe.n 1·s ·e~fectiveness and 

. . . - . 

bOost~d at- regular in~rvals. The an~mal serum is assayed for 
th~ presence of desired .antibody .,Y ~Y co~venient method •. 

10 The serum or blood of said ani~al can be used as the $Ource of 
polyclori~l antibOd~es • 

. ·For monoclonal antibod~es, -~himals are trea:te~. as· 

described above. When an acceptable antibody titre is 
d~tected, the animal is euthanized and the spleen is 

15 aseptically removed for fusion. The spleen.cells are mixed 
with a specifically selected immortal myeloma cell line, and . . 

the mixture· is then exposed to an agent, typically 
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 for the presence of antibody having desired 

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

35 bacteria infections and diseases. 
Methods for the detection of antibodies or said bacteria 

in a host include immunoassays~ such immunoassays are known 
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in the art . and incluc:te, but are. not .. limited. to· . . 
radio~lDl!lunoassays· (RIA), enzyme-linked immunosorbent ~ssays 
(ELISA), ·fluores9ent i'1munoassays, and.fluorescehde 
polarization immunoas$ays. (FPIA). .. . . . 

s· Another embodiment in~lu~~s diagn~stic kits .comprising 
all of the ~-ssentiai ·reagents. r~qu.ired to perform a desired 
iinmun~s~ay acC.ording to the pres~t invention. . The 

dia~ostic kit may be present~d in a commercially packaged 
f OrJ!l as. a combination of one o~ mo~e containers holding the 

.10 necessary reagents. Such a kit comprises an ~nteric ·bacteria . . . .. 

of the present _inventio~, and/or a monoclona_l or polyclonal 

. antibody of the present·inv~ntion in ~ombination with several 
conventional kit components. ·:conventional kit components will 
be readily appar~nt to those skilled in the art and are 

15 disclosed in numerous publications, including Antibodies A 
Laboratory Manual (E. Harlow, D. Lane, Cold Spring Harbor 
Laboratory Press, 1989). conventional kit componen~s may 
include such items as, for example, microtiter plates, buffers 
to 111aintain the pH·of the assay mixture (such as, but not 

20 limited to Tris, HEPES, etc.),.~onjugated 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 li~ited to colninercially available brain heart infusion 
broth "BHI'1 , Luria broth 11LB", sheep blood agar "SBA", 
Brucella broth, Meuller-Hinton broth, protease peptone beef 
extract broth, etc., with various conditions and components 

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

3s·stationary phase, in air or under microaerophillic conditions, 
such as 5% to 20% C02 with 80% to 95% air; 5% to 20% C02 with 

80% to 95% N2 ; or 5% to 10% 0 2 with 10% to 20% C02 with 70% to 
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~st. N1 ; .and .optionally· ~n the· presence of a divalent cat.ion·. 

cf;lelator 1 sue~ ilS; but not limited· to 0 to 100. µM,· .~referabl)1 
25 µM, of BAPTA/AM (2' (eth~lenedioxyjdianilin~ n,n,.n• ,n•-:­
t~traacetic a~id/acetoXirmethyl ester; M~lecular·Prob~s, 

5 Eugene, OR), 0. to lQ.mM of EGTA . 

( ethylenebis ( oxyethyl~nenitri-19) ·-tetraC!:cetic acid; siqma 
. . . 

Chemic<;1.l_ co.", st. Louis_, ~or,. o. to ioo µM_c;;f '£?TA/AM 

(ethylenebis(oxyethyleneni-trilo)°-tetraace~ic. 

acid/acetoxymethyl ester;· Molecular Probes, Euqene,-OR); the 
10 resulting combination of conditions and components prod~cinq 

antigenically erihanced enteric bacteria. . . . 
Accordi~g to another embodiment, the· methods of the 

present invention also include ~rowing enteric b~cteria as 
described immediately above except in the presence of a 

15 divalent cation chelator, s~ch as, ~ut not limited to l.O to 
100 µM, _preferrably 25 µM, of BAPTA/'AM, 0.5 to 10 mM of EGTA, 

or 1.0 to 100 µM of EGTA/AM.; but without any bile, bile acids 
or bile salts. 

Bile or bile acids ~l;" salts thereof useful for the 
. . 

20 present invention include any natural bile compound secreted 
by the liver and normally concentrated in the gall bladder as 
well as synthetic bile acids.known by those skilled in the 
art, such as but not limited to ttOXGALL" (Difeo Laboratories,. 
Detroit, Michigan), bovine bile (Sigm~ 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 larqe 
intestine sites colonized by some enteric bacteria. Also 

30 preferred is qlycocholate (GC). 

According to the present invention, enteric bacterial 
cultures selected from the group of campylobacter sp., 

Yersinia sp., Helicobacter sp., Gastrospirillum sp., . 
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella 

35 sp~, Aeromonas sp·., Vibrio sp.; Shigella sp., Clostridiu.m sp., 

Enterococcus sp., and Escherichia coli can be prepared as 
frozen stocks by methods generally known to those skilled in 
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the art and.maintained at -so 0 c for future tiSe. For instance, 
·stocks ~f c~pylobacter jejuni ca~ be p~epa~ed by 9rowing the 
o_rga~i.s~ ~~ -~ticase soy. agar co·nt;.ainirtg_. 5% defribinated 
she~p. ~rythrocytes (SBA), at J7°C in 5% Q2, 10% c021 sst· N2 

s (micr~er9philic con4ltio~; '1MC") . tor 20 h. . sto-ck~ ~f 
Escherichia· ~01i.; sa1mo~ei1a typhimr.zrium, Helioo!Jact~··pylori 
and Shigella £l4"cneri can~ .prepared by 9rowing·~e organism 
in _braiti heart·.lnf\ision broth (HBHi~•j. Bact.eria ca:n.·be. 

harvested for freezi~g by ~ny known method, for instance by 
10 swabbing the culture and resuspen~ing in BHI contai~in9-3Qt 

glycerol. cultures for.analytical experiments or f~r.­
production fermentations ~an ~e prepared by any generally 
known methods, such as by· growing.the organism on BHI with 
1.5% agar at 37°C unQe~ MC or atmospheric conditions and then 

15 transferring a single colony to broth and culturing according 
to methods of the present invention described herein. 
Bacteria can be harvested for use by any method generally 
known to those skilled in the art, such as by centrifugation. 

In preferr~d embodiments, antigenically enhanced cells of 
20 campylobacter sp., preferably of the species jejuni or coli 

and most preferably of the jejuni strain 81-176, are grown in 
a basal essential culture medium, preferably BHI broth, 
additionally comprising about 0.1% DOC or about o._8% bile at 
J7°C in a mixture of about 10 to 20% co2 with about 80 to 90% 

25 air and harvested after the qrowth of the culture has reached 
abOut late log phase to about stationary phase, typically 
about 20 h after inoculation. 

in other preferred embodiments, antigenically enhanced. 
cells of Shigella sp. 1 preferably of the species flexneri or 

30 dysentariae and most preferably of the flexneri strain 2457T, 
are grown in a basal essential culture medium, preferably BHI 

broth, additionally comprising about 0.1% DOC or about 0.8% 

bile at 37°C in air and harvested after the growth of the 
culture has reached about early log phase, typically about 30 

35 min after inoculation with a culture that is at early to mid 
log phase. 



-·-----------~-·----------------·-·---·-·-------------------

22 

In further preferred ·.~odiments, antigenicaily enhaneed . . . . . . . 
cells ot Helicobacter pylori,_ preferably o·f· the· ~trai"n ATCC · 

-49503, .NBJ-2 or Gl-4, are grown in a basal ~ssential·culture 
m~ium,_ preferabiy BHI.hr~th,· add~tion~~1y·co~prisinq about 

·. S O. 05% to about· o .• 2~ biie or about o. O?t glycocholate_ ·{GC} . at 
3'"0 c in a mi_.xtur~ .. of about. st. ~o 20% c0z with ·aix>ut. a9t· to 95% 

'air, or. al,lout. 10%. COi with about .S% O~ with a~out. ·ast. Ni and . . 

harve~te~ after the growtq o·t -the culture, has ~eached about 
·log or about stationary phase. In a more preferred·. 

10 embodiment, the ceils are harvested after the cultur~ has 
reached about log phase. 

Eiltei;ic. bacteria cult'1r.ed according to the methods of the 
present invention have altered.morphologies, and/or cell 
motilities and/or produce certain new proteins, 

15 lipopolysaccharides and/or carbohydrates and/or such 
macromolecules at altered levels compared to cells cultured in 
basal medium alone. Optimum cultural conditions that enhance 
cell yield and the indices of pathogenicity can be identified. 
Utilizing these ciJ.ltural conditions, virulence-associated 

20 antigens that are enhanced or induced can be identified. 
Motility and gross morphological changes can be seen by 

microscopic examination of either untreated or stained 
bacteria. It is possible that other morphological changes 
might result from methods of the present invention as could be 

25 seen through electron microscopy or fluorescence microscopy. 
The morphology and mucus-like characteristics of the 

enteric bacteria cultured according to methods of the present 
invention suggest that capsule and/or surface layer expression 
might be induced. To test for capsule production, phenol 

30 extracts of surface components, such as proteins, 
carbohydrates and lipopolysaccharides, can be prepared. The 
enhanced carbohydrates can be seen by high pressure liquid 
chromatography (HPLC). 

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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· colnt>ared ·to. th~se from· o:rcjanisxtt~ grown ·in coi\ventional media •. 
. . 

sos~PAGE is ~nducted to evaluate changes induced in bacterial 

cell~l~ and ext+acted,pro~eins i~ re~po~~ to ·an~iqen 
enhanc~g or altering conditions~ These data-. offer.· 

5 qtialitative and qUa~titative ~n·formation ·cop~erni:nq surfa~e 
. . -

ch~nges associa~ed .with increased invasivenes_s ·or altered 
antig~nicity.· .·. 

· The immurioqenic potential of. induced. or altered protein 
an~iqens can be identified by Western Blotting. 

10 Immunoqenicity of induced· or altered bacterial proteins 
identified by sos-PAGE can be evaluated by the generally 

accepted techniq~es of Western Blotting as described· below. 
Any source ~f antibody can be used, such as convalescent 
immune rabbit or ferret sera (source of antibody from animals 

15 infected orally with live organisms grown conventionally or 
.according to methods of the present invention), intestinal 
mucus (source of IqA antibodyf, polyclonal antisera, or a 
monoclonal antibody, for instance one that is"cross-reac1'.-ive 
with c. jejuni flaqellin, for assaying bacterial antigens. 

20 The increased production of several of these bacterial 
antigens is accompanied with enhancement of properties 
associated with virul~nce. 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., 
60:3.287-3295, 1992); and Yoder (Avian Dis., 33 :502-505,. 1989). 
Bacterial binding of Congo red indicates ability to bind 
hem.in, 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 immune-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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camf'ilobact:er produced a·ccor~ing ·to methods of the pres~nt · 
. . . .. . . . . 

invention ~r~ i~u~o-~ross re~ctive. agains~ a b.roader ~a~qe of · 

Lior se~otypes than.that obtained using conventionally grown . . . . . . 
Campy~obac~~· .simi~arly, antigenicaily enhanced Shigella 

s produced according to th~ ~~thods ·of ·~he _present inv.enti~n ~re· 
~uno-cross reactive and immuno-.cross prot~cti ve against a 

broader range cif . Shigella specie!? than· ·:th.at ·obtairted uSl.ng 
. . . ... . . . . . 

conve~tionally grown Shigella.. These immuno-cross re~ctive 

and immun·o~cross protecti ~e properties are indicated by the 
. . 

10 resu~ts of agglutination assays and vaccine studies described 

below .. 

Methods of .the present invention for production of 

antigenically enhanced enteric bacteria correlate to enhanced 

virulence in small animal models. Several ~omestic animals 

15 can be used as models of campylobacter disease in humans. The 

most.studi~d from the standpoint 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 Lier 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., 58:1848-1852, 1990) may be a more useful 

model because this animal does develop disease symptoms like 

25 those of campylobacter disease in humans. A more recent model 

is the mouse colonization model of Bagar (Infection and 

Immunity, 63:3731-3735, 1995). This model involves 

immunization followed by nasal or oral challenge~ with live 

campylobacter to the immunized mouse and then examination of 

30 intestinal colonization by monitoring for the presence of 

campylobacter in fecal matter. With Shigella, the mouse nasal 

challenge assay as described by Mallett et al. (see infra 

section 13) is used to assess virulence and vaccine ·efficacy. 

With Helicobacter pylori, the Helicobacter_felis gastric 

35 colonization model described by Chen et al. (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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There .are other animal ~odels relevant to enteric 
bacterial i~vasion·a~d infecti~n a~d t~~y_ca~ .. be u~ed to·test 
for vac~ine ~~~icacy of the enhanced ·ente~ic bacteria pr9duced 
according to· the methods of the·present'invention. 

s Th~ antiqepi~ally.enhance4 enteric. bacteria produced by 
. t_he m~thod~ · ·of ·the· present· iny~ntlon ~r~ ·used to ·prepare· 
'prototype k~lle~:f whole-cell or _subutiit. vaccines. These. 
vacc_ines when ·a.chiinistered to anim~ls c~n· be snown to induce 
antibQdies and thus establish the va:c·ci~es. protective. 

10 potential. Elevation ~r induction of these antigens in a 
bacterial cell produces cells that make:· more efficacious . . 

vaccines. 
Vaccine candidate preparations produced by the methods of 

the present invention can be used with various mucosa! 
15 immunization strateqies to induce an intestinal immune 

response. successful i~unization protocols c'an then be used 
to protect animals challenqed with the pathogens with or 
without enhanced antigenicities. Also vaccines can be 
formulated and tested as combined vaccines, for example 

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

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

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

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

Several well-established models generally known to those 
35 skilled in the ar.t exist and are useful to evaluate enhanced 

antigenic properties, virulence of bacteria and vaccine 
efficacy as described below. 
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Non~limiting examples of the present invention are 
described below. 

. . 

6 EXAMPLES: METHODS FOR PRODUCING ENHANCED ANTIGENIC· BACTERIA 

·s Example .i. campylobacter. jejuni· ·strain Sl.-176 ·was 

streaked on b~ood agar plates (contain~ng.ti:ypt~ca~e ~oy agar, 
plus 5% defibrinated sheep erythrocytes) anp. incubated in a 
microaerophilic GasPak jai;- (BBL, coc~eysville, MD) for 20 h at 
37°C. Lawns of b~cteria were removed.by swabbing"and 

10 inoculated into flasks containing 1 litei of BHI medium pre­
equilibrated to ·10% co2,. 90% air, with o '\ 8% OXGALL (Difeo, 

Detroi~,·MI). Cultures were incubated for 20 h with shaking 
at 37°C in a closed flask at 10% co2, 90% air and then 
harvested as described above. 

15 Example 2. Campylobacter jejuni strain 81-176 was 
streaked on blood aqar plates (containing trypticase soy aqar, 
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% co2 with 0.01% to 0.1% sodium deoxycholate 

(DOC). (It is critical to prepare and autoclave the ooc 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% 02 , 10% C021 85% N2 , then 
harvested as described above. 

Example 3. campylobacter jejuni strain 81-176 was 
30 streaked on blood agar plates (containing trypticase soy agar, 

plus 5% defibrinated sheep erythrocytes) and incubated in a 
microaerophilic GasPak jar (BBL, cockeysville, MD) for 20 h at 
37°C. Lawns of bacteria were removed by swabbing and 
inoculated into flasks containing 1 liter of Brucella broth 

35 pre-equilibrated to 10% C02 with 0.01% to 0.1% sodium 

deoxycholate. Cultures were incubated for 20 h with shaking 
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at 37°C in 5% 0i 1 10% · C021 85% N2 and then harvested as 
described above. 

. . 
Example 4. campylobacter jejuni strain 81-176 was 

. . 
stre~~d. on blood agar plates (containing trypticase soy agar, 

S plus 5%_ defibrinated sheep e~ythrocytes) -~d- incUbated in· a 
mieroaerophilic GasPak jar (BBL, coc~~ysville, MD)_ for .20 h at 
37°C• Lawns of ·bacteria were removed by·~wabbing and 
inoculated into flasks containing l liter·of M~eller-Hintpn 
brot~ pre-equilibrated to 10% Cdi, with 0.01% to·o.1% sodium 

10 deoxycholate. cultures were incubated fo~ ~oh with·shaking 
at 37°C in 5% · 02 , 10%. · co2 , 85% N2 and then harvested as 

described above. 
·Example s. campylobacter jejuni strain 81-176 was 

streaked on blood agar plates (containing trypticase soy agar, 
15 plus 5% def ibrinated 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 cont~ining 1 liter of BHI medium pre~ 
equilibrated to 10% co2, with 0.1% sodium deoxycholate. 

20 Cultures were incubated for 20 h with slow stirring at 37°C in 
10% C02 , 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 l liter of BHI medium with 0.1% sodium 
deoxycholate. cultures are incubated for 20 h with shaking at 
37°C in air, then harvested as described above. 

Example 7. Salmonella cholerasius is streaked on BHI 
30 agar plates and incubated in air for 20 h at 37°C. Lawns of 

bacteria are removed by swabbing and inoculated into flasks 
containing 1 liter of BHI medium with 0.1% sodium 
deoxycholate. Cultures are incubated for 20 h with shaking at 

37°C in air, then harvested as described above. 
35 Example 8. Salmonella typhimurium is streaked on Luria 

broth agar plates and incubated for 20 h at 37°C in air. 
Lawns of bacteria are inoculated into flasks containing 1 
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liter of BHI medium w!~h 0~1% sodium deoxy~olate. Cultures 
are incubated fot. 20 · h · witll shaking at 37 °C in 10% COu 90% 
air. One colony is trart~ferred·into 1 liter of LB containing 
0.1% DOC and incuba.tE}d in a· clo.sed. top fl~sk at 37°C with slow 

. 5 shaking·. Aft~r 12 h, _·. 60 .ml of. the culture· is diluted into_ 1 
·11ter of_ the same fresh prewarm~d medi~~ a~d inqubated a 
further 30 min, --·and ·then is harvested as_ described above. 

Example 9~ Shigella flexrieri 2457T was streaked on congo . . 
·red ag~i::: plates and incubated for 20 h at 37°C in air~ one 

10 red col.ony was in~ulated into f iasks containing 1 liter of 
BHI.media and incubated with shaking for 12 h. 50 ml of this 
culture was then used to inoculate 250 ml o·f prewarmed BHI 
containing 0.1% sodium deoxyCholate. The culture was 
incubated with shaking for 4 h at 37°C in air. This culture 

15 was then diluted to an 00600 of about 0.17 with prewarmed BHI 
containing 0.1%.ooc 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 
microaerophilic environment generator (BBL, Cockeysville, MD) 
for 20 h at 37°C. The bacterial lawn was removed from the 
plates by swabbing, and the bacteria were resuspended in 10 ml 

25 of BHI. The J:>acterial suspension was inoculated i_nto 1 liter 
of BHI broth alone or BHI broth containing 0.1% DOC, pre­
equilibrated to 10% co2 , 90% air, in a 2 liter flas~. The 
inoculum was added to preequilibrated medium until the 006" is 
equal to 0.05. The inoculated flask was returned to the 10% 

30 co2 with 90% air and stirred slowly for 20 h at 37°C. At this 
point the bacteria were harvested as described above. 

Example 11. Helicobacter pylori was added to BHI broth 
plus 4% bovine calf serum. ·After inoculation the flasks were 
flushed with 5% 02 , 10% C02 , 85% N2 and incubated for 22 h at 

35 37°C with shaking. After this incubation, 2.5 ml of the 
culture was transferred to a flask containing BHI broth with 
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4% bovine calf serum or the·- same mediUlll additionally 
containing ·o.~5% sod-iUlll qlycocholate. Th~se cultures were 

again flushed with the microaerop~iiic gas mixture (5% ~,- 1ot· 
. - -

C02 ast N2), a~d incubated- 20~24- h at 37°C. The cells were 
s ha.rVested as described above.· 

E~ample i~. _salmonella typ{limurium (in LB with 3ot 

glycerol) was streaked o~ a LB agar.plate ~nd ~ultured for 18-
20 hat J7°C in.air. one colony was picked and transferred 
into ~ liter of LB or LB containing o·.1% DOC in flasks t~at · · 

10 are flushed'with 10% co2, S% co~, 85% N2, sealed an~ incu~ated 
for 12 -h at 37°C with shaking. ~he bacteria were then diluted 
in the same media to OD400 _of 0.17 and incubated under 
identical _conditions until the culture reaches early log 
phase, typically JO min after the dilution. Cells were 

15 harvested as described above. 

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

20 The culture is then ~iluted (1/5} in the same fresh media and 
incubated a further 4 hours under identical conditions. The 
cultures are then diluted iri the same fresh media to 00600 of 

0.17 and incubated under identical conditions until the 
culture reaches log phase_, typically JO 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 J7°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 00600 of 0.17 and grown for 
JO min further and then harvested as described above. 

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

35 0.1\ DOC and shaken for 12 h·at 37°C. The bacteria are then 
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diluted · in·. the same media to· 0.0600 of o .17 and grown for 30 Di.in 

further and.then· harvested &s·described above. 

Example 16. E_scberichia._ coli st:rain Ol57:H7 was· streaked 

on sheep blood agar pl~te and ~ncubated at J7°C in.air for 18-
5 20 h. One: colony was inoculated into 1 li-ter -BHl or- .$HI 

c~ntainifig ·O.l% to 0.2% DOC flask and sha"ken·for 12 h_at 31°c. . . . . 
The bacteria wer~ then diluted·to 00600 9f 0.17 and.qrown for 
30 miri further and then harvested ~s described abov~ •. 

Exampl~ 17. Enterococcus faecalis is streaked on ~heep 
10 bl_ood agar plate. and incubated at 37°C in air for 1s~20 h. 

One colony is inoculated into l liter BHI or BHI c~ntaining 

0.1% DOC flask and shaken for 12 h at 37°C. The bacteria are 
then diluted to 00600 of 0.17 and grown for 30 min further and 
then harvested as described above. 

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

under microaerophillic conditions (5% co2 and 95% N2). one 
colony is transferred to 1 liter of modified chopped meat 

20 medium or same medium containing 0.1% DOC. The bacteria are 
cu~tured 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% co2 and 95% N2}. one colony is 
transferred to 1 liter of modified chopped meat medium or same 
medium containing 0.1% DOC. The bacteria are cultured under 
microaerophillic conditions at J7°C ·for 12 h# and harvested as 

30 described above. 
EXample 20. Yersinia pseudotuberculosis (Luria broth 

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

35 diluted (1/5) in LB or LB containing 0.1% ooc and incubated 4 
h at J7°C. Subsequently, the cultures are diluted in the same 
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media to ~0600 of o.17 and incubat~d .. a.further 3Q. min and then . . 
·harvested ~s described above. 

~ple 21 •. Helicobacter pylori was added.to BHI broth 
plus 4% bovine calf serum. After ·.inoc;:u,lat-i?n· the .flas.JCs. were 

~-flushed withs~· 0 2 , 10% co~,. as% N2·and incub~~ed ·tor 22 hat 
37°c with shakirt9. After this incubation, 2.s.in1 of the . . 
cµlture was transferred to a flas~ containinq·BHI broth with 
4% bovine calf serum or the same mediu~-additionally 
contain~nq about o.1t to about 0~2% bovine bile. These 

10 cultures were again flushed with the microaei'op~ilic·qas 
mixture (5% 0 21 l_Ot co2 85% N2), and incubated 20~24 h at 37°C. 
The "cells were harvested as described above. 

7 EXAMPLES: ENHANCED ANTIGENIC .BACTERIA 
15 Example 22. Microscopic examin~tion of wet mounted 

bacteria was utilized to observe motility and gross 
morphology. Surface layers were observed by capsule staining 
in india ink (nigrosine). After air drying, the cells were 
counter-stained with crystal violet. All observations were at 

20 1000 x magnification. 
Morphology of bacteria cultured according to methods of 

the present invention (hereinafter ref erred to as lfENHANCED" 
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 
"ENHANCED" cells of the nigrosine particles from the stain. 
The "ENHANCED" bacteria remained highly motile. 

Example 23. c. jejuni surface components were analyzed 
by phenol extraction. Extracts were made from c. jejuni 81-

35 176 grown conventionally or cultured according to Example 2 
above. c. jejuni cells were harvested from culture medium by 
centr~fugation as described above. The cell pellet was 
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extracted for 2 h a·t room temperature with 1% phenol. Intact 
cells were "separated·from extracted materials by 

centrifuqat~on for 4S min. The super~atant containing 

eXtracted ba~terial -s~rf ace comp~nents was dialyz~q against 
s ~istilled ~~er overnight. The·retenta~e: wa~·c~ntrifuqed 

105;000 x g for 3 h.at 4°c. The extract pellet was 
. . . . . ·. 

redfssolyed in 10% NaCl and precipitated_~ith two vol1l.ll\es of 
cold 95t ethanol. The pr~cipitation was repeated, and the . 

. . 
sample was lyophilized. S~bsequently, the sample was 

10 dissolved in water ·at I; mg/ml fo·r further analysis. 

carbohydrate content of the extract was assayed with the 
generally accepted phenol~sulfuric acid method utilizing 
glucose as a standard. Uronic acid content of the extract was 

measured with the method of Dische using the carbazole 
15 reagent. Total protein content of the phenol extract was 

evaluated with the biccichinoic acid assay kit (Pierce Chem. 

Co., Rockford, IL). 
It was notable that uronic acid was absent from the 

extracts. Many typical bacterial capsules are composed of 
20 uronic acid polymers. surprisingly, surface extracts of c. 

jejuni 81-176 were in fact p~edominantly protein. However, 
total carbohydrate content of the 11 ENHANCED" cell extracts was 
increased over cells grown conventionally. 

The carbohydrate to protein ratio of the extracts is 

25 shown in Table l below. 

30 

35 
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TABLE 1. Carbohydrate:P+otein Ratio o~ _Cell s~fac~ 
EXtracts_of c. jejuni Grown convent~onally 
(B~I) or According to Method of ~ple 2 
(E~CED)." 

Time af-ter 
addition· Ch) BHI ENHANCED 

·1 0.02 0.02 
2 0.02 0.10 
4 0.02 0.15 
6 O.OJ 0.29 

There·was a direct relationship between inclusion of ooc 
in th~ culture medium and enhanced levels of surface 

extractable carbohydrate from the bacterium {Table 1). 
15 surface extractable carbohydrates were increased more than 8-

f old in bacteria cultured according to the methods of the 

present invention; no increase was seen in bacteria grown 

conventionally. The aggregation of the bacterial cells 

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

Upon rehydration, the extract had a high geling capacity 

in water rendering the solut"ion 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 ~n sealed vials. The 
samples were dried under nitrogen 2 h, and resuspended in 
distilled water. Sugars were separated by HPLC using a Dionex 

30 corp chromatographic matrix and a solvent system consisting of 

3% of o.5 N NaOH/97% H20 as solvent. Amperometric detection 

was utilized for measurement of separated monosaccharides. An 

authentic monosaccharide standard composed of fucose; 
galactosamine, glucosamine, galactose, glucose, and mannose 

35 was also subjected to HPLC analysis for comparison. 
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HPLC. analysis of..~he hydrolyzed surface extract reveal~d 
the presence ·of· several monosaccha~ides. (Figure 1)• There 
appear~d to be no_qualitative di~feren~e .in the carbohydrate 
compos~tion of the extracts from conventionally ~own or 

s bacteria grown according ~o the method Qf ··Example 2 above. 
H~e~er,· mipor qu~ntit~tive diff~enc~s· were apparent. 

Example ·24.~ Bacterial prot~ins · ·wer~ analyzed ·by sos-PA.GE . 
' . 

and Western Blotting. Th~ qel system of LUgtenberg, ~t al. 
. . 

(~ J,etters ·sa:254-258, 1975} was used; The gel systeln is a 
l.O discontinuous qel consis~inq of. a low acrylamide· (~ypically 

.4t) st~cking ·gel pH 6.a .. and a higher percentage acrylamide 
. . . 

separation gel pH 8._8. SDS (0.1%) was included in both gels 
and all buffers used. Protein separation was according to 

molecular size, and 8 or 12% acrylamide separation gels were 
15 used. Vi°sua"iization of separated proteins was by silver 

staining of fixed gels, and molecular size determinations were 
made based on· the M1 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 
DOC {Figure 2}. 

Example 25. s. flexneri LPS was analyzed by phenol 
extraction. s. flexneri cells grown conventionally or 

25 according to the present invention as exemplified in Example 9 

above were harvested from culture medium by centrifugation as 

described above. Lipopolysaccharides· (LPS) wer~ extracted by 

the method of Westphal and Jann (In: R. Whistler, ed., Methods 

in carbohydrate Chemistry, vol 5; p. 83, 1965). Briefly, 
30 cells cultured in BHI or as exemplified in Example 9 above 

were harvested by centrifugation and washed once in PBS. The 

cells were then extracted for 15 min at 68°C with 45% phenol 
in water. The extract was cooled to 10°C and centr~fuged. 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. 



-----------------------

35 

Prio·r to an~lysis the LPS was resuspended. in. water. (1 m9/inl) .• 

'l'he purified LPS ·-was charel:cterized as -tQ c~rbqbydrate conteµt 
as described above, and ~y sodium dodecyl s~lfate~ 
polyac~ian~1d.e q~l electroph9resis (SOS-PAGE) -as ·descr.ibed 

·5 below and sbown in Figure 5. 
s. fleXne~i- ~otein profiles revealed no-_ major 

°CUfferen~es between c0nventionally cultured a~d HEN1fANCEo" 
cells when analyzed uslng thls particui'ar SOS-PAGE sy~tem. . . . . . 

·carbohydrate to dry weight ratios of LPS from ·"ENHANCED" ce~ls 
10 was decreased as compared to extracts from BHI cells.· 

However, SOS-PAGE fol.lowed by oxidation and silver st~inillg of 
s. flexneri LPS demonstrated a major ch~nge ~n LPS structure 

. -· 
(Fiqur~ S). As seen_ in lan~ "2" _of the gel, the ()-antigen 
fraction of LPS from "ENHANCEDu s • .flexneri was reduced in 

15 length. This result complemented the findings of reduced 
carbohydrate/dry weight ratio of LPS from ••ENHANCED .. cells. 

These results suggest shorter o-antiqen side chain 
presentation on t 1ENHANCE0 11 cells, and potentia1.ly 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 deter~ined 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 sos­
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. 

35 Figure 3 depicts proteins from Western Blotting with 
immune rabbit mucus containing IgA. As can be seen, the 62 
kDa protein was the immunodominant antigen. The antigenicity 
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of the 62 kDa protein was ·9T~tly enhanced in.cells cultured . . 
with.DOq.or bil~. Thi~ prote~n was also the pr~~minant 
~tigen in ~e surface extract qf c~lls culttired with DOC. 

Utilizing a mouse monoclonal antibody c~oss-reactive witµ 
. · 5 Campylobacter flaqellin, .-it was ·demonstrated that the enhanced 

protein was.c. Jejuni. flagelli~ CFigu~e ··>· · This.wa~.a .. 
significant ·finding because s~veral researchers ·have" 
demonstt:ated that the·c. jeJuni flagellinis involved in 
pat~oqenesis and associated with the invasive characteristics 

10·of the bacterium • 
. Example 27. Congo red dye binding was · used· to measure 

.~. . . 
virulence. Enteric bacter.ia 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 wi~h acetone for 
10 min. Cellular debris was pelleted by centri.fugation, and 
the 00488 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 00438/00660 • The data are shown in Table 2 below. 

25 

30 

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

Dy:e Absorbance 

strain BHI ENHANCED 

c. jejuni 81-176 0.07 0.49 
c. jejuni 81-116 0.06 0.49· 
s. typhimurium SRll o.os 0.30 
s. flexneri 2457T 0.02 0.13 
v. cholera 569b 0.70 2.00 

35 Table 2 shows that for several species of enteric 
bacteria cultured according to methods of the present 
invention, Congo red dye binding was enhanced. These results 
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show that in vitro· "rneth9ds of the present invention are ·useful 
to·irtduoe virulence and. o~her characteristi~s kn0trtn to 
correlate w~th in vivo path9qenesis ·for other bacterial 
species. 

S Example 28. "Bacterial adhesion to_cultur~d epithelial 
cells .·was analyzed. Bacterial adhesion was. assayed as 

. . . 

described by Galan and Curtiss (Proc. Natl. ·Acad. Sci. USA, 
·86:638:3-63_87, i989). Tissue. cultur~ cells ·(INT-407 or Henle 
cells (ATCO._#.· CCL6)_, ·and _caco-:2 (ATCC ·1 HTB37) human 

1.0 "intestinal· "cell lines) were cultured . in 24~well tissue. culture 

plates (37•c," · 5% ·co2) to a confluency of 60-sot. ci'he meditlln 
. . . 

is dep~nde~t·on the cell line used, but Dulbe~co•s modified 
Eagle's medium with 10% fetal bovine serum and 50 mg/ml each 
of penicillin G and streptomycin was used for Henle cells, and 

is RPMI 1640 medium with 10% fe~al bovine serum and 50 mg/µl 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 Hankts 

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 006~ 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 o.17 at ODns w~th fresh, preequilibrated medium and 
then used in the assay. The bacteria were added to the 

30 epithelial cells at a multiplicity of infection of io 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% co2 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 
adhesi,on. 
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. ... - .. . . 
tt'he effect of temperature on: .adhesion to· INT-407 cells· by 

c .. jejuni .s1-ii6 grown c:onventiohaily oi; -~cc"ording to the 
methods· of the present. invention.as exemplified in·Ex~ple 5 

abdve is shown in Tab~e · 3 below.• , 
s Differences· in adhes.ion of several: strains ·of c. jejuIJ,i 

qrown co~venti~~all;y or a~cocl~ng t~ methods of the prese.nt 
invention ~re shown in Table 4 ·:below. 

Percent adhe_sion is ex;pressed. as the nUmber of colony 
forming units .(~FU) ·recove~ed from the monolayer divided by 

10 t~e number of ·CFU inoculated onto the monola:yer multiplied by 
100. 

1S 

20 

2S 

30 

35 

Table 3: Effect of Temperature on ADHESICN to INT-407 
cells by·c. jejuni Grown conventionally (BHI) 
or According to Methods of the Present 
Invention· (ENHANCED) 

BHI 
Temperature !% adhesion) 

ENHANCED 
(% adhesion) 

37°C 
42°C 

5.5 
5.5 

62.3 
11. 2 

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

Strain 

81-176 
81-116 
HC 

by Different strains of c .. Jejun~ Grown 
conventionally (BHI) or According to 
Methods of the Present Invention 
(ENHANCED) 

BHI 

1.0 
1.0 
l. 0 

ENHANCED 

8.4 
12.5 
28·. 2 

In invasion assays# epithelial cells were grown and 
prepared according to the methods described above for the 
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adh~sion. assay. Bacteria grown cqnvent.i,onally OJ:'· according:. to 
111.et;f:lods ~f the pres·ent invention were ·added tQ the.-epitheliai 
-~eli~ at ·a muitiplicity of infection of· 10· bacteri.a ·p~~:·ceil .. .. . . . . . . 

·to avoid saturation. Th~ .number of bacteri-a ino~ulated into 
5 the tissue· culture well was .calculated by plat~ counting. 
·Followi~g 2 h infection.under 5% ·co2 for campyloba.cter, and JO 

· ~n for Shigella, ·the· infecting bacteria wer~ asp·irated o_~f, 

-and the 111.onolayer was overlaid with growth .medium containing·. . . . . . 
qen~amicin to kill any extracellular bacteria. Any culturable 

_10 bacteria remaining ~t this point have invaded the epithelial 
cell monolayer. The incubation continued.under C02 for 3 h in 

the case of_C. jejuni infected cells, ~nd 1~5 h for Shigella 
. . 

infected ~ells. Monolayers were washed with" HBSS to remove 

qentamicin, and lysed by the addition of 0~1% deoxycholate. 
15 Bacteria in the lysates were enumerated by plate counting and 

percent invasion was expressed as the number of 9entamicin 
resistant bacteria compared to the number of inoculum 
bacteria. 

Invasion is expressed as the percent of cell entering the 

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

The effect of temperature on invasion of INT-407 cells by 
25 c. jejuni 81-176 grown conventionally or according to the 

methods of Example 5 above is shown in Table 5 below. 
Differences in "invasion of INT-407 cells by several 

strains of c.jejuni grown conventionally or according to 
methods of the present invention are shown in Table 6 below. 

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

7 below. 
The effect of DOC on adhesion to and invasion into INT-

35 407 cells by Shigella grown conventionally or according to the 
methods of Example 5 above is shown in Table 8 below. 
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Table 5: Effect '°of Temperature· oil :i:NVAS.ION :oi INT-407 · 
Cells· )?y c. jeji:mi 8'~-176--Grovn conveti.tiozially 
(BJlI) or·Ac~or~inq.to Methods Qf tJl.~.P~esent 
Invention (ENHANCED) · · 

·Temper:at:ure 

J7°C" 
42°C 

BHI . 
<% invaded) 

2.5 
4.0 

ENHANCED 
. c\invadedl 

49.s 
7.l 

Table 6. INVASION (FOLD INCREASE) into INT-407 Cells 
by Different Strains of c. jejuni 
Grown conventionally (BHI) or According 

15 to Methods of the Present Invention (ENHANCED) 

20 

strain 

81-176 
81-116 
HC 

BHI 

1.0 
1.0 
1.0 

ENHANCED 

9.2 
10.0 
26.7 

25 Table 7. Effect of DOC concentration on Adhesion and 

30 

35 

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

Treatment Adhesion (%) 

BHI 
ENHANCED; 0.025% DOC 
ENHANCED; 0.1% DOC 

9.3 
18.3 
52.6 

Invasion C%l 

6.3 
17.4 
37.0 
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Table. s: Effect ~f Doc on s. flfa.ner1 . J:~vasion (Percent·) 
or Adhesion (Perce~t) _to Im"-407 ¢ells Grown· 
c~nventionally· (BRI) or A~cording to Methods of 
the'Present Invention (ENHANCED) · 

a 

Characteristic 

Adhes·ion 
Invasion 

. BHI 

1.-0 
l.C 

ENHANCED 

140.oa 
94.4 

More than the initially added bacteria were 
recovered due to qrowth of the bacteria during the 
assay 

Adhesion to and invasion of cultured INT-407 cells by 

15 several human isolates of c. jejuni (i.e., 81-116, 81-176 and 

HC) was greatly enhanced by addition of bile or deoxycholate 

to the culture medium (See Tables 4 and 6). The most 

effective dose of DOC was 0.1% (Table 7}. The greatest 

response was obtained at 37°C, but not at 42°C (the 

20 temperature at which Campylobacter is conventionally grown) 
(Tables 3 and 5). 

Similar findings were made with Shigella flexneri {Table 

8). Shigella grown accoraing to the methods of the present 

invention had greatly enhanced abilities of both adhesion and 

25 invasion. 

These data show methods of the present invention enhance 
invasion and adhesion of enteric pathogens. 

Example 29. A rapid slide agglutination assay was used 
to show immune-cross reactivity. c. jejuni strains grown 

30 conventionally or according to the methods of the present 

invention as exemplified in Example 5 were exposed to serum 
IqG from animals immunized with c. jejuni 81-176 (Liar 5) 

grown either conventionally, or according to the present 
invention (e.g., Example 5}. The IgG antibodies were 

35 immobili·z·ed on Protein A coated latex beads. If there are 

cross rea_ctive epit.opes between the test serotype and the 

antibodies generated against the Lier 5 serotype, then nearly 
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i111J11ediate clumi>ing· ·(i.e. agglutination)° of the ce.lls. is 
~d~ible. This cl~ing is rated based on a scale_ of o to .3 

·after allowing the. reacti.on to pr.oceed for a short period of· 
time, where o means no opservable clumping and 3.means a·high 

s degr~e of. ·aqglutination. The r~sults ·of four $trains are 
presented in Tab~e 9 beiow. 

10 

15 

20 

25 

30 

a 

35 b 

Table t. c~oss Reactivity of Lior serotyPes Grown 
conventionally (B~l).or Acc?rdinq to Methods of 
the Present Invention (ENHANCED) 

CULTURE GROWTH BEADS REACTIVITY 
CONDITIONS 

81-176 (LS) BHI Anti--BHia 1 

ti ti Anti-ENHb 2 

ti ENHANCED Anti-Blt'.I 2 

If ti Anti-ENH 2.5 

L2 BHI Anti-BHI 1 

Cl It Anti-ENH l.5 

(f ENHANCED Anti-BHI 0 

ti 4t Anti-ENH 1.5 

LS BHI Anti-BHI 2 

tr ti Anti-ENH 1 

H ENHANCED Anti-BHI 1 

" 
. 

" Anti-ENH 2.5 

L21 BHI Anti-BHI 0 

If C4 Anti-ENH 2 

II DOC Anti-BHI 0 

Cl u Anti-ENH 2 

Media BHI Anti-BHI 0 

It Anti-ENH 0 

Antibodies induced by 81-176 g~own conventionally 

Antibodies induced by 81-176 grown according tq methods 
of the present invention as exemplified in Example 5 
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· Table .9 shows all four of the tested Llor · ser<?tYPes (Ls, 
.L2, LS, L21) cross~rea~ted with antibody.qenerated·from . . . . . . . . . 

animals immunized.with enhanced c. jejuni 81-176 Lior ser~type 
LS.. Mucus lavage .~r~m the intestines of rabbi.ts infected with 

s. c. -jejuni 81-l76, comprising _IgA,· r~cted with eight out of 
the 10 .major· ·clinical Serotyp~S ci."e. I human pathOg'~~> Qf c.· . . . .• 

jejuni grown according to methods of the pr_es·ent invention 
c~oss reacted with antibodies to Lior s ser~tyPe strain (see . . . . . 
Table 16 below). The res~lts show that methods of the present . . 

.J.O invention s;gnificantly extend the number.of Lior serotypes 
which cross re~ct with anti-serum from ani~als immunized with 
Lior s serotype strain of c. jejuni. 

Also, several species of Shige~la qrown 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. 

S 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. A~l vaccines and PBS were 
administered in the presence of the adjuvant LT# two times, 

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

35 containing live c. jejuni 81-176 (lx10IO CFU). Thereafter the 
animals were monitored daily for mucoid diarrhea, bacteremia, 
f~cal- shedding of Campylobacter, weight changes, occult blood, 
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and fecal leukocytes. Bacteremia was detected by drawinq ·1.·to 

2 ~1· of blo.od· from· the jugular vein of anestheti.zed ferrets 

-a~ incub<iting the spe?imen in a vented ·tryptic~se soy broth 

c~lture_. Subcultures to blood aga_r P-~~tes were. taken ~t· 2, s 
. sand 7. day~ post challenge. ~erum samples- were· collected prior 

to immuni_zation (baseli~e), one wee~ after ""the second· 

immunization, ~nd a~ the time of challenge, and o~e wee~·post 

cballenge to determine IgG titres~ 

Occult blood .was detected by testing fecal mate~ial on a 

10 Hemacult card. Fecal· material was smeared on a slide and· 

stained with methyl,ene blue to detect.fecal leukopytes. Fecal 

shedding of campylobacter was established by culturing smears 

from rectal swabs on Campylobacter-selective medium plates 

(trypticase soy agar, 5% sheep blood, trimethoprim, 

15 vancomycin, polymyxin B, cephalothin, and amphotericin B, 

Rem.el, Lenexa, KS}. Results from these experiments are 

presented in Tables 10 and 11 below. 

20 

25 

30 

35 

Table 10: Vaccination Protects Against c. jejuni Bl-176 
in Ferrets 

a 

b 

c 

POSITIVE COLONIZATION 
DISEASEb VACCINE DAY 5 POST-CHALLENGEa 

PBS 6/6 1/6 

BHI 0/6 2/6 

ENHANCED 0/5¢ 0/6 

Number positive colonization/number tested 

Presented with green mucus/unformed/watery stools 

One animal died in the group after disease state was 
determined but before colonization was soored 
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Table i1: Ferret Sera IqG Geometric Mean Titer 

Table 10 shows that upon l~ve challenge, animals 

illlll1unized with a killed-whole cell vaccine of the present 

invention were prot~cted against colonization and disease. 

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

15 titre results from vaccines of the present invention 

(ENHANCED) than from enteric bacteria grown conventionally 

(BHI). 

These results dem9nstrate that immunogenicity (Table 11) 

and protection from infectiqn {Table 10) was obtained with 

20 vaccines of the present invention and was greater than that 

seen when animals were vaccinated with bacteria grown 

conventionally. Therefore bacteria produced by the methods of 

the present invention are useful as vaccines to protect 

mammals from infection. 

25 Example 31. Mice do not naturally develop Campylobacter 

or Shigella infectipns 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 illll\\unized animals •. 

30 The mouse intranasal inoculation model then can be used to 
predict the efficacy of vaccines for use in other animals or 
humans. This assay was 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 107 C?U or 
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l09·cFU, then_chal~en9-~. J,cjA titres from.intestinal mucus· in 

each group were determined by ELISA.methods and are present~d 

in.Table 12 below. 

a 

b 

~able 12. IqA a~sponses After oral Immuniz~tio~ with (101 

· ·o~ ~o ) . campylobacter Whole cell vaccines in 
· Mice · -

Immunization. Lavage IgA Titrea· % Respondersb-

PBS. '23 14 
ENHANCED (107) 114 ·-· 75 
ENHANCED '{109) 78 75 
BHI (107) 40 25 
BHI (109) . 32 12 

Lavage titre indicates the mean anti-c.j.ejuni IgA titre 
obtained for each individual group of mice. 

Responders a-re defined as those animals whose endpoint 
titres exceeded 2 standard deviations above the mean of 
the animals receiving PBS alone 

Table 12 shows that animals immunized with bacteria grown 

according to the methods of the present invention have a 

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

30 

9 EXAMPLE: MECHANISM OF ANTIGENIC ALTERATION OR 
ENHANCEMENT BY DOC 

Example 32. Although not intending for the present 
invention to be limited to any particular mechanism· of action, 
the present inventors have obtained evidence that suggests 

that deoxycholate (DOC) appears to have a two fold action in 

altering or enhancing the antigenicity of enteric bacteria. 
35 Evidence indicates that one aspect of OOC's effect is mediated 

through calcium dependent effects, as DOC binds calcium and 
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thus lowers the calcium_c0ncentra~ion in ~he medium •. :The. 

evidence $.s as follows. When c. jej~.i ~1-176 is·cul~ur~d 
with _the memb~ane permeable calcium Chelator BAPTA/AM 8:1ld . 
without DOC,. its invasiveness of INT.-407 cells is enhanced 

5 appr~xi~ately l~~fold (see ~aple _13 below). BAPTA/AM 
. ~eatmerit alone, however, does not ~nhance ·the immun?-eross· 
reactivity of c. jejuni 81-176 cells. 

The resuits shown in Table i3 were obtained ~sing c. . 
jejuni 81-176 ·culttir~d according to the·~rotocol·described in 

10 Example 5 except that 25 µM BAPTA/AM wa$ substituted for O.lt 
DOC. The invasion assays were carried OU~ and scored as 
described in Example 28 in Section 7 above. 

15 

Table 13 Invasion of INT-407 cells by c. jejuni Grown 
Conventionally (BHI) or with BAPTA/AM 

Culture conditJo~ 

20 Strain BHI BAPTA/AM 

25 

c. jejuni 81-176 3.0 36.9 

Several bacterial genera that are susceptible to 

antigenic enhancement or alteration by bile or bile salts such 

as DOC (e.g., campylobacter, Shigella, Helicobacter) have 
genes homologous to low calcium response (lcr) genes from 

Yersinia. The lcr locus is known to regulate virulence of 

30 
Yers~nia in response to low calcium levels. Two Campylobacter 
genes involved in flagellin expression and assembly which are 

required for invasion (flaA, flbA} are regulated in part by 
the lcr product. Analysis of the behavior of Campylobacter 

f laA and flbB mutants grown conventionally or under virulence 

35 enhancing conditions of the present invention show that 
invasion, but not Congo red dye binding or increased cross­

reacti vity, is calcium dependent (see Table 14 below). 
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The results·shown ~n ~able 14 were obtained using C. 

jejuni eultured conventionally or ~ccordirig to the methods of 
the present invention a$ exemplified . in: ·Example ~. Tlie 
i_nvasion .assays were carried. out and scored as described i~ 

5 Example 28 aboye. 

10 

15 

20 

25 

Table 14: Invasion of INT-407 Cells by c. jejUni Mutants 

strain 

c. jejuni 

c. jejuni 

c. jejuni 

· Ciown Conventionally. (BHI) ·or-According to 
·Methods of the··Present Invention (ENHANCED) . . 

<;ulture condition 

BHI ENHANCED 

81-176 3.5 40.8 

f laA o.os o.os 

fibA 0.01 0.04 

The c. jejuni fla and flbA mutants do exhibit 
significantly enhanced Congo.red binding and immune-cross 
reactivity when cultured with DOC (see Table lS and Figure 6, 
respectively}. The results shown in Table 15 and Figure 6 
were obtained using c. jejuni cultured conventionally or 
according to the methods of the present invention as 
exemplified in Example 5 above. The Congo red dye binding 
assays, whose results are shown in Table 15, were carried out 
as described in Example 26 above~ The immune-cross 
reactivity, whose results are shown in Figure 6, were carried 

3 o· out as described in Example 29 above. 

35 
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Table.is:. conqo.Red Dy~ Bindi~q by c. jej{.Uli·Mutants 
Grown Conv~n~icnally.(Bnr) or ~ccording to 
M~tho4~ of the Inven~iori (ENHANCED) 

Culture condition 

Strain }3HI ENHANCED 

c. jejun1 81-176 ·0.07 1.68 

c. jejuni f laA 0.10 1.60 

c. jejuni f lbA 0.12 o.so 

The flaA mutant is un~ble to express flagellin. The 
15 flaA mutant and a flaA-flaB double mutant (received from c. 

Grant, NIH) are both noninvasive even after treatment with 
DOC, indicating that flagellin is required for invasion. 
Interestingly, the normally exhi~ited (i.e., non-ooc induced) 
immune-cross reactivity observed between.the isogenic parent 

20 strain of these fla mutants and certain other Lior serotypes 
of c. jejuni is absent in the mutants. However, DOC treatment 
can induce these flagellin-less mutants to exhibit enhanced 
immuno-cross reactivity and Congo red binding. 

These findings indicate that DOC regulates virulence 
25 functions in enteric bacteria via calcium-dependent (e.g., 

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

30 

10 E~PLE: DOC INDUCES ENHANCED SEROTYPE AND SPECIES 
IMMUNO-CROSS REACTIVITY OF CAMPYLOBACTER JEJU«I 

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

3.5 present· invention was· examined using the rapid slide 
agglutination assay. The assay used intestinal mucus from 
immunized and non-immunized rabbits to determine the effects 



50 

of alteri~9·_culture conditions on the cross ... reactivity of 
heteroloqous strains of c~pylobacter. Tpe rabbits were 
immunized. with live·c. jejuni 81-:-116 qi-own conventionally. 
The aq9lutination activity _of; the mµcus· antibodiE!s .. were tested 

s ag~i~t twenty-four c~mpylobacter strain~, co~pri~inqeiqhteen 
serotypes, qrown cQnventionally in BHI~YE m~diwn or according 
to the methods of the invention as .exe_mplif ied ·in Ex;ample 5. 

The results of the aqqlutinatiori assays show that the 
cross-agglutination of heterologous campylobacter strains was 

10 broader and, in ma~y cases, ~tronger when the strains were 
grown according to the methods of the invent-ion than when they 
were grown conventionally. Specifically, there was an over 
two fold increase in heterologous agglutination reactivity; 6 
of 24 conventionally-grown heterologous strains.agglutinated 

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

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

Table 16 illustrates cross-reactivity of anti-81-176 
immune rabbit mucus 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 
serotypes, the results demonstrate that the methods of the 
invention induce substantial immuno-cross reactivity between 

30 Lier 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 Lier serotype 
8 are of a different species, Campylobacter coli. One of the 
2 strains (VC167) of this serotype strongly agglutinated (3+) 
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in an~i-Sl-116 immune rabbit mucus. 'This result indicates 
that a. vacci;11e derived from a c. jejuni strain (e_.q., Lior S), 
not only can cros~-protect_against heteroloqous serotypes 

within ~he ~ame species, bu~ also other Campylobacter species 
5 (_e.g.# canzpylobacter coli). Also wortl_l noting is that Lior 

_serotypes 1, 2,. 4; 9, and 11 are ~among the most preva~ent 
disea~e-associated ser·otypes worl~-wide~ ·They ail 

demonstrated d~tectable cross-reactivity in this.assay. 

10 

l.S 

20 

25 

30 

35 
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a· The anti~Sl-176 mucus were obtained from r~bbits 
~hfected wittl live c: jejuni · ·sl-176 growri conventionally 

b The non-immune mucus were obtained from uninfected. 
rabbits 

c The ~gglutination ~esponses range from negative (-), to 
very weak .(±) , ·to very strong ( ++++) 

11 EXAMPLE: ADD~IONAL EXPERIMENTS OF VACCXNE·EFFICACY 
OF·CAMPYLQBAC'l'ER . 

Example 34. The protective efficacy of formalin-fixed 
whole cell canipylobacter · jejuni grown according to the .·methods 

of the present inve~tion was determined using the mouse 
colonization model reported by Baqar (Infect. & Immun., 

.l.5 63:3731-37j5, 1995). 

c. jejuni 81-176 was grown and harvested according to 

Example 5 and inactivated witrr o.075% formalln 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, io7, or 109 inactivated bacterial 

particles alone or in combination with 25 µg of the heat 
labile enterotoxin from E. coli (LT). Doses were given at 48 
hour intervals and immediately after two 0.5 ~l doses of 5% 

sodium bicarbonate solution (pH 8.5} were given at 15 minute 
25 intervals, to neutralize gastric acidity. As controls, groups 

of animals were vaccinated with PBS alone or in combination 
with the LT adjuvant. Approximately 28 days after 
administration of the third dose, vaccinated animals were 
challenged either nasally or orally with approximately 108 

30 colony forming units (CFU) of live conventionally grown c. 
jejuni 81-176. The duration of intestinal colonization was 
determined by monitoring fecal shedding every day ov~r 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 



54 

Of.· animals. shedding campy lobacter organisms ·on a. given sample 

day. 

As shown in.Figure·?, ail nasally challenged animals, 

both immuniz·ed and control, shed 9rqanisms immediately a.ftE~r 

5 challenge {day 1) ~- Eighty to. one hun~red. percen~ of the 
. .. . 

control animals remained colonized.for·~ days ~fter challenge. 

In contrast, ~iqnificantly fewer «!1-nimals in the vaccinated · 

groups shed organisms d~rinq.the ~ourse_of. the 9 day assay 

period. Both the degree of ·and time to clearan9e of challenge 

10 organisms we~e 

~dministered. 

vaccine doses 

dependent on.the amount of vaccine 

The .low (105 pa_rticles/do~e) and lnterniedlate 

(107 particles/dose) .gav~ a gradual and 

incomplete rate of clearing. The presence of adjuvant 

increased the degree of protection at these doses. 
15 Surprisingly, at the highest dose teste~ (109 particlesldose) 

the non-adjuvantized vaccine produced a level of protection 

equal to or slightly greater tban that obtained when a 

comparable dose was administered with the LT adjuvant. 

Similar results were obtained when orally vaccinated 
20 animals were subsequently challenged. orally (see Figure 8). 

These results indicate that· immunization with inactivated 

Campylobacter grown according to the methods of the present 

invention affords protection against subsequent challenges of 

live Campylobacter and the immunization is efficacious even 
25 when administered orally without the use of an adjuvant. 

The protective efficacy of formalin-fixed whole cell 

Campylobacter jejuni grown according to the methods of the 
present invention (see, e.g., Example 5) administered 

intraperitoneally (IP) was also evaluated. For these 
30 experiments, groups of 20 female Balb/c mice were administered 

a single dose of 1.JX1010, 2.sx109, s.ox108, 1.ox108 or 2.ox107 

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 
35 

(approximately i.ox101° CFU in endotoxin-free PBS) delivered 
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·i~traperitoneally. Anillials·were ~9nito~ed daily for 4 4ays· 
.for mo:rtalitY.• 

As shown in Table 17, a single intraperitoneal dose of. 
s.ox108 .inac~iva,ted c. jejunl. partiqle~ ind~ced an . 

· 5 immunolo_qca.l response suffic"i~nt to .. pro~ect animals against a 
live. c~ jejuni· chall~nge. 

10 

15 

20 

Table 17: Pro1;ection Afford~d.lly IP Delivered 
V2Inactivated c. jejuni Prepared A~cording to·· 
the Meth~ds c£ the Present Invention . . 

Dose Mortality ·-· survivors 
DaY: 1 2 3 4 

1. JXlolO 0 4 0 0 16 
2.sx109 0 0 0 0 20 
s.ox108 0 0 0 0 20 
i. ox108 11 7 0 0 2 
s.ox107 10 6 2 0 2 
PBS Control 4 3 2 0 1 

12 EXAMPLES: noc ENHANCED INVASIVENESS, CONGO RED 
BINDING AND IMMUNO-CROSS REACTIVITY OF SHIGELLA 

Example 35. The invasiveness of Shigella sp. grown in 
vitro is affected by the culture's growth phase. The 

25 invasiveness of Shigella flexneri 2457T cells grown 
conventionally (BHI), or according to the methods of the 
invention as exemplified by Example 9 (DOC-EL) (wherein the 
cells are from an early log·phase culture), or according to 
Example 9 but allowing the culture to reach late log phase 

30 before harvesting the cells (DOC-LL) was tested according to 
the procedures described in Example 28. The results show that 
culturing with DOC enhances invasiveness and that the maximum 
enhancement is achieved during early log phase of growth (see 
Figure 9). 

35 Culturing with DOC according to the methods of the 
invention also enhances the invasiveness of other Shigella 
spec~es, s. sonnei, ands. dysentariae (see Figure 10). In 
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polarized epitheli_al:· cells the enhanced··invasiveness of. 
shigella wa·s obsery~d only when the epitliel.ia.1 c·e11s were 
infected~asola~eraily by· the bacteria; This f~nding "is 
consistant· with the invasion pro.cess obserVed ill vivo·. . . 

s .eo~paritive · studi.~s- show that Sh)geila ·grow~ a.c::~ording. 
to the· met~ods of the pr~s~nt i~'{~nt_ion· ~re hea~ly io-toid 
more in~asive 'than -sb.igella prepared 'a·cco~diilg -1;.o t:11e 
proced':lre described by Pope et al. (Infect. & Immun., 63:3642~ 
3648 _1995). 

10 Example 36. Shigella c~itured according to the.methods 
of the present invention aiso exhibit enhanced Congo red 
binding. S. flexneri 2457T and s. son~ei 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 enhanqed 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. sqnnei 
Grown conventionally (BHI) or According to 

20 Methods of the Present Invention (ENHANCED) 

Culture condition 

25 strain BHI ENHANCED 

30 

s. flexneri 2457T 0.04 0.44 

s. sonnei 0.02 0.40 

Shigella is divided into four species and various 
serotypes. The immuno-cross reactivity of Shigella flexneri 
grown according the methods of the present invention _was 
examined using the agglutination assay as described in Example 
28. The assay used antiserum from immunized rabbits to 

35 determine the effects of culture conditions on the immune-
cross reactivity of different Shigella species. The rabbits 
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were iJbmunized with forma.l,in-fixe:d Shigella fleXneri 2457T 
grown· according. t~ the methods·. o_f . E?campie · 9. The· . 

agglutination actl~ity of .the IgG.anti~odi.~s ~bt,ained frQm the 
ilmnu~iz.ed· ani.Dia·ls we~e tested. agaim;t al~ foui;: Sbigeila 

· s sp~qie$: ·¢:-own cqnventionally . in BHl med-~um. o~ according to . the 
methods of· the. inve~tion (!i!.q.", Example 9). ·Th~· results of . 

. . . . . ... 
the agglutination assay~ ·show that growth with oo·c 
siqnif icantly "enh.anceq the aggi~t~nation activity of the 

hom~logous Shigella flexneri·as well as those of ~e three 
10 heterologous Shigella species to anti~s. flexneri antibody 

(see Figure ~1)~ 

·13 EXAMPLE: VACCINE EFFICACY OF SHIGELLA 

Example 37. The protective efficacy of formalin-fixed 

15 whole cell Shigella tlexneri 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 tlexneri 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 io7 inactivated bacterial particles were 

used to vaccinate 14-16 week-old female Balb/c mice. The 
inactivated s. flexneri was suspended in sterile, endotoxin­
free PBS at a concentration of 108 particles/ml and 35 µl of 

25 this material was administered nasally to groups of 10 lightly 
anesthetized animals. A total of three immu~izations were 
9iven 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 were immunized using a suspension that contained the 
inactivated vaccine and 5 µg 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 lives. flexneri ors. 

35 sonnei. Immediately before and at 1, 2, 5, and 7 days 
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following ~e cha~len9e, anim~ls were weighed and the .mean . 
qroup weight determined. Results are·$hown in T~ble 19 • 

·~able 19: Inactivated· $h1gel.la .flexneri Whole· Cell . 
Vacci~e . Protects Mice Aga·inst Nasal Cha.llenqe 
W'itb· Live s_ • .fl~lieri or s. $onnei 

Challenge Vaccination Percent.Weight-Change 
organism Post Challenge 

Day l · Day 2 Day 5 Day 7 

s. flexneri PBS ... 8.1 -18. 2 . .;,17.7 -18.3 

vaccine - 5.4 - 2.9 - 2.5 - 1.6 

vaccine + - 7.0 - 2.0 - 1.5 1.5. 
adjuvant 

s. sonnei PBS - 8.1 -17.5 - 9.3 - 6.4 

vaccine - 6.7 -11.3 - 6.5 - 6.0 

vaccine + - 6.4 - 5.2 - 1.3 - 2.1 
adjuvant 

Ten mice in 7ach group were immunized JX nasally with vaccine 
comprsing 10 inactivated s. flexneri grown according to 

25 Example 9 

30 

35 

The mice immunized with vaccine comprising inactivated s. 
flexneri grown according to the methods of the invention were 
protected against challenge with live s. flexneri organisms. 
Those mice suffered less weight loss and underwent more rapid 
weight recovery as compared to unvaccinated mice, i.e. the PBS 
sham control group. Surprisingly, the S. flexneri vaccine 
also protected the mice against challenge with live ·s. sonnei. 
Interestingly, animals receiving the vaccine alone without the 
LT adjuvant were as well protected against the homologous s. 
flexneri challenge as animals that received the adjuvantized 
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vaccine. The S. flexn~rj,. vaccine alone also c9nf erred . 
·.protection to··heterologous challenges· by s. sonn~i. The 

inclusion of the LT.adjuvant, however, notioibly enhanced the 

protection against the· ~hall~n.ge by ·s. ·sonnei. These findings 
s indica~e that vaccine comprising i-nactivated Shlge1~a prepared 

according to the methods -Of .the invention "is effective in a 

~ecognized S.hi<je1la c:ii_sease . ~od~i ~nd does "not ·.require. an 
adjuvant in. preventing or attehutating various·shigella 
infections. 

10 

1( EXAMPLE: FACTORS THAT AFFECT TBE ADHESIVENESS OF H. 
fYLORI TO ANIMAL CELLS 

Example 38. The adherence. of H. pylori is enhanced by 

growth in glycocholate or bi.le. Cells of H. py1ori strain 

15 NBJ-2 or Gl-4 were added to BHI broth plus 4% bovine calf 
serum. After inoculation the flasks were flushed with 10% 

C02-5%02-85%N2 and incubated fo;- 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 

20 ·serum containing various concentrations of bovine bile (0.025% 

to 0.2%). These cultures were again flushed with the same gas 
mixture, and incubated at 37°C. The cells were harvested at 
various times up to 18 h and their adherence to INT-407 cells 
assayed using the methods described in Example 28. The 

25 results show that culturing with bil~ enhanced the 
adhesiveness of H. pylori to INT-407 cells (see Figures 12 and 
13). For the NBJ-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 

30 
adhesiveness, a 2 to 3 fold increase over that of none­
enhanced culture, occurred between 12-14 h of growth in 0.2% 

bile (Figure 13). These "peak 11 times generally corresponded 
to the period when the culture of each strain was in.log phase 

growth. 

35 
15 EXAMPLE: VACCINE EFFICACY OF HELICOBACTER GROWN 

ACCORDING TO THE METHODS OF THE PRESENT INVENTION 
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Exampl_e 39. The protectiv~··efficacy of· formalin~fixe4 

who1e cell Helicobacter pylori grown according to the methods 
of the ,present invention ·was d~termin~d· _using_ the mouse 

. . 
Helicobacter.Lelis·gastric ~lonization model described by 

5 Chen et ·al. (Lancet, ·3·3.9·:1120-1i2t,.: 1992) •. · Heiicobacter 
·pylori .strain G1~4 w~s.9rown as a ~eed ~ulture for about 22 h 
at 37°c under 10%" co11 : -90% air in: BHI media cont~ining 4t 

. . . 

bovine calf serum. An_aliqout of this c~lture was·used to 
.inoculate a .10-fcild volume ·of ·the same. media· c_ontaining o.1t 

10 (v/v) bovine blle. After 12-14 h of growth at 37°C, ·-the cells 
are harvested by centrifugation.and resuspenqed in 1/10 of the 
original volume of HaJik•s'Ba~anced Salts Solution.CHBSS) at 

. . . 
room temperature. Cel~s were recentrifuged and again 
suspended in 1/100 of the original volume of HBSS. To the 

15 buffered cell suspension, formalin was added to a 
concentration of 0.075% and the cells inactivated by stirring 
the suspension at room temperature for 6 h then cooling the 
solution at 4°C for 18 hours. 

Protection potential was routinely measured by 
20 administering 3 doses of this inactivated whole cell vaccine 

orally to 6-8 week old female Balb/c Helicobacter-free mice at 
days o, 7 and 14 or at days ·o, 7 and 21. Doses of 109 

bacterial particles per dose were evaluated in combination 
with the heat labile enterotoxin of E. coli. Fourteen days 

25 after the third immunizing dose, animals were challenged 
orally with a single dose (107 CFU/dose) of live H. fells. 

Two weeks after challenge the anim~ls were sacrificed ·and 
antral stomach segments analyized for urease activity to 
determine the presence of H. fells. Urease activity was 

30 determined by incubating antral tissue samples in 0.5 ml 
Stuart's Urease Broth (Remel) at room temperature for 4-24 
hours. A color change from clear to red occuring within this 
period was taken as a positive urease result. 

As shown in Table 20, administration of enhanced 
35 Helicobacter whole cell vaccine prepared using H. pylori 
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strain Gl-~ protect~d animals against an H. felis oral 
challenge. 

a 

b 

Table 20: Protectio~ Against Helicobacter Infections with 
Vaccine~ comprising l:nactivated H ... ·pylori Grow 
Accordiilq to Methods- of th.e Present Invention 

Chal~enge -.Immunizing org~isms Colonized/ Percent 
Agentsa (10 CFU) 'total Protection 

Exoeriment 1 

H. pylorib H. felis 4/13 71 
PBS + LT H. felis 9/9 0 

gx12;eriment ·2 

H. pylorib H. felis 2/15 87 
PBS + LT H. felis 10/10 0 

All agents given with 10 µg LT {Labile toxin of ETEC} 
adjuvant as 3 oral doses at 7 day intervals 

Given as 1 x 109 CFU of·Strain Gl-4 in a 0.25 ml dose 

Results of these experiments show the relevance of 
25 enhanced enteric bacterial properties to in vivo 

immunogenicity. 

30 

The methods _of the present invention produce bacteria 

capable of inducing an inununogenic response ~hich is 
protective and therefore are useful as vaccines. 

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 

JS accession numbers: 
Microorganism Accession No. Deposit Date 

Helicobacter pylori NBJ-2 September 29, 1995 
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Helicobacter pylori Gl-4 . S,epteiuber 29,. 19-95 

5 Other "equivalents. o.f the ine.thods of "the present invention 
• • • 4 • • •• 

may be easily·d~termined"by thof?e skilled ih the.art and such 
• equivalents are ·intended to be include4 by this· inv~ntion. 
The foregoing disclosure includ~s all the information deemed 
essential to enable those ··skilled in ·the art to practice the 

10 claimed. invention. · Because the cited patents or publications 
may provide ·further useful info·rmat;i.on all the materials cited 
herein are hereby incorporated by reference in their entirety. 

15 

20 

25 

30 

35 
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MlCROORGA~t~MS 

Optional Sheet in conMc:tion wid\ the miccoof9enism !efori'eito an page 61, lines~ of the description· 

A • .fOENTIFICA 110N Of DEPOSll' • 

ful"dler depasiJs .... Identified on lltl_.edditicHlal sheet • 

Name of deposia.t)' iusdmrion • 

~Type Culture~D 

Address of depositary institution (including postal code end countryl • 

12301 Parldewa onw· 
Rockville, MO 20852 
us 

Date of deposit• Se2tember 29, 1995 Accession Number• 

8. ADDITIONAL WotCATIONS •o.a .. b1ao1: 1< ooc tpp1blllol. This Wacmaiolt ;.--- .,. • _. .....w 1boo1 

. 

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE'«•....,.---.. --, 

D. SEPARATE FURNISHING Of INDICATIONS• Clea .. blank ih•c lp\llalllel 

TM lndlcallClflS (Isled bolow <WIK ... """"'"" ta tl>t lnl~-a ....... lacer • CSl*ifv IM vene<•I nae .... of Che 11'1dtcal40N •-O~ 
"Accession Number al 0.-it"I 

E. 0 This shcec was received wU!i die httemadooal applicacion when filed (ro be chc:cked by cbc m:civing Office) 

(Audiorized Officer) 

0 The date of receipt (from the applicant) by the lntenwional Buiuu • 

WU 
(Audiori:d Officer) 

form t"l.;t/ttu/134 (January 19811 



International Application No: PCT/ I 

Americ:M ·Tfpe Cultur!t Coltec:fion 

123Qt ~wn Drive 
Roclcville, MO 20152 
us 

Accession No. 
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Oate of Deposit 

September'29, 1995 
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Claims : 

l. A vaccine comprising a Helicobacter bacterium or immunogenic 

fragment or derivative thereof, said Helicobacter bacterium having an enhanced 

antigenic·propeny, which is harvested from a culture of Helicobacter bacteria grown in 

viiro under a combination of conditions comprising; 

a) about 0.05% to about 3% ·bile or about 0.025% to &bout 0.6% of 

one or more bile acids or salts thereof; 

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

c) in air or a naicroaerophilic condition. wherein the toicroaeropbilic 

condition comprises i) about S % to about 20% COi with about 

80% to about 95% ah'; or ii) about 5% to about 10% 0 1 with 

about 10% to about 20% c~ with about 70% to about 85 3 N,_; 

and 

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

to about 25 µM of BAPTa/AM, 0 to about 10 m1'4' of EGTA, and 

Oto about 100 µ.M of EGTA/AM, 

wherein said HeUcobacrer culture is at about early log phase, between early log phase 

and stationacy phase, or at about srationary phase. 

2. A vaccine comprising a Hellcobacter bacterium or immupogenic 

fragment or derivative thereof, said Helicobacter bacterium having an eohanced 

antigenic property, which is harvested from a culture of Helicobacrer 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 µM of BAPTA/AM, about 0.5 to about 10 

mM of EGTA, and about LO to about 100 µ.M Of EGTA/ AM; 

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

c) in air or an microaerophilic condition, wherein the ~croaerophil 

condition comprises i) about 5 3 to about 20% C02 with about 

803 to about 95 % air; or ii) about 5 % to about 10% 0-i with 

about 103 to about 203 C02 with about 70% to''about 853 N2, 
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wherein Sald Helicobader·culture is at about early log phase. between early log phase 

;µld ·stationary phase, or _at about stationaiy· p~e. 

3. The vaccine according to claim~ 1 or 2, further comprising a 

pharmaceutically acceptable carrier or diluent. 

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

bacterium is inactivated. 

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

bacterium is inactivated by formalin treatment. 

6. The vaccine according to claim. 1or2, wherein said vaccine is suitable 

for mucosa! or parenteral or mucosa! and parenteral administration. 

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


